gooobo-obo-00bgobgooobg--

Effective C++...

Third Edition B

55 Specific
Your Progt

Effective ('+
Third Edit =
%5 Speecil

[%]Scott Meyers #
BEHE 13

b
o
O
()
O
i
S
m
w
—
m
_(
o
o)
@)
T
m
W
4]
Q)
=
p=
=
()]
@)
<
5o
c
=i
=
)]
w
m
s
m
w

. | e L

i
—— phei.c



bulo.comO O OO~ A

Broadviow '
Effective C++ ¢

1SBN 7-121-02909-X

L

029097">




OoOooo-o0o0-o0b0oo0oboo--www.shubulocomOOOOA A

' EffECtiVE @ b

Effective C++, Third Edition

[2] Scott Meyers #*

e *

% F I % & AR AL
Publishing House of Electronics Industry
Jt3 - BEIJING '



00000-000-0000000000 --www.shubulo.com!O O OOANA

REE T

AL CHRFF RIS RIFIK, $Eid Effective C++KIABLEILRY. 5 THER C++XIl Scott Meyers R4 2 AERIBE =1
FIBE HBRXER. SERTIXEABZE, RKETRERA 8 C CHIIHR—AN 8.

EEREL . ABRTIENRTR  BEREMIESARHRGR . KEFFSRE. LTEFE CoRBNRELEL &
PHREUTH=8. FERBHEARES. WFNORA. KERNHSHERE. BAECHHERER  FRABRKIHER
AR XFERFNIS  ARBEAADTEA SO MR RAES.

EABRREE—RRAT R RANRREY, STRAUBRTARNENSEFYH, TRFELEZRENLAL
M, CHEREBFRKES, FEAERRNEMSTSRILNERAMS., XEGERARURERNES . FEXEH
RESHBEEE CH R ERRME, SRS ARHERE, B M RIITREAN CHEFR.

Authorized translation from the English language edition, entitled Effective C++:55 Specific Ways to Improve Your Programs
and Designs, 3™ edition, 0321334876 by Meyers,Scott, published by Pearson Education, Inc, publishing as Addison Wesley
Professional, Copyright©2005 Pearson Education, Inc.

All rights reserved. No part of this book may be reproduced or transmitted in any form or by any means, electronic or mechanical,
including photocopying, recording or by any information storage retrieval system, without permission from Pearson Education, Inc.

CHINESE SIMPLIFIED language edition published by PEARSON EDUCATION ASIA LTD., and PUBLISHING HOUSE OF
ELECTORNICS INDUSTRY Copyright ©2006.

A A4k SOAR B B F Tk HHARAE ) Pearson Education 3488 R T MARA S SEHE. R2HEETEBEF
7], AELUEAAH AR HEDRABRERES .

A $ i RIS Pearson Education B4 HH HARERFCHI 7S, TIFEEREEE.

BT S 4FRICS: BT 01-2005-3583

EHERESRE (CIP) BiiE

Effective C++H AR, 3/ / () HWEE (Meyers,S.) &; &R, —Itm: BT TIHARY, 2006.7
4 F3C: Effective C++, Third Edition

ISBN 7-121-02909-X

[E. II.OK.@#%. LLCEE-HEFRIT NP2

P ERA FE 5 1E CIP BB BF (2006) 5081253 5

FERE: A B
B R EREHZREORERAT
HWARRAT: BF I
LERHBEE T ER 173558 % 100036
#: BHFEHE
A 787X980 1/16 ER3K: 21 F¥. 380 TF
K: 2006 467 A% 1 RENFI
#: 58.00 7T

SRS T Tl AL R, ﬁuﬁwﬁrxﬂﬂ, WHERE RS . HHEER, ES5ELRITHBRR. BRREE: (010)
68279077, FBIHFERMEZE ts@phei.com.cn, HARBIEHRIF R MBHZE dbgg@phei.com.cn.

O



00000-000-000000000D0 --www.shubulo.com!O O O0OANA

Effective C++E =[RS N H &

Scott Meyersff] (Effective C++) B=fRER T R AV HLREA RRLFINMEL
. XEBR-HRENRE, REESE fFLcH BFR.
—— Peter Dulimov, ME, Engineer, Ranges and Assessing Unit, NAVSYSCOM, Australia

EERRATRE Wi Cr BEEBAUER. mEETASSRER” NBRERE.
ERECEN CH BFRZAH, FR—EfiEdixA4s,

—— Eric Nagler, Consultant, Instructor, and author of Leaming C++

FHRE—RERAEADE (ERHEE LB ERBEEA N LKETFEANRK
HEFPEEARBYXNBEZ —. EMRIHAXGAR, IXEREEENES.
(Effective C++) H=MRIELLIXTES. CH BB TENREES, WRCH
LUREBLITECHAR, C++ REELENE, HhlTHESHENRARLEHAN.
REBEXBITRNES, ERmEnREEERcH KEIIFRRES.
——Jack W. Reeves, Chief Executive Of]iéer, Bleading Edge Software Technologies

BHS5ROFRANGFT T, BE - HIHREMR: RXEH.

Michael Lanzetta, Senior Software Engineer

FERMRIET (Effective C++) B—R, EXXRARBRERN —F C++ B,
RUNHE IR FHRLEAEUCH BATRBREENANRRLE XY mRE—AL
C+ BEREFETMIINE—TCH TR ATEHLRTXAS, RAKIH
REZREF &,

——Danny Rabbani, Software Development Engineer

LBRERNMESE LR LS NERR, BRXEAMLRERN, BRIXE
T Scott Meyersi) {Effective C++) B—hi. ZRIFMREL! R EHMeyersii) B
ERER. HA, FEBEX, BLZEBRITTHE ERAE. BRAERESRIT
RMEFHEHCH MBEFTHEY, HNESHEHRBHSHEEN T FNE
=, RERMER, N—FREXLHECCEHBREFEROBENFRT, 71R%E
- EHBMH TR

—— Michael Topic, Technical Program Manager

SN TFRERSFEREA C+, BITHENARE 00 BEBHE C++ MERIEMA
e, X—&KRHEHL C++ BT Scott Meyers P58, REAEMES. &HU
M. B FERASR. RARZINTR, RABRAMENER.

—— Siddhartha Karan Singh, Software Developer



00000-000-0000000000 --www.shubulo.com!O O O0OANA

FREATHB B, RNERE _FEM C++ FRER ARG BET .
CHBT C+ BE WA R CRHAT a8, HiE CH I8 “HhA” .
EHBBY C++ KWEBRRRNEHEEAZHBELTE.

Timothy Knox, Software Developer

XA CH SHBEARNFEHTIRAE  Meyers FEIX—RAEPHE T 5L HIR,
B—ROARK CH+ BF AT ZHE X —HR.

Jeffrey Somers, Game Programmer

(Effective C++) B=FRRmMEEFIZBIOE, HRFUERT W2 LE
HEE. REMARTCH BFHREYIZE.

Jeff Scherpelz, Software Development Engineer

HC+ AT, Scott MeyersH (Effective C++) SB=/RtL B/ K, B SHEF
TRMFRRE. C++ FHATZRBHIALBE, T B _£H” NZWEE
BB L, RF LXERE. BEScottfs A M, LA HFHE Wl

Leor Zolman, C++ Trainer and Pundit, BD Software

EXR—AUNFHENBE, X CH+ EFNFFHL. ZIFBZRF, E—EL 2
FERKBR EZRE, HARSFEMRSEE. 5IHE.

——Sam Lee, Software Developer

BRlEAY, —H—PHIEM 55 NIRRT & BB ERBEARSEN SR &
FH HEK CH BFRETURS —ZRAETRE CH BFR.
Jeffrey D. Oldham, Ph.D., Software Engineer, Google

Scott Meyersf] (Effective C++) FMRAKPZE|IC+H REFFNEFHFE. X
AFRIFAEHERKCH REME, RBEZEEWERTENBE. FEMUER
BE LS, HRHEFEMNAESFTHESE, FHUBREHIFS HEmAm
C++. BEAEFG—ICr+ BIFRFRIIE.

—— Philipp K. Janert, Ph.D., Software Development Manager

X ARLEAFHCH IR EKBEUBX —FEES W RBEELERNFRA R
&+ (Effective C++) HIAMRAERE LA HE. BERKERAFE T Hit
REGESTRREFER I, AR IS FIAR L 0 AL RO ZR T2 R . Scotttl ARk 7 i
B VR RS A L B S B O HE U 5 i AL O, TR BIRBCA BRI G+ TR #

——David Smallberg, Instructor, DevelopMentor; Lecturer, Computer Science, UCLA

(Effective C++) BetX 21 HHAEMCH LEHILATEH, HE[LUMLHRIL
HFACH M RBIER “SBFH7
—— Matthew Wilson, Ph.D., author of Imperfect C++




ooooo-ooo-0ooo0o0oDodd--www.shubulocomODogona »

Effective C++
Third Edition

55 Specific Ways to Improve Your Programs and Designs

Scott Meyers



00000-000-0000000000 --www.shubulo.com!O O OOANA

Addison-Wesley Professional Computing Series
Brian W. Kernighan, Consulting Editor

Matthew H. Austern, Generic Programming and the STL: Using and Extending the C++ Standard Template Library

David R. Butenhof, Programming with POSIX® Threads

Brent Callaghan, NFS lllustrated

Tom Cargill, C++ Programming Style

William R. Cheswick/Steven M. Bellovin/Aviel D. Rubin, Firewalls and Internet Security, Second Edition: Repelling
the Wily Hacker

David A. Curry, UNIX® System Security: A Guide for Users and System Administrators

Stephen C. Dewhurst, C++ Gotchas: Avoiding Common Problems in Coding and Design

Dan Farmer/Wietse Venema, Forensic Discovery

Erich Gamma/Richard Helm/Ralph Johnson/John Vlissides, Design Patterns: Elements of Reusable Object-
Oriented Software

Erich Gamma/Richard Helm/Ralph Johnson/John Vlissides, Design Patterns CD: Elements of Reusable Object-
Oriented Software

Peter Haggar, Practical Java™ Programming Language Guide

David R. Hanson, C Interfaces and Implementations: Techniques for Creating Reusable Software

Mark Harrison/Michael McLennan, Effective Tcl/Tk Programming: Writing Better Programs with Tcl and Tk

Michi Henning/Steve Vinoski, Advanced CORBA® Programming with C++

Brian W. Kernighan/Rob Pike, The Practice of Programming

S. Keshav, An Engineering Approach to Computer Networking: ATM Networks, the Internet, and the Telephone Network

John Lakos, Large-Scale C++ Software Design

Scott Meyers, Effective C++ CD: 85 Specific Ways to Improve Your Programs and Designs

Scott Meyers, Effective C++, Third Edition: 55 Specific Ways to Improve Your Programs and Designs

Scott Meyers, More Effective C++: 35 New Ways to Improve Your Programs and Designs

Scott Meyers, Effective STL: 50 Specific Ways to Improve Your Use of the Standard Template Library

Robert B. Murray, C++ Strategies and Tactics

David R. Musser/Gillmer J. Derge/Atul Saini, STL Tutorial and Reference Guide, Second Edition:
C++ Programming with the Standard Template Library

John K. Qusterhout, Tcl and the Tk Toolkit

Craig Partridge, Gigabit Networking

Radia Perlman, Interconnections, Second Edition: Bridges, Routers, Switches, and Internetworking Protocols

Stephen A. Rago, UNIX® System V Network Programming

Eric 5. Raymond, The Art of UNIX Programming

Marc J. Rochkind, Advanced UNIX Programming, Second Edition

Curt Schimmel, UNIX® Systems for Modern Architectures: Symmetric Multiprocessing and Caching for Kernel Programmers

W. Richard Stevens, TCP/IP Illustrated, Volume 1: The Protocols

W. Richard Stevens, TCP/IP [llustrated, Volume 3: TCP for Transactions, HTTP, NNTP, and the UNIX®
'Domain Protocols

W. Richard Stevens/Bill Fenner/ Andrew M. Rudoff, UNIX Network Programming Volume 1, Third Edition: The
Sockets Networking API

W. Richard Stevens/Stephen A. Rago, Advanced Programming in the UNIX® Environment, Second Edition

W. Richard Stevens/Gary R. Wright, TCP/IP Illustrated Volumes 1-3 Boxed Set

John Viega/Gary McGraw, Building Secure Software: How to Avoid Security Problems the Right Way

Gary R. Wright/W. Richard Stevens, TCP/IP lllustrated, Volume 2: The Implementation

Ruixi Yuan/W. Timothy Strayer, Virtual Private Networks: Technologies and Solutions

Visit www.awprofessional.com/series/professionalcomputing for more information about these titles.



OoOooo-o0o0-o0b0oo0oboo--www.shubulocomOOOOA A

Effective C++.,
H Sl

BEREF S WR 55 A B4R

55 Specific Ways to Improve Your Programs and Designs

[3€] Scott Meyers 3

"iE *



ooooo-ooo-0ooo0o0oDodd--www.shubulocomODogona »

For Nancy,
without whom nothing
would be much worth doing

Wisdom and beauty form a very rare combination.

—— Petronius Arbiter
Satyricon, XCIV



ooooo-ooo-0ooo00oDodd--www.shubulocomODOogQona A

And in memory of Persephone.
1995-2004




O00000-000-0000000000-www.shubulo.com!OO OO A

EfF vii

=352

FIMPLRER S, EMEFKIERASBHERTETR=MA: LERS
KUK, RMERAEER, TN RBEER. —HEZHTRURRIBRE, &
Al . ERF DHARRARAIE T X MEALRSRHTHEIER.

PICE. BB, BBk, 55, 5ISEREA, —BBERAELRT
FEREK. R, H—RERSROBEARER, TMEGERRER0E K A FET
NEEBIERT BN, SIBUAEE, WERK AR P ST T HoR ST
RIAMEIEE. ZMAXZERARKPFERR.

Scott Meyers 2 IX—H R AERK!

HM 1991 SRR (Effective C++) ZJ5, Meyers B4 KM, 1996 EH] (More
Effective C++) 1 1997 £ (Effective C++) 2/e LAJ 2001 4E{ (Effective STLY it
M L. Meyers EKHERFHREZOHRE, FRAE, BU--EHRPERE
B R B EE RS AR I ERR T . MR BRSO A ik
BN ARZE IS RPREER “HER AR —XRRNBERERN R
LA

PLE&EK Citems) M5B EFLZYK, XMHEHEEART A Meyers HOUEAHE,
HIHRAMER T XM ENBETERS . WK, (Exceptional
C++) . {More Exceptional C++) . {C++ Gotchas)  {C++ Coding Standards} .

(Effective COM)Y  (Effective Java) . {Practical Java) SHFEHZHEHRE “H
KITBR”

B35 8 4E 2 i (Effective C++) SB=RRIEH T . RARFLL4EE K ZEH

#. Meyers 7t HFF R HIREANA, HARFHES. Eﬂtﬁalﬁ}%%‘ﬂ&% FRER 5>
FFE, #BIIFF, BEEEREARSBEN.

Effective C++ 3ChR, 38 =&



00000-000-0000000000 --www.shubulo.com!O O OOANA

viii 1232

C+H B MEHMIES!

C+ KIS, AMUERHEE, URBEEEREX, UUREE RS
BERY%, URFREBREEFHXNEER, C+ KR ETFERMe T HRARRTGX
AR RMFETEE! (programming paradigms) : procedural-based, object-based,
object-oriented, generics.

i FERH AR NEERER, NEAEE, CEEEE, XERWMA
A, NERKE, XERME, FIRRLARATERARE. ERRERMHE
T, AT EREWAMNGRESNR: —BER, BRHES.

C+ MAXBEFHRIE, MR EEE, idiLz #. T @ UEL BEHZ(The
C++ Programming Language. C++ Primer. Thinking in C++) , WREMELIFEAH
B2 (The Annotated C++ Reference Manual, Inside the C++ Object Model) , #Hi/5
$1&HZ (The Design and Evolution of C++, Ruminations on C++) , Mit—IkEH
Z (Polymorphism in C++) , W —IREHZ (Design Patterns, Large Scale C++
Software Design, C++ FAQs) , 51 B2 % H 2 (Generic Programming and the STL),
FEFFFE R 2H Z (The C++ Standard Library), % K&K 2 BIIFE 2 (Effective C++,
More Effective C++) . XHF “LERLR T B MR C++ HHEMIER R
HEFEREOHED, HEARR#EED, BEEMNEEEE CH/00P BER
24N . ENMEITREE ONE, HONIRERMER CH/O0P ¥ W18 BRI %
WA, RETHEREATAE CH &S B WaeiRid, HERBEUFERE
RETRLBRMN TR EEERRE . BtEmgik, URHAMAARNERL. XEaHR
SZEPMRBANOONE R, +025.

(Effective C++) MR RZIHE—FRHE NREHEN “EXER AR .

AHFER SRR, RERS], B/RMLEARFE; BRAeE—
RIS TRZITHTRET, BENFE 2 RENARRF —BFER. R,
BALPHEHFE R B L% (More Effective C++) , B Meyers 15— A RIRE A4
.

& 2006/02/15 FEBET

jjihou@jjhou.com
http:/Awww.jjhoucom (4K) htp:/jjhoucsdnnet (f8j{%)

Effective C++ U, =R



ooooo-ooo-0ooco0o0oDodd--www.shubulocomODOogona A

'iéFT’_ ix

XRIH AT HIRNZ WREARTERI TP A SORIERIR 4 R R AT

BER S AR PRI ARTEX I, 7 (B 53 b — B v ML

RPWH * BRAABINZIAF KRS HBERAEIARE, FRREREER

B AR AR 2% R P U P4 -

W FFRER M B R4, KBERTFERHEADG, BB R
AMIBAE BRI , B _REHR, RELE.

XA IR, Tl PSRRI . BRI S R B SR
R BB 5 2% L | ARV EE R B S SORTE, B e 8 2 AR b 3
BT AT [a) i B B ) RAR S 05T, A Bh TG 0 B B FRZIEN %
R K C++ BERBFZHXAREERH . B0 class, struct, template, public,
private, protected, static, inline, const, namespace -*+--*

A ERETERTAEE EARE, HI5 class HX M E S ARIEFH base class, derived
class, super class, subclass, class template «--++- WREEREFEMREA, REMRE
JR3C; FRKMAAER A EAE (RFPIHFER, PR TEREE) .

Rt EHEI TR Z BB 45 27K, RER® . #1i0 stack, queue, tree, hashtable,
map, set, deque, list, vector, array «++++ {B/R¥F array ¥ B4 .

B EEGUEEAE RN EHEA Y PR, RBRCAFE. it reference.
B REERERERZE SR F A RIIRR, BI40 pass by reference. pass by

value. copy ¥iticRi%. assignmenti:1EFF. placement new.
DBERE AT IGAM T, BTRAS I udgs. K8 MRz (o
pointer, type) .

RN Z TR BN EE., XBE5IECRTT F, FIRH R REFE
R’

it 2 LRI — B A SR object Fil type BN AR A9 b i “ Xt fne K87,

WHENRZARER BN (FEEREEZEREHE |, 8% HIEwEE,
DR st R ) 28 A A o R B LI S0 s AR R SR AR RR AR R “HE” A “RY
A7 . HRERE, BRAXKCLVIAMIHANFIARE, HFRARRAMRK.
PR A 45 SR K Bl 3 3 0 S 1R A 1 . R RADEHRMELS, "object” 7E Object
Oriented HARHHICIER R “Wik. WiE” MdE “X%. B .

Effective C++5 3CIi, 38 = hi



goooo-ooo-0oooO0oDogdd--www.shubulocomODOogona A

#F

AFHA * FRRAE B ZIAFRIEE, REHh

HURE 8] PR i 18] FARRER
abstract EiE Ai0] i)
abstraction M. M M - iR
access Vi 1] f7EY - BUH
access level Y I e 5l FFHUR
access function i 1] o 3 FFENEE =N
adapter JERC Y Aogzds
address Hihk Hizhk:
address-of operator Uk BT HuhkE s+
aggregation x®E RE
algorithm Wik R
allocate Srid A&
allocator Sy BC A BCiE 2%
application N 2R e FRAE
architecture X0 RS
argument £ 518
*array g fe 1]
arrow operator ke HiFLE R T
assembly language LeES HEES
*assert(-ion) = Bis
assign(-ment) W& A i fiEl
assignment operator R BRI FRAEE
*base class % bl
*base type HAR FERERUA
binary search ik —aEE
*binary tree S ol
binary operator IR AIERF —EET
binding 4h5E HE - B
*bit fir £zt
*bitwise (LA bit HHITE— ---+0)
block X W
boolean i JRME AAHE
breakpoint W s hTEL
build R i
build-in A Pyt
bus J5§ ] MEHE
“byte FHA (g |
cache HEESF (X) RE (&)
call A e aa
callback =134 [
call operator call #AEFF call S HH T

Effective C++1 3ChR, 3 =i




ooooo-ooo-0ooo0o0oDogdd--www.shubulocomODOQgOon~ A

2452 xi
FXARIE TR AR 4] FEAERR R

character FIF FIC

~child class FE TR

~class % XA

~class template HHR FREHR
client 5P E#F
code AR5 S
compatible e HE
compile time i) Haasin
compiler 9% 2% MREEE
component Eikis A
composition 54 i
concrete e HZ
concurrent H R WA T
configuration foE HRE
connection R i iR
constraint ZiH (F) # (8R14)
construct Faf i
container oL Bin

*const (C++ KB, 4R constant)
constant WAt W
constructor e 3 B =

*copy (Bhid]) # Il FH -
copy (£ i) HF B4 A ~ BIA
create fE BEAE ~ HET R
custom 5 il Al - HE
data b wE
database o e Bk
data member A AR it A
data structure HE A5 FOkEHSH
debug LN Bt
debugger VA% Frétes
declaration P HEA
default [5E) THER
definition sE XA EFE
delegate i Zit
dereference " (%) HETE

“derived class YA i =50l
design pattern B g i
destroy B B
destructor B e FEhs =
directive 18R EiThic)
document kY A
dynamic binding G E BhREEE

Effective C++1 SRR, 3 = kR




goooo-ooo-0ooo0oo0ooDodd--www.shubulocomODogona»

xii Wy
PFCARE ) At 1 1] AR
entity Y)ix i
encapsulation K ke
*enum(-eration) e 51|
equality %% T
equivalence M el
evaluate BiE. B BiE ~ R
exception S 2
explicit 2 =0 - BHEm
expression Tk L
file X e
framework HE4E HEH
full specialization ExXiud EXsaid
function B 4l =
function object BB 4 B
*function template Bk HEAR B AR
generic 2R, 2. —th R - Bk - —Me
| * getter (#%] T setter) HR {1 R 3 A=
* global 2R £ 13
*handle L] AR ~ HEA
*handler Ab 72 o 3 BREH R
~hash table mAER. BIIR Hemz
header (file) S FREAE
*heap HE HER
hierarchy HERGER (ZREH) fREER (FEEER)
identifier FRIAFF AIF - BB
implement(-ation) SEHR B
implicit Kot BE AR, BasK PRy ~ BEERY - 85U
information B R B
inheritance 47K K
*inline LS T
initialization list YHEF FHES
initialize Ytk #alk
instance LAk i
instantiate HBk. sEffe HEb - it
interface o O
Internet H M AP
interpreter TR 2R EREER
invariants faH EHHME
invoke i 755
iterator B AR
library P 2
linker HERAS SR
literal SR it FHEEB

Effective C++ 3ChR, 3 =i




ooooo-ooo-0ooo00oDodd--www.shubulocomODoOgOona

2352 xiii
REXARE 1] A 131 FARRRFA
*list R aard
load Hedk, kA
*local JREBIY %2 4: 0]
lock L B
loop (L2 iR
Ivalue At s}
macro ) % B
member 24 54
member function 5 BRI R B
memory W FF ACiiES
memory leak P £tk LIRS SN
meta- JG- -
* meta-programming IR 5 R
modeling g 5
module Bk A
modifier BT izl
multi-tasking S %T
*namespace 44 25 A Ap 422
native EEEL:D) JRARY
nested HE BRE ~ HUIR
object % YE
object based BT X% ERYE ~ DY Bk
object model X SR YR
object oriented T ) X} % iR )
operand BAEH HEHTT
operating system BRERG TEFER#
operator BAERF HET
overflow i LR
overhead SN IT 8 F e
overload i Hilk
override 5 o £
package 11 =1
parallel T bl
parameter ¥ s 2
*parent class R A
arse f#tT AT
partial specialization fREFL _|[fREHE
*pass by reference Heht A& i 18
*pass by value A% i
pattern LB izt
*placement delete CHEFFF R E UK delete operator)
*placement new (CHEFIH 7 FE ) new operator)
pointer TR e

Effective C++ 1 3ChR, 55 = it




ooooo-ooo-0ooco0o0oDodd--www.shubulocomODOoOgdOon~ A

Xiv T%J?
TAARE TR AP 1) AR A
polymorphism Z& g2
preprocessor T kb 4% HiBREE2S
print FTED FEN
printer FTEPHL B ]
process rig 712
program B 2
| programmer FEFF it [
programming s HRts
project T H HE
pseudo code ] {315
quality JF A A
*queue BAF {51
raw JRERM . REAFRE JFRBARY ~ RASERBRRY
recursive A R
refer to Eictu AN 0 S () fa¥b - F5RE - fEI
*reference 517 2% 5|4
regular expression IE WA IERIRER
resolve T i
return &[5l [E15 ~ {41
return type iR [F] A R Epeb]l
return value A E BB
runtime BT T
rvalue A1l i
save 174k {ifF
schedule Lili HHE
scheduler 8 BE 2% HEE 4R
scope 1 {EFIR
search Ak o
semantics &YX A
*setter (41X getter) B R AN
signature 4 () F4 )
| smart pointer B et R
specialization ik Bk
source g 5iHES
*stack 53 HEAR
standard library PRAERE Y FRReRE S
statement i) 4]
*static HEK HFIERY
string Fr F
*subtype TERHY FRIA
support SCHF iR
*template BB it
temporary object T B % % LS EAIGH

Effective C++1 3L, 3 =i




ooooo-ooo-0ooco0oDodd--www.shubulocomODOogQona

i Xv
FILAKE TR A R PR AR R A
text Bz AF
thread 418 -|fEE
thread safe BERELE EZiv
throw . b ~ 8§
token EICHIT rade LT
type Easiv) b3l
unary function HBERH —JCBRR
underflow T T IRI@L
unqualified F 22 B M1 REGHHEIEHT
user il il
user interface F P 5 HFES A
*value fi. ¥E fifl ~ Bl
variable A5 it pod
*vector F ik e ik
virtual function virtual % virtual Bz
virtual machine HERIHL [ BE AR

Effective C++513C )%, 3 =




00000-000-0000000000 --www.shubulo.com!O O OOANA

FE ) Xxi

FB=

Preface

1991 ERE T (Effective C++) BT, 1997 FREH IHREH T HEE
BAE, 0T PERBE IS BEIRR, RERFRERE R Fsk
50 MEHCH K 48 MAEEARE. MBEBENY -HHE, B MARES
WATH, BRI —RTE.

BITHR=MW, BETELE - PHRANETER (WWILRREZEAEGBHHT
) . 1991 File C+ HRLHTEXREE, MAHHE—F—FPma8BH#H
PRAREER & CH REEN—ZH AT S 15 EaE L A& KA
k. “C++ BFAFHE C HR” XAHETE 1991 £RMEHEMBE, s c++ 2
FFRAHMRETRERE Java B0 C# FEH . 47K (inheritance ) T [a) X} % 45 #2
(object-oriented programming) 7€ 1991 EXt KL HFEF AABRFE, WSBEFERD
LRI RIFME, BH% (exceptions) . ¥R (templates) FIiZ FI%TE (generic
programming) A RFEE L5 FHHIH. 1991 FERAFLFFIEEIHER (design
patterns) , WAL T ERAITRKMAERS. 1991 £ C++ ERIRHEARIE LB,
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AR SEANNRBERUER. NEEY. AR, BBRE T R REE.
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KHFAR AR ZH CH B2HFH. ZE 4 55 My (RRZ A%
O HEE, RRWARLRPEFNR. SN&FEHEARENISIE, EBX
RS IMER. REFEEEBH - ATRE, WREXEKZRTTH, K5
FHEBSOIRHER T

ERWAR—E C++ ANITHE. BlIES 2 HhRMAD)E FIR LG R
(constructors) « HTHIEEEL (destructors) FIIR{EHE{ERF (assignment operators) ]
— PR R, BREBRIRELHE S 8 7E A 77 28X S R B TR AR AT
e . WEEETFS CH BEASTEXEGER.
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AEEHREREREMET # C++ WMFAITAH. AABETH, URIMfTE
REATAHERMRS . BHNABHEFRRERTEEN. BAWREHFES, FR
VB AR E R AT — A %K

ARAE (Terminology)

THERS-MEFRABNZTBE /DD CH AL, RPRARETTE
B, RS RREMINEX.

FriBEM R (declaration) REVFREFBREANRARNZIRMAE (type) , HIE
ZHF. TEHHFREEHK:

extern int x; / /3% (object) FERAZ
std::size t numDigits (int number); / /% (function) FSAEHZ
class Widget; //% (class) FEHAAR
template<typename T> / /188 (template) FSHAZ
class GraphNode; //"typename” HI{EF W& 42

IR, RRFBH x HHREAN AR (object) , HIfFERIMNERE. B
WA “X%” —ARBEEHAF HEXKEE (user-defined type) HIZR, HEHA
k. WiFFER, B numbigit FIREIREE std: :size t, XFoNEE size t
RLF M4 2EA sta W RAMMBZFRRILEHA Cr+ HRERFETRNOES L.
R C GEMRIER C89) MRFEWERT cr, M4&B C WHFS (Filn
size t) HERETFLET global {EFIREE sta i, HEMWERR, BRTEA LM
PEN (#included) « APZ PRMBWE AREELE C++ 30, XA R2
KRG std::size tMAREE size_t. HREXKPIERFHERFEN AR,
A EN SN std::, B HCIAER size_t, vector, cout XRKRAHE std
H. BHEABFREREEA std, BAELEFRFNAREEE.

R —38, size t RE—A typedef, B C++ #HEAE (FIW char*-based F

HENMFEFANABEE STL ZRANTENEES) HNHANERAFERS

(unsigned) 28!, B R vector, deque M string W operator [ REIEZ KIS
AR, 43K 3 BIRBIATE X B K operator [1 BB RLZEIE I PR

BMRBH B REERR Gignature) , BRESEFEREIRE, — R
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B2 SR T ZRBPER, numDigits REHELZE std: :size t (int), sk
R CIXEBRB—A int FHIBEF]—A std::size £” . CH WNEBEANEHE

SOABERBENEEIRE, Nl ABERERBYAEZEH By, ZHLBE
HBh.

EX (definition) FIES RIRUEGRIFSE —LEPATBRBWHRHAT . MR
B, EXARGFEFER AW RIBRAERM A X function BX function template [
=, EXRBAE TR A % class 5L class template T & » £ XXFIHBEMIH R 5

int x; / /BB E XK

std::size t numDigits(int number) / /BRI e X

{ / / SRR BUR PIE S EI BT AL
std::size t digitsSoFar = 1; / /BRI BGRE] 2, BAIZORE 3.

while ((number /= 10) != 0) ++digitsSoFar;
return digitsSoFar;

}

class Widget { / /class B8 XX
public:

Widget () ;
~Widget () ;

}i

template<typename T> / /template FI5E X3\
class GraphNode {
public:

GraphNode () ;

~GraphNode () ;

¥ig Cnitialization) R “45FXEYMEA” Wit . XA B XKEBEX R
i 5, YIgh Ak b R BAT . FT18 default 1 B R — AR 4 A T A AL (T SE
2% . SHENWERBENRESY, EFRESNSHHERAEE:

class A {
public:
AQ; / / default {iE R
}:
class B {
public:
explicit B(int x = 0, bool b = true); //default ¥i&R%K;
}: /7T “explicit”, WELFER

Effective C++H1 3L, BB =/
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class C {

public:
explicit C(int x); 1/ default Vi R %L

Yo

LIRHY classes BRI ¢ MM RBIB AN explicit, XA FILEAAR

PATRR AR (implicit type conversions) , 1B'E A4 B kit 1T B A KR4

#: (explicit type conversions) :

void doSomething (B bObject) ; / /RS, BR—A AL B KRR

B bObjl; //— KK B BN

doSomething (bObjl) ; /7R, £ B %5 doSomething BT

B bObj2(28) ; / /¥R, R int28 BT —/B
//  CERELH bool BEELE K true)

doSomething (28) ; / /4R DoSomething B %% —4 B,
J/AR—A int, Tint EB Z[H]
/1B,

doSomething (B(28)) ; /I, B M RO int BB

/7 (HEEHA, cast) A— B LMERSu—iRMA.
/7 (R 2T MHBRBES)

BN explicit MHEREHE R L H non-explici SUSBERIKM, FHE
TR R EBPATIET (BB AEEE) MR ER. RIERT -IMFEOR
VPSR B A TRAKEHE, TURSTEFYN explicit. REIRENE
AH R BUR .

HHEBRE LRI+ DA RS G A R RNME . BRUXHFRRIE TR
HEedh, iMrFIERESERNARA.

copy 5 R B sk “UIRBIN S WAL HRITR” , copy assignment BVERF
BHE “NB—rRExSPENHEIERAR” -

class Widget {

public:
Widget () ; / / default ¥ R %
Widget (const Widgeté& rhs); // copy ¥IEEREL
Widget& operator=(const Widget& rhs); //copy assignment 3{ERF
}: k
Widget wl; / /AR default ¥I&E =%
Widget w2 (wl); / /8 copy WG RS
wl = w2; //H copy assignment JRAEFF

Effective C++9 U, B =M



BREBBRERSEHE L, BA =" EEWAT AR copy iR
Widget w3 = w2; / /R copy iR %!

SEIBMR “copytiE” IRESHM “copyBE” HHKH. WR—ADHXNRBE
X Bl BB w3, BB ANEEREEAM, ATREERARERE.
MEBRBEFHAZRE L (BIWRTRR "w1 = w2" &) , RASHHNEREEA
H, o BRBRBEBRIEBAA .

copy B R ER — MR EBEHRE, BT E X — MR U passed by value
(LB o« 24017, FRLLTAM:

bool hasAcceptableQuality (Widget w);

V.\Iic.iget aWidget;
if (hasAcceptableQuality(aWidget)) ...

B8 w R LL by value 15453845 hashcceptableQuality, BfLAZE_RRIARH
aWidget B EHE w AR . XAEHIZIER widget B copy 11 bR E5E K
Pass-by-value &% “IAF copy MIBEERE” . LA by value 50/ B = XKEGEH 2
AMNEER, Pass-by-reference-to-const E1F BT EE, 4K 20,

STL RFTERMEERE (Standard Template Library) , & C+H WHERTFEN—
oy, BHTAR (o vector, list, set, map %) . &M (U vector<int>::
iterator, set<string>::iterator iy | ik (o for_each, find, sort =5
RAHIXENIEE. WFEHXHAELIREN S (function objects) L, R “47 HEE
B X%, XEANSSkEE TEH operator () (function call B-VEFRF) ) classes.
WmRIRY STL FE4E, HiEAPNFUTREEZE —ABFSERY, FA STL X
BRXEHT, BATERAE. —BAREALE, R—ESHFHRKRL.

C+ BFRWMRBFRAERBEN Java B C# BEFHEE, TSR “AHH
TR” C(undefined behavior) BRI F. MTEFMEE, FE C++ BMHERITHE
FEX: KEFEREFRGBITHAeREMA AE. TEBE/MULFBEREE “THHR
HIATAR”

int* p = 0; //p B4 null $8Et
std::cout << *p; /73—~ null $55HHUE (dereferencing)
/1 ERBURRBIT A

Effective C++ 3R, BB =R
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char name{] = “Darla”; //vame M, KA 6 (FISILHERHT null)
char ¢ = name[10]; / RS — TR B AR
/1 FBNBAT R .
RERHRA, FHB CRESD ITARNEREANTHHK, RS

. 2REZNW Cr+ BFERER, HTEAHUBTAINEFXEEFREDE ).
WREN: —MHEANHRTHNEFSHERROEDSE . BA—Emk, B
RPRXEMNEFSHRERIT N, ANPITIER, FRERANR, ARESHA
ERRMER. AR A CH BF REMERTTRBETAEBIT . RR]EBP
AR FREEDFERNE TS .

HEABBFHERZE C++ BENEFRNS, BN RERHRHIARERE
O Cinterface) . Java Fl NET &5 #F#E#4 Interfaces HIEF LK, H CH+ BH,
RAEZK 31 W TIfHERE . SBRMAMAE “8#O” B, R—BROERHH
%4 (signature) BEX class IR TR (BN T AL S class ) “public #1017 B
“protected # M7 B “private #1117 ) , BREEXFHE template KBS KT AN AHK
—ARIER (LAK 4D . URERFEMEORESRE SHEHTGIRE.

FrEZ P (client) RIEFEARIEY, b () FHESHAE GERE &
B . REMESEERMEAE, SREEF AR EERHMAE KB —
Ay, BRI ER S IHES A HI N . Class B template 1% 7 W R IEEF
t{#H class BX template fIFR—3B4), BATLARSRE HAEFHEREHKA. HE
“EP REFRIEOEEFER, FARFRTREEKSR. BiRT. SEEERE
I, A9 S MARBHASHXME.

BFHRAIMBBE S, ERSEHKRN HRE R RELARNIK ER
BiAte, WEAREEIAAFFFRORAENES . BERAHERE AN IREHE
FERERRED? Bk 5, EEANNEARLFLARRER, FRERECSKE
P CBAERRETERRE , BARRERSREMRETF K& O EE S
BELLET .

Effective C++91 SRR, S5 =R
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AR E HHE functions A function templates Z M HIX 5], LK classes H |
class templates Z (B IX 5. IRAFE AN Kbz —AEFFEN H—HHNE. 44
RIXFMEMBIEHE, LX) classes, functions X EATTHT A templates.

HRAFRFHEHRIMER BT WEEE, ANREFEABEF cor M
dtor.

ﬁﬁ% SR (Naming Conventions)

BEAPEE B LB T objects, classes, functions, templates % 5 |-, {H
R T 2REREHNEXTRARM2 BME N, FlnREEZHNRNISHLRK
1hs F rhs. ‘BAT9 BULE "lefi-hand side" (A2 F-544) A "right-hand side" (FFHi) .
BEHLUENME R —c8 67 (binary operators) B ¥l operator== l operator*
HFISHER. BMF, R a M o RAFENEFEENS, MWE Rational IR
A4 — non-member operator* REHATHeE (%K 24 Fi 5 ), WA TERIEK:

a*b
SEMTLATHREOAA:
operator* (a, b)
TE4& R 24 PRI — operator* WITF:

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

WARAT I, ZARIFE a BRI A ) 1hs, HTRAEE b WAL rhs.

HTFRARY, EMEBHE this BEHRIUIEK, FTUEHRAMERSKL
R rhs. RATREELAESE 5 WET widget RARBEHPEER TIX— K. Xf
T, BLELL widget class 735, "Widget" HAEEMEN, v HELNERFE—
ANRTERI class BRRETE/REAMEZR, B GUI toolkits f) widgets B2 TK

THER “HRE— T RN BIEH T E A pt, BEE "pointer to T, TR

Widget* pw; / /pw ="ptr to Widget".

class Airplane;
Airplane* pa; //pa="ptr to Airplane".

Effective C++H1 3R, S8 = /R
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class GameCharacter;
GameCharacter* pgc; / /pgc = "ptr to GameCharacter"

Xit-F references FAE MR : rw 0] B reference to Widget, ra MRS

reference to Airplane.

HEITR AR, BREUnt B,

KFLE « Threading Consideration)

fER—AMEE, C++ XHEEFRE (threads) BAFEMEES—F L LEXHEMIFR
(concurrency) FYEBBFE R D, CH HREBEFEL . 4 C~ ZRILWMAX
ERE L (multithreaded) FFEARTFE.

BEMECHEET . XA BHESBERETTBER C++, HRARAR—1H
S BEL4EM (thread safety) BEFEZEFREMPES. BXT ‘b C++ FME
LR FHEIXARO” WEEF R, WRBARRKK C++ MAESLENE
AR RS, RIEEHEk. REETEWR—E CHEEBRRELTE, A
fEit—& C++ GEPEREXERFLESLFREABREERZ TRNZERER
F1E, HIEH “HEERSIEF R 7 A FE RTINS & B T B ER T

MEGRARBELERERTNEET, TUBRALHREAXITR. KR
REERE N SREA RN N ARFRRFE, o, ROEBRFHL KL
C+t RN FER " KBREE e,

TR1 ] Boost

e R, RH4LaIRE TR1 A1 Booste & — MK IEMHREANT (KK 54
B4t TRI, 43K 55 415 Boost) « ANEMBXLELRMTEHKE CENBIRER
JLRE NI R RH G, B, RIRTHM G EIEE) « mRRER, AL
AR REEN, BURAERMKEETABERF, T HEEREREH R
TRIEHER

B TRI ("Technical Report 1") &2—#HITE, #RMA C++ FRUERRFFREENIE £ Fl
. IXLEHLEE LB class templates F! function templates 4RI, 4F%7 AR H
4 hash tables, reference-counting smart pointers, regular expressions, KB X .

i TRl ABEHBETRAZM tr1 B, FERETGEZMA stdH.
Effective C++H 3R, B =K



10 iz

B Boost &MEL, ARR—AMEE (hitp:/boostorg) , RAATEE. RBEH. #
EIFHE C++ FEFFE. KEH TRI HLAER UL Boost I TAE ARl . 7EgmE3R)
BT C++ BFEPEAN TR Zh], NI TR THEHNFRARTE,
Boost M35 AT fE R 55— N2 B s, Boost J4LEL TR1 EEL MR, ALl
HETHRE.

Effective C++H1 3R, 5B =R
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1

B3 Cc++

Accustoming Yourself to C++

AR BEETREMH A, CH BURLRERSE AILAE. CBE 1B
BARIES, WEASRNY, ERERTUBIHGENHARIE AL, IR
WIS C++ HIHFT R FABROERZA . BAFERT AN E A,
AERRBREAN— KT,

E£R01: M C++ R— MBS

View C++ as a federation of languages.

—FFih, CHRE ChnL—&mmsgsEtt. C++ BPIFAFR C with Classes
WRBRT XA MEXRR.

HELXMESEH R, CEREERELHNR, EXEEEKR, FHER
AREF C with Classes & F W& MR FZENE . Exceptions (%) X BRI
SRR A R A% (&3 29) , templates (BB MR RF R EE
FR &K 41 ., STL W LT —ANF7AT AR AR R v

AERHK CH CE2ENZETRHREET (multiparadigm  programming
language), —/NFEINSEEREFER R (procedural) | TH RIXT R R (object-oriented)
B, (functional)  ZHIFER (generic) .« JLHGFEH A (metaprogramming)
MES. XSRS C B A EWTILHP TR, BHRaasIRFER
R: B “EHRE” WFEHERS . BATZWOAEBXFE-MESRE?

BB TERE C++ A DNHEREZT ARSI MIEL—ES. £/
REAKIES (sublanguage) F, #FFFUE@FIMMA R, EN5HE. FEES

Effective C++1 U, =R
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L. RMWAFEA—NIESBRER —MKES, TUTRSE. AT EE CH,
PRBFNRE ZEIRES . FEHERIEAFTA

B C. REBIE C++ {HRLL C AR, X (blocks) . #EH) (statements) . Fikh
2% (preprocessor) « WEHIEHEA! (built-in data types) . 4 (arrays) .
fe4t (pointers) B4 K H C. L& C++ WRERBELLZATHERS
B C Rk (B4R 2 IRBITAL B3R 2 AN 5 — %8, 43 13 KRB ZRE
HYHE) . BHMRU C+H W C B TR, RRmETUmRER CESH
JRiBR: B BUR (templates) , #7577 7 (exceptions) , BH E# (overloading) -+-

B Object-Oriented C++. XI55k C with Classes FiifKH: classes (U3EH
BRI HEE) , W% (encapsulation) . k& C(inheritance) « £&

(polymorphism) . virtual ¥ (BIEGEE) - - HE. XS REMRNRE
Tzt B F U CH EMBEELRE.

B Template C++. X C++ HIIZRILEFE (generic programming) 4, HEKE
BREFRALBB/DNERS . Template HXH B 5 R DLRBEAN C++, R
BTN P “HE template FEA” FIFREFFATR (FlIngkaK 46 REIFH
template functions B {{AI PrBh A RIEH) . Lhr LT templates BRIRK, B
MR FFHRIZEE (programming paradigm) , KR PTIHH template
metaprogramming (TMP, MMRITHEE) . 43K 48 SR M T — 8k, HER
JEYRE template B FIRAK P IRE T, KAJARLKILIXLE, TMP AR
b h CH BTN,

B STL. STL £/ template F2/FE, FaKEME, EER2IEFERERN—. EX
7% 2% (containers) . %4828 Citerators) - &iZ (algorithms) LA R BRHXf £ (function
objects) HIMAHRENEFER S 58, SR templates K F2FFFE AT BA At
MERE k. STLH B CFHRNBEHR, SRKE STL —BI/E, LM
M ey,

BHEXUMKGES, DERAEMRIESUIREIS 1, SBEBRmWETUEX
PRifA kg, RERIRT. Fl A E (R Clike) KA F pass-by-value
EH b pass-by-reference T3, {BXYRM C part of C++ #4E Object-Oriented C++,
BT A A B E X (userdefined ) ¥ X& o B A AT &R B & &,
pass-by-reference-to-const 1{E EF . &/ Template C++ B Lk, B AR

Effective C++ 3R, 5B =K
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C BEARMERFLEANZHRE . R— BB STLRHS T#, RARMRE
SR C IRt Z LR, LN STL BB MBHEHNRMS, IHRM C
pass-by-value FWHUER (5%t 77 AR 518 WAK 20)

HERY, C++ HAR—MHH AT —FES: ERAOMNRETYH
BRI BN , BN GE S HA B RN BERXEMOES R KI C+H+ &
HTHREBZ.

W {E
B C+ EHHETFUIRATRL, RRTFRER C+H FIHB—E50.

EF02:. REDLL const, enum, inline B #define

Prefer consts,enums, and inlines to #defines.

BRANFKBIF BN “ T USRS B BT B ” B, BOORIT #define
AR ABEBSH—ED. BEREHHBIE. BRBURIXFERSE:

#define ASPECT RATIO 1.653

65 %% asPECT RATIO HIF MR GRIFRE N, WIFERIFSRITHLERER
ZHEREHAEEBET . TRICS LK AspECT RaTIO A A BB NS X
(symbol table) . F&SREHILE BERB M RFHIRE RN, TRk
Ak, BEAXAHRGEEBTSEE 1.653 MA R aspecT RaTIO. WHR
ASPECT RATIO M€ XAE—NERFTBHILCHN, HREEN 1.653 LREXRAM
KBTS, TRIRKE NGB T TR . XA ) B AT E IR 5 K
2% (symbolic debugger) ¥, JREHEF : YRFT1E A 945 F5 7T B2 IF R FE A2 5 R (symbol
table) .

RRZERU—NFEBEHR EIRIE (4define) :

const double AspectRatio = 1.653; /I KELBFEERTE,
/ /AKX B MR E TR G .
EA—MESHER, AspectRatio HESPHFHED, ARASHNLSE
M. AR A E R (floating point constant, FREAH]) TE, HHHETRELAE
Fl#define SEB/NENIE, FATLERE “H Hihd % AR AsPECT_RATIO Bt
4 1.653” TR S H 4745 (object code) HHIRE 4} 1.653, H XU % & AspectRatio
“ AL HIARE R .

Effective C++H X, FE=WR
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HBANUE BB B bdefines, HAMIFHRIFRMAER Y. B—REXEEEH

(constant pointers) . BT H BE XA EHEBRALCHAN (DHEEAFHELES

A) o, BEH BB (MARRIREEZY) A const. #In3 Bk
XHEREL—NERE CAZER)) charr-based &8, RIS const PIIK:

const char* const authorName = "Scott Meyers";
KT const MENIERH (FHRUESIRELER) , £33 HEEHITR.
XBEEBAEERIE, string WHRIBEHEHRTEE char*-based &'H, il LR
authorName T34¥ 5B X I # 5 i 5.

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

FBE-MEBERME class TREE . 8 T HEE/ER I (scope) BRHIF class
W, FRBIEE R class — AR (member) ; TiABMELEREEZRE 4%
Kk, RBAILERI— static BRA

class GamePlayer ({

private:
static const int NumTurns = 5; /1 EEEER
int scores{NumTurns]; /MEREEE

RTIRETE B2 NumTurns K5 BT dEE XX B H Cr+ BERBIRETE
FRMAEF AR TERAE A 2 X, HHRERA class TRE B static B HBHE
% (integral type, HI3 ints, chars, bools) , NFE4FERALHE . REREENIR ML,
PRET CAFS B 34 BT R AR 8 X . (B RRENIEA class TR F &ML,
HYEIR A I TR SR 8 E CRIERHD) BEEF - e XK, HRRs
R AMRA E X

const int GamePlayer::NumTurns; //NumTurns FJEX;
// VHEFRA A BB ETHE

HIEXA N TR —AEIAFTIER S . BT class HEEES YR IRE

¥ME (Bl ST 75 B NumTurns B9 BEIRBME 5O, Bt XA L FRYHE.

JEH IR, EER, RIOIEER M tdefine BIE—A class ERER, EH
#defines HAEMAMEHE (scope) » —HEHEX, ERAEHLBHREFIESTH

Effective C++m1 3ChR, B =R
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¥ (BRAEER M fundef) » IXEBR#defines NMIUAEE K E X class ERHE,
WARE IR ATE et kR UL 3H BT 18 private #define WA AR T, 144
const R A BB R UEHHEN, NunTurns .

IBRGIFR BT LREE, AR static RAEHFHRX_EREBY)
5. WAMFTIER “in-class VMERE” ARV EEHEBH#T. WRFHRIES
A Fe BB, AR LU PIEIRTE R X3

class CostEstimate {

private:
static const double FudgeFactor; //static class # &M
... /BT3RO

};

const double / /static class H &€ X

CostEstimate: :FudgeFactor = 1.35; //fFEBSCHEN

LFRARFEATFTR RYE— T EMNT . ME—BISNE QIRTE class Jnid i) F
B class B, HlnE LRA camePlayer: :scores REAFHRF (K,
SRR 8 R FE O TE G B SE A M A/D)  XEHMET —REGRFESS (BRI
AR St “ static BEE R class BB 752 A “in class FIEW ", W[ AATIER "the enum
hack" AMEfE. HEREME: “—NETHEHER (enumerated type) RIFE
RIS ints $fEH” . TR GamePlayer 8] & L WK

class GamePlayer ({

private:
enum { NumTurns = 5 }; //"the enum hack" — 4 NumTurns
//RCA S F— e S K.

int scores[NumTurns]; //XRE T .

EFHAHEH enum hack EHABHNIIAR. F—, enum hack FATHE FHE L
B8 #define MAME const, B IHMRIXIERKAEER. HNME—14 const FIHhE &
BN, EE— enun HIHBEBEA S, WHL M 4define MIHLHLE R B &,

Effective C++ UhR, B =K
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I RIRAAE 5 A FR#8 —4 pointer BY, reference i AIFRII N HE B, enum AT LA
FEREIX AN, (53K 18 XM F “E i BRI A IR € LR T ERAREA”
BRBEL. ) MIBRRENRIFEAZAH “BHR const R ’E FHIMNITEE
28 (BRAEIREIE— pointer B¥ reference 5% %) , TEAEHgiFIRHT
REnitk, WX ATRERVRAREEM . Enuns Midefines —HHASFBEFLENATF
3B,

M enum hack M - AHEBAR RN TEAHEX. FEREATE, UE
F|ERRBHINRE. FEE "enum hack" J& template metaprogramming (R T
SRR, WA 48) MEMEAR.

ﬁ%ﬁﬁ@ﬁﬁﬂ%o%—ﬁ\ﬁ?ﬂﬁ@#defineﬁm‘fﬁm%uﬁifﬂ.%(mmms)o
EERESEL, BASHEBEHEAE (function call) HRAMMIFHE. T
FERWEELS, AHEH

//Ck a b FBCKIERA
#define CALL WITH MAX(a, b) f((a) > (b) ? (a) : (b))

XBKEPETERLHRA, BRMBEMR TS HE.

T AR5 XM E, RUFUEEARFTHFEES M ENES, X
e \EERZRFEARXANEN TR EBMRE . ERERAFEELSMEDES,
FE THEATBAEE:
int a =5, b =0;

CALL WITH MAX(++a, b); C//aBBEIIK
CALL WITH MAX(++a, b+10); //a BERM—IK

EiXE, WA 20, afEMREERRRT “ERERMIELR” !

FREMARBAFBENXFHLEWFEREERR . RATIRE E RN E LR —
% R B T AT TORMT S FI2R B 22 2t (type safety)—— REL{R 'S H template inline
R (AKX 30) -

template<typename T> / /B TFRATIASE

inline void callWithMax (const T& a, const T& b) //T #f4, BTLARHA

{ / / pass by reference-to-const.
f(a>b ?a: b); /7 4K 20.

}
XA template 7= H—MBR Y, BMREHEZHIMRARAR, FURPBKX
Effective C++H U, B =R
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HRA £ XEATFEEREL BT ASENERES, BAFTEROLSYBEH K
) U T2, WA HT caliwithMax RAELIFHIE ¥, &P 4EFIE (scope)
FIYTRIFN . B PRAE N T LS i —A “class P private inline %7 . — =
FIBETTRILE .

AT consts. enums Fl inlines, AT (FFHIR#detine) MIFHK
P57, (BHFIEELWEBR. #include HRE LT, TM#ifdef/#ifndef HLEEEY)
EHESGRENEEAG., HINEA ML E S 2T BMEHE, (BIRNZIFhLES
FEBRKERERRYN.

Witk
B SFREagEE, B const M EEL enums B #defines.
B 5T RLEREKE (macros) , BIFHUH inline ¥ #tdefines.

£ 03: EOBEFFA const

Use const whenever possible.

const M—HHFYHEER, EATKEE—MEXAR (BREHFE 1 “P
EWEE” AR, MREFSSIREILHEX AR, B AFIRE Vrgn iR
BFARENZRFAE. REX GEERFAR REXL, FREEHLREER,
B SR IR B w2 BB, BRZFARABER .

KRBT const ZA L E AT LU ETE classes SMRIEH global B namespace( i,
%8 2) ERBHHMER, B, R, SIXEAEREL (block scope) HiK
BHIH static BIRT S . ARUTT LR E B4 classes P #BHT static F non-static R A
B, ExtiRe, RBariiehitest B 5 . 5B ITIRY, SBEER (S#A) £ const:

char greeting[]} = "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++71 3ChE, S5 =R
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const EEBARTILEH, BHAEMEER, MRKBF const HREESAE
W, REBEVRFER, WENIEESAL, R EGEYE, WRHMNA
BEWiA, RrREBYNRHAEREEER. '

MBI RFE, FEEFRASKHRRT const ERKBZH, HEALE
CBERBZ G, BSZH. WHERNEIHR, B A FHIFAA R EZ 2

void fl(const Widget* pw); //£1 RGN FREE, HBR—A
//ERK CREERD Widget ME.
void f2(Widget const * pw); //f2 B

BREREE AN, REZREIREN.

STL #:f0H88 A LIRS ARIB B R, FTLUSRBOERARBRA T $BE. &
B384 const MG HATEE N const —FE (BIAEH]—A> T* const HED) , &
RIXA SR BB AARKART, HEFENRGNERT LSS . mRIES
AR ARAARTHNS) (BAE STL Al —1 const T 18¢H) , FRE

ff1& const_iterator:

std: :vector<int> vec; ij_J

const std::vector<int>::iterator iter = //iter BIYEREA T* const
vec.begin( ):

*iter = 10; /7B, % iter FTTEW

++iter; //55R L iter & const

std: :vector<int>::const_iterator cTter = //cIter FIYERI#A const T*
vec.begin( );

*cIter = 10; / /R *cIter £ const

++cIter; / /%A, % cIter.

const B BB 0 Al R X B BB IR N . ZE— AN RBF AN, const
TMHUMREOREE. 8%, BHEE WRERRREO FEXEK.

é@ﬁﬁ@“"l\ﬁ?ﬁﬁ» AT AR EE RS RAESNS, MXAZRT
MFERSMMENN. BT, ZBEEH (rational numbers, ¥ N&2K 24) 1)
operator* BB

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

Effective C++ 3ChR, S5 =R
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WEEFRE—IREEZNERANAN A HRE UL 9, A A& E 4 const
X5 ? JRR R WRAXER PR AL SE B (R AT :

Rational a, b, c¢;

{a *b) =c; //TE a * b BIER ERA operator=

BAMENF 228 AEH BN BEHRB B —IXBRIE (assignment) , {H
REBFEEFRSAEERIAPI LM RENRMHITEER (UE—PTHER
REHA bool KRR .

if(a*b=c) ... //BRK, HScRABM—/ANHE (comparison) FhfE!

MR a Mo HRAERE, XHEMRBERT IRESGE. T—1 “REFN
AP EENREY” P EREMBET RSN ERYUAKS (ALK 18) , B
b SV P E FRARBUR E B E R AR B T - 4§ operator* MIEEEAH N
const H LATART A “ BB BRBESNE" . M ZB 2B ERE,

EF const B, BAEMAKHNFHRONE, ENALHRE local const IFH
—F, REZELEFATEINREREN. REFTREXSISHE local X
%, FREHENIEYA conste RATEIT 6 FF, HF LA TRARER,
B “HHERN == HESBER = 7 WER —ORBERR.

const Al A &R ¥

¥ const THETRAREMER, BAHTHNZRRRETERT const WH
HE. X—HXRARBZHUEE, BETFHENMEH. F—, BENME class O
BEYHERE., XERERY, BABARHATUSRSNRABTTRBHEAIT, REE
B, H2, EAME “BAE const R BATTRE. XXHRE RBAEEN R, K
HWMERK 20 IS, B CH+ BFEREN -—AREBERELU pass by
reference-to-const 5 RAEHEXN R, MBI ARTITHRTRE, BATH const BA K
AR IR GFRBMTE) B const MR,

UEANER—HEE: ARRRBOIRARFHEN (constmess) A[FE, AL
BEH. XEEL—AEEN C+ FtE. EBUT class, FARER—KHRILF:

Effective C++ UM, B =/
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class TextBlock {
public:

const chars operator(] (std::size t position) const //operator(] for

{ return text[position]; } / /const X,

charg operator[] (std::size_t position) //operator[] for

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

std::string text;
}i

TextBlock f operator|[]s T HIXAER:

TextBlock tb("Hello");
std::cout << tb[0]; / /A non-const TextBlock: :operator[]

const TextBlock ctb("World");
std::cout << ctb[0]; / /8P const TextBlock: :operator(}]

M —3, BT const MR K% AT passed by pointer-to-const X passed by
reference-to-const BMEIREE R . LRI ctb B FRiT#/E, THXAHBEEE:

void print (const TextBlocks ctb) //MERE(H ctb & const

{
std::cout << ctb(0]; / /@M const TextBlock: :operator(]

HE&E#H operator [JHNARMMAL FARKIERIHKE, A4 const
F1 non-const TextBlocks IR R FIALH :

std::cout << tb[0]; / /808 — 4 non-const TextBlock

tb[0] = 'x'; / /¥R — B—> non-const TextBlock
std::cout << ctb[0]; / /BRI — iE— const TextBlock
ctb[0] = 'x'; /7458 — B— comst TextBlock

HE, @R HRE operator[] WIREIZKAUB, EF operator[] A3
EBEBREE, BRERTEN—D“H const Bl operator [] R # const
chars MEFTIRAESN1E.

Effective C++H 3ChR, B =M
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Hi1FFE, non-const operator[] HIIREIZREIREA reference to char, A
char. W1 operator(] REIREI—4 char, TFHIXFERIA)THITEET MF:

RFEA, MBRHHIREBEEANRNERE, F4shmBEREPHEMRRAR
B, YAEETE, CHLl by value IRBIXT B IX — L (WK 20) EREEXNsfH
LR th.text (01— EIZE, AR th.text (0] B H, BARSRIFBERMITH.

EBRNTAE BB — IR R RIMRR const BT 4?7 XA

THEZ: bitwise constness (XX physical constness) #1 logical constness.

bitwise const FEE I AARAE , BB o B R 78 A B B0 B AEAA i 72 28 & (static
BRSE) WA AT LAY const. HBER UEE AN TE B R P TR —A bite iXFPR AM
HREBESVNWERA: RERAFTIFREATENRESIERIT . bitwise
constness IE& C++ STH BN (constness) HIE X, B const 7R KB AR LLE
Bt 8 WA non-static X A& .

ANERRALRARBERT TR R % const HERENAREL bitwise Wik =
HAAygl, —MERT “REFTIEY” MR R BERREREE R const, HIMRR
HigsH (MIEHFTIEY) KRB TXER, MAFFILEECA bitwise const A5 RHF
HBAW. TRBRERGR. BERNH A TextBlock-like class, EHHIEFFk
A char* MiAR string, EAEFEM—NAINIR string S K C API Y43l :

class CTextBlock {
public:

chars operator(] (std::size t position) const // bitwise const F5H,
{ return pText[positionl; } // BHEEAEY.
private:
char* pText;
}i
XA class A& LG I operator (] ABAN const MR RS, TiXE IR
[B]— reference 5 MXT R A FE (&K 28 HBFEHEZITIS) . BEFERHAEXA

Effective C++1 3R, =R
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B, HHEE, operator (I EMABIFAEK prext. TRMIFB/MA LN
operator [17=HH B#Fi. © /2 bitwise const, FiFRIFBMXAINE. EREEE
RGEREH L

const CTextBlock cctb("Hello™); //FH—AHEEX%.

char* pc = &cctb[0]; / /8 const operator [ | BUB— MBS,
// F8IH] cctb KIEHEE.
*pc = ' J7; //cctb BAEE T "lelio" XHFEMIKA.

XHPURANZEEMER: ROBE—ANEEXRIIFRUEE, TERAXERA
constﬁiﬁfﬁﬁe @Lﬁ;%ﬁE%&&TE%{EO

XFE S B FTIER) logical constness. X — IR HE E5K, — const LR
B BORT MBS0 BT Ab BR AR B 9 ISR 2K bits, (B RAFAZ P ROTAR BB TS
Binit. FINYRE cTextBlock class F A BEFIE A7 (cache) CAKRHIE LIME
MEATH#] 18] «
class CTextBlock {
public:

std::size_t length() const;

private:
char* pText;
std::size t textLength; / /BRI BRI SRR PR
bool lengthlIsvValid; // BT KEREE .

}i
std::size_t CTextBlock::length() const
{

if (!lengthIsValid) {

textlength = std::strlen(pText); //451R! 7E const A REMN
lengthIsvValid = true; // FRER{ESS textLength

} // MllengthIsvalid.
return textlength;

}

length HISEBL YR AR bitwise const, BN textLength Fl lengthIsvalid #§
ATRE B . IXTERIBHET const CTextBlock MR H BATES, A%k
BRARE. TR bitwise constness. FEAT?

R IMERGBIA: FIH C++ BI—A5 const HXEMNZEN: mutable( AR,
mutable BEJH#E non-static X R ZE R bitwise constness ZJ:

Effective C++71 3R, 5B =hR
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class CTextBlock {
public:

std::size t length() const;

private:
char* pText;
mutable std::size t textlength; / 11X AR TR R
mutable bool lengthIsvalid; //EEER, BMEE

}i / /const G RN .

std::size t CTextBlock::length() const
{
if (!lengthIsvalid) {
textLength = std::strlen(pText); //BRTE, WTLLXH,
lengthIsvValid = true; / /A LLIXAE
}
return textLength;
}

£ const 1 non-const LAREPBEES

%tF “bitwise-constness IERATA” I, mutable RAMERINE, HER
e RET A B const AP . 2NN T, R TextBlock (F1 CTextBlock) W
# operator[] ANB R IR Bl —4 reference IR FEF/FF, HTIAFELE (bounds
checking) . FiZiVi 5B (logged access info.) « HEAFEHITHIETEHRLE.
T X LS [F I J8UHE const M non-const operator[] #, SBUXHNEY (HA
NERK LA —A “KBEFATIN” KRM inline BE— R&K 30) :

class TextBlock {
public:

const char& operator|[] (std::size_t position) const
{
//AFHE (bounds checking)
/ /B CEHE V) (log access data)
... //RREAE TN (verify data integrity)
return text([position];
}
char& operator(] (std::size t position)
{
/ /iR K% (bounds checking)
/ /B EHAEVE) (log access data)
. [ IRREIR RN (verify data integrity)
return text[position];
}
private:
std::string text;
}i

Effective C++7 3ChR, B =R
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WO Y YRR B I R A AR E S DL R R BE R B Y. B REKE
ANKABRREG? HRE, HLFRE- - FREREBRS AR (E
HRA private) H 2PN AH] operator (] HAE, BWREK, BHRERERT
— 5, PIMEREAR. BX return BH%E.

WEIE XM R LI operator [1IPLEE—IRIFEH EMK. HMEBR, il
AR P —AFARE 4. ZREBRNEEBHEHEK (casting away constness)

M—BFNUTE, ¥R (casting) 22— MEREMEE, RETR—BANRIEK
WIXLHE (4K 27) . HFRFRAER M. ATABESBARA A AMathE
28 . ABIF const operator[]15ERMIET non-const RAZMMI—YI, ME—H
ARRIEFEHEREZ T —A const FHBEM . XFPIEL T W RKIERIER const ¥
BR AN, BARLHEEA non-const operator [1#—E B %H T non-const X}
%, BE WA BE#% 8 B non-const BA¥. BT LL4 non-const operator {1 A H const
RBER—NMBEABEENREME—IEI R FE - HRIME. TEHEA
H, MEAEEHAEE.

class TextBlock ({
public:

const charé& operator([] (std::size_t position) const //—IBRAE
{

return text[position];
}
chars operator[] (std::size t position)  //I#ER A constop!]
{

return
const_cast<chars&>( / /¥ op [ 1IR[EHERT const FB&
static_cast<const TextBlock&>(*this) //X*this Hi_L const

[position] / /YA const op (]

Effective C++H 3R, B = MK
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WRET L, XHBREEBANERGE, MAR—. BITFTHIE non-const
operator [ | const 538, {H non-const operator[] A#E R B 4liiEH
operator[], ZIBFAMED. B K- Weee AT —H K. ATEERET
HIER, BATNREAREHRBERR const operator(], {8 C++ #Z HENEHEW
LA A fig. X B ¥ ~this MHE R KB TextBlocks ¥ M A const
TextBlocks&. &M, MAMEAHRBIEREM L const! FrLLXBILA PR
B—ARN *this BN const GXFEE FRIAH operator [1FBLLEA const
BRA) , B E M const operator [1HIREHEF#H const.

N const MIF—IKHEBIRBMIT T —IKZEHE O non-const X
const X% , FTUABRNER static cast. B const MIR/NBIERATLLEEH
const_cast SEfll, WA HMERE (REATSHETREN; —4 Cstyle HRHIT
B, E—WRELK 27 Fiil, BHELHEDORERARE. WRELIRE
static cast B const cast, &3 27 RMET—HHED .

ZETFHME, BTABAANRERER, MULEEE —AATN, B
FA%ERE, AHEFRIBEKN “BRRIBEE” MR, EFHEEH const
operator (] SEBLH non-const fRA. 4 T RNEIA B ¥rimn 5 H WL 4 F 18R
EEB, RAEWRERE, H “IEH const A KEEIH I non-const ZEANLH”
PIEARRERT#HN.

EEATRHE, RAEMFE—2 const RAEA non-const ARG E
H—HARIRZMAIHE. B4, const M A REVRBEANBEHX R IERRE
(logical state) , non-const Fi B R EH B XMAFE. WMRTE const RBAAA
non-const ¥, MEE TIXHLRE: RYLAEAKSIIBANZBEENT .
XHR A A “const BRI non-const LA RE” R—MHRITH: BEH
XBEARREEESS . EHEEEESXHENABEESRE, ROMEHR D
const_cast ¥ *this £ Ff# const YEIRMAREE, XS = BIKEMETIE. KIEH
B ERERIMERMERRBN A RL2M: non-const B 7 BREA KA LA
XS MEmahte, FUERXPREA—A const BRBIFARTHERNK. Xk
R AFBIU static cast YEFHFrthis RE: X B IHAFLE const HHRAER .

AZB I HRMIRMIR, const RN HIFHIERIRTG. ERAFRNRE
£ by 7EfREE. XREE K references TR HIXN .5 b HERHSHMREIRE G L,

Effective C++ UK, =K
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7t local BB G b, ERARES L, MEKEBA—T2. const BRAMBIIFRKHIB
F. RUBBERE. RESTREDBREIE.

WHictE
B OEREERFEEEY const W B4R RN B RAE. const FIEHEMTAE

FERIBAMNSR. RESH. RPOREIRE. BEREEE.
B 47iF385R$ISCHE bitwise constness, (BRSSPI RZAE A & LR H B

(conceptual constness)

W ¥4 const # non-const 547 @ﬁﬁ%iﬁ%mﬂﬁif%lﬂ, 4 non-const Fﬁﬂiﬁ
H const fRA T @EABER.

M 04: AEXNRWEAIISERDIBIL

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

EF “HNBHIEL” XE, C+H+ BMERELE. MRRXAE:
int x;
TS T < RIEBAIEEL Ch 0) , EELMBESEPHARIE. WRERXAT:
class Point {
int x, y;
}i
l;c;int P’
p MR RAZERERBEREYIGL Ch 0, HRERS. WRRKBEHMESEET
WILHEAELE “EHENR” , BaiFbd, BEAXBAER.

EERVIRLRE S SBORERMNAT N EREFE L, AR EBCRYIHE
ACHE, BT BEALARIRE A2 1LEAT. ERREMITE SRR L8 “ BN bits,
BT EESHTRESMENRAME, BREFBARTHMNREFTL, DEFES
AR KRR

B7E, BRMNEFHT SN, #d W ROV —E R 4E, T
A—RE” « REMRXEHMUWRER, RN LZITERKELT L.

Effective C++ 3ChR, B =R
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WHARIRMEA C part of C++ (W4FK 1D T EAIRAL T BEBBUSAT LA,
AR RAE R EW 5. — BN non-C parts of C++, FNIH LA, XRREG
HiERE T A1t 4 array (3R 5 C part of C++) AMEIFI Py BEVIEA4L, T vector (R
B STL part of C++) I {RiE.

R EXPF RN TERERRE, MRELCEMNERRE: KEEFANRZ
RIS eV N FRAEMBRKNERE, REHTFLERILE. Fli:

int x = 0; //% int BATE TYIERL

const char* text = "A C-style string"; / /3R BATE TG
/7 (FFR4EK3)

double d4d;

std::cin >> d; //LAEE input stream PR R SERATEALL.

ETHELYDSMUEMEMARTE, PIIELTERENERE (constructors)
B E. BMURER: HEREG WG REEEN S NE BRI,

EAMUMBESET, EEWRNEE THMA (assignment) MY
(initialization) . & —HREDLIE NN class, HMEERHFWT:

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: :1ist<PhoneNumber> thePhones;
int numTimesConsulted;
i
ABEntry: :ABEntry(const std::string& name, const std::string& address,
const std::list<PhoneNumber>& phones)
{
theName = name; /XA IR{H (assignments) |,
theAddress = address; //TAERIERAL (initializations) .
thePhones = phones;
numTimesConsulted = 0;

Effective C++ U, B =/
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X ABEntry MR HRPE (RIEE) KIE, EARRBERE. CH M
€, MTHREK R R OHWEE R EERAMERBAREZ AT, 7 ABEntry WG
BR¥ A, theName, theAddress Fl thePhones A RBFILHIL, TWRERE . #I4G
WHIRERRER, RETXEHTN default HIEREH A31EHZHN (A
ABEntryﬁJiﬁEﬁzkﬁgmwrﬂﬁﬁ) o {HIX¥} numTimesConsulted NAE, BEAE
RTAERE, NMRIE—EERFE B NMRES)E R 8 R Z BT REAME .

AREntry MG R —NMBRES L, FHFTIEM member initialization list (A%
RAMEF) SFHBEsNE:

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

theAddress (address), //BUE, XEERRYIMAIL (initializations)
thePhones (phones),
numTimesConsulted(0)

{1} /IAE, WERBAEN LT EMEE

XAMEREAN E—MREEREE, AEERERE. BTRERBR
E(EBE— A 5 default I3 BB theName, theAddress Fl thePhones
WAME, RELZEXNEMRTHE. default IEREH—YHEREMIRET . &
RBYMEF| (member initialization list) #fiE (BARIE KA R TX—WE, H
HYMEF P ENRABRTRILS, FEEEHZTRARR L G RBE
2., BFPH theName L name JHHMEFIT copy Wi, thehddress Eh address i
VIEBEAT copy 33, thePhones LA phones HHMEHELT copy M.

SR HERT S, ELAE default WIERERIEHE R copy assignment
BAERF, B REA—IK copy MERBRILERRN, ANEERHBL. X TH
BRI B W numTimesConsulted, HAVMHFIRME M BAMN, BX T —BMEF
W R RVHETI RGN, FERE, EEUIREE default G — MR E,
PRER T LLfE R R AIME S, RERE LY (nothing) 1EAVIERHTEEI . R
ABEntry A —MNESEHERE, BATTHEEERWT:

ABEntry: :ABEntry( )

:theName () , / /¥ theName K default ¥ R %
theAddress () , / /4 thehddress #ZBIEHE;
thePhones () , / /7 thePhones BEIUENE;

numTimesConsulted (0) / /1884 nunTinesConsulted B ATEHELHN 0
{1} :

Effective C++ IR, B =/K
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HTRERESANA,EENKA (user-defined types) Z R RAE R BFIFH
default BERB—— R LR AR R “HRAVMEF” PRBHEREVEE,
H 5 R R S kR A U H'5k. R TEEN, BiFL F— 4,
e BREVMEFIHFIHE R AR R, UaEAidtmenanRe (mEEilE
FMEF PR AIE) WU ERYE. 2MIF, BT nunTimesConsulted J& T
BERA, MEKAYHEF] (member initialization list) #TK T ¥, CHREHFVME,
TIARETF i “REHBBITH” MEBELRAET. '

AUEER TEMFEEN IR ERRETHERE (B21 B ERERRASHE
), —E B EREyMEs . 21, WRBRAZER const B references, BTt
—EFEYME, THEWRME (K5 o R %EE 04 R A2 R M AR
RYMEF IR, FARAFE, BRRNOHERE: SREARRYHEY]. Xk
WA FHREST BE, HXFFHREESN.

#% classes IFEEZMHERE, BMWERKSE B CHERRAYIES . MEX
F classes fFEEF % AL AR BFN/EE base classes, 4 RAFHEFIMHFER S FBA
ZHMHER (EYMEFIR) IEWHTE GIEFRTNE) . XMHERTITUE
S TEYMES PRI “RERRBVHL T HRRZER, SHEIRR
e, B IR BRI A R B GHH R private) , HHEWEREAHA.
XMBUETE “BRERWVMER BSCERBABEEN” BREH. Ril, WRE
MR R VEZ R “ChHIEA1L” (pseudo-initialization) , BT AL R WIMES (member
initialization list) SERRT “EIEXRA” EH E AT

CH HETHEEHN “RRAVIBHXRTF” . 5, XFEEME: base classes
B BT H derived classes T4 (WA 12) , T class FIR AR E SR LUIHFEH
RS, FIkESF BBEntry, H theName M FRKITBAHIHN, RER
theAddress, FF¥J& thePhones, BJA & nunTimesConsulted. BIMEE 17K R
EFIF UARRKKRFHR RAERREERD , WASHEMEW. bR
PREORL D KRR, B LT BE A TE MR AR, A RTE R R AIME S £ 51 &4
R, Bl R LU IR F A IR .

B BRFTIREERAHR, ROERARARBRVISAHARFL. Sk
array I T EIRE R/, BT KA BIIA B 2R B S LT VME

—BARESM /LR “NERIRATE” MU eied, 1A BRI
BB R EOEH “ B AYHEF]” ¥11H4k base classes IR RAER, Wt AFM——

Effective C++H1 3ChR, 38 =R
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HHEEFERO, L Wg-eeee TRIFIR - ee oo “AF4RIFR TN E X 2 non-local static
W7 MPIRLIRE .

BAT— B — AR X — K HBAA.

Fiig static Xf%, HEMMNBEMEHREBEFSERN L, EHib stack
heap-based %} B &R HERR . XTI B ALHE global Xf %, & X T namespace 1EF A
HIST8 . 7 classes I ZERREIAN . BAKRTE file fEFBA B FE A static KIXTR.
BB A B static X B HRA local static X5 (X A S 13T RIS & local) , HiAth static
X8 FR A non-local static X & . FIFLHAT static RSB BENHER, R ELN
BINTHI R A 7E main () S5 RETHE BENAA .

PriB4RiE 80 (transiation unit) RIEF=H B —EH#R3CF (single object file) )
ARLLYERg . A be RIS LA AR (#include files) -

A, RATEOEES R EDSFHAMEBH, 8 AMAEEL—4 non-local
static X% (HRRR L% R & global AL T namespace fERIH A, HMERTE class
B file EFIRAB AN static) « HEMRBER: WRERFLTHBEN
non-local static X B MIVIEEWENEM A T 55— mFHRITTH FIFEA non-local static Xt
%, THRBIKXASTRATRE MR PAIEN, Bh CH X “BXTFARSELT
P4 £ non-local static X5 ” FIAIEAL IR F I T H#EE X .

ST LB M. RiIBRE — FileSystem class, 'Bit HBEM LI SCH4E
R FEA T AH (local) « HTIXA class it FAFEREANE—XHRE, 1R
AJRE L P — MRN8, 47 T global B% namespace 1E RN, SIER— RS :

class FileSystem { /I RBIRFEFEE
public:
std::size t numDisks() const; /I IRE AR —
}:
extern FileSystem tfs; /I TEAE RN R,

//tfs {3 "the file system"

FileSystem XS HAR — MR FHE L IIBHEN (rivia) M ER, BHIIRE
FIUIRTE theFileSystem MR METEMATRMEAE, SB/IBERNKE.

BEBBRREEE B T — class A UALE U RSN 1) B X (directories) .
1B B R AIT1H class £ L theFileSystem ¥ %::

Effective C++ LR, B =K
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class Directory { / /R ER PR
public:
Directory{ params );

}i
Directory: :Directory( params )

{

std::size t disks = tfs.numDisks(); /I tEs R

BB R, XBE P RER A Directory MR, FRBEInR SCHF:
Directory tempDir( params ); / /et SO i

BAE, WA P E B BRI R T : BRIE t£s 7 tempDir Z BT SEHAIIEIL,
BN termpdir FIFIIE R E S H BN RYIBH tEs. H t£s Ml tempDir BARIKA
EARF B R F A [ RS SO B LR, ENR R X T AR % FETAK
non-local static 5% . WTREHHEE tfs RTE tempDir ZHTEHAIIHIL?

B, PR ICIEHE B —IK, C++ S & LF AR #0413 5 75 9 non-local static
8”7 MR KT LHTE X . XRARER: R e Fs
LR, EEHAE, RELHE. EHLEFE LR, HER 24 %% T # non-local
static Xt RLEH BT implicit template instantiations” R (fi/5& H
SRSl “BRERXAN” BRD , MEARTREE EFRPISEAKT,
EZAEAREB IR “WTREERKT” KRG

FERE—NNIAR T ET MR E. —FEENE. KE
non-local static X R # 3| B A EREAEAN (XN REMBRBABEAEHA static) .
X R BOR Bl — A reference TR HI A HIX % . RiEHA AR ERE, MAEE
XNt . #f)iEE, non-local static X 4¥ local static ¥} H ¥ T . Design
Patterns REEFREEH IR LN SR T, X Singleton K — /N8 WP,

XA FERRMAET: C++ FE, REAN local static X R ETE “ %K B4 A
FRE” “HaiB EiExtg e e R WEmEd. froln AR “REBGRA” (R
[H]—A reference $5 [ local static 18 ) ¥t “ H ¥ ) non-local static XT&” , ]

Effective C++ 3R, B =K
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MIRE T RIE, FIEIRITRE IR reference I8 R — M H2WGBHHIN R . B
B2, WRIRMAEVEH non-local static ST H K “HEBRE” , MBS RWER
Wi 4; EIFR non-local static Xt % A ¥ IX & (F H !

VA E AR HEIT T t£s fl temppir B bk, ZRWF:

class FileSystem { ... }; //TRIRT

FileSystems& tfs() [ IEA BB ES ces W TE

{ //FileSystemclass FETAER A statico
static FileSystem fs; /1B SR —A Tocal static AR,
return fs; / /3R[Bl—A" reference 18] _EiR %5

}

. class Directory { ... }: / /TRIRT
Directory::Directory( params) //TEIRT, {BERAE) referenceto tfs
{ 7 /BAEA tEs ()

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

}

Directory& tempDir () 1 /XA REH RS tempDir WH,

{ //'EFE Directory class AT BERA static.
static Directory td; /738 X IHHTE54L local static X3¢,
return td; / /i&Bl—4 reference $5 1 k%% .

}

RABRZIE, RIORAEFNE P22 E U — bR Y, E—RRNEM
fITREAFR t£s O F tempDir () TIAFEE tfs Fl tempDir. LRI FH R %
REI “3514 static X5 ” B references, T ANEEFH static W H H 5.

XFPEEHIT A reference-returning B EUER T2 sdli: F—47 % SOEWIMRL—
A local static 3%, 3 _ATIREIE . XEEMREAMA TR ER inlining K%
A REMBEMNBMERAKNE (LEXK 300 . HEAB—TAEE, XEK
B CHE static WR” MBLFENELEBERETHHEAREE. BE—K £
fi] —#b non-const static 3%, AL R local B non-local, ZEHZ LB T “%Hfy
EEEE” SEFRS. SRR —MBER: ERFHAKBERIBER
(single-threaded startup portion) F TiAHI BT reference-returning %, XAJHRR
B K1 “ RS (race conditions) ” .

MRk, & reference-returning ERERH 1E “HIAILIRIFRE” , ATEEHF

Effective C++ IR, BB =R
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BE XSRS FERHRT . MREE —DRE, HPXSR A BHREN
% B ZEISEAIMGI, B A RPISLEEE S R HT B &5 ok, X
RRARBT . BARFAEER. RESFORSHRER, BRI EN
ZAT R R IF RS, EOERLRERBEFD.

BRARIXHE, ABRAEXNZHRHZATE B ER TN, REER=4F. B,
F LA A B R non-member M % . 25—, FHAMAYIES] (member initialization
lists) XAFXIRIIFTH BT BfG, £ “VIBLRFAHEE” (XA EGgHFR
JLHTE X ¥ non-local static Xt & —F37 8 RE T ARt .

Hic(E
B YR EBEENZHITF TYIGL, BN CHAMRIERIRLEA.
B GRS A R R ¥ (member initialization list) , TIANEAEMIERE

RANEHBERIE (assignment) . FMEFIFIHA S AZER, HHFIKFNZ
FVEAIFE class H I P RFAIRL

B AR CEERIEFEITZ VBT A, ELL local static XTFE# non-local
static Xf % .

Effective C++5 U, =R



34 2 AT/ EIES

2
5/ ¥/ EEE

Constructors, Destructors, and Assignment Operators

JLFRBRE— class BEH —RENMIGERE. — MR, —4 copy
assignment 3ERF . XERAALIREERINE, EREMNBRKELARETH, &)
ERAERE, BRE= UM SIFMATENHL. BRI MR CEELEE.
AR FHSHE. WRXEREILE, £SB0RE B4 ATRMRBER, BEAK
HIEEAS classes. FTLABRIRENIT A IEBRA LMK KT, AERMEH T F AR
XS R R AF R A — AR, FUHK classes FIHF AL,

FR05: THE C++ MMM RmBEFH VA HILL R

Know what functions C++ silently writes and calls.

2 0% empty class (F2) AERA empty class lB? 4 C++ AEHEEZ/E.
B, mBEFRACHEFEYSH, RiIFRRSATEY (GHIFHREER —A copy BiER
. —A copy assignment AL — MRS WAMNRIREA 5 WK
B, RiFB[ERARER—A default 115 R B FTE X LR B public H inline
(4K 300 . FHik, WRRET:

class Empty { }:
XRF BT T XA

class Empty {

public:
Empty () { ... )} / / default Hx5 R
Empty (const Empty& rhs) { ... } / / copy VTR R
~Empty( ) { ...} /IR, R iZR2

// virtual WASEHEA.

Emptys operator=(const Emptys rhs) { ... } //copy assignment 3fEFF.

}i
Effective C++ IR, BB =K
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MR SXEREWTE (BAMD , el 2umiEReglisk. BFHHE
ENRRPFHERE. TERER Ed R EgmiEas™ .

Empty el; // default ¥IX& R
/I HTHIRR L
Empty e2(el); / / copy VIR %L
e2 = el; / / copy assignment BEAERF

5, BRAVMET, MEBRNRERE, EXEREMTHANR? WE, default 14
HRENTHREEERARFR M HARNE “BARE” WA, BEHA
FH base classes H) non-static J& 7 25 B & BT R FR, RER=H AN
IR EEA non-virtual (WK 7) , BRIEIXA class [ base class B 5 =8 H virtual
W R E GXFEIL T XA RS B B HE; virtualness; =K B base class) .

BT copy Hi R EA copy assignment BAEST, GERGIBIRAE N Baiibg
FFEX RS — non-static RATEENBEHRNR. HE— Namedobject
template, T RVFRE— DN LBIRFABERL T PR R 7= A KBk

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 objectvValue;

}:

MFRPEHEHT —MEERR, REBTREABNECR default iERE. X
REE, ZRNRIRAOET— class, HMERBEKRLS, RRLIELHF
BLERTHEBHARTEN— N EELSHERE (W defau FERED TR IRK
;&j:o

NamedObiect BE#H A B copy MR $L, HEH B copy assignment BAEFF,
Bl & et B m CnReMNBRAKE « E, BF copy WiER
Rk

NamedObject<int> nol ("Smallest Prime Number”, 2);
NamedObject<int> no2 (nol); //RF copy HItE R

Effective C++H 3R, B=IR
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SRR B copy HiE B BUA M LL not . namevalue Fl nol . objectvalue R HFI{E
HWE no2.nameValue M no2.objectValue. FHEZH, namevValue FIHKE R string,
THR#E string A copy WERE, PrLLl no2.namevalue HIHIEHIL T XA
string ] copy #J #& 8§ B 3 Bl nol.namevalue HEH . H— PR A
NamedObject<int>: :objectValue FIRRIE int (FAXTH template ABATE T
£ int) , EANMNERE, FrLL no2.objectvalue &LL “¥ 1 nol.objectvalue
W —A bits” RERAILHL.

1% 2%k NamedObject<int> B4 copy assignment 84645, HATAHEAX LY
copy MIRERBUNH —H, BE—&ME A SEHNREEEEFEINSIERESR
BEX (AT , HRAASWRENHT. T—BIMEEHE—IAHFE, wiFH
£3E45 4 class £ H operator= .

EABIF, % Namedobject EXWM T, HH namevalue &4 reference to

string, objectvValue &4 const T:

template<class T>
class NamedObject {
public:
/ /LU R A A2 — A const 8K, 4 namevalue
/ /314 reference-to-non-const string. FEETHAS char* HIiE R
//B2idET, HABABEA string HHRE .
NamedObject (std: :string& name, const T& value);
/ /R, R IFRFEH operator=

private:

std::stringé nameValue; //IXHI4-JEA reference
const T objectValue; / /XA BA const
¥
WEZETHSREMN LS

std::string newDog ("Persephone") ;

std::string oldDog("Satch");

NamedObject<int> p(newDog, 2); //H¥IEEZRH, BAIMIN Persephone
/ /BRI B MR

NamedObject<int> s(oldDog, 36); //F/NHEFERIHD Satch W& 36 &,
//-— IMRWIETEE .

P =s; / /B p IR AR BZ R A A5

WRAEZ A/, A p.namevalue 1 s.namevalue #¥FE M string M H (HRAE
B4 « BRESMEZAEME p.namevalue B? WEZE p.namevValue Ni%

Effective C++H1 3CHR, 38 = hR
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61 s.namevalue FI3EHIIEA string "G ? AR UL reference B &AMz ?
BR, MUIBEITRET FRH, HA C++ FHFAARA “ik reference IE R A RIXR” .
Be—ANME, p.nameValue IR string X B IZHE %, BET B W ¥FH pointers
5% references T Hi8 % string” MMM REG? B AN R A E RN DIWE
BAEP? GBI copy assignment BAERFFLTE R E 4 R ?

XA, C++ Bm N BIE 4 g iE I —ITRENE . mRERITHE W
% reference R W class WX FFWRIERAE (assignment) , RULIMETEX copy
assignment BAVERF . EX “HWE const RFA” (WEHIZ objectvalue) WY classes,
HEBHRENBE—F. FH const RARASEEN, FUHFERAMENMAEE R
SAERMBRERBATXEN. BEEHE —MEL: WRFEA base classes ¥ copy
assignment B{ETF AN private, SRiIFIKIEL I derived classes Ff—4 copy
assignment 3tERF . EEFGRIEIRN derived classes FTAH copy assignment BAERF AR
S h AT LLALHE base class 5> (L4&EK 12) , BENIZHRTE A derived class AL
AR R, RERHF M, LA,

o
B SRR LIS B2 class B8 default #3385 BB« copy HiE B ¥ copy assignment
YERF, BARATHIRE.

R 06: ERNBREMARIFBEDEMBIREY, MK
ZL2E SE

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

M= A EERKRE T, —MHARERLE BRTIRBLHEA class FR#BR
BERE:

class HomeForSale { ... };

S EERERAERLE, EA—ERHRR L TR—T=, &F
PER4LHE. HEERMNEBINA, N HomeForsale M EM—WBIAH SRER. R
AT LA SIS e R — AR FENR ? Bk, #RI%FEEH] HomeForsale K
5 TUEh 1 L R IOBO - '

HomeForSale hl;
HomeForSale h2;

HomeForSale h3(hl); //REEN nl — ANzlidgwiF
hl = h2; / /BN h2 — MARREERIF

Effective C++H 3CHR, 58 =hR
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W, PHIEX—HRREMGREFEHASZBREM. BENRIRAEE class TRFE—
ENE, REREENNERRET . BXAEEI copy WiERER copy
assignment BAEFFEIERIER, BRE&HK 5 BLEE, MBEREHEN), Mg
AERAREN, HmiFRESMRFHEN.

XEGRER T —ANHE 20 RIRA B9 copy Wi R 5K copy assignment B 1ETT
YRIEBETTEE AR — 1, TRARE class X copying. TN RAIRFEHEANT, 1RH class
R HF copying. {HIX B i) BFRHTEEM IE copying!

BRNFEBE, TARIFEE H IR EER public. X FH 1HIX 26 5R $45 61 8 K,
KB BEITEHEN, BEXREFREHLFTERGERLHBEEATFHA public. E LR
LUK copy ¥id SR #L R copy assignment 1577 FE B4 private. #5 i BRE% FE B — Nl R
R, HRMEIETRFRE AR ELERA: M4XLRECH private, HIRELL
RIOBREANTRAE.

— R S X AMEE AT 24, AR member BREA friend pRHUE 2 W] BLIE B
PRI private B3 BRIAEVREEREA, AxE XA, BAwRES ANERREMN—
A, SR\ —NEEHR (linkage error) . “K R RN private T HEE
AN X—EERAKFKESR, EHMAE C++ iostream F2F P -
copying AT R . R, BERTF LHRERFELSIIF N ios_base, basic_ios
sentry. fREFMERT—A, H copy Hii R EA copy assignment B VERF &4 75 91
N private T HBHEX.

KX AMEBHEFT T HomeForSale 1R fA] 5.
class HomeForSale {
public:
private:

I:l<;r;1eForSale(const HomeForSaleg) ; /I REEH
HomeForSale& operator=(const HomeForSale&);
i
BAARERST, REBRESHNER. B, SHEHRFELE, AALX
FBREABE R IPBEERALEIRER, WRDEER, BESHHK
NHEH?

HT EiR class X, B{EP BN HoneForSale X%, HiFH[HBEM. W
BAERARIELE member EEER friend B2 AR AH, HREER L DL,

Effective C++ LR, 8 =K
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WEBEPHRBERFHETHRA(TATEGTE, BRI HE R,
HEW copy M REH copy assignment BAEFF 580 private BT BAA3 2], HAR
7E HomeForSale H &, MRE—NEITHN T 1L copying Sh1ETT it [ base class I .
XA base class FEH; {7 8-

class Uncopyable {

protected: /7 S derived X R #iE FATHY
Uncopyable () {}
~Uncopyable() { }

private:
Uncopyable (const Uncopyable&) ; //{BBIE copying

Uncopyable& operator=(const Uncopyableé&);
}i

3R IE HomeForsale Xt & #HE 11, BAIME—FEMIPIBZL A Uncopyable:

class HomeForSale: private Uncopyable | //class N =R
/ / copy Fe 1 R EEK
}i // copy assign. BetERF

XATRIE, B REEAA—EZE 2 member FHE friend FRE—2K# N
HomeForSale X%, ik @ RELER— copy MR EAM—4 copy assignment #
Ve, MIEMZ&AR 12 Prif, XEERHE “RiFRERR” SERAAKE base class
FIXT R T30, AR S ugm % asdade, 43 base class 1135 IR HUR private.

Uncopyable class fISEHLAIE A MY, SFEA—E /LU public & E (L%
3K 32 #139) , LK Uncopyable FIATHIBREA —E B & virtual (AKX 7) %%
Uncopyable A& ¥R, EIAFA &K 39 ik empty base class optimization ¥t
¥ HBTE 5 REHNH base class, FHHMAAXTEARTVMEIRLERA FE: B
HURTEER AT RE TR B4k AR AR class) (B EHANLK40) , MBEHAEN <M
1l empty base class optimization (FEKILZK 39) . EH #R7T LA RMIX M &,
R EEAAEAE A uncopyable, EABTER “T7&” Frfaes EMialtE. 0l
LA#EH Boost (M4 3k 55) $RELMIRRA, FEA class &4 noncopyable, RAEANH
MRk, BARBINKHELIHRE - HE - ARBER,

Wi {E
B AREIGER B3 (B A) REPPLEE, TGN R REE WA private 3+ H.
AT, 18 H# Uncopyable IXFEH base class H32 —Fh k.

Effective C++ 3R, B =R
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FR07: RBSEAEFED virtual FTHIREL

Declare destructors virtual in polymorphic base classes.

BFEMEEEA LSRR, Hik, #®it—4 TimeKeeper base class Fl—ik
derived classes fE AR ik, HHUEHSHE:
class TimeKeeper ({
public:

TimeKeeper () ;
~TimeKeeper () ;

}i

class AtomicClock: public TimeKeeper { ... }; //B¥%
class WaterClock: public TimeKeeper { ... }; / /7K
class WristWatch: public TimeKeeper { ... }; / /BT

WEEP REERF ARG, AEERLHBEUA ST, XEERAN
ATRLR T factory (T ) e&#, RPIIREFTRR — M X 5. Factory i “iRE
—" base class F541, THRIFERZ derived class TR -

TimeKeeper* getTimeKeeper () ; //RBI—ANMEEE, fER—A
//TimeKeeper JREFMIZIASI IR

K SY factory EREHINAE, ¥ getTimeReeper () iR [BIHIN B LA T heap.
WA T @B AEMRA AN ER, B factory RELRFEIFNE AN S5ESH delete
HIREE.

TimeKeeper* ptk = getTimeKeeper () ; //M TimeKeeper A& KR
/ 1 RB— BT R .
delete ptk; /7B, B RRRR .

FBK 13 B “HIE S PIT delete BME, EA LEHFREMERMID " , &K
18 ¥R E factory BRHU#e i a2 St LME B # W2 & P AR, (EIX B AR IK
B, RARERABRMNENTHE ERABHN—ANERES L AER B8
HEET T, IR INERIER W4T .

i) B8 Y #E getTimeReeper iR Bl 5 4&H#E 1 — 4 derived class Xt % (Fiim
AtomicClock) , TOIFR/XTRHNZ H— base class T8EF (HW—A TimeKeeper*§
&) WMBR, W0 H AT base class (TimeKeeper) 7 non-virtual ¥ eG#.

Effective C++H1 3ChR, 58 = /R
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XR—ASIRKAEFMR, FEH CH BHAEE, 24 derived class A RZ H— base
class R4 B MBR , 17 % base class #7% — > non-virtual TH & ¥, KERKREEN—
LRRPATIRE B R AE RIS R derived BRI WH getTimeKeeper JR[H]
fe4t48 M — A AtomicClock X%, H MM AtomicClock B4 (WM EFEHT
AtomicClock class WAL RZR) RATREE A, T AtomicClock HIFTHI R Hth
REEATHEER . SRTMIH base class i (tHEE TimeKeeper X —Hi4) HE B
B, FREMN—AERN “RHEHER” X XATRERRERE. MR ZH0E4E
¥, FERRAS LR/ B ENAEEEE.

T B AX A 1) JE PO Ak 1R 137 B 48 base class —4 virtual H7HIBR 5R . b JE MR derived
class MRS WFBERRE. 21, ELHEBEANINER, GFEFRA derived class
53

class TimeKeeper {
public:

TimeKeeper( );
virtual ~TimeKeeper();

}i
TimeKeeper* ptk = getTimeKeeper():;

delete ptk; //BRTE, AT HIEW.

8 TimeKeeper IXFE[] base classes [ T HT# B 32 4ME 7 B F HAth virtual K%,
R4 virtual BRE ) B #IR F derived class ISR AL (L& 34) . Bl
TimeKeeper Bt A] Be#H —A virtual getCurrentTime, EFEAEN derived classes
BEARMEIRE ., 6 class AEWH virtual REARJLTHENZBAH—4 virtual
BT He B 3

MR class A virtual B, BERFEHAEBBE M base class. X class
A4 B 24 1E base class, S HATHRECK virmal FAERMEEXR. BE—PMHkKER
7R HE TR [A] S ABAR I class:

class Point { //—AZ4E%8a) s (2D point)
public:

Point (int xCoord, int yCoord):

~Point () ;
private:

int x, y:

};

Effective C++ LR, 36 =R
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R int (G 32 bits, 4 Point R EEAN—/ 64-bit BFR+T. FHEH,
XEE—A Point MR ATH J—A “64-bit B” L4 LIHAMIESW C B FORTRAN
BENRE. R roint FHTHEER virtual, BHET T

BRSEILH viral BE, MRULAEFRLEGER, FEAXRESTHREH -1
virtual BREZM A . X5 BEE & H—FT18 vptr (virtual table pointer) #5545
H . vptr 5 [ — AN R SRS BB, #R 4 vibl (virtual table) ; B — M virtual
BRI class #RAH — AR vibl. 2RI E — virtual B, SERREA R RIR$
Bk T %X 51 vptr BRE RIFRA vibl—4m 1F 288 78 b 308 B R BIR4Er -

virtual RE R THAFAEE. EENRWR Point class ] F virtual BR#, H
SR EATISMN: 7F 32-bit HEHAE R TR 5 64 bits O THBBA ints)
% 96 bits (B4 ints M0_E vptr) ; 7 64-bit i+ EHHLAARLEMI T AT EE 5 FH 64~128 bits,
B A Fe 4t FE X RE IV LA M (5 64 bits. ik, A point HII—A vptr £33
X8 K /MK 50%~100% ! Point X R AT REE EN— 64-bit ZAFEE, T C++ I Point
HEWAFARLABIES (0 ©O RHEREFREE NS (FAHARE S
NYHERA vptr) , FHERABTAECARE (g2 HAESHSH&
¥, BRAEVRBABAME votr— B T LAY, EAEREBEN.

Ft, TiuEHTH classes HIHTHIREBAYA virtual, FBEMARFEHEAN
virtual —¢, R R FEAROHR: HE L class AF ED—A virtual BEL
AR e E virtual AT R

BIF class 588N virtual B3, # “non-virtual iR KRR ARGERH
TTHEM . 2EAB)F, FRHE string ASEAT virtwal BB, ERERIREF RS RBHE
24 base class:

class SpecialString: public std::string { //HBEE! std::stringFH
... / /non-virtual #7HJ e %L
}i

FEUELE, HURRERFERILEER TR — pointer-to-SpecialString

Effective C++ 3CUhE, B =R
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¥ —A pointer-to-string, RGHHEHRTBIII string 184t delete ¥, YRIL
ZIBE R E] “AT AT P L.

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

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

delete ps; /IFRBREN Y e vps B Specialstring HHLHR,
//HRh SpecialString ATAIREISHHRA.

HEE S HTER FAEMA S virtual TR class, QA STL AHW
vector, list, set, trl::unordered map (&K 54) &%, MRIRYE L SEGA—
A PR SSEATAI AL “ M non-virtual HHIRE” ) class, FBAFHIL! (RA
3 C + WHEBEMHKA Java B final classes BX C# [K] sealed classes ABFERY “2& F
WA Bl D

R4 class # — pure virtual H7 4 & %, BT GEMUY (R . 38889, pure virtual
B 2B abstract (R classes —— WELRAHE LA (instantiated) [ class.
MR, RARBEATMFLRBGENR. RiERHERSBFHEMSR class, HF L
B AT pure virtual ¥, EA? 1B, HTHRR class B2 BB X1E—1 base class
S H, TS HT base class Wi%H 4 virtual F1iE %, 3F B BT pure virtual P& S
BRI class, FHARZRE 3 ARFBERATRKIA class 75— pure virtual
Wi k. TEEANEF:

class AWOV { //BWOV = "Abstract w/o Virtuals"
public:
virtual ~BWOV{ ) = 0; / /9 pure virtual $TRIERET

}i
XA class 5 —A pure virtual ¥, FTLIE RN class, X TEHA virtual
AR, FUARAREER TR RE. RTXEEANHET: KRB0
pure virtual H7H iR 3R 4t — 4 & X

AWOV: : ~AWOV () { } Léj/pureviﬁualfﬁﬂ]@i’lﬁﬂﬁﬁ)\(

T ERREEETRE, BEEIRYE (most derived) HIFEA class HATHI R E B
A, RIE B HAE 1 base class FIATH R EH A . 47 F 28 5 7E awov [ derived

Effective C++H 3ChR, B =R
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很多人都不知道这点：

纯虚函数是可以有定义的！！！


4 2 MEATHREIEE

classes HIHTHIERET QIER Xt ~awov FIEMIBIE, BT MRAHUNEA REHR Bt —
BrE . MR, ERBREHE.

“# base classes —> virtual ST RE” , XN FEAF polymorphic (3%
AR base classes & L. iXH base classes A+ B IR T FR“Eit base class
O AP derived class A8 ” . TimeKeeper Bt — polymorphic base class, A%,
A B AtomicClock Ml WaterClock X8, PMERAIRE TimeKeeper F5HIEH
e,

HIEFTH base classes KR BIEE N T 2 EM&. PIWIRHE string f STL
BRI RATEA base classes A, BRIREET . KL classes KB HKRAF
34 base classes 1/, BARNTHEHR. XFEK classes WA K 6 I Uncopyable
FIBRYERR P input_iterator tag (4K 47) , EAIFFIEHRIE AR “& i base
class B2 14L& derived class R ” , BEWENIAFE virtual Hrig iR,

EicE
B polymorphic (HZAMFN) base classes N iZ% B —4 virtual Frigk%. wWH
class HH E4A] virtual BB, ERMMNZIHE —A virtual FTHRE.

B Classes FI%i BRI R A RN base classes i, BMARNTEAZEZASN
(polymorphically) , BEAZH virtual Hrie R ¥

FM 08: it FFHAEEHTHIRE
Prevent exceptions from leaving destructors.
C+ FARZILMREH B R, BERBRIER. IEFHEHKN. B8
BLF ARG
class Widget {

public:

~Widget () { ... } / /BREA T RERE E— N R H
}i
void doSomething ()
{

std: :vector<Widget> v;

yo /1o AR B B

Effective C++H 3CRR, B =K
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2 vector v BB, EHENEHBRENENHIA widgets. B v AZF+A
Widgets, MZENTHIE—ATCESIE, HARHBIL . HMbA widgets BRN %
BB (FUNENRENEMRESSREMR » Bk v BZERENS M
B ERBERLFHAE, B widget FrRPOURM R T . BEFTHANFE
RERBIARE, XX CH MEKXRET . ERIPAFERNGFENFLT, BFERLE
SGRMITRRSBAHRITH . AOPERXFBEANYBIT . ERFERTFER
FEFIHARARE (0 1ist, set) B TRI WEMASR (N&K 54) REZE array, e
HIAHFEHE L. BRI array 308 LRRGEOLERME, REFHRHEHFE, B
A HARR arrays, BF LIRS RLERBHAAHHITAH. £H, C+H+ A
AT bR Bk 5

RIRA S M, (BRI 8 B MPAT — N EE, TBMEFTRERTER
W R, READ? BT, BERRER A class HITTHIREEE:

class DBConnection {

public:
sta.ltic DBConnection create(); / /XA RERB]
// DBConnection % %;
1/ ARG S H
void close(); //RABRHL: KRB R .

}:

AR E P A SI0#E DBRConnection X% B LA close (), —MAEMBER
g —RE™E pBConnection BIREH] class, FEHITHERET AR close. X—
KT HFEEEM classes 7EHF 3 EHFAKIT, XILREH BTN R EKAH
WET

class DBCoenn { /71X class FISk& # DBConnection 3%
public:
~DBConn () / IRREEE P E R R RS A
{
db.close( );
}
private:

DBConnection db;

}i
XEATEF S HXFERARE:

Effective C++5 U, B =R
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{ /TR (block)
DBConn dbc (DBConnection::create()); //E3. DBConnection X% I
// 7T DBConn X HLMEEH,
//i#it DBConn MO
// 4% DBConnection X%,
} / /EERIREETH S, DBConn X&
// B, EWmAEs)
// 3 DBConnection X B close

HEREA close fith, —YI#EL. HWRZAMSHRH, peConn FTHIRE

LAEBERYE, BREAFEEFR MR, MEERRE, FXHRRENMM
T A U BT RRATT -

BN LLBE S IX — A BB .  DBConn HIATHE PR ELHT LA -

B R close WLBHMEHREF. EHEBTIEA abort TMH:
DBConn: : ~DBConn ( )

{
try { db.close(); }
catch (...) {

HfEIEEACR, B TS close MIRAIRIK ;
std::abort( );

WRRRFEE A “ FATHHRIRERSER” JEUEREHIT, “HRIBER
P RAGEEM. EREW LR E MR el L RESBH
BRATA) « MR BIAA abort FTLARSER “ANUMITH” TIEH.

B FTHEEM close MERENRE:
DBConn: : ~DBCSnn ( )
{
try { db.close(); }
catch (...) {

HIEBFITR, BT close KRR ;
}

—RME, BAREFERANREE, FATERT “FEIERM WERE
FR! AMARGE TRERILEE “BREREF” 3 “NRABBITHH KRR
B” 8. ATEXRA—ANTTHE, BAALHRESRETRBIAT, BIEEE
BB MERZ)E.

Effective C++ ™ 3R, BB =
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XEIPEREAT ARF S HEBETHEBLEN “BH close MMAF” B
5O R

— AN A SRS R FHT T DBConn B2 1, (FH K P A WL 0T AT Be Y BRAY R B AE Y
M. Fi30 pBConn B AT AR HE— close ¥, W FEF — LB LULE
“BRlZ#ETM R EHFRE” o DBConn T LUBERILFTEHZ DBConnection & C
Bk, HEERATHBR T HENWRECCAZ . XATR i R EEEFEE,
SRTTU R DBConnection Hit BEUHA close KM, FAIKIRE “3RiaLRBRF”
HFETRE” 2.

class DBConn {
public:

void close( ) / /B P T R
{
db.close( );
closed = true;
}
~DBConn ()

{
if (!closed)gfJ
try { /I RAEE (NREFABAMEE
db.close( );
}
catch {...) { 7 /B LNENE KM,
BIEBEACR, L TR close MAAAN ; // WRTRILERESF
/! BETRE.
}
}
}
private:

DBConnection db;
bool closed;
}i

$EAA close BIT4EM DBConn T R EF L ¥ F) peconn &/ F L ({8 DBConn
FHIRBIIA S A “SURR” WA WRAAH “BLRMEB " WEE.
HEZETREIN A bﬁ&%% 18 Frig b (LH%D&BWEE@EFH) %Bﬂ:i&:ﬁiﬁ
Vo Z A ERST . WA i = b 2 )
ZAHE, %B/Aﬁ\:/\ﬁﬂ%z\;ﬁﬂ%Q*ﬁ*’]&%ﬁtu%m;‘i&/\&ﬁ BRI A 7 4 R et 1 R

Effective C++71 3CRR, 35 =R


Administrator
备注
之所以如此，是为了：

1. 析构函数里不抛出异常，如果真有，就吞下；

2.提供接口由客户显示清理，如有异常，交给客户处理；

Administrator
线条

Administrator
线条
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MEEKR, BRWRK “LRERERF” 8 “REAWBHITH” KRE. K5 ZEHK
2, HEFHCHEA close HARXHEAFRAME, TRSMAI—ALEHERKIHL
2, BTSN, MRATIAAAZMEFR (BB ER =R
REAE) , AILIZBEE, 58 DEConn MR EE A close. MREAFHREE—
IR close WP F#—17 B pDBConn F F xR B HERETF, BFABRH LI
B, ERERMNEANSE -FREEE, MBIERETRFH.

WiclE
B THRBENAELHFE. MR APATHRECAHNRETTRMNRE, i
RPN EHREMAE, REFTEN OMEH) BEREF.

B RE T HREN AR RO AT B R E R RN, AR class R iR
ft— AN E R GMAEFENTH R ECT) AT IRME.

FRR 09: BAREMSENITHLEPER virtual BRE

Never call virtual functions during construction or destruction.

EERFHWRESAEBER: RN IERFEATHREONEEA virtual
R, BRAXHEREANSERETENSE R, RETHREASEX. WRIRFR
R —{r Java B C# BBF R, HEMERAER, BAZE CH SENMNPHERN—
AT o

ARARE A class SRR, FRBEBEBTRXHWMEHE. SHMITHRSESE. JX#
M S—EBELTHFIT, UEHUE - NMEENSR, EFITHE (auditlog) H#
FTEQE—EERER. TERFERECY S A HE:
class Transaction { / /BT 51 base class
public:
Transaction( );

virtual void logTransaction() const = 0; /7 — R RBR A TR
//HHFEIEF (og entry)

Effective C++H LR, B =R
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线条

Administrator
线条

Administrator
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Transaction::Transaction () / /base class ¥Jis R¥LZ SEBL
{
logTransaction(); /1 BRI RERXERS
}
class BuyTransaction: public Transaction { / /derived class
public:
virtual void logTransaction{) const; //E R (log) WHIAS
}i
class SellTransaction: public Transaction { //derived class
public:
virtual void logTransaction() const; //7%i2 Uog) HEIZES)

}i
WAE, BUTRAERIT, SREFLE:
BuyTransaction b;

FEEAH —A BuyTransaction MiEREH A, HH % Transaction il
¥ — S E YA B H, derived class %15 A I base class .53 & 7E derived class
HE Wiy gt ¥4, Transaction MRS —ITHHA virtual BB
¥ logTransaction, XIERBIRHATHE S, XEESIEHAK logTransaction £
Transaction P BIRA, A& BuyTransaction PN IR A—ED{E B RTRE @ L AR
% BRI R BuyTransaction. JEH), base class #iEHE virtual RELEF LTS
derived classes B 2. EXTIARZ MR, WRHIERNBRBRIE base KB —F . JEEAXK
VUL LB AL 7E base class ¥y #iIE], virtual BEAR virtual B .

X—BTEREXKITHENFEH. 6T base class HERBNHTERT
derived class #J#5 R ¥, 4 base class & BB ATHT derived class AL 7 28 B W R 4]
Ak o SR 1R) VA I 9 virtual BR3X TP 2 derived classes B2, ZE4NIE derived class
B UL TP LREUA local IR, MABLRARBMRGAL. XHBE—KEE
BT AT R AASENEEEE. “ERMFEANRATRERYIALE RS
RAEKKRLE, Frol CH+ AibREXLE.

HErH L PR HERARNEREE: 7€ derived class X% [ base class M#E A,

Effective C++H 3R, B =R
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XM RIKTE base class AR derived class. NE virtual RSB 4RIFSEITE

(resolve to) base class, #FMHZTHARER (runtime type information, iin
dynamic_cast (JL£k#K 27) F typeid) , tHEIEXTBILA base class HE, Ffijz
%, ¥ Transaction Wi R IEBATHERITHE VM “BuyTransaction XTR A
base class fi 5" B, &S REIHKAEE Transaction. WEEF— C++ WS (W
F D WAE, MXEREESHEF: XA AN “BuyTransaction B
HARBAIIEL, FrEAEX BN, BZ2ERMERE NI FTE X RTE derived class
K3 R BOTHRPAT R AR S A —A derived class XT R .

AR 3E A T AT B 8. — H derived class HTHIREBITAIAT, HBEAK
derived class i AR EFE 2R E LEH, Bl C++ METHIBABIEE. BEA base
class H 4 B $S XF BB — A base class Xt &, T C++ [FIEA[ B4 HE virtual i
. dynamic_casts FEWRALLAERE.

£ ERRBIH, Transaction WIERBEERA A virtual K, XIRA R
HEGEREREEZX. BTERESPELR, KERFRLSAMRHE—ES
R (REUNE, W4AKS NEEHERMITIL) . MERAXFENES, ZANHE
ERITHHRLTEESTBEBMB N, EH logTransaction EHIFE Transaction
WA pure virtual. BRIFEWEN (AREHFE, HEFWUH, NEK34 BTUE
FrdiER, FHYERRRABMNENR Transaction:: logTransaction EEAE.

BRI “HiE R B EAT A R EOEIT R R G R virtual RE” HA BRI
B, WA Transaction HEMIERE, SANMMFHRTREME T, Bo@s
REER N —MEFME R ILFEWAIHARE (P AEFES logTransaction KA
D B — MBI R BN init P

class Transaction {

public:
Transaction( )
{ init( ); } / /& H non-virtual...

virtual void logTransaction() const = 0;
private:
void init()

{

logTransaction () ; / /X B R virtual!

Effective C++51 SRR, 3B =R
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RBRAESS LM ERAHR, ARt AgdAE, BAEHEER
S RE MG IF/MEERPME. W HT logTransaction £ Transaction B
F)— pure virtual R, 2 pure virtwal REBRA, KERITRAESTILERF GE
EEWNMBEREH—ANER) - RAMWR logTransaction BANIEF R (HEE
impure) virtual ¥ IFTE Transaction WA — - LIARE, ZMERSEHEA,
TP RS M KT S SR 5717, B FIRE BARATT AL —A derived class
St % i & R R K) logTransactione. W — AR B A e R R B R R R HE
PRHE R BT REEER (EXNRBEAIENPEIARD WA virual R,
T EiTRAN IR RBABERMAE —24R.

BRWTHREEFIR—F Transaction EAAR LN RECIR, REFELR
A# logTransaction #AHVE? R B, 7 Transaction HERB()ANTEITR
P H virtual 2R B2 —FREEIR S

Hibh FETUBAREXANHE. —FMMELE class Transaction WK
logTransaction FEHA non-virtual, #RJFEK derived class Mi of itk i N B A5
B % Transaction MG R, MERMERKE T L LM IFH non-virtual
logTransaction. BIXFE:

class Transaction {
public:
explicit Transaction{const std::string& logInfo);
void logTransaction(const std::string& logInfo) const; //mERA

/ /non-virtual ¥

}:
Transaction::Transaction{const std::string& logInfo)
{

logTransaction (logInfo); / /AR

~ / /non-virtual

}
class BuyTransaction: public Transaction {
public:

BuyTransaction( parameters)

: Transaction(createlogString( parameters )) /1B g fER

(...} / /HE45 base class HiE RS

private:

static std::string createlogString( parameters );
)i

Effective C++51 3L, B =R
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¥R B TR ICEEAS F virtual BEM base classes |8 TR, ERERIE, 4R
AJLAFEH “4 derived classes K LB NG S B 1A L4238 R base class MR #
¥z TN LAER*h.

BB A Z BuyTransaction P K] private static Bi¥{ createlogString HIE
. &8, tbEERRAYIES] (member initialization list) F%5-F base class FiEBH1E,
F B R — MEE 4 base class WIEREEE LB HFE (WHBTE) . 4
HEREA static, MMATTERESIMER “HHAFRRBZ BuyTransaction MR KN H K
VIR AR . XMVEE, TREN “MERRTELATRECRE” , 7
BL “7E base class ¥ FAT #9538 7] 8 B 89 virtual B3N A] T %% derived classes” .
it
B FEMEEFYTHREA R AR A virtual FBEL, FRIXEEHMNA T EE derived class

CHGR L RTIAT W i ER BT I R S 32D

R 10: S operator= IREB—" reference to *this
P

Have assignment operators return a reference to *this.

KTBE, FBRRFRTUIEENEREYER:

int x, y, z;

x=y=1z=15; / /RAEERTE R
FERFBAR, BRERAAEEE, iU LRESREHRBT A
X = (y= (z=15));

XH 15 SWRES 2 RERSER CEFHEMN ) BHBES v, REHER (E
FEH y) BERMES x.

AT IR CEBIRMAT , REERERBIURE]— reference 15 M ERIEF I ZM
E£B. XRIRA classes STHRIE(E 5 4ERF I R 2805 I HM3L:

class Widget {
public:

Effective C++H 3R, 5 =K
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Widget& operator=(const Widget& rhs) / /IR[AIZEEI A reference,
{ // FRMIEFSTR.
return* this; / /R BIZEM

};
EAMPUAMCER FL EAREREESR, ERTHAREHEXEH, fli:

class Widget {

public:
Widget& operator+=(const Widget& rhs) /1 EABOERF
{ /] +=, =, *=, %%0
return *this;
}
Widget& operator=(int rhs) /7 WERIE A, BME
{ /7 RIS BERR

/1 AFFUE.

return *this;

ER, RARMMY, HL\mbE. wRAEMFE, AB—REdRE. &
Tfﬁiﬂﬁﬁ}b‘(%&%ﬁViﬁééﬂfﬂﬁ@ﬁlf?}fr%ﬁtﬂwéﬁﬁu string, vector, complex,
trl::shared ptr BREKRAEHIRR (AKX 54) JLRMF . RILBRIERE AR
FOLRIEFE D, FRIERBERME.

HicE
» 4WR{E Cassignment) BAERFIRB]I—4 reference to *this.

S 11: £ operator= PR “BRME"

Handle assignment to self in operator=.

“BRBE” KAEENSBERES A

class Widget { ... };
Widget w;

W= wi /IRESEE
EXBERREABE, HESHE, IUAREAEEPLERLST M. HIMNRES

Effective C++" 3ChR, B =hi
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AR BRI AT H—IRPHALR, Fl.
alil = aljl; / /¥EFER) B BRIRE

WR LA FHENE XERNERUE. FF:
*pPx = *py; / /¥R H BIBYE

WR px A py BRI E—ARE, XHEERBRME. XEHEAHEHERR
B, B “%4E” (aliasing) WRNLER: Pig “HE” L “BF M ULKITEE
R G8S) EXME” . —RT =R EBACEEE pointers B references Tii B 1 18 H
Sk “ERBMMHRARMMNR” , ATHRXEFZLEEHE . EF LRI
SRERAR—ANKABR, ENEEAFHEHEIMARBHTREN “Ha”7
H— base class ] reference B pointer A] LA$& [i]—A" derived class X % :

class Base { ... }:
class Derived: public Base { ....};
void doSomething(const Base& rb, //rb Ml*pd B A GEH LR F—X &R

Derived* pd);

MRMMEEK 13 MEK 14 MBYE, RSSHAXNZRERRIR, HEIRT L
SEFTE “HEEHENSR” 7 copy RAERA EFNER. XMFL T IRMRERER
TR “BRMIELZEN”  (self-assignment-safe) , A EHIMEL. RTUMENR
ZRATHEFERE WRETESANATRFEEEK class MAXHHO , THS
Bt “EEIEERBRZ RIBRT B KEBE. BRIREL—A class FIRRAF
—A et — S A B (bitmap) :

class Bitmap { ... };
class Widget {

pri\.ra'f:e:
Bitmap* pb; / /3%, $B8IE—/ M heap SHECTBRHIX R
}i
THER operator= LI, XA LEFEKAE, HERREHANHARSL
(BEHRARZREZEYE, ARIMMHEATTRENER .
Widget&

Widget: :operator=(const Widget& rhs) // AL 2MH operator= SEHMRRA.
{ ;

delete pb; / /15 1IEAF F 2480 H9) bitmap,
pb = new Bitmap(*rhs.pb); / /48 rhs’s bitmap KIEIA (B .
return *this; // R4 10,

Effective C++H 3ChR, B =K
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XERMERMERBR, operator= BEHNK *this UREMBMKH) M rhs
BRI A% . REMM delete AR R YFIX R bitmap, B HAHB
rhs ) bitmap. R KR, Widget—EBRAF N LY B RWENERTH—K
W ESRE A EHEE A TR R !

BREH 1 E X AR, MEGERE S operator=BR BT K —A “IEF#R (identity
test) ” X% “ HRBE” KRR ER:
Widget& Widget::operator=(const Widgeté& rhs)
{

if (this == &rhs) return *this; //iFFE#HA (identity test) :

/IMBRRBRRE, RAMERE.
delete pb;

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

XEMITAE. MERYERE, W operator= MUFRE “HRBER
&7, WRAE “REREN” , XNMFREDRFERE T EKMRE. U
Hiit, R "new Bitmap" BERE (RiEEFENFENAFALHER Bitmap #
copy MR BIAH R F) » widget MARXHEH —MEHIEN —HEMERA Bitmap.
XA E. REEZSMMREN, EEXRRAMEEN. w—axdE
I EEEHERAAHFEZ HRRERHHRIERE.

ANENMKR, ik operator= R% “RERENE” REEHRE “BRBER
27 WMEHR. REERaE AN “ARRE" HLREERMNAEZEE, BER
WAEESLH “RHEREME” (exception safety) L. &#K 29 BEHRITTRE &M,
FEKARBERAER “UERHBE—BHBOLHEURTUIHRFZE (URBR
RiERe) KRG” , KRBT, FImUTRIE, RITABERESH po FiERE
ZRT AR pb:

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

Bitmap* pOrig = pb; / /e fERSEN pb
pb = new Bitmap (*rhs.pb); /7% pb18F *pb F—ANEM4 (EIF)
delete pOrig; / /BB IR 5EH pb

return *this;

Effective C++ 3ChR, 58 =RR
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B7E, R "newBitmap" P RHE, pb (REMEHIIA widget) REFFIR.
B A IE R WA (identity test) , XBRFDERAEB AL H B RIRME, RABAIXIR
bitmap i T — & 4. MBERE bitmap. RBRAFHFENHAEH. CRAEASRZL
H “HRRE" NER&HBINE HETHE.

WRRMROHE, ATLUIE “GERIHER”  (identity test) PRI [E R Fi a4t .
RITXFEMZ AR BD, RET “BRBRME” IREMFEL®E? EAHXHRWY
RUBERE. ELERBER—E (EERELHERL FSA—NFEE
# Ccontrol flow) 4332, TP H HLBEALATESE . Prefetching. caching 1 pipelining
F1 AR~ E IR

7E operator= RN F THIEN (BHERBAE “REze” MH “ BRWE
24”7 ) H—ABRTERE, FHFTIEN copy and swap FiAR. XA “HE
TN HEMXRER, FFUBEEAK 29 F4AURHA. Rifd TERL—NME LB HH
operator= BE ik, FILMEREEHLATFERH AT

class Widget {

void swap (Widgeté& rhs); / /3 Hxthis M rhs BIEHE; HERAK 29
}i
Widget& Widget::operator=(const Widget& rhs)
{
Widget temp (rhs); / /% rhs $EEWE—BEA BlI4O
swap (temp) ; //¥*this BAEM FR R GREIEAT .

return *this;

XA R —NEZH IR AL FESE: (1) X class 1 copy assignment 34E
FEATHERE A B “ LA by value T REBEZ LR 5 (2) UL by value 5 A B AR TESE K
—HEFEE (REK20) -

Widgets Widget::operator=(Widget rhs) //rhs BREENZEH—HEH EI4O

{ //ERIXBR pass by value.
swap (rhs) ; : / /¥*this BIBEEAE /BRI KEEE %

return *this;

Effective C++9 IR, B=IR



2 %K 12: RHNEREES MRS 57

BN A BB, RIAAEN TRATTRH B w1 . 8
TiH “ copying AE” NEREBABHBE “RESHREH B HLHEFSERE
B RIS

WHWicE
B HRANE B RBREN operator= H REFTH. HhHREFE “RENR”
FCHBRIE” ffhbt. BOoRBRHEQSF . ELR copy-and-swap.

n FEAARBERE AU LN, MEPEINREER AR, HAT
AARIER o

EM12: EFNREDITEE—THD

Copy all parts of an object.

it B2 @AM R RS (00-systems) 801 Shat ik, REHAD
REATHREN (55D, BEEWE B BRI copy ¥XEREI copy assignment
BAETE, RIREATHN copying BRi% - % 3K 5 MR B4R 1% 38 AL LB 5 R BATH) classes
B copying R, FRBIIXE “GiFREBR” KITH: BEEIRMITERAE
BEHS— .

WRIRFE B B O copying B REREEFMFBEAATRRE LI
FuefT k. mIFERHBENLEN, SC—FEHERTT RIS SRR
F iR R EIAR SRR

Z B —A class AIREIBE, KT FTE M (MIEHFHFRAE) copying BEL
R R eI A SHER (logged) F3kK:
void logCall{(const std::string& funcName) ; / /il —~ log entry

class Customer {
public:

Customer (const Customeré& rhs);

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

std::string name;

}:

Effective C++ IR, BB =R
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Customer: :Customer (const Customer& rhs)

: name (rhs.name) / /8% rhs BIEEE
{
logCall ("Customer copy constructor");

}

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

logCall ("Customer copy assignment operator");
name = rhs.name; / /8% rhs BB
return *this; /7 E&EK 10

REME—HEEEERMRY, WEFES4EERNREs, 52305 14
AR ISR

class Date { ... }; // B %
class Customer
public:

.. //TRIET
private:

std: :string name;
Date lastTransaction;
}i
IXEHREEH I copying BREERAT IR SR E8¥E D (partial copy) = ENIRIBEHIT

B ) name, {R&H ZHIFRME lastTransaction. KBRS A AT
BE——EEERREELIT (NEK 53 . XRHERX “RECEH copying
BE” BT H: BERIRIELTIINIREE copying B, WMRAKRKRBARES,
EMEAREFR. SiRRBEE: WRRA class BII— M RAEE, RLBFERBEH
copying B, (FRBFEEBW class MFTAEREREK (MEAK 4 FEE 45 URE
AHERHETE R I operator= (53K 10 EMIF) - MRREE, HiFSAKTRER
iR, D

—BRAESR, TRSERL—TRERTREN - MEREN. %R

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

PriorityCustomer (const PriorityCustomeré& rhs);

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

int priority;

}:

Effective C++H 3R, B =R



2 %K 12: HENBEREHE S 59

PriorityCustomer: :PriorityCustomer (const PriorityCustomerés rhs)
¢ priority(rhs.priority)
{
logCall ("PriorityCustomer copy constructor");

}

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

PriorityCustomer [ copying BREE R RIFHE EH T PriorityCustomer N K&
—HERT, HEERE R &K, EMNEHT PriorityCustomer B IR ALE,
B8 PriorityCustomer N & 'E HT &N Customer RRZBRH (BIE) ,
FRL g AR H K4 B H. PriorityCustomer f) copy MG R BE I E LSS
3 base class i RE (MHAR R EEE R AVIES] (member initialization list)
B #HEF customer) , Al PriorityCustomer X8 H Customer A AFH LS
Z Customer MJIEREL (B default ¥1& iR PEF BN EZELRF) ]
Wit . default 35 BB 4 XT name 1 LastTransaction BATERE MIVIEH4LBN1E.

LA E BT priorityCustomer B copy assignment B:4E45 5 L REBMAR .
EAREAEBEKI base class K RZTE, FUMERATERREAE.

RT3 R BARAAIHAS “ 4 derived class 85 copying " MIER KT, %Il
TR/ 0 55 I3 base class 5y . BB R4 & private (4K 22) , FTLMRE
EEEVREA), #R%iE derived class [ copying B ¥ FAAEME I base class BK:

PriorityCustomer: :PriorityCustomer (const PriorityCustomer& rhs)
: Customer (rhs), / /RFH base class ] copy i iR ¥t
priority(rhs.priority)
{
logCall ("PriorityCustomer copy constructor");

}

PriorityCustomeré

PriorityCustomer: :operator=(const PriorityCustomers& rhs)

{
logCall ("PriorityCustomer copy assignment operator");
Customer: :operator=(rhs); / /%% base class B34 TIREB1E

priority = rhs.priority;
return *this;

Effective C++H IR, B =R
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A&FE B UK EHE— NS " RENIZBEET . A1RRE— copying
R, EHAE (1) ZEHIFTE local AR, (2) HFTH base classes HIIEZSH
copying E ¥,

XA copying B SRR LU R MISCILA 4K, X T B2 B AR LS B30
AA—NRBEUBERANES .. IEEERERERERAN, ERSEA copying
B EORAR 53— copying R BN TIFAL RIS BIHRAE B8 B AR

4 copy assignment BAERFA R copy M RERAD ST, FHX R E W
—ANEEFERNE. XHEFOETE, NETRARFHXER. 2F L5
WARATEAIE, BEIAR; WHHESEEEEEEMT B, BENEXes
WTERREXNRBER, FrURDITER R EEBRGRE. BAMBRXA
SURM: FRAI%S copy assignment BVERF R copy MItE B 3.

)

RITB——2 copy MIXERBUHA copy assignment BAEFF—— R EE X . &
R ARG TSR, T assignment BAETF LT T EVIHUN RS £, XF—4
WRMETFINRBE, REBE— N MRIHLENRE B« R 2Rt
AERX” WE—8. B! 52

WRR RIS copy VIEREFD copy assignment B VEFF AL KICHS, WMERE
RARBMBER, B MR RRERE RN XHERRBIEDR private T
BHEBHEHN init. XKLL LM copy WIER B copy assignment B4k
AR EES.

HictE
B Copying BN iZHAHRESR “XMEAKIERATERE” & “FiH base class &5 «

B AEER A copying BB LILF —~ copying RE . Mz L FVLEERUESE =
AEH, FHHBEA coping BEILFEH .

Effective C++5 3UIR, =R
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3
HIREE

Resource Management

FrERERE, —BRATE, ¥RLMELRTE. WERXEE, BENHEEMR
SRE, CH+ BEPEREFRANBERESSSENT (MEFERSEAFEARAS
MIHEE, 28BAGHIRE) . BRNFRARRULAERENARERIFL —. HMFER
BB PRE BRI O R 38 (file descriptors) « HJF8{ (mutex locks) « EEF @S
K ZRIAER . BIEEER. U RME sockets. NIRHE—FFRWE, EEMRE, UK
AEMEHER, BB CERBRS. .

LREAMSHBR THBRULAS, REEENE, EXRFEIRFE.
P A L EEERL. BFEY ARE RGNS BRI TR S, &%
ARERAET . RREERNRTEEIMESEH.

AE TR A HEMSHEHEE TS (object-based) FIRWERIME, &
ILFE C++ XM E. TR, copying REFMEM L. 2R R, WS
FEFIXeEfyk, TTRLLTFERBREEEAE. REAERFELEEZTR LTRSS
NEER. XEHFERERERBEATRITEN —RUEEFROALE, BAEENE
FE R AN ot B 0 230 S 4 R 5 24 T IE e T4

R 13: UINREEHFR

Use objects to manage resources.

BRBHAVEH —DMARBERRIT N (FIRE., HfHS%) WEFE, K9P
BRI B RIS K 5 —) root class Investment::

class Investment { ... }; /] “FERRR” BAREFR T root class

Effective C++ 3R, 3 =hK
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H—HEE, XMEFERBEES AT ®E (factory function, W4&K 7) HENE
1134 E /) Investment HF5:

Investment* createInvestment(); //iREIgEr, $81A Investment 4R RA
//RIBIAS NS .. AR T ERERE.
/ /KB TR, ZBAESH.
—tmpl EVERFTE, createInvestment AN EMH T REUREIMXI R G,
FREMKRZ . IELRED £ REVET TXA51E:

void f( )

{
Investment* pInv = createlnvestment( ); / /A factory BREX
delete pInv: / /B pInv FiEENTH

}

XERKEZY, EETHLT £ TREEEMBRERH createInvestment 9 '
BEXT R RFEHF " KEBRB—A L RE return &) R XFE—A return
BRATER, BHARELELRTSME delete iEA . KPUBERREEN
createInvestment B & delete BMEM TEB/HN, MBI HTEAD
continue B goto EANT FBH. BE—FTEHE ".." KBEAKEQHRHE,
BE NS HITEE IR AL LI delete. L delete MAHMIT 3, RATMIRHN
AARAEHBEN RN, TR RATRFREMFR.

MR, EE MG SRR DB X —REHR, HRLAREAR, RIETRRE
RIS R R — BRI EY, THRSEREARN return &
B continue AN A fE SR TUE TN BB HREHERBIE RO ER. EHEH
B KBATRER A “HEMRIBHAE, DER K& e
Waf” WRs. FLBAitig “f BREPITH delete iHA)” RITAEN.

JHafR createInvestment IREIRHIR S RAMBR, BATHEN HIBUEN &
W, SEEIRBETT £ EHREFT RS AR BORERIR. L LXERRS
FALRYERILINEE: BRFEBCERNRA, BRAVETH C+ K PR
BEIAAE” BEREMERR. (MBS UL, )

Effective C++H13ChE, =R
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WEBFEENEFBT heap NTTEHA TR —RRERHN. eIV RER
HIRBF M X RERB TR FRERFERMEN auto_ptr IERS N IXHE
B IR HIFE F . auto ptr A “HFEE (pointer-like) XH” , WHEAE
“ERefREt” , HTHMRBE AT EAIEN R delete. TIHRE WAL
auto_ptr BLBES £ 2R #0875 A SR R T RE

void f( )
{
std::auto ptr<Investment> pInv(createInvestment( ));
//8A factory B3
... //— AR pInv
} //%mH auto_ptr FHTHIRE B3N pInv

XAME BT “UNSERRIR KRk

B RABAHRFREITL SR (managing object) . LALLM
createInvestment & [BIF) BEVE# UL BB HE auto_ptr MIFIME. KB L “BL
MR EHBRE” BWSHEREBRA “RHFERASNIERVGILEHL” (Resource
Acquisition Is Initialization; RAI) , BAEAVLFRRERE - ERERTF—
BAAUETHRHMEN T BN S . ARHERENRIFEEERWME (TIEmhie)
EAEENR, BEARH—FE, 58 RIEEEIRE 8 E RS2 80 E
R,

m EEHK (managing object) EBIHTMHEHRFHRRBER. NLEHRmARE
FRHR, —BEXNSHEHH (FmAHREFERE EHMRBaR2EE3)
WH, TREFERR. MRBERBEETESBERHRY, FERBAEX
BF, (B4 8 ELBBMIXNEE, FUXERMNERAZHRLT .

BT auto_ptr BB < BAMBREFIEZY, FU—EBERNLEZA
auto_ptr FBHRFF—XR. MRERME, SRLSBPME KL L, TR
REORRFHE LB “REXATA” MREFIE L. BT HPIXAHE, auto_ptrs
F-AAFHOER: FilD copy WG REE copy assignment RIEFFEHIEAT
EARAR null, T SIFTE RIFREHE B BRI E— R

Effective C++H1 3R, BB =IR
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std::auto_ptr<Investment>
pInvl (createInvestment( )); //pInvl $EIH]
// createInvestment JR[EI#).
std: :auto_ptr<Investment> pInv2 (pInvl); //BE pInv2 FEFIXTE,
// pInvl #BA null.
pInvl = pInv2; / /B pInvl FBRINE,
// pInv2 A null.
X—ERNMEHTA, EMEREEL&M: “% auto ptrs BEHIRLMA
ST EE — ALK auto_ptr FBHEAE” , BIR auto_ptrs FIEEHINFLMWH
BIWEF|R. AT, STL ARERILTERIE “EFEN” EHHTH, RILX
HARBANE auto ptr.

auto ptr MR R 5| it 8 8 B4 "(reference-counting smart pointer;
RCSP) . F7if RCSP th & AMNEfethsr, FEEENAZONRIBMEERE, ¥
ELAFBMEN AEIMERiZE. RCSPs RA4LHIT A R FK E W (garbage
collection) , AR RCSPs TiEITHIFRTIFH (cycles of references, B
HEDSRBFEANNSELER, EMmFRELE “BER” RF) .

TR1 I trl::shared ptr (JL%&3K 54) #EA RCSP, FLMRATLIX AT f :

void £( )
{

std::trl::shared ptr<Investment>
pInv(createInvestment( )); / /R factory BRI
. //ER pInv —m L.
} / /%M shared ptr HrigR$ 8 3R pInv

XBARIEERKILERNMER auto_ptr FAANMEAAERE, {B shared ptrs KK
BATAHERERSZT:

void £( )
{

std::trl::shared ptr<Investment>
pInvl (createInvestment ( )): //pInvl L

//createInvestment i&[E#).
std::trl::shared ptr<Investment>

pInv2 (pInvl) ; //pInvl Ml pInv2 f&RE—ATE.
pInvl = pInv2; //E L, FEARTEEE.
} o //pIavl Ml pInv2 BHESE,
/ VENFTRMXT S g AR

Effective C++H SRR, BB =R



3 413 DR ERBRHE 65

BF trl::shared ptrs FIEHATH “—WHH” , EATTHAT STL FHBL
RHAb “auto_ptr ZIFEGEHUTAIAER” HES L.

REwpt, THRRET, REKHA LT X auto ptr, trl::shared ptr B
el Ah s gEe 4, MR REREA “UNZEERE” WEEH, auto ptr
trl::shared ptr AR REGRFF. RESE trl:shared ptr PELZER,
B &K 14, 18 F1 54,

auto ptr M trl::shared ptr FEBELTHREAM celete MAR
delete[13fE (&K 16 WFANA A LHR) . WEKESNFHETFK array
& E{#H auto ptrBR trl::shared ptr BMEFE. REmk, AWML, B4
Uy REE I G

std::auto_ptr<std::string> JIBER S R
aps {new std::string[10]); // delete .
std::trl::shared ptr<int> spi(new int{[10241); //HFAKE.

IRV BRI, JRAREER “Crt AR T %0
auto_ptr B trl::shared ptr BEEMKEE, H£Z TR1 PHEE. WLEN vector
F string JLEBETUBRSESETE L. WREERNAFEH N HA
B A auto_ptr M trl::shared ptr FBEEN) classes B, FHE Boost 1B (1L
%5 55) . EWIILHRELSBRE MM AEI boost::scoped array Fl boost::
shared_array classes, EfHRGIRERTA.

FEAKBARY, MBRITEFITRBRE GIEMH delete TIREMR— ¥
PEEHA; resource-managing class) , FHRAFLEHER. EENOREEELW
auto ptr M otrl: :shared ptr ﬁﬁtﬁﬁﬁﬁ@%Mﬁﬁji%%ﬁ%, @ﬁﬁfﬁﬁiﬁﬁ'
A8 P IR 2 B BTX S TR classes TEERZE T HI . BEA MR T R ITHUENR
HEMREEHEE. BHFFREREAE, BRHYEETHRFEZ RN R
KRBT 43K 14 F%K 15 B,

Effective C++H13CRE, 58 =R
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feh B EtE, BRUHIEH, createInvestment IRMEIH “KIMTIEH” (raw
pointer) fEIEL X FIHFMIEWN—AFETELA, FHAMAERSEXNEH S EEid
PR delete. (BRI} auto ptr B trl::shared ptr RIAT delete, fth
18R BLBICEH createInvestment FEIRFEMEF M TR BB R . D yoEs] A
BRI, BHATFEN createInvestment HATEEOEH, HMRELKK 18 HXWE.

WHiclE

B OGBHIEREMR, S RAIL NS, EAIFEHE &SRS BRI TR 3
PR .

B A E K RAI classes )& trl::shared ptr fil auto ptr. RIFHEH

RBHE%RE, BN copy T HHBEM. HiEH auto ptr, REIBIESHE (B
&) 85 null.

M 14: AETREEBEAD/N coping TN

Think carefully about copying behavior in resource-managing classes.

£ 13 BAGX BRI A« YR ELS B L R A 460 B Bl " Resource Acquisition
Is Initialization; RAID) , FUAMAER “BEEEE” K, HHRET auto_ptr
Al trl::shared ptr WHAKHX AN MAERILE heap-based BIF L. RMHIEHAEH
YE#B R heap-based, SIRFIEMEM S, M auto ptr Ml trl::shared ptr XFEHIE
BEfRH AR EEEN B W EEE (resource handlers) . BEARMIL, H W REBMIR
SR, REEELBCHEEREES,

B, BEBAMER C API RELEEKRD Mutex MEFH/XMR (mutex
objects) , 3FH lock Hl unlock BEREFTH:
void lock (Mutex* pm); / /5 pm TR H 58,
void unlock (Mutex* pm); /I E )R BERYE.
HFREA LT LH —MEYER Mutex B8, RFTRRSBERINY A class
FAREEHB . XFEN class FEAL W B RAIL FRXE, Btk “RFEERER
AR, ENTRIHAERRR” -
class Lock {
public:
explicit Lock (Mutex* pm)

: mutexPtr (pm)
{ lock(mutexPtr); } /1EBRR

Effective C++H1 3L, 3 =R
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~Lock () { unlock(mutexPtr); } Vk:358:3)
private:
Mutex *mutexPtr;

}:
& X Lock FAERF& RAIL 7K
Mutex m; 1/ EXRFEENE T

{ /78— AR R RE X critical section.
Lock ml(&m); //B{EEJFES.

e / /BT critical section P FIHRAE.
} //ERBERE, HIRREFEE.

XAREF, BIR Lock WEBEE], 2REHLE?

Lock mll (&m) ; //BE m
Lock ml2(mll); //¥Mmll BEB ml2 8§ F, XeREHAE?
IXRFEA AL E B EH T . A — AL R BUR S — A RAI class tEE —
SEFEmAN: “4— RAI MEEREH, SREMF2E? 7 REFERERESE
FLUTF BT RE:

u R WE S ZRHE R RAT MR BEEFIFAEE X — MR Lock X class
XEAETRER, FARORSESHEME “FPIEMSY” (synchronization
primitives) I (BIA) . WRIFIBIVEX RAII class ARG, YRENZE
kZ. &K 6 HEURMREAMK: ¥ copying BAEFE AN private. X Lock T & &l
KRIXHE:

class Lock: private Uncopyable { //ZEIERHl. WK 6.
public:
/ /BEY
}i
B MNEERFRLEH “SIMHEX” (reference-count) . HERMERMFERE HIE,

HECHBE —MEME GEXNS) BHKR. XMHHER T EH RAI MR, N
B EIRE “BSI A% #¥. trl::shared ptr EREI.

BHREHRNE—A trl::shared ptr AR, RAI classes {E7] LI
reference-counting copying 7 8. MR RTERH Lock ITH A reference counting,
T A mutexPrr IR, T Mutex* BUN trl::shared ptrMutex>.
SRR trl::shared ptr AT H R L5 HRECH 0 W RIER EATIRY) 7,
BARBRINPFTERTH. JARANA L— mutex, BAVERMBBRBEIVERFE

Effective C++H AR, =/
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3 REEE

Rk B 5 T AE A B

FIBMR trl::shared ptr RVFREIEN “BBRAE” (deleter) , R
—ARHERE R (function object) , X3 AKECH o WEHAMA (LHLEE
HAFLET auto_ptr——ERBREHIGE MR . WERSEX trl::shared ptr
MERENERAIBTENE_SH, FUAEERREXHE:

class Lock {

public:
explicit Lock (Mutex* pm) / /U Mutex W14k shared ptr
: mutexPtr (pm, unlock) 7/ FELunlock RECHMIERZE.
{
lock (mutexPtr.get () ) / /%K 15 %F)] "get"
}
private:
std::trl::shared ptr<Mutex> mutexPtr; //{#f] shared ptr
}; / /%5 raw pointer

BER, BB Lock class AEFEHTMRE. HARALE. £KS#H

i, class A7 H4) B $( To 18 R 4R 3 28 4 1, LR P B E 19)2 B3 K non-static

MAZE (ﬁwﬁb mutexPtr) FIFIHEE. T nutexptr MTKMERESEL R

RE5IERECH 0/t A3YAM trl::shared ptr MRS (EFH unlock) .

(CHYRBYILIXA class BRI, SHTFSBWMEDE —FEBENH: RIRES
CHH, RGBT MiESRERKREIT R, )

WHIEBER. FRE, REFRER, TR0 RERTREERENE
f# (BIAE) » MRTRE “RETER” KE—HhE, SHRFFFERIRHN
AHRE BRI ZERHA FEHREEENS, NixF bR amEN
B BRAN, SRRFEEENEE, #ITHR “REEI

FUEGRFR SRR E R “I5M heap N7 Z IR (RRERARE
HERFBRRAERFER) « SFFRBENRAE—MRETIRMA IR heap WFF. %
XN EHRMREES, FRBHERIFIEAFERSEHEL 24
FEHEMFTRRIEEE S (deep copying) T H.

B EBRANAFER. REFRGE TRTRHFEHRKZERE 1 RAL X
ZIEHE— AR TR (raw resource) , HIF RAI SRS FIK R, dad

REMAENS NEERYHEBR Y. —%&K 13 frid, X auto_ptr
EITHREBIRE L.

Effective C++H IR, BB =R
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Coping ¥ (HLIE copy M REA copy assignment BAE4T) B e Rz S
B3I LR, FHRIAERIFRMERAB T REEMMET (KK S BEHBRET
A, BUARBECHREEN. FEHR TR SR SR B — AR A,
XEERRAHIR T 43K 45.

WHicE
B H# RAID WELA—HERTCHTEENRRE, FTLURIER copying 1T HRE
RAI X %K) copying iTH -

B 3BT E A RAI class copying 1T W E: M%) copying. H4T3| F - $uix
(reference counting) o ANt FAhAT A thERFT BEAE LI .

FM15: ABRFRERADRERERRIBEIREVGE

Provide access to raw resources in resource-managing classes.

BIEE A (resource-managing classes) 1R#E. BRI HIRIEMIRHIEL .
HRHESEMERNGFRITRENBEIER. &N R PR ABIXFER
classes RACEMBFE 2 MMFELS, MARKEBENFEERLEFHERE (raw
resources) o {HIXMERHATE. HE APIs HERBRE, FURIEREE (X
HE RO LR ENESS) AAFHXER APIs, 7N RA5E RIREEX
% (resource-managing objects) H 1 M JRIHEYE (raw resources) .

EABF, K 13 FA-ARE: HHEEIEH N auto ptr B
trl::shared ptr {#7F factory ¥ createInvestment KSR

std::trl::shared ptr<Investment>pInv(createInvestment()); //J%iK 13
RERFHE AN KL Investment MR, BIXF:

int daysHeld(const Investment* pi); / R EHBERE

Effective C++ U, 2B =&
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FREEXARWHE:
int days = daysHeld (pInv); /TR

HEAEHF, FA daysheld TEM R Investment* f8ET, FIEREMEARNR
®% trl::shared ptr<Investment> FIXI%.

XEHER B E AR TR RAII class 382 (AHIK trl::shared ptr) F#k
HEFTREZHBRIE (BBIHERZ Investment*) o« H B MBIE R LA HAF:
BB,

trl::shared ptr fil auto_ptr #BRME—A get AR, RARIITEAFEH,
ik BT LR EIE IR ARG (HEAD -
int days = daysHeld(pInv.get()); //{85F, ¥ pInv ARRIATRE
//46#5 daysHeld
M JLP) P SEEIES —#E, trl::shared ptr Ml auto ptr tREH T8
£BU{E (pointer dereferencing) #AVEAF (operator-> operator*) , EfAKFR
RERZ TR G55
class Investment { / /investment ZKEAERIIRIS

public:
bool isTaxFree() const;

}:

Investment* createInvestment (); / /factory &%
std::trl::shared ptr<Investment> //% trl::shared ptr

pil (createInvestment( )); // HE—ERRE.
bool taxablel = ! (pil->isTaxFree()); / /%1 operator—> ViR HE.

std::auto_ptr<Investment> pi2(createInvestment()); //% auto_ptr
/ /BB ERR.
bool taxable2 = ! ((*pi2).isTaxFree()); / /%M operator* ViR,

BT A RS £ LA S RATL S8 A B JRIGH IR, F 2 RATI class RiIFE TR
BARE) Mg ERE” , MR RE— R RER. ZRTEHXMET
FiAH) RAII class (X C API i & AR —FRAERELEM) -

FontHandle getFont () ; //ZXRACAPL. ARFEHERSEL.

Effective C++H U, B =R
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void releaseFont (FontHandle fh); / /R B~ C API
class Font { / /RAII class
public:
explicit Font (FontHandle fh) / 1 BRIBBR;
: f£(£fh) / / XF pass-by-value,
{1 // B C APLIXR.
~Font( ) { releaseFont(f ); } / /R IR
private:
FontHandle f; //BdE (raw) FARYEIR

}:

B HKELEFEMKE CAPL, 14BN E FontHandles, B4 “¥ Font

W B F ¥ FontHandle” &R —HMIBBIEMFER . Font class AT AR E—NBR
BB, B get HFE:

class Font {
public:

FontHandle get() const { return f; } //BRXFEEEE
}i
AEMRXFE/E S LEEFH API NS LAEA get:
void changeFontSize (FontHandle f, int newSize); //C API

Font f(getFont());
int newFontSize;

changeFontSize (f.get (), newFontSize); //BiEAHKE Font ## 4 FontHandle

FEREF R RER AN, WX B R B, RUEAMBIRE O,
ABERMEAIXA class, AT T MW FAERTTREYE, T Font class I EE Rt
B HIsRA TRIERIR (45 e,

BN HERS Font REBRERRE, #EN FontHandle:

class Font {
public:

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

Lo
XAEAE R C API R ELBHERAS H B4R

Effective C++H 3R, BB =/
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Font f(getFont());
int newFontSize;

changeFontSize (£, newtontSize); /7% Font B FH A FontHandle

HEXAMBAFESHNEREENS . FNEFP THRLSEFTE ront FHES

fljg#t— FontHandle:

Font fl{(getFont( ));

FontHandle £2 = f1; //BER! BREEEE A4 Font W,

/ /IR TR £1 BRAHH AR FontHandle
/I REABHIE .

Pl EFRFEH A FontHandle 1 Font X% £1 B3, (HIA FontHandle W ATE T
HEMH 2 8. BLERSETFTE. Fliin r g, SHRERR, m e
Bl “EmEy” (dangle) .

REZRB— N BREBBE (B0 get BLARYO ¥ RAII class FHHAHE
W, REMIZREHEAER, BREEHHRT RAI class HiR T HATHIEEE L
B, DREHBANEL. BERITRITARRBREEARK 18 NEE: “EOES
WERER, RHERA” . B BRERREW ger REEZRIANHKT, BA
W CEREZ RN MATREMEEMLT . ATUE R, BRBUEBRFFR
1 “BRAE” BETIRRFHEM.

PRI L BTETREIA Y, RATI class WIMEBMRIERG TR RS, 5 “HE”
RAEFE. BREMN, BE—RUSCHERA LR AR KA. RAI classes IFFAE
A THEREVITEE: ENREERI THRE-MEHRITA—RERI—2K
. R—EE, WRBVUAEXEAYEZ EEN—EREHNEK, ERFELE.
BEAMBA L RATT classes £ & T M BINREREHE, FURBRIENIERE
B, BN trl: :shared ptr ¥ERPTE I SNBSS TERE, HERIESR
ASVIRE RS HRRIES . BB E BRI RITFH classes —H, ERBETESA
FEENRS, BEZEFPFENTAHLERN.

Effective C++" /R, BB =M
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Wit{E

B APIs AR B KU 15 B %R (raw resources) , FfLA4— RAIl class R %4t
—A “BAEITEEZRIR WM.

m o EEAEENY RS B ERER AR, RS ERERLBREZ2,
BRI E.

£ 16: MNP new R delete NERBAERER

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

BUF S ER H A% ?
std::string* stringArray = new std::string(100];

delete stringArray;

HUHEERKIMIEREF. FHT new, WK TXTNE delete. HIERH
ERRTE SR RORFTARAR REEX) . BIEMRE, stringarray
FT& 1 100 A string SRPEI 99 M KT BEBUE ZMIER, BV EA BT HI R FUR
ATRERAHE A -

BOREH new (HHREL new BIBER—MNR) , ARHFERE. B,
NI R GBIE4 N operator new PIERE, W& 49 KK SD . B,
HXNFSE A (RES) MERSBEAM. LIRIEA delete, BARMHE
RA: R ALSE—A (BEL) THREEER, KRFENESERR GET
%% operatordelete FIEAH, WK 51) . delete KB KB T: B 4
BRUNFEZARBFEEEZONR? INMAERNERRE THEZ O M RELH
B RRER.

SEFr B IXA AR FT AR Ak, BB BR AR AN 1EEE, FTiRmIR R —X R
FHEHA? ZXRAAVLATHREFE, FhBE—NREOAEMR— BT SARTHA
WA, EHRLE, BAFTAMAFBREERE “BHEXN HiER, UME
delete SUEFEWM L LI HER. B—NRMAFNRAEXELR. FRATLIE
HRHARKAERRERNT, Hb o BEEARD:

Effective C++51 3CIR, 58 = hR
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v

pop &g ‘ n ! Object ‘ Object l Object l

BRI, KRBT HEBAFEBXALAART, BRREHFRNH
RIXFEAR .

BRI — M EEE delete, HE—REHELL delete MENEPTREFEEA
“EMK/METR” BERE: BREEFE. WMERHFREH delete M EFHES
FHES) , delete @ikEIREHIA— MM, ZWE @S IHEIHIEL X%

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

c.iéiete stringPtrl; / /HHBE— A%
delete [ ] stringPtr2; / /IBg—A~ BT S 4 LS
WRYRF stringptrl # "delete 11" BR, SREHIH? LRKEE
X, EARKTEEEASSR. BRATARNL, delete XERE TR CBRE
B “REIUNT  RIETFEERIAATHRERE, ERAMERNGCERNTBRAEFEARNE
FRASH, hBRFHRFEEELEHRMOBRHRHN .

MBIREAE X stringptr2 [ "delete (1" R, NE&REMHLHER? &,
HERFEEEN, BIRTLIEETRESBRDRTHWREEIEE. RAE#E, X
SR EREW int ERKREEN (HEHFE) , HEXBRBABRAEIHEL.

WM EE B WRREA new WERA 11, RUAEX NI delete FHH -
FEH 1o MBI new BEAEMA 11, BAMTZEN N delete HEM .

LREER class §H —/MEERRSESERAR, FHFRED MG R T,
RN EE, WAL AR BN O 7E BT R i R P R AR RE R
0 new REFRE R RVIGEIL. IR BIXBEA, N UWTEE ZIENTH R B R 47
K] delete WE?

EA PR FERAE typedet MAMMBEE, FAHEEK cypedet KIEH

IR BE R, SEF R new BIBIZM typedet KRBIXTRES, ZLIBB—F delete
%iﬁﬂm‘%zo %EE—FEJX/I\ typedef:

Effective C++9 3LhR, =R
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typedef std::string AddressLines[4]; /7B NI 44T,
/ /TR string

BT AddressLines & HA, WRXFEMH new:

std::string* pal = new AddressLines; //{¥&, "new AddressLines" iR[H]
//—A string*, BB
//"new string([4]" —Ff.

%B?JMZ\ZEIZEEB “ﬁ?ﬂ%iﬁ” i} delete:

delete pal; /AT HEREEX!
delete [ ] pal; //iREF

BB TR ER, BIFRBAENHARAM typedets BME. XRAE
Bk, BX CH WRHERFE (43 54) &6 string, vector % templates, A4
BAMNTEREZILTFENE . FIIRE LUK A B addressLines X X 4 B strings
?ﬂﬁiﬁ‘]*“/l\ vector” , WHEtRIERKE A vector<string>.

Witk
B I RRE new REXPFEA ), BREAHNE delete RIBRPHMER . R
YRIE new BERFAMER 11, —BEARBELEMNE delete RIEAXPMEA (1.

FR17: PURITIEDIE newed WRBEAEBREIEH

Store newed objects in smart pointers in standalone statements.

BREBRATE N R BARB LB RRER, 57— MRBARERSES R
PR widget bHATREHH A AL H.:

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

MR “UXRERERE (£K 13D B‘JE%%%‘, processWidget HRE X}
HEAS BB KM widget BRI RETRE GXERM trl::shared ptr) o

A% B processWidget:

processWidget (new Widget, priority());

Effective C++H 3R, 8 =K
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%4, Kg%ﬁﬁﬁ\iﬁﬁﬁ%iﬁo E%ﬁéiﬁﬁﬁﬁﬁo trl::shared ptr ﬁ]lﬁ@&
FE AR TEE (raw pointer) , {HZMIERER explicit WIERE, Kkt
TR, K18 B "newwidget "MIR TR H ¥ 4 processwidget FRERM trl::
shared ptro. MRS BOX R T LUE IS 4 i

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

AARFHRE, BRBEAEKFER “H2FHEAKFE”  (object-managing

resources) , LIRIAFHITTREMRBIR. REREFMBER.

HRSET= H—A processWidget WIS AT, L E S E K # LR &
£, FRE_LSHR— /R4 priority BEMIEA, BEF XS
std::trl:: shared ptr<Widget>(new Widget) B AR 4 A

B HAT "new Widget" FTiLZ
® A trl::shared ptr IR
F R processiidget Z B, 4miF28 AN, MUT=4H.
B HH priority
8 $4T "new Widget"
B i trl::shared ptr &R

CH wmIFBU2ARRNRFERIXEEHER? BERKIXMEARE S W Java
Mcy AR, BEMES BEUBERFERAESEMZE. TURAERE "new
Widget" —EHATT trl::shared ptr MR BHAAZ AT, BHXANREXH S
BIRBERALBIEN trl: :shared ptr MEREM—AES, BX priority HIAH
WA LAHEZE S8 — B B =BT . RS FBEELE IR HATE (HAER
B R E RS, WA ), BRAFBIHENRER:

1. #1447 "new Widget"
2. WM priority
3. A trl::shared ptr #iEEH
DR, J7—Xt priority AR RBIRHE, SREMNAE? HREL
F "new Widget" EEIMTREILBEK, FAEMAKRBEN tri::shared ptr W,
JEE RBAHIR A XRE R RFEMRA RS . BEK, 7EX processWidget BRI
hE SR B, KA “BRFEEAE (B8 "new Widget") ” Ml “HIFEH

Effective C++H (IR, B=hK
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HEARFEEENSR” BN A2 mETREERE TR,

WEARIX A RE IMERE S FHSEER, SHBH (1) 62 widge, (2)
BEA-MNEERIRE N, REHIEBNTEEIEES processWidget:
std::trl::shared ptr<Widget> pw(new Widget); //ZEHMIERNLL
' // BaEaEH
// newed Fifgxt%.
processWidget (pw, priority()); / /XA AE T iR
VL b2 FrUTHRE, EARIFENT “BEERNNEMRE" KA EFHEIIR
Bl (REEEANEAWERNEEE . £ LRETERAREAN, "newWidget”
RIER LUK “Xt trl::shared ptr WIEREKRA” XHEANBNE, 1“5t priority
HRR” RABITRE, MTFAREGN, FIURFEABEENZIAMEREREHR
ITRF.

Witk
B DUBSTEAE newed MEEMT (BA) ShEISH M. WRNXHEMY, —BF
FEL, BB RN R ERR.

Effective C++H1 3R, BB =R
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4

@it S5Eea

Designs and Declarations

FrRs g, & “SWAMHAREEMNEE" KPRAE, BH UBN
— R TS, RAFEER T ZMAT, UAVFRKEN (interfaces) HIFFK.
X R O R o Cr B, AFPRAN R CH+ EOKRTAFERE
EEH. RURFBREE. E4EMEORTH—MEMELTFR: “ERORHH
FEHER, FAEGWRA” . IMENRLT —4EE, ihHMESRFRENX 4 —
REEMBE, SFEERE. R, Btk S, R4, DRI —3tt.

UTHEZRMEFARESRFEMENR REORITNE—4E, HERIFEL
BEERLE, MEEEMEHMNERIEIHES, A class. function F1 template ¥ it
HEH BN R R .

EM18: HBOSSRIERER, RSBRA

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

C+ fEBEENZGER . function O, class . template B[+ F—-MHEOR
REFSHRORBEFSMNFR. BREENHE—# “VEEMAN” , BEESLE
BT . MIEEERERERRED . XHER T ORENISETR PO
BIFEARIES, REOBB/H—BOFTE. BEL, MREFCEMFRAENMEOmE
BHRBMFTTRNT A, IMMBENZEIRE: WRAEEL T HiF, ERFER
MERE P RERN.

BFE—A “BEWERLH, AESHPRA” MED, BALHERE/ R
M A AREREHR . BRRIRA— AN FREIL H I class St #iE i3

Effective C++9 3R, 5B =R
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class Date {
public:
Date (int month, int day, int year):;

i
ERZ FTEMEOEFBEE (B LEXEML) , BENEFRESGETELH
MER. FB—, MNEFRKUERORFEES
Date d(30, 3, 1995); //WRER! Mixk "3,30" WAL "30,3"
B, MAIRT AR S — AN TR A A R
Date d(2, 30, 1995); //BBER! %R "3,30" mARE "2, 30"

(EABIFHREERRMERE, EHNET, BR LK 2 3K 3 Fig. TE—TRY
HRFIARKEN. )

UEEFRERTURASAFTRUMRETP . KK, EE “RMERHEEN
R~ b, KRRG (type system) RIRMEEFEE. BRXFE, BMiLRMSAR L
MISME KA (wrapper types) RIXFIRH. AGHMES, KRG T pate W REF A
XA,

struct Day { struct Month { struct Year {

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

int val; int val; int wval;

}: }: }:
class Date {
public:

Date (const Month& m, const Day& d, const Year& y);

}:

Date d(30, 3, 1995); / PRI IETRI 2R
Date d(Day(30), Month(3), Year(1995)); / ERIANIERRKR
Date d(Month(3), Day(30), Year(1995)); //0K, HHIFH

4 Day, Month fl Year N B HLZ 78 5 B classes Hrat e L N HUE, Ll
R EIRE structs BF (KK 22) . BHYE structs BELEHRE: WHHHE
BB NFREI TG “EOBRA” FHEFT.

Effective C++ 3UHR, =K
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—HIEMMERREL, MEHEERREEEFEER. Fl—FRE 12 M
A3, Bl Month NiZRBUX— L, IMNEZ—RFIM enum RILAH, 1B enums A
AEBRMNFEWAMLRE LA, 1A enums FTHEER S — ints H (BEK2) .
PR B2 IR R FSE RE UBTH 2 Months:

class Month {

public:
static Month Jan() { return Month(l); } //RE, REFES AL
static Month Feb() { return Month(2); } / I TERRER A A,
/ /X ER R R .
static Month Dec() { return Month(12); }
e / 7 FCAR R T BR B
private:
explicit Month(int m); / /FRIEAE TR B 63
/XA EBEIE.

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

WR “DRESHRNER, EREMEE AR ithiEBiiR, SFEEARERE
7 non-local static 3} B KIVIEALIRFH TREH M. BIURIEAK 4 kB2

& PR B — AN INER, BREREATAFETH, HaBERRN. FIK
FRA&IE I b const. Hltm4kak 3 W& RN A “LL const B4 operator* HIIRMAIZK
7 wFHIEE A E R A XRR” s

if @*b=20c) ... //BRK, REISREM IR B!

THES AR “it types BHBEMMEA, PESBRM” HRALN:
“BRAFFEA, BTUNZRELIRE types KT AEHE types —H” . B CEH
AR int XBEM type HEAHAATH, FTUAMRILIZSS HibARE) types ZEGH G HERHTER
THHEARRR. Fia, WHRaMoR ints, WAX axb MEHAEE, LR
VR B ST A ESE, TR ZEVRE types W HHERMRR. £2K, —B
HEE, BIFE ints TEA.

BAETMENERBAHE, EENBEHRNTRIUT I —BHED. ROFH
Mo PE RS b —Bih” ERESH “BOARBBERLR” , ROFHMEREE

Effective C++" LR, B =&
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bR —BE” EnEEE O, STL ARMED 45— (BRTRTEH—FO ,
XECMEERFHHEER. plnEg STL ZREBE—NMEH size AR, B2
HFRAAEHTARATLZONR 5t iR Java, B AR N HAMF A 1ength
property, %t strings f# 8] length method, Wikt Lists {f size method; NET H—
BIREL, 3 Arrays B4 property %5 Length, ¥ ArrayLists B4~ property 4 Count.
FUERFEARSLNEETF R (integrated development environments, IDEs) BE{#iX
BA—BHEBSAEE, BN T. AT RA RGO LR
BEHH, BEEMA—A IDE iJLSE25kER.

FAMENNREREF STEBMELSEE, REHEF “FERER” HE,
EAZ RS S ICMBMHE. FllngRK 13 FAT 4 factory R, EIRE—E
ﬁ‘fg'rﬁﬂ Investment %ﬂ%%ﬂ&ﬁ—ﬁ‘@%&ﬁﬁﬂﬁ%

Investment* createlnvestment(); /IR B%K 13; AREHERSH.

%ﬁ%ﬁﬁ?ﬁﬁ, createInvestment ﬁ@m%ﬁ%%ﬂz‘ﬁwm%, @%E&ﬂzﬁ
TRAEPHERNIE: RERRSE, SMBRA—NMesHET— K.

%K 13 RPEFF WA createlnvestment HIIREMELMET —ANE REFEH W
auto_ptr B trl::shared ptr N, BT delete ML TN . HI—F/E
AR B AD? WERE, BAERDNEITREUREERSIA, %4 factory &
Hok [B]— AN BB TR 4

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

XELR FIRAE S EREBEESE T trl::shared ptr B, JLPHEBTEIR
MIBRJELE Investment MR (HEAHEMEHAN) Kulget.

SEfr b, IRE] trl::shared ptr ibEEDRFEB U IE—XBER LT HIFE MR
RIEER, BINBWNAEK 14 BT E, trl::shared ptr fiF S5 REIREH R LR IR E
— AP ER L (BT IEMIBR 2%, "deleter") 48 TR REIREH L (auto ptr BH
XFPRENT) .

R class Wit HEWIFILE “ M createTnvestment B Investment* F54H” MIE

FURZIBHAE RS — AN getRidOfInvestment HIBRE, MAREEAEEH LahJ)

(fFFH delete) . XFE-MEAXFRBELEA —IMEFLHERKKN, ZHERE “4H
FRE RN BRETHIG” (EMBE delete H# getRidofInvestment) .

Effective C++ 30, B=RK
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createInvestment MW H Z AT LI W W BAE LB A: BB — 4 “%8
getRidOfInvestment 485E AMFREE (deleter) ” MY trl::shared ptr.

trl::shared ptr REHEMIERPEEZHANLS: —PMPEFEEENIR, H—
MRS XRETR 0O WEHBRAN “HMEBEHR . IRBEBRMNGUE — nul
trl::shared ptr Pl getRidofInvestment A HMIEREE, BIXHE:

std::trl::shared ptr<Investment> / /AN — null shared ptr
pInv (0, getRidOfInvestment); / /3 A B R
/ /SRR E S i

BF, XAREME C++. trl::shared ptr MIEREBRFHE —SHRLMEN
fgEt, 0 ARIEH, BA int. BN, BAHEECHIRE, BEKEBR T IR,
BI% trl::shared ptr BFENARFAMAIES . BR (cast) AT DIREPLIXAN A :

std::trl::shared ptr<Investment> / /BN —> null shared _ptr FFEL
pInv( static_cast<Investment*>(0), //getRidOfInvestment A2
getRidofInvestment) ; / /%% 27 % static cast

Figt, WRBATELIR createInvestment fFEIREI—A tri::shared ptr HH#
2 getRidOfInvestment PREAE MR, RBELRGIXHE.

std::trl::shared ptr<Investment> createlInvestment ()
{
std::trl::shared ptr<Investment> retvVal (static_cast<Investment* >(0),
getRidOfInvestment) ;
retval = ... ; //% retval B[R IEHXI%

return retval;
}
LR, WURBE pInv BHEN EATRET (raw pointer) F] LAZERLY. pInv Z Al SEHE
Tk, Mo “HEEREELS pInv WIERE” & “%H pInv ¥IEH R null BXTE
—IXBRERRIE” Ak, 2TFHER, 3 N4 26,

trl::shared ptrH —MEMFHMEEE: ESEHEHEN “SNMREERINH
BR2R” , EWMEERS —EENEPHER: PTiER "cross-DLL problem". iXA a6 @k
BT “WEAEHFERERFE (DLL) 4 new 8IE, #H7EFH 4 DLL A delete
WR” . EWEFEL, X—33 “PE DLL Z new/delete BXHEA” 2 SBUSITHM
#®. trl::shared ptr WHXANEE, FATHREFIMEREREKE “trl: shared ptr
BAFRERIA DLL” ) delete, XEBRE - MF--- L WEANBITF, WR stock Ik
4 B Investment Il createInvestment SEERUIT:

Effective C++51 3R, 5B =R
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std::trl::shared ptr<Investment> createlnvestment ()
{

return std::trl::shared ptr<Investment>(new Stock);
}

REIFIFBA trl::shared ptr BJHfAEA (LM H b DLLs, LHFERK "cross-DLL
problem", XM Stock B trl::shared ptrs &IBEFICR “X Stock M5 HIKEZE
A 0 B iZIA R A DLL's delete” o

A& IFIAF MR trl:ishared ptr, TRAIT “ILBOASHWERMSEH, &
AEH¥EA” MR, BHET o :shared ptr WA SERERE AR, EFRN
Bt B A . & LA trl::shared prr SEHLEHOR B Boost ( 43X 55) . Boost
# shared ptr RBEIHIEST (raw pointer) MITHMBEKR, LEIESRAFEIECARR
“RrpRz EREIE” . UL virval BRFAMGRS, FEZRBERFBNSI KSR
FZEBFESN (thread synchronization) HIFSMFH. (REEX—AMLEBHS
RATLXAL LRI « B2, BHREGERE CHE, WAHERHBsIEAE. &
Y MR DX EHS MRATRAHARE, AR “BRESHR” FIRREE
BITABERE

WICE
W FREORASWIEREE, AESPRM. REXERKFTEE DTS HERX
R
“lRELIEMER” KIMNEEFEEOR 3, URERNERBIITHHRE.

“RBHIERA” MINERIERIIH R, RERE FRBRE, REXNSME, DRHER
EFHREEEIUE.

B trl::shared ptr XFFEHIAMERSE (custom deleter) . XTI DLL (&, W
FIk BB B8 (mutexes; WK 14) %55,

Effective C++H SRR, B =R
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EM19: |t class WUIZIT type

Treat class design as type design.

C++ FRBEEH AL OOP (AR RRWE) IBF—H, HFRE X —H class, HBLE
XT A% type. BH C++ BIFR, RIGGTEEEFEARY KIRABBRE (type
system) o XEBRIRHAN AR class Wit H, TR type ®it&. EH (overloading) iR
WAERER . BHAFNIEREE. &3OV ML - 28 ERF L.
BRI E R BT BT E SYIRTHE S A ELR N — BB ERPHY class 1)
it :

WHFEM classes R—BUREMI T, BERRITLH types R —TURERTH.
1FH) types H ARIEE, ERMEX, UR—RENMRBEHRM. £ CH F, —4
AEMR T class E XBWHTEEE LREA—ABiR. HE class KR RBIIH
EHATERZIEN “WEBHEH” KNP,

4, WAV R classes B ? B SEARMAAUT MR XS 89 10 B o JLF &> class
FERIREX LLTFRE, TRKIEZSEESBRE R RE:

B 3 type N RN ZTHHIBAHER? XSRW IR class FIFE R ORI R
¥l B AR 4 BL R BB R 3 (operator new, operatornew[ 1, operator delete
WE 8 F) MR, UARREZNMRRITERET .

B HRAMEERNROREZEHARNERN? X AE R G IR E R AR

{8 Cassignment) BAEFFRIAT A, URHKBKZR. BEENEIBET “WHL”
CRE” , RACIINETFARRNEERAR (LWEHD .

A operator delete(]

W 3 type O R RM passed by value (LLETER) , MOEMHA? i0tE, copy i
BBk E L type K pass-by-value iZ% WA LI .

B HARN type 8§ “EEM" ? M class WRRZRME, B RAFEEREERST
B, FREAEERE TIRE class BREF AR EM (invariants) , HEERE
THREBRARE GRHRMERE. RERERFRETIE "setter” REO VAHITH
BRAETE. CHhEREREMBOREE. D& GROBEFERHN) BSREHHA5

(exception specifications) .

Effective C++ 3R, 58 =R
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| R type MEESKX T 2RKEAR (inheritance graph) 1? WIRIREEA B K8
FHY classes, REL3Z B ARL classes I THAITRAE, F5 5 B Z | BN R LU virtual
5% non-virtual” MM (%K 34 FI&K 36) . R AVFIAN classes ZAIRA
class, L MIRITE HERE—— RERFWRE—RT N virnal (REK 7).

B {REH type BEHABNELR? RN type AT THAL W types (8], KTk
EEHBITHG? MRERFEAFRE 11 2YHRRBRERANEE 229, RLHR
7 class TL NE— M RBEBEHH (operator T2) BT class T2 AF—H
non-explicit-one-argument (R[4 R —LBRA) MHERE . WRHFERRIF explicit
MR EEE, REEHREIIARRITEHERNEE, BB RRYUEHRRAER (type
conversion operators) 5% non-explicit-one-argument ¥)EE . (&K 15 HFRANE
KRR HTEH . D

B HABMNRERDRBX LT type TESRESEBHN? X/ RIBKE R RERE IR
[ class 77 B MR AL R 25, L b BELL % R member BR¥L, FEEENTE (LEEK 23, 24, 46) .

B HARNFRARBNEARE? MLIERMRUBIFERN private H (REK6 .

m EERAF type NAR? XANRATTAFEBIRREBANET N public, BHAH
protected, WK private. B HFEBIRREH— 1 classes /B functions MiZ%k
friends, URMEAIRETH N ZHRESH.

B HAEFtype 8 “kFIARO" (undeclared interface) ? EXHE. RELLMH

(R4 29) URBFER (BIMESESFBEMEERT) REMMRIE? REX
2 TSR M BRAE R A PRI class SEELARAE N EARRL AR &4

B {REVH type B B4 —RL? BFRILEIFEE X—A H type, TR E X —H1 types
KiK. REMIIRRAZE X —DF class, TRNZE X~ H 1 class template.

Effective C++ 3R, B =M
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B RIEHAME—/ type 187 NF R E GHH derived class LUE R EEE 1) class By
nbLEE, AP EHLiE X —8 £ non-member B EL templates, 5 HEASIAE]
H¥R.

X R BARESNZ, Frele R classes £ —FrPhlk. R RAEB
HEDB C++ HERE—RFRAF BE N (user-defined) classes, — )T KEEBE
®.

WicE
W Class IR HELR type i, ZEE X —AN8 type 20, BWHERELHEEBIT RS
ARG T T

R 20: 52U pass-by-reference-to-const E& pass-by-value

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

BB T C++ Ll by value 5 (— A& HE C AR FENEE (EkB)
. BRIERTSMEE, TUNRESHBRULGFEEZHWENS (BIA) H¥ME, WA
FSRATIR B IR R R BOR EHEK — A E 4. XEEH (BlE) REMRE copy Wik R
¥, XVTHEER pass-by-value Fih B3 BEH) BRI ED B BHELLT class kAR AR

class Person {

public:

Person () ; /7K, RS

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

std::string name;
std::string address;
bi
class Student: public Person {
public:

Student () ; /I BIREBESH
~Student () ;

private:
std::string schoolName;
std::string schoolAddress;
bz

Effective C++H URR, B =R
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MEXZEBLUTFAE, HPiHHBRE validateStudent, FGHFE — Student L
% (byvalue) HIRM'EREHN:

bool validateStudent (Student s); 7/ RECL by value Ji RBEZHE

Student plato; / /¥R B AR R A
bool platoIsOK = validateStudent (plato); //VAFERE

B ERRBPORAN, RAEMAH?

FBEH student 9 copy WIERBEW AR, L plato WA s Wik, FIFEEH
BH, ¥ validateStudent JE_@ s S, ik, MEEBENS, SERNEHERAs
& “—IK student copy R EARM, M_t—IR student HIHIREHA” -

HETT RN HRHE., student WEHABF P string WE, ATUEBKREE—
Student MWEHFHE T HAD string W . HAL Student M B LKA B person X%,
B LA IR student W R BTG H —4 Person K. — Person R XEHMW
A string WRAEHRF, K —IK person WiEEI1E X FAEMA string HIEENE.
BAZERR, UL byvalue TR AE#E—A student M EEFHIFH—IK student copy
#K¥. —IK Person copy HIEEERE. VUK string copy MIiE A%, HRE AT
student HHBER, B MWEREARNERTE—AXRAFERERRINE.
Bk, LA by value 74538 —A student MR, BARSAR “7NIRM I RO 7N KA
HIRR%” !

X EHBEBSHAERIT N, RS EMRE A R AR i E M
o BREW, WRHMAFER UBRERTE RShERTasfER KRG 7. 519,
SRR pass by reference-to-const:

bool validateStudent (const Studenté& s);

KR TANEEER S RALANEREEITHREE AR, RAEHEE
AFHZPELRE. BITEHEANSHEHTM const REEM. FEH
validateStudent LA by value 5% —4 student 2%, FLiF A FEMmiIZEl
HY, RBEARLRSHEAL student E{EMKALR: validateStudent REEB T HE
(B4 B, L student LA by reference 53 AE1%, HEFEHN const BLE
B, BEARXPEBAEAAESWE validateStudent &AL AR MBAME NI

Student.

L by reference J5 AL S AT LA & slicing (IEATE)) B, H— derived
class ST UL by value J7 A% H IEHAN A — 4 base class X%, base class K copy & i

Effective C++H UM, BB =R
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ool A, TR R EIT A derived class X5 7 HIARLeAR L RSB EIE
T, LB T — base class R ELAEAEALARF, FEHIER base class
HREEITE. BXLFENSRIREER. BERRE 4 classes LT, Bk
R ERE DR

class Window ({

public:
std::string name() const; / /R EIE 025K
virtual void display() const; /I BREONEAR

}i
class WindowWithScrollBars: public Window {
public:

\.zi:.:tual void display() const;
}:

i H window MR EWH — AN LK, IR LUEIE name RPEEE. FIEE O
B, WRATLUEIE display BRESERE . display B4 virtual E¥, XEERI S E
] base class Window Xt % i) B 7~ 7 A1 4478 & 5 9 windowWithScrollBars M i B R
FAARE (RE&K 34 MEK36) .

BEBRGBFEENREATONEOLR, RERREFO. THRAHIRRE:

void printNameAndDisplay (Window w) /I RIEH SR REE.
{ .
std::cout << w.name();
w.display();
}
LR LIREEH AL T 4 windowWithScrollBars NH®, S REMF LR
WindowWithScrollBars wwsb;
printNameAndDisplay (wwsb) ;

B, S8 wBHERR— window X%, & passed by value, FiZBE? i
R wwsb “2Z FTLARA windowWithScrollBars ST8” M IFLE BH LWL,
& printNameAndDisplay RN RN IRERIIRMM RIBEARMT ARE, ¥ v wg—
A window X B (B A H KA R window) . H LFE printNameAndDisplay M FH display
THH KB R window: :display, #AL R WindowWithScrollBars: :displays.

Effective C++ 3ChR, B =R
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RRYIE] (slicing) MR, BERLL by reference-to-const 77 AEI# w:

void printNameAndDisplay (const Windows& w) / 1 REF BEA =TI
{

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

w.display();
}

MAE, FEHERME DR ARE, wRIHAFRE.

WMRBEM C++ HBEFEBROKE, BRERI, references FEELIREEZIMR, Bk
pass by reference BH BHRE EA RN . BEKORAREAINRBTHRELR (H)
0 int) , pass by value TEAE LG pass by reference HIR B, WABREME, HK
B AEZRER pass-by-value 5, pass-by-reference-to-const W, & pass-by-value 33k
BHEER. XIANEERERT STL MEABRRLENR, FHIM EEMNSgRtH
passed by value. ERBARBEH RN LBREFTRIFFENRERMEAZ IR A

(slicing problem) HIR W, IX & “ MW Z SR B R TR B —3 4 C—=+ (AR D 7
H— AT

W EBRRIEAA LS/, FA AN, B /DA types #R pass-by-value K51 %i%
A, BEEENEAF B XK class 7R XRDMAITRAHER . FRDHARBEFKHE
copy MR BA G H. ENR—RERSH STL AR-—ASTHARERL—1ME
HE—, AHEHXMTRAFTREE “BHIRLREHBIE—HERA” . BHEE
Bt

B /NI B AR I A B 5T copy MG RM, TR TTREHBE LS. Kk
BB CABERR” A R AENRE” HEABEBARE, AFEHEHAHER
JEE&iA (underlying representation) . 255, FE4RIFHEHHH—1 double
AN RBOHBEGFRA, HIRFEE—IEREM EXHFTRE doubles MBAM.
LXFBERAE, REMIZLL by reference 7 AALIBIFIN R, FARFR LRIW I

(references (I SEBRAR) BURBAF RN, HLEE.

CONBRII P B R XRRRUBIRRLN pass-by-value R RIREN” 5 —ABEHE,
AR BRXEE, RRNEHEHEL. —4 type BRBRAD, HWRBIFL
R, BAXNBERTERE. EELRSET —A Cr+ HRIFRET SR type
BN BAEITF, ERTEMA, FURERFELIRA SN string FRIHHAD
[Ny N o

Effective C++H 3R, B=IR
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—RIME, RATLEERIER “pass-by-value AT B” FIME—XT SR N BRI
STL MR BMBLHENER. ETHMAENREHEETEEINES, REU

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

WicHE

B /LR pass-by-reference-to-const ¥ ¥t pass-by-value. FiE B E LB =R, T EAR
Y8l B (slicing problem) .

B DERNFREHTHERA, DRk STL MERBARENZ. SEMNTmS,
pass-by-value TEFF HLBHE X

KR 21: PIGREINZREY, ZEHIROHE reference

Don't try to return a reference when you must return an object.

—BIEFRMIET passby-value (FH1H) PIREREERE (AKX 200 , FEER
Bt+FERL, —O0—BBB passby-value R FAHBE. AREEK
pass-by-reference A EH, T —ELW T —NBRIER: FHEIE L references
BN EEHAFERNR . XTARGHF.

B MNHURNEES (rational numbers) # class, W& —BEFARITEH
A EBEI RN

class Rational {

public:
Rational (int numerator = 0, / /%3K 24 B AX AN ER ST
int denominator = 1); //AFEN explicit
private:
int n, d; /7% F (numerator) #1438 (denominator)
friend
const Rational / /%33 R R AREIZARE const

operator* (const Rational& 1lhs,
const Rational& rhs);

EAMRAN operator* REL by value TR EHAHLER (—AXE) o MRHR
FEENBL XN R MG, RELRBEE TIROTLRE. FELE,
BAENSBE RN BB RS, RERTREMS HEAARNS?

Effective C++H1 R, =R
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WE, RTT LA 4438 reference, MATATHA . {HRIEME, PTiB reference 2
RAEHR, REENEAXNR . LARES B reference FH R, FRENZLZ] R
HS, ERF—NEREHA? RAE—EREWNR L. L LR operator* K
Bl, WMAREREI—A reference, J5H —ERMFENEAN Rational XH, HEFHA
Rational X &AM,

BATERA TR —A (NS THH) Rational M HRIEA operator* Z
AR, WEtR#, WHREKRE:

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

Y “RAREE—ANHMH 3/10 B9 Rational HE” HAEGH. WHE operatorr &
IR [Pl —A reference 18 L EME, &0 EH CEIEI Rational FH.

RBEIRF N RHIEEH . 7E stack MBI heap FAGIEZ . WHREX—D
local &, BMEFE stack FHEIENR. MEXN KRS operator* WF:

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

{

Rational result(lhs.n * rhs.n, lhs.d * rhs.d); /B RS
return result;

PRAT LR XM s, BARE B AR R BB A A MG R, T result A4
R —FE B ER SRR, BEMNE: XA RBEREI—A reference ¥
result, {H result &4 local %%, T local Xt R 7ERFIB HATHAER T . Rk, XA
MRAH] operator* FKI&[E] reference & [AIFA Rational, T IRIEIH] reference 35—
A “MBIH” Rational; — MBI Rational; —4NY 28 44 Rational HIIAE
ZRE. RE. MURHRE, HATCEEEHERT. RS REREN KRN
BREMEMEN — R REZH, MEILZBAN “TETH” KB, FHEQEHER, T
o] BR 40 SRR [Bl— A reference T8 M1 34 local 3T, #K—RigH. (R RBFPOREH
181 — local P&, HRE—#E, D '

Effective C++ 3R, B =hi
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TR, itBAIEBLE heap WIE—NXFHR, FIR[E| reference 515, Heap-based
XH H new U8, FTLUARBE — heap-based operator* W :

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

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

}

WE, MRIERDHTH—A “HEREEA” R, HAEMBRNRERU—4
& RS R B S R ER AL B R . BIEAMRIIENX A T B — /N WX E IR new
HREIZT R L delete?

BPAE A A WT i, FEHTRERR, MR KEBEIESHESEN
¥ TR AR
Rational w, x, y, z;
We=x*y*z; / /5 operator* (operator* (x, y), z) AHH
XHE, E—MEARNFER TR operator*, R B IRER new, HWBFEMRIKX
delete. BERH GHE P IpEELE operator FHEHITHE delete WA, BHIERFH
B EIPEABITIEE operator* BB references I 5 KM M AANHE4T . X4xT T
BB

ERIFRERST , LIRAL on-the-stack B on-the-heap 7%, #HF A%t operator*
BRIMERBDWEREMZEN. HEREICBRITMEY B irRES Lk
ERECAAZE. BRI RIREER — R IETT LB SR R BR A . BF
R0 BB F T SX AL S IARRS, BB R T “ it operator* IR[EIH] reference ¥ 16—
AMBE X T BB A ERH) static Rational X7 :

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

{ /78E, X HEREARE,
static Rational result; / /static 382, MR ECKHRE
// Hreference.
result = ... ; / /% 1hs #eLd rhs, HELER

// BT result W.

return result;

Effective C++H U B =R
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BEBFE A L static SRR I—H, X—MELZIERBRIIN LB R SHREE
B, AEMEHRRAEEMHRAKER. MRBEEERENRE, FERUTHIXER
EEEN R AUEE:

bool operator==(const Rationalé& lhs, //—ANE% Rationals

const Rationals& rhs); // TI'S5H operator==
Rational a, b, c, d;

if (@ *b) = (c *d) {
MBS, HOE A RBNE;
} else {
LRGN, HOE SN EE;
}
BHEEAE? RiEA ((a*b) = (c*d)) BEBZEN true, A a,b, c M dHIE
Bftal

—BRRBEFEANSENNEEHR, RESRATULT #HH TH AR5
if (operator==(operator*(a, b), operator*(c, d)))

&, 7F operator== iAW, SHMA operator* WHAREMH, 8
& [F] reference 5[ operator* PI&F5E X static Rational X% . KM operator== #
BERH “operator* WM static Rational XR{E” ERM “operator* NI static
Rational XB{H” i, WMRLERERAHE, BATRR, k. XRBRIFTH
B: PHIK operator* IFIHIME® B3 T static Rational X% {H, BHTFEATEEE .
#R#& reference, Kl 3B BIAIKZ & static Rational MK “HUE” . D

XM B UIRIR, 8R4t operator* IXHEM R EUR [ reference, R R IRFRS
BT e, EMERSF XEEAXFER: “WE, R static A8, FF—> static array
T LA A eeeer”

BATHBREURFRBEFIMMBEUEE S A%, ERTURRER
A AfRiZA TRHEXANS KT . B AVRUBIUER array K/Nn. W0R n X4, R
ATRESFER “HLUFRERBOERE” M2, MABFRREIE T RIINA e 2
— static ®it. (AWME n XK, KEWHEEFRE, FH amay ANE—IXHREE
RSB G R. B2RHFE n MEEREN n MTERE—EBIE
BRAVFIIT R MR R IRA K. MRHE “BOL” REERABROLRE, BT
BAEFTR IR SRR N BRI - BF, BT IREZREBE array K,

Effective C++H 3R, SB=R
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T AR A MU A AR 2 /b o FEXT B 2 IR RAS BB ) B B 8 ik i 1L W (E Cassignment)
Bk, BRERRAILA? MFL types TTE EML T RA—AMriGRE CHLUHERIE
B mE—agERi (AURHFE . ERKERE R CHEMTHRAR! @
ML, KMEFERZBINH . RELL vector B#k array AL ILFBLE I L.

—A “DIUREIFA R ” MRBHEBHSER: WP REORE—ANFXTEM,
% Rational K operator* M & BKU TS (BRHEAER LEMERE) .

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

}

R, IRTRAR operator* RENHKMEMANPTHBA, RMKIERERA
RA TR\ EMAT AT A —ADDM . ET—KBRRH, REAZAR, S
T C++ MFTA&GIEES —F, ATHFSSIERTRINL, HUSES BEARE
HABZER BT . FIEEEMR T operator* & [EIE MHIE RIATHI W] 4 %2 &
HHEER. MRRFRSHARX—FE CENBEEIRL) , ROBEFERERFEINX
HHATH, TOPATRER LB ER.

RIELL EFHTRIRGER G N HIRUIRAE “IRIBl—A reference AR [ —4* object”
ZEREER, RETEREPR AT A ERIBA . RikgmiEE mA AT REREEA
A7 BRI, fRAIUEZIRMAETE.

WHE

B ZEARER[E pointer B reference 57— local stack %1%, Bk [E] reference 5 F —
A heap-allocated 1%, Bi&[A pointer 5% reference #&[7—~ local static XTG4 Al
RRANFEZNXHRNR. %K 4 BEE2A “EREBRAE P EGHIRM reference
81— local static M%7 @4 T —#r it L.

KM 22: BANREEFIEN private

Declare data members private.

OK, THERRKMX. HAWRESRITLARATERNZE public, REILRE
EHA KX public AR S IFHEEHE T protected SRATZE . BGRH 4.
BRRTEMNZE private. RREBXNERE, RERBEMARIIERT .

Effective C++H1 3ChR, 55 = RR
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i, MAEEE public RATE. ITATRAERE?

BTGB —BUETF IR (RIRIER 4K 18) . MRBRAZEELRE public, EF
ME— BB 5 U 1) X 50 00 i B R B S B R R 4. 2R public 3O NS RERFOET R R4
EPHATEEITE YA class KA KRARFILERTXERMES (BED .
ATREMBET, EASEAEHERE. REGTS, XELWUATHEEE
FHEHE .

BFRA NS — BB 2 U ANER, BARXANTLIA: EHARKATLL
PR AR B EA EREFRNESE . mRRS R AR public, BMAATLLES
B, EMRRURBEAR B E A, R ASEIE “AHEDR” . “RiEYHR
PR “E5HH” . RRT, REETLISEH “E50HE” , WRFEERE:

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; /7 /35 int TTARfAI VT ) BhE

int readonly; 7/ int R RV (read-only access)
int readWrite; / /% int RG] (read-write access)
int writeOnly; / /3 int BMES Vi (write-only access)

gt R 2 F IR LB, FAWERATENIZEREER. B0 %
RAEREEE A getter FREH setter REEEFN,

ERABERBAR? R KO ERBHORR T . 3. RRE I i H07 A

A%E, AEWHUEMTEERXNEAZE, T clas B —RBALHE class
MR ELET Zk.

Effective C++H1 3R, B =R
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EABT, BRBRAREAS A B WERF, DRFEd, HERERTHIFR
AN EEWERBEA

class SpeedDataCollection {

public:

void addValue (int speed); / I — BB EAE

double averageSoFar() const; / (R BIFEE
}i

MAELLERATE B A RE averageSoFar. iEZ —RTE class A&It— M RAE
B, UREAURMEEERNFHME. X averagesoFar HiAH, RFREERAERAE
BRF. B ML R4S averageSoFar MR AR N EHHH FI9E, MR BHH
AR ER AT — EREE.

ERE—FhE (ERREFIE) &84 speedbDataCollection R XK,
B AR 204 FRAFE BT P, BRAE. S AENE M HRAZESREN.
SR averageSoFar HT RN 48 €T UHRE—ARP H - FH{EK inline i
BOOREK30) . MM, “BHEAHEENE” 2§18 averageSoFar HATEIE,
{H4§— SpeedDataCollection S ZRELE /M.

UL IR — LB ? E— AR OLE L (Bl—&RA KB HTE
B, RRE-NMHAREREFHEONARFY, “SRTBEMATE” KR
ELESF IR . HE—MAIETEFYENNAEFY, mRARNEEFELEE, A
FAREA, XNE “HNES AT PE” dEEF % EAR, aTEd
R R BOR VTR FI9E (HBRRHETE) , REBUBRARKERTR (LLEHA
RATRERBEIRARTE) » BPBRERTEFME. (MRBRHEHK 1 BB, K
BEZT UIHBRERMFRAAEL. O

Y R RGEERSEEONTE, LY “FrATHASEEL” RetEdE. sl
X AEAS R R R BRI S R A B AN AN B . FTLARIE class FIZIR 444 LR

Effective C++m LR, B =R



4 5K 22 WRABRAYIY private oy

KRR IR AN HERE . 7T DA B R D AT R P E-- - FF. 5K A Delphi F C#
BEK C++ BFRMZMIE, XKRENENTHMEBEFTHH "properties”, TERSH
HEANES,

HENEEHHARBRVIABICHEEE, MREAERNEZFBBRRAZER (BREH
A . PRI AHLR class AR A B EASRBEY, FHHRA R R R LW
eil. WAdE, RAERT BEZEEZHMRF . REAEBEN, RRRSEHR,
BI{ESRA class JRIGHS, SCEEAE{A public FYIMIRE L RIIHZ RN, FAMBSBA
KEZE S, Public MWASEE, MILTFRUH, FEHERKRATRE, FHREITH
FZAERN classes B . ¥R classes BT EHEEN—NER, BIEMN
BEE M “BCRA—AMEAETIRA” FiRE.

protected Al R Z B KL A+ E M. LR _LTA public BRATEM K AHE, A
REFBYIFRRAL—EF. “EBFE—BH” M @RSV RES” SEHE
RAE B T protected 3R, MBI public —FEH . BEEEWE? protected AR
BEMRAR ST public RATR? BFERAS AR JFemnk.

£ 23 EVHR, FERTRBHENEE “ DH AR SN T feE B E”
B, B, RRERRKEENES “RARENA AN RAHEEER” X
Rit. FriBSE, BFRM class PBHRE (RFEZHEMTHHE, BB RN

averageSoFar) .

BRBAIH —A public LAZE, MBRITBLEOETE. ZORBETRSBBA
W2 ME, FIAWATERNEPERSEER, MBE—NATARRE. HiE public K
RERTEEFHENE. BB — protected AT R, MEMNELMHBETE,
BHE/DMREEEIR? 1B, A MEREH derived classes FRSHHIE, MAEFHRENART
s KE. Bk, protected AR public B R E —FEELZ B, BAERX
FHEL T, WRRRZFRHERE, HSHATHAR KR ZEPR. BRZXH
GREHAEREN, BERFENRFPEEESEFE, ER2EN. —BRE A
PR K public 5% protected & P A AT, MRBEIBRANRAZRFTY K
B—9. KERBEEES. EFUR. EFREION. EFHREFE. NHENAEN

Effective C++5 LR, 2 =R
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2, HENAEBHMHRBR: private (RELEP) MEM (RRMARED .
HiTlE
a YHCK ARSI N private. XTI T2 77 U7 W BB K — B0 WA U5 1)

B, RBAREMFIRBBIE, HREE class 1EH AT HISLIM
m protected FF AL public 3 R 33,

&3 23: A non-member. non-friend 518 member BRALL

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

MBHA class FISRBRM TN HES. XFEM class T RERBLHIA T R+, F—
HWHRIER TR ITETEELX (cache of downloaded elements) . &K 15 AL #) URLs
15 538 F (history of visited URLs) « ARBBRFEF MHH cookies:

class WebBrowser {
public:

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

S
WEAP B -BARITHEIXLEFE, Fit webBrowser iR FLXAF — MR K-

class WebBrowser {

public:

void clearEverything( );: //ViH clearCache, clearHistory,
//F removeCookies

g ..
4R, IX—HLEE T B — non-member B3 & 24 1 member BTG IR AL H kK

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

Effective C++H R, B =K
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WA, B—A LB ? & member HKi¥{ clearEverything i/ non-member &#

clearBrowser?

HE R FRESR, B DL KRB AL R N AR — 3, XERE
Y member MR BFIERE . AEMRBEANBUAERH. XEETHERNREE
BXH— R, R ST EREIE N R TR, RS EWMHERH,
member ¥ clearEverything i KK # 3 b non-member B % clearBrowser K.
B4, 4t non-member PR H T fLIF X webBrowser FHIRHLAER B AN R B

(packaging flexibility) , TiHBRXFBERMENIGRFAEKE, W0 webBrowser HIFIIE
fifk . BT % 4 H non-member fifi%: Lt member f#ikiF. EEME, BIAIVLATH
HigH. ‘

AT HIT R . MRELERFHIE, SRAFTR. 8L RERHEK,
BOATUESE. TRAPAFIE, RNAFHAROBHEBNE, BABRIMBOK
RN ERENE SRR EASEY . B, AL RKEHRESE, RIOCBBLERE
MEE T ERA K. XRERNTE SHEREBRNRE: CHERAIES S FHY AL
HRES.

REXBHRAPEEE. AORETUEIEE (BREVRE) , ABHERE
AR, MRAIEREE QRN EHE, FANBERRARRNEE. KYFE
. MR A BRI LUEBIE—SBEE” B BRATHE AR U5 R EE K R
BORE, fEA-FHERNEN. REREWUHRE, ZHEOERERAK.

KEk 22 @i, RAEENIZE private, HAWRENIAE, A LBREREL
AU BN, EIERZELEEE. B85 U N private BAZTBIRHHAE class M)
member N L friend 2% 2. W R BEIRE— member B (EARRATLLTTH class
P i private 238, AT AEUA private BG %X enums. typedefs %) 11— non-member,
non-friend R CETIEW A LRIEMRTE) ZMEHRE, T AR RHERNLEE, B
4, SBUE K M A - non-member non-friend BB, B AEIFAMEIN “ BB YT

Effective C++H 3R, B =/
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class W Z private i 5> "I S & XM B T A4 clearBrowser(—> non-member
non-friend ¥ b clearEverything (— member E#) ERZRUKMEE: =8
WebBrowser class B8 KK E3EM.

EX—R EAFRASEEAER. £, X4 RBAERT non-member non-friend
¥, friends BREST class private ¥ 5 [ 5 B4 J1 R member EREAEE], B FEE X 3
b S E BAHR . NSRRI A BE, 1X B )G E X8 I ATE member 1 non-member
E¥ 28, Ti7E member 1 non-member non-friend ¥ 18], (4R, HIHIEmE
—%B. %3 24 BELARNEB WAL B, NiXTE member H non-member 5%
ZiaRE, D

BOMEREENEER, REAERHEET RS “HA class I non-member”,
HABKRE “AATLLES— class ) member” . XXTIRLESJRT “FiH RBEBH LM
EXF class B” HIES (W0 Eiffel, Java, C#) MRS, WEEEMEEREE.
FIMBATT LA4 clearBrowser AR TR (utility class) f)—4> static member K5,
REEARR webBrowser FI—EB43 (R A H friend), BE A2 M webBrowser ] private
EARESE T

1E C++, HB B RMIMIE L clearBrowser B —™ non-member & ¥3F BAL T
WebBrowser FTTEHI [ —4 namespace (fy 2% fA)) A

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

RMEXARRATERKRBRME. EANH, namespace M classes AF, BI#H AT
BEEMEEXATEERRE. XIREE, FAR clearBrowser XFEH KR “H#R
HMEFOIE” , HREHEAE members WAR friends, FHEH X WebBrowser HF
BUTEBLS), WA REIRAE “WebBrowser 2 ik AR A7 AR ” HINLAE. 28151
F, WR clearBrowser NEE, BB R IF BITHA clearCache, clearHistory

M removeCookies.

—AME WebBrowser IXAER] class W] fEHIE KEERN B, X542 (bookmarks)
X, REGITHAEX, 7 5 cookie FIEHH K- - HWERXBHEF, RNEAP
FERME, BEHE NS ER R REMBNE - g oo oo Bl —

Effective C++H 3R, B =R
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4 cookie HIFREFEB R ERFHEKXR. PBECNPREEMERESHEHKE
FEBHERET — LM, ¥ cookie KRR KB AW T H—A k3, BIITENH
FKEFRBFEHTF B0, KIS ‘

/733044 "webbrowser.h" — XAk SCAH4ENT class WebBrowser H-&

// I WebBrowser #/[lEE.

namespace WebBrowserStuff ({
class WebBrowser { ...

};
//GOVLRE, IR B EVEER
// non-member %K.
}

1/3k304% "webbrowserbookmarks.h"
namespace WebBrowserStuff {

/1 5 HEMRNER RE
}

/73304 "webbrowsercookies.h”
namespace WebBrowserStuff ({

/ /%5 cookie HHIFHERI ¥
}

ER, XIER O+ WRREFREMNAS SR, HEEFEFATCEREE . B4,
PBE KM <C++StandardLibrary> kXHHAEHPRE std AT RAKE KA,
MEBEH T4 LM (<vector>, <algorithm>, <memory>Z%%) , B4 L CHFH std
FIREehigE. WREP HAAMA vector HXHLEE, MAFTE #include <memory>:
MBEPABER Llist, HARFE #include <list>. XAHFEF Rt A 18 A KA
— /MR RATERGIFHE (WAK 31, HP TR EAEFREEENHMEE - U
R E RUTEINLAEHAER T class BB RE, FH—A class LA E N, FHEH
SEA F R BB

K ER R BURAE SN LGN ERBR - M 2T, BEREFATLUBRY
RBx—AERNEE. MA1% B ZFNE X non-member non-friend R Tty 4
N ZEANFT, MBS webBrowser R E B SR T RAXMEF R ¥,
fth R B EAE webBrowserstuff 44 2 AW B — A k30, W E LR A A A RIE] .
FeR SR B AL E A M EF REBHE T BB SN — k. XR class TERBH 5 —

Effective C++" 3Ch, B =i
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AR, BH class EXRMELTERART BN, HARm, ZF/7 0 LUIREHFTH
classes, {H derived classes oYL ) base class HHEEH R (B private) A, TEW
Pl "PRHLAE WEMRRRE G4 . WA —WEK 7 BT, JFETE classes ERHL
i B 3R 4E 4 base classes.

Wi
B A& non-member non-friend FA%EUE#: member FREL. XFEMFT LA . &
B#M (packaging flexibility) FALEEH 7ok

ER 2. EFESHYETHUUREGR, BHKXA
non-member BRI

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

HAESEDRIT, 4 classes TFHFBRALBBERET MR EE. URXEM
W HBIAh, BE MBS RS EER B . BIRARRIE— class FIRRIAAE
¥, RFEE “BARER” ATEELTEANEGE. W, B CH+ AEM int
Z double HIHM KRB AREGHE, TEL C+ WEM double £ int B HRB AHL.
B RIRX LR Rational class:

class Rational ({

public:
Rational (int numerator = 0, / /1 FEE R BZIE A A explicit;
int denominator = 1); / / fF int-to-Rational RN
int numerator () const; //%5+F (numerator) #1438} (denominator)
int denominator() const; //HIV5 18] BB (accessors) —ML4&kK 22,
private: ’

}i
FRZFERSEEWME. REZE, BHRAHEREZH member FH.
non-member 5 ¥, B A #5915 i non-member friend B FCR LI EANT RETELSE & UFIR,
LRI TR AR R A SR . RENIE TS B AHIRA Rational class 3K, BIAR
B AR A% FE Rational class A BE I operator*. &3k 23 WA REHEHME
3K, KR BUBGHAK class RE R S SE AN RTFUEEFE, EiLRICETBAE—

Effective C++H1 3R, 5 =/R
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%, S — T4 operator* B Rational X R HIM 5.
class Rational {
public:
const Rational operator* (const Rational& rhs) const;

}:

(MBHEABE AT 2X BB E R AR, ERRIT2ERE—A
const by-value %5 RAHBEZ—A reference-to-const £, HBHE LK 3,20 {121, )

XA B R R R A BB AR B A 107 A e

Rational oneEighth(l, 8);

Rational oneHalf (1, 2);

Rational result = oneHalf * oneEighth; / /R
result = result * oneEighth; / /4REF

BRERHR. REEIFREREH, HHEE Rationals fle Wl Filln
ints fA3R. HERMOFHARASEHANMBEMRE QRN T —BIERHDMARRX
REHE.

RMARZFRABRERER, REARA—FTRE:

result = oneHalf * 2; / /{BEF
result = 2 * oneHalf; //5EIR!

XARE K. TREEN W EHE, FRG?

HIRUN MR RES LRRAA T, RBREE—HTRT:

result = oneHalf.operator*(2); / 1 1R%F
result = 2.operator* (oneHalf); E:i3

&1, oneHalf B— WA operator* MMM class FIXE, FrLlgmiFaRiRZ
R R 2 FFBA NN class, HHEH operator RARK. HEBHLE
R F AT L FIX AR B non-member operator* (k2 7E# 4% 8] W ELFE global
YEREA) -

result = operator*(2, oneHalf); / VR

BAEFHAELEXHE I ER int F Rational E AN 2K non-member
operator*, AR R

Effective C++H 3R, =/
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BREEEWADKOBARHE. TRABE_SHREH 2, H
Rational: :operator*ﬁ??ﬁ"]"%‘%}iﬂ%/ﬁ Rational X %. XBERETHAH? At
42 ERXETER, R —NMARATHAEER?

B hiX B &4 T ik R4 # (implicit type conversion) . 4R ARF1E R EA
B3 —4 int, MEBEFEMR Rational; BEHAERERA rRational HER
HRTRITIRAN int, BT —NE YK Rational K. TREMMEEMT . #
AIE R — RS ETE iR AR IR th A R ARX

const Rational temp(2); / (AR 2 B —MNERMER Rational X5,
result = oneHalf * temp; / /% [EF oneHalf .operator* (temp) ;

48R, HRIANY K non-explicit MIEHRE, HiFRALSXFEM. WR rational
AP AT S explicit, PUFERIRE — ANl I 4 %

result = oneHalf * 2; //AERD (FE explicit MEREBHIERT)
/ /TR 2 E#—A Rational.
result = 2 * oneHalf; //—RERERR, — R R,

XERARAMELL Rational class IFRARFEARZBHET, AEELS ERBANTHT
ANE—FO,

RN BHRANE B, LEXFREEXEREZE, URRFEAIRIEE
ik EEREERE. ZIERMHEE R LRHEANER, AT ARE Rational HIiE R
AR explicit, IARARF—-ATELHE H—NATLL:
result = oneHalf * 2; / /AR (7F non-explicit #i FETEGL T)
result = 2 * oneHalf; /78R (BLETE non-explicit M REHIENT)
Zip R, REXASHES)TBEF (parameter list) W, XNSE T RERIEREE
B ESEE. MAHELT “BHRAZRARBTRBRIBAIXNER” —H this X}
F—HR MRS, BAERIHRNEHRSEE. IREN 2 RSB K
AR REZE, B _RERANE, BAE—RIEHEE - RESEHANSE, B
—RHANE.

%W&?”%&%ﬁ%iﬁ@%ﬁﬁ*ﬁﬁe T2 BERTHR=NYE: ik operator*
B — non-member BE, BAFHREREE LS H ERITRARRK K.

Effective C++™H 3R, =M
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class Rational {

... //AVEFE operator*
}i
const Rational operator* (const Rationals lhs, /IBHERR T —A
const Rationals rhs) / /non-member A%

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

}
Rational oneFourth(l, 4);
Rational result;
result = oneFourth * 2; /7Bl
result = 2 * oneFourth; /%, BitgwmFET!
XURENFPIER, FEEF — H VB L : operatorr RENZEBN
Rational class )—4" friend 2R ¥We ?

RAGTEERETEN, EAHN operatorr W LA5ELFEH Rational MY public ¥
O5ERES, LEARBERHELMME. XSH—DEEMNE: member KR
R non-member K, T friend B¥. K% C++ BFRBE, WR—A “5H class
X" MEBRBAEZBEA A member (WA THE LSHMTERIUHER, Flmi
ff] Rational ff] operator* B , BMiZRA friend. AFIRPFIXEMB HiT T2,
T et FRARET LA 4 friend RO ZE R, FARBEEHF—#, PRWRH
R Z T HNE. DRER friend HHIELH, BAXNFLKRELE: THER
HEREAZRA member, Bt HINEEHA friend.

AEFASTEHE, HIARELHHEE. SN Object-Oriented C++ it
Template C++ (W4E 1) ik Rational h— class template TIIE class, XH—
WEERRBOF S FEE. LRSS ARTRRTEE. X®HE. BT
HEE T 43K 46,

Wi
B HNRARFEAEANRBMFESE (B this BEFRAOBIRWSEO #1T
KBS, BAZARBLIREA non-member.

Effective C++ 3ChR, BB =18
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R 25: BERBE—THRMFED swap RBE

Consider support for a non-throwing swap.

swap RIMEBAOER. FAERE STL M—¥4, MERIRE LS RE
(exception-safe programming, W.%k#K 29) I8 HE, LLRFRAE HRBETEEHE (I
1D H—ANERHE. HT swap WHHH, EXHEHBEE. RAMEFELNE
BWZSERERTIEANEME. SEXEITXEEHERFN IE.

FiiR swap (CE#) WXt S48, BRBEK PN R EE IR T X7 . REHFIT swap
EHAE VT AR HERE PP AR LAY swap BIRTERL. L ABISCELSE & MR B FUH

namespace std {

template<typename T> //std: : swap HY#LEISEHL,
void swap( T& a, T& b) / /B a b M.
{

T temp(a);

a=b;

b = temp;

}
}

RERR T ¥ copying GEIT copy ¥R ER copy assignment BAERFTERD) »
BB ) swap LA METHIREBRIED TIOX S, (R HE N I 5 4 BABUEA T4,

XA swap SEIRRRA 5k, TERIBRKE LR €8 R=AN R E H:
a H#HlZ temp, b BHF a, K temp HHE v. HEMNFELBMMNE, XEFEHZ)
EE—VE; XNENIHE swap RETAZFTRERRAGBHREREPERN.

K EBARE “UREHER— ISR, AEEESE” BHRM. XMHRT
HIE R RSB “pimpl F4£”  (pimpl £ "pointer to implementation” HI4EE,
WA 31) o« RRLUXFFFEEWRT widget class, FHERSBIXFE:

class WidgetImpl { / /7513t widget BABTIRHHY class;
public: /TP AEE,
pri\-ra'it;e:

int a, b, c; //ATREE W E 53R,

std: :vector<double> v; / /ERE R K.

bi

Effective C++™ LR, 5 =R
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class Widget { / /3XA™ class {#F pimpl Tk
public:

Widget (const Widgeté& rhs);

Widget& operator=(const Widget& rhs) //E#lwidget B, SEREHIHE

{ // WidgetImpl X%,
- //FF operator=H—H: LI
*pImpl = *(rhs.pImpl); /7 AT, W&EK 10,11 #1112,
}
private:
WidgetImpl* pImpl; //¥BEr, FTIRNREAE
}: // Widget ¥,

—BEEFEHRHA widget M RMEH, BAE—FEMM L BRI pImpl 184, (BER
BH swap HEARMEIX— K. EAREH =4 widgets, EEHI=A widgetTmpl Xf
. EFEHZHER —HHASANMSE.

BAIAFAEEE E IR std: :swap: 24 Widgets B BHMN EIFZMHWE ERELANHK
pImpl $64t. MUIEBRIXAN BN —AMETER: B std: :swap $ 3 widget $54t.. TH
REXKE, HEWXMERTTERIHF:

namespace std {

template<> //IXE std: : swap &F%t
void swap<Widget>( Widget& a, /7 “T RWidget” HHFILARAR.
Widget& b ) / / BREARS BT R,
{
swap (a.pImpl, b.pImpl); // E¥ Widgets I REFHEAIN
} // pImpl FeEELET.

EANAEH—FFEEN "template<>" RANER std::swap M— P2k (oral
template specialization) WA, REELHZEH "<widget>" FRX—JFbIRA RSt
“T R Widget” Mt MAJIEH L —BIER swap template FEIT T Widgets & LES
JBRREAEE. BERNARE (FEALF) B std BT EARERRE, EA]
BL (B fe1F) A AR templates (W swap) HlERFLIEAE, FEEBTRATE M classes
(Bl widgetr) o WL BN IERRM.

ER—WMERE, IMRELHEELHFE. HAEREVIE a M b WK pInpl
fatt, MIAER private. BATAT LURIXAMFALIRA S BN friend, BRI EAERIMREA K

Effective C++1 U, 58 =hR
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—FE: FA12 widget HBH—ANE K swap i public A RBEMELEHNERTE, &R
¥ std: :swap ¥pib, S CERIZRR R

class Widget { //51TE, ME—ZRIRIN swap K3
public:

void swap (Widget& other)
{
using std::swap; [ IEAFEHHZ FRCLAE, REEHERE.
swap (pImpl, other.pImpl); //E BB widgets BLE#RH plmpl F54f.

}:

namespace std {

template<> /BTG std: : swap FFLARA
void swap<Widget>( Widgets a,
Widgets b )
{
a.swap (b) ; //E BB widgets, HAHE
} //swap BT R

XAEAR Rl 4RiF,. £5 STL A5 8, WAHTHE STL AR ERIR
4 public swap AR BB std: : swap fFLIRA (HULBHRTE)

SRTIER Widget Hl WidgetImpl # R class templates THIE classes, tHFRATTAN LUK
K widgetImpl A FIEIES A INLLIS Hiik.:
template<typename T>
class WidgetImpl { ... };

template<typename T>
class Widget { ... }:

7E widget B (L X widgetImpl M, WIRFBEMIE) A swap ik 7 R E & LT
—REfa B, HRATHERFL std: s swap I8 EELK . BAVES BRIXEE:

namespace std {
template<typename T>
void swap< Widget<T> >(Widget<T>& a, / /R G
Widget<T>& b)
{ a.swap(b); }

Effective C++1 3URR, B =&
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BREREWEEHE, HAGE. BN, BATEEMmEF (partially specialize) —
A function template (std: : swap) , {2 C++ R o X class templates 454k, 7 function
templates 5 FRFFLRITAER . XBEABAZETRE (BRFLGHIFHE RS

ZTE) .

BARITHAREF4L — > function template B, M MR R A ERMN—NERR
A, BUXHEE:

namespace std {

template<typename T> //std: :swap B—PMEHRE
void swap (Widget<T>& a, // (FER "swap" ZEEE "<...>"
Widget<T>& b) /RS, XBRAEE.

{ a.swap(b); }
}

—fM 5, HEE function templates %7 M, {H std RMFHKRIIME=TR, HE
FEHL R LA R . & AT LLAHFAL std Y templates, {EANE] LA NI K templates
(R classes BY functions BHMAEMAHRTG) B sta Bk. std WHASEEH CH
BRESURE, MEZRSRILBIEKBECLF AR, W, Fig “%ik”
AIREREVRIEE, HSEBBAOLNER /LR RIFENRIT, BElIMNTAREHR
RE X o WRRFEIRERAFTTRNAT N, EAERMEFAFRER std B3k,

I ZWTRLF? EERNBEAFE AN IMELIAD N VA swap I S 85 VA RATHR
BB E template 45 ERA . BRBEE, WATERLAH—A non-member swap
itERA member swap, {HAF K4 non-member swap BN std: : swap FIHFILAR
AREZRA. KRBT, BRE widget WIFTEHXIERBEE T H 4 2B
WidgetStuff W, ¥NEERERKEBIXFE:

namespace WidgetStuff ({

/ /BIRALE WidgetImpl %%,
template<typename T> //FEIRT, RE swap LR BRE.
class Widget { ... };
template<typename T> / /non-member swap ER%;
void swap (Widget<T>& a, /VIRBHABET std fB =Nl

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

}
}

Effective C++H 3ChR, 38 =R
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WA, ETH SRR RITH BB widget W%, FETMHMA swap, C++
FIZRAHLEN (name lookup rules; B E kML & FT1E argument-dependent lookup B
Koenig lookup HEN) £ 3RE| widgetStuff WK widget FRIRA . IIERBATFER.

XAMBIEX classes F class templates #RATARE, BT DMBLF- BT 1275 A1 1] ek A0
FRE. REMRE A BEIRBIZY classes 8k std: :swap JRIRBAHART) |
BT UL An RARAEAL YRGS “class BRI swap CERTTHEZ WIENE Mo, REHBRENTE
% class FTTEfr & 22 A N B —4 non-member fAs DL & —™ std: : swap FrAbAR 4 .

W —3R, MREERLEBEFIMEAEAN M E T, LRFHEEIRER

(R HAREREE—A non-member swap K] member swap) - 18, fi[IATE

global iy 45 2% 1] P9 2% & 2\ & B class, template, function, enum, enumerant B & typedef
ZWE? MERXHTIE “BES5ER” RELHWHTE?

HETA LR BHE —HERTHN swap REBHH K. BLBE, NEFURIEE
HBEBELE. BRIFIELETS A function template, HAFEBE R MNRME:

template<typename T>
void doSomething(T& objl, T& obj2)
{

swap (objl, obj2);

RLZ WA swap? £ std BEH IR —BALRRA ? BRI T REAFTE BIRFHLAR
&7 MR —AFTRFEN T T ERAT B8l 8 TN a2 E (EHRATTEL
& std) W? RBBRINZEAM 1 TRERE, HFEZRENFERHFLTEM std
WH— B A . THRRAERERNSE:
template<typename T>
void doSomething(T& objl, T& obj2)

{
using std::swap; //% std: :swap ZEHERBARATH

;v'vap (ob3il, obj2); //ATENBRARRE swap A

Effective C++ 3ChR, B8 =K



4 43K 25: ZREH—AARRER swap R 111

— B4R E BN swap WA, BAMEERE MUY swap FFRAZ. C+ KK
2R EN (name lookup rules) Bi{R¥51R 2| global /E FIEER T BreE 2 fiy 48 2% 8] N A AR
T B swap. TR T R widget HAL T ir4 2 widgetstuff W, WIFBESMEM “%
BERZ BN ” (argument-dependent lookup) 3 widgetstuff W) swap. HWR
WE T ERBZ swap FTE, WEBMFEH sta A swap, X using FHEANXiL
std: :swap 7E BRSOt . JRTTRIE k4w iR 280 R LR E K std: :swap I T ¥ /BSF
WK, TIdE—BALAIFRA template, FTLAARIREET T8 std: :swap FFik, FFLIRE
BeamFERD.

Hith, 435 %K swap WIHARBAES M. FENMOKE, H0X—HHRIMBS
B, BN CH HhiE AR, RERUXHTA A swap:

std: :swap (objl, obj2); 7 1IXRAE R swap WA

XA G E R FIA std W swap CRIEHATST template f¢4k) , HTAF W8
AR ANEXTELNBEY v EBRA. B, FEpogEr Rl et
swap WA, TIIER “HREI classes Xt std: : swap AT 4L WEERRE: EFESF
FKRERY swap LHRA M ATHPOIX L “RRAFL” FTA GRS MR LepriE
BRESHBRT, WRRAENMEBAGH XN REMEE .

HH, RI12£23HE1T default swap. member swaps. non-member swaps. std: : swap
Bl A, LLRS swap KA, BEULRIEENEEMANLDE.

B, WH swap KISE IR class BX class template 3L HIRE,
WAEBEHIMUEME ., AR E S (swap) BFXMNRHANBLSBBHRERE, T
BEE R IFRIEE.

HR, MR swap A LIRAIRERE GRILTBREWRIRE class B template
T 3 H pimpl Fi25) , REBUTFIE:

1. #4t— public swap FR R, LT RBLERRKRB M3 RME. e BH
R, XN RBAENZIH R .

2. 7EVREY class BX template B 7E () iy 4% 27 18] 93246 — > non-member swap, H4 Bl
L3R swap B RH.

Effective C++H 3R, B =hR
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3. MBIRIFHRME— class (M IE class template) , NYRAY class 454k std: :swap. 3
4 RAIRK swap AT RS . :

BiE, WBRIRHAMH swap, FHRELS 1 using BN, CUELL std::swap 7EIR
RIRB R R, SRJE AR namespace BHHRF, BB A swap.

ME—iE K R BN E : R swap AR RE. BEEKD swap H—
ABRIFHNEA R classes (F1 class templates) REBFIMEE X2 M
(exception-safety) {RFE. &3 29 b FEIRE T rAAY, BHHBERET—MRER:
B swap A B¥ . X AR AREIT FRAR ! AT FIERRR, BX
swap SREIRA R UL copy HiXE R copy assignment BAERF IR, W—EERTH
HEHWAHMHRE. FHAERE T BEBAN swap, FEREHTIHARERESR
SBMERIE, THRAMERE. — RO FXFHE swap St REE K, BEAHK
R swaps JLF B RHE T BRE BB (B pimpl FERREIRED , MAER
B EREREER SRR .

Wict

B ¥ std::swap SHURMIRBRIMEALEN, RE—A swap RARE, HHEX R
Ay R .

B RFR P member swap, Hi%IRHt—4> non-member swap FRIAAETH . Xt
TF classes (Ti3E templates) , tHiFHFEL std: : swap.

B A swap IR EEXT std: : swap EH using BFHR, 5 A swap 7 BT 6
BERBREM” .

By “FHPENER” AT stdtemplates 2HFURLFH, ETHAEZIRIE std AN
AKX std T 5 2HHIHRTE.

Effective C++% 3R, B =R
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5

S

Implementations

KEHIERT, &R EIRK classes (F class templates) & X LA functions
(F0 function templates) 587, BRERBRELANFHGE. —EIEREREAN, M
MM AL ERT 4. REWE, CRAEEREFE ML, KiRELRETHRE
RNER EHEE; AR (casts) FIRESBRERB ALY, XHKMY
MR IR, BEIXNSR “HHEIEZ S (handles) ” AIHESHIRHEHELE
FEREMEME (dangling handles) ; % BRH A RA U7l 485 B IR & A
BAREMOIR; of BF#GOHE inlining T BET R AR, LEME (coupling) MTTHER
BUEAAHERITKEERNE (build times) .

B 3 ] B T 5B S . A R — RS R BUE.

EM26: ROEEBEETE XA BILIETE

Postpone variable definitions as long as possible.

HEREXT —AEEMHEREE - MIEREENTHRE, B2 AEFN
IR (control flow) BlAIXANEREE XAR, FEAEZWERE: JXANZRE
BT HAE AR, (REBERZIHRE. QXA ERBEIFRBEMER, HTHER
XEERA, BT LARRL 2R T AR S IX FE T .

RIFREINH, BATEEL—AIANMEAKTE, BiIEAEREAE! BT
EXAMEH, B EETERNNFRATGERRE, REFNBK. WRFEK
55, REATH—ARE, KA logic error (BXTF C++ WREEFE, WM&k
% 54) :

Effective C++ AR, =R
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/1A RET R UER "encrypted”
std::string encryptPassword(const std::string& password)

{
using namespace std;
string encrypted;
if (password.length() < MinimumPasswordLength) {
throw logic_error ("Password is too short"):
}
. / /LBFNE, B —ANINE R R
//BENTR encrypted K

return encrypted;

}

% encrypted ZEMWBRE P HIEFERBEMEH, BUREIREHEEH, ER
EB@&&E}%O mﬁ%ﬁﬁﬂ%@ﬁ encryptPassword %n’:ﬂﬁ‘ﬁ'r {/’T{mﬁﬁﬂj

encrypted MG AT SA. BT LRI TS encfypted FisE X R, BEIHE
TREE:
J/IEANRBEESS "encrypted" MEN, HIRELEFEE
std::string encryptPassword(const std::string& password)
{
using namespace std;

if (password.length() < MinimumPasswordLength) {
throw logic error("Password is too short");

}

string encrypted;

[/ LEFE, BRI R
//BANZEER encrypted N

return encrypted;

BERXBAREBNARERTEE, HA encrypted BIKE XA LA LS N
¥ME. XEWARANRKE default 3R . WFEIRIRZS T REEE—KFRE
wEME, EEREEE —ANRENERR. 3K 4 ERBERIH 4 BT default 3G
RO H— A BRAB TR L “ EEEE N EME” MEE. B
MrasRtEH F k. 240M80T, B encryptPassword FIXRAMERE 476 LU R s #o gk
ﬁ:

void encrypt (std::string& s); //FEHPHIELHAST s &

Effective C++H 3ChR, =/
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F & encryptPassword AlSLILIN T, BAREFE R BT HIME:

[ /EANRBIEST "encrypted” HIEX, HIEETHIL.
/ MBBERBATHIR A B A AR .
std: :string encryptPassword (const std::string& password)
{
... //BIE length, HWHT.
std::string encrypted; //default-construct encrypted
encrypted = password; / /TR {E% encrypted
encrypt (encrypted) ;
return encrypted;

BB B2 XM )4 2 B password 1B 4 encrypted BIAIME , Bkit BT & LK default
bR =
/18T, KRR NHWIEAL encrypted BRI

std::string encryptPassword(const std::strings& password)
{
.- /TRBERKE.
std::string encrypted (password); //iBEl copy ¥R
/158 X R
encrypt (encrypted) ;
return encrypted;

}

AL RMBABEAKZKITE “RARER” HERERXL. KAARNKERER
fie X, HEFEAERZRRNA—ZIA L, EENZZRER XM E L EHT kS
LEYVMELS . MARXE, NMUGEHERAE () ELEXSR, BT
BERTE XK default IEATH. BHR—ER, U “BHBRNZYME” HEBYIH
A, ST AR B AR B B .

“EEREALY 7 RARSRIGER. MREERAERRNWEH, Taite
XTSI ERRER AN BEL TR, TR ZINEEXTREREN? th
BLR S T HAGN RSN, B—ABT?

/I A B X TEHA / /5B X TN
Widget w;
for (int 1 = 0; i < n; ++1i) { for (int i = 0; i < n; ++i) {

w = BURT 1 KA widget w(HURT i KEME) ;

Effective C++ 3R, BB =hR
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XERIEHROBMM string B widget, MREREFN T “NRPITH
M Wi, BRBRMESHIE BT A" AR 2R A A o

E Widget ERBN S, UL ERMEEMRAMT:

| kA 1 AMHERE + 1L ADTHEE o ANRERE
B B n MUERE + o MTHREREK

R classes M1 —MNRMERARK T —HMWEHTARE, Mk A KETS LA
M. HY n ERKKER. TUME B SFRT. ML A ERER w itk
AR CRREAER) WML B B, AR R W) SRR 5 g0t i Bk
5%, FEMBRIE (1) FRENERMAERAL “HETH” RAME, 2) RIEELEAL
PR EBUR (performance-sensitive) KIEF4y, 7 WIARRY %1% A 402 B.

Wi
B REEE/EREE G, X B INFE R I R BB R

FRR 27 RE/MEBIRDIE

Minimize casting.

C++ BB BARL —2, RF “RBBR” SRTHEE. Bik binfR
RFRFMR “Fii” BdHE, RRXAEHALCEEEANERE EPITEMAZE,
ERX. BERENBRAE. XRMRANEPRIE, THERMBBFE.

RERRE, HBE (casts) IR T HHRY (type system) o A GEFBUL T
KM, FRASWIR, FEERBIE. WREKE C, Java H C# BEE, #F
PR, B IRLE S PR (casting) LRV EMLEHBA, HHBEIAER (5
CH R . B C+ AR C, AR Java Bk C#., £ C++ PEHRE - MREBH
FEKHE B — M.

AT eEBEE AR, FARKYA ZMARKNER, W5HHERGERS)
fE. C KUK I BIZNE B R RBUXH -

(T) expression / /¥ expression 8K T
BR B B ¥ B B AF B AR SRR A
T (expression) /7% expression¥%EIH T

Effective C++ 3CRR, BB =R
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PRI EZER, 408 R/ PESHEBMERRD. BB _FEh
“IHR¥ER”  (old-style casts) .

C++ LRGIUFF R CEEHIRA new-style B C++-style casts)

const_cast<T>( expression )
dynamic_cast<T>( expression )
reinterpret cast<T>( expression )
static_cast<T>{ expression )

FBAREARKHE K.

B const_cast BEBARENRINEBIEHR (cast away the constness) . Bif
RME—F AR I CHr-style ERIBRIERF .

B dynamic_cast FEFRPAT “RLeM THE” (safe downcasting) , HHRM
RAERMNSEBTHRSRERFOTENLE. CRE—TEHIBRBEBENT
fEhtE, tLRME—TRERBERNSITRAMERNNHE FREHAL .

B reinterpret cast BMEAIBUTREFE, LHEIE (RER) THERRTHIERS,
RURBRREATBE. BIHE— pointer to int HRH—4 int. X—K#
HARRAELIMED R 2B REH—K, BRETR WAL 3R A (raw
memory) 5 H—MRARAKNSE S (debugging allocator) B, WL4&EK 50,

B static cast FARIBERAE ¥ (implicit conversions) , UK non-const X
BEN const B GRBEEAK I FTA) , 8K int #4 double %, BHATE
FASRBAT ik B Rk R m#E, BIAE voidr FREHEEN typed FEET, ¥
pointer-to-base ¥4 pointer-to-derived. {HE LEH const # A non-const——iX
MRF const_cast A HEE.

IBRFRPR G, BEFAFHEZRE. RER: £—, BIRESENRN
FREHRE R (R R A THRSEH TR grep) . HEMALRE L “REHLBE
SR M B R, B, BEUIMERNERAEL, miERATRL
Wi EHRIE A . BT, MRFRITERE R (constness) E#, BRIFEHFH
RERIPH const_cast BULEELHiF.

RME—EAERAERENE, SREEA A explicit MEREHK— 3T
SfLBEL AN REEH . Bl

Effective C++51 3UR, B =H/K
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class Widget {
public:

explicit Widget (int size);
}i

void doSomeWork (const Widgeté& w);

doSomeWork (Widget (15} ) ; /78 —A int L “ERBUREE” B
/ /RG> Widget.

doSomeWork (static_cast<Widget>(15)); //BL—A int ik “CH KB B

/ /EERIEEAIE — > Widget.
MEABERS, EEBG “WRER” SMEREAE AR “BE” , FURRE
B Be 43 BRSO BB RUEHE T AN T static cast. EREEY—IK, BRMNE
T—EBRHEHE S “OMBEN” (core dump) HIRASHT, EEZ RBRAEDE “X
B BEXE, FUBRFRITFRZRIRIERE, HEEEMERTIER.

Y RF RS, BRI ARBM, RS FamiFSItRMmRRI N 5 —
PR, XRBRAWE. EA—DRRESR (RREELHERETIETHER
i, SO SR 1388 58 B R O AR B A R iR AR 40 7R H B AT IR AT B9BS.
FINTEX BARFF

int x, y:

(.:lc-n:lble d = static cast<double>(x)/y; //x ULy, {ERTR R BR:
¥ int x #EN double JLFHEESTH LU, FAERMIHERIER
Zith, int KREXRRARET douwble WEEERR . XRHFASILHRF, HT
XM 7 A o] fE LE AR RS TR KR T -

class Base { ... };

class Derived: public Base { ... };

Derived d;

Base* pb = &d; / /et Derived* ¥4 Base*

X BRAIAT R B —4 base class T85HE 1 —A derived class X%, {HF K&
EREBEA AR .. IRHERTEAEMIBE (offset) TEIBAITHIBEIT T
Derived* 184t & L, HUAEUE EFIK Base* TREHME.

EABIFRY, B35 (Fl—AKEK perived KIXTE) T REHH —-LA
Egshnl (B “LL Basex FEFE” BFHIHUALFN “ LA Derived* fRIAE” BRI
C AATRERAXFE, Java ANATRER A XS, C# WATTRRKREIXMEE C++ 7]

Bl LR b BERASEMR, XV —HRES. NEER SR THTRE

Effective C++" 3R, 5B =/
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H. BRIXEFHMER, BEDOEREER N ZBEME “NRE C+ T
WAAR” KRB, LRERNZ BB D ERBATE MR EE. Fin, BHR
bR char* TREFREEENS LHATHRHER, LFREZSEEEN (R
H#) T H.

BEFER, RENBRERNBRTFE—TWBE. XREMHRTAFMENK LTt
HorABERFRM AT AR, MRk B TaENRMAARR” TRt iR,
EEFETRE, EHATEFA—eTHRE. IMFEFSEBNETFR,
AR ETETEAFRXER.

F—HXTHENEREER: RIVBASS HESOR MR FEHAR
EEHHFERSNH) . FlniFE N FAHES (application frameworks) #ZE K derived
classes P f) virtual B RIS HE — A S VERSE A base class FIR MR, BRER
{11 A Window base class Fl—4* specialWindow derived class, PiZ#RE X T virtual
¥ onResize. H—FH % SpecialWindow HY onResize B ERE WA
Window ] onResize. FHEIREHFIRZ—, BEEXRX, HXEFFLH:

class Window { / /base class
public:
virtual void onResize( ) { ... } / /base onResize SLHAUE
Y:
class SpecialWindow: public Window ({ / /derived class
public:
virtual void onResize( ) { / /derived onResize SZHANG
static cast<Window> (*this) .onResize(); //#*this#%} Window,
/ /G H onResize;
/ (XATAT!

/ /3XBHBHT SpecialWindow EJBITA.

}i
RIEMEFRPTHENE REMFRER, EEER AR AR
UTHEL , —WRFHE, XEBREF®E this HEH window, X EH onResize
FEE R EM AT window: :onResize. BRMAMREAER], EIEAKFAR I
MR LR RS, MEMEHERNMERBILI— “*this WRZ base class i7" #
Y EIA S LM onResize! (FiF: RBMERE, RARBRE 4, “HH
AN S8 RS B AXRR? XRET ARG BN this 1

Effective C++H 3ChR, B =/



120 5 523

i, SEREmRRARBERENEE. ) BiR—K, LARBEFFEELTNRE L
A Window: :onResize Z i X FEZX B & LIAT specialWindow T EBHME. &,
ERTE “UAINRZ base class Hi4r” B LA window: :onResize, R/FHEH
X% 5 EPAT specialwindow EEBIE. WR window: :onResize BT RN
B (FReR B A TEEN, BN onResize &4 non-const BLAEED , H¥FTXRH
SERMRLE), BEIRIREBIA. SR SpecialWindow: :onResize WA HLIEMN &,
LRI REM SRS RE LTI RIEA—F MR RE: H base class 7
ISR A ED, 1 derived class LA HIE B REELT .

Rz ERERERE, RZUMRELEHENE. RIAFFE ISR
*this #— base class 35, #RHEEARH base class lREM] onrResize B,
SEEATLINSS L. FILEXAE:

class SpecialWindow: public Window {
public:

virtual void onResize( ) {

Window: :onResize () ; //V8F window: :onResize fEA F*this & L

}i

EAMEIFHEE, WRERARE CITHER, BERRNEERFS: Rk
EXRERREHENTR L. MRIRAKR dynamic_cast BRI,

TERHA dynamic _cast WIFEBZ AT, EBFERNE, dynamic_cast WIFEE
B APATEEAE 218 . FlnEDH —MEE BN SEIRAET “class ZRZFH/F
BHE” , MRFRENEREBSARERANENINRES LWIT dynamic_cast,
R B R E B AR A BT R B )48 — K dynamic_cast T BE&FE A % 1k 0 IR )
stremp W, FILLECER class R, IREEGAERE BEHAKNRAER! FLELHR
AEEBAERER CEMNLIRHEER) . AMBRERERA, BT B
HRARHIBEHESE, ENREFERERNRE DX dynamic_casts REFHESHE
5.

ZBTLATEE dynamic_cast, B 2 ENRBE—MRIAE N derived class ITH
B EHAT derived class BER L, BRMTF LH I —A “35H base” W] pointer B,
reference, REBEFETAIRAGHEN R . A — B ME T LUE %X A6 .

Effective C++H 3R, =/
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B—, WHBRRAELTFHEREIER derived class R MIEH CEF REHE
8%, W4 13) , WHLEMHERT “i@il base class B OLENE” HIRE. R
SEHTH) window/ SpecialWindow & A R R specialwindows 4 ZIHFAGMR,
BEAEXHEM:

class Window { ... };
class SpecialWindow: public Window {
public:
void blink():
. .

typedef //7TF trl::shared ptr
std: :vector<std::trl::shared ptr<Window> > VPW; //H%K 13.
VPW winPtrs;

for (VPW::iterator iter = winPtrs.begin( }; //AFEEER
iter != winPtrs.end();++iter) ({ //dynamic_cast.
if (SpecialWindow * psw =dynamic cast<SpecialWindow * >(iter->get()))
psw->blink() ;
}

JOLZ R I A A -

typedef std::vector<std::trl::shared ptr<SpecialWindow> > VPSW;
VPSW winPtrs;

for ( VPSW::iterator iter = winPtrs.begin(); / /X LT,
iter != winPtrs.end(); //RfEH dynamic_cast
++iter)
(*iter)->blink ();
LR, XFMEFERTEER AN ERNFHEYH “fEmpa iz &M
Window JRAER” . MEHELHEHELKE, RAREELSANBR, BINEHLM
R&¥FM et (typesafe) .

B — L AT ik R base class 3 0 AL “ Fra AT BB 2 & window JRAES”,
FRHERTE base class P IRAE virtual BRBUMARIERT %4 window IRA LM EE . 2451
F, BRRH specialwindows A LAIN4E, {HERFHE N IR ER B BH T base class 3
Rpt—f “MHathBl” HESHERARNXK:

Effective C++"1 SRR, 5 =hK



122 5 LI

class Window {

public:

virtual void blink{) { } / /RIS “HrathBZin” ;

e /153K 34 HIR IR A

}i /! BT MEEE.
class SpecialWindow: public Window {
public:

virtual void blink() { ... }; //%Edk class P,

//blink EEE,

bi
typedef std::vector<std::trl::shared ptr<Window> > VPW;

VPW winPtrs; //55%%, WETRE, fBm
// FRBEWBER) window KA,

for (VPW::iterator iter = winPtrs.begin( );

iter !'= winPtrs.end();
++iter) /1ER, XBRE
(*iter)->blink () ; // dynamic_cast.

ARBP—FHE— AR EFR” B K virual REERAER EI7
B3 —EFERZNEERE, BEFZHATEMNHRRE-DTITH
dynamic_cast BT R. HEMNAHIIEE, RN ZRARFREN.

Zxf e — A ERATIER “ES (cascading) dynamic casts” , tHEE
RERRGIXPERILRA:

class Window { ... };

e / /derived classes & X 7EX B
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 if (SpecialWindow2 * psw2 =

dynamic cast<SpecialWindow2*>(iter->get())) { ... }
else if (SpecialWindow3 * psw3 =

dynamic cast<SpecialWindow3*>(iter->get())) { ... }

Effective C++ 1 3R, S8 =K
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XA RIS SR MG, T BB, BIAEHK window class 4k A& (A
AU, IAX-RABRLAHARAEERLERTEGY. Flu—BEmAR
# derived class, BRIF LR BAMBRBEMAFRSMS L ZHAKABNES
LS “HT virtual REAR " BRI Z .

MRK C++ RIEMRAERRELY, ERESSEREIIXKEA L. F
1 p.118 M int #EK double MEFHR M —MENEENAEN, BREIH LR
DEGBBAEATLEF ST, F#—AMKER double MIFTIZEIF U x EVIHH)
BARTEN R BB SERAIE R, ROV IZR T RERBEHEEE, BHERE
CRIBERE RN, RBKEOLRTERE AR A M FUEER3E
.

WiclE

B MR, REBHER, BHEEEFERRNABFER dynanic_casts.
WMRAEMNHFERE, RERREREUOEART.

B MRFEHELEE, REKERBTENEEEE. Z/METUER XS,
AT R 3 RO A T] B SRR N .

B FAMEA CHstyle (FHRD) B, FEFAIBRFEL. WHFRESFREK,
T BB L 7 T TR KR .

& 08 BE3ED handles ISEN RASRS

Avoid returning “handles" to object internals.

BREMEFYRER. SMEREELANETARR. ATHED
Rectangle STRRATHED, RATRES REAIEE X TE IX L S F M AE Rectangle
HEN, TRBE—DFBIN struct AL Rectangle E¥E:

class Point { /73X class FRFR “H”
public:
Point (int x, int y);

void setX(int newVal);
void setY (int newVal);

Effective C++H LR, =/
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struct RectData { /X “ 57 BARFIREI—MER
Point ulhc; / /ulhc = "upper left-hand comer” (7€ bF)
Point lrhc; //1rhc = "lower right-hand comer" CHF#)
}i

class Rectangle {
pri\;a.u;e:
std::trl::shared ptr<RectData> pData; //XT trl::shared ptr,
}i /I REREK 13
Rectangle M1 /7 e i+ 8 Rectangle MITEFE, BTLAIXAS class R4t

upperLeft M lowerRight E¥. point A BEXHA, FrLUREEARK
20 L RATNBE CEULLL by reference i A5 7 B & XRBFFE KL by value
HRAEBREEN , KR T RIEE references, REEEH Point IR :

class Rectangle {
public:

Ec}int& upperleft ( ) const { return pData->ulhc; }
Point& lowerRight( ) const { return pData->lrhc; }
}i .

XREMBTTELSE, BHEERN. R LERBRFEN. —HE
upperLeft 1 lowerRight #FBIA const FRAKH, FACIIWENRRAITIE
fit & P —AMB4N Rectangle MM HR A BT #E, MARILE B Rectangle (K
£5%3) . B—HERADRBEHFIRE references 15 7] private W EFEHE, REET
R8T X £ references S o N EREE ! 4l dn-

Point coordl (0, 0);
Point coord2 (100, 100);

const Rectangle rec(coordl, coord?); //rec 4" const B,
// M (0,0) %] (100,100)
rec.upperLeft ( ) .setX(50); / /BTE rec HNAERK

// M (50,0) El (100, 100)

XREER, upperleft MR H BB M APUREIK) reference (FH1H] rec WHE
# point RAEER) KRESRA. B rec KEMZEAATEHR (const) !

XUIHEERMNTEAEMN. B—, REZTEOHEHUBERET “BAH
reference” WIEREBIH REE. AF 2 BR ulhe M 1rhe FHHEFH KA private,
BA1SERR B public, B4 public %I upperleft Ml lowerRight f£HH T EATHI

Effective C++H 3R, B =R
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references. =, MR const X HAKEAEH— reference, FHEFIREE SR B
BHEXEE, MEXBESETHRZS, BAXEEKEEE T e BERIE.
IXIE R bitwise constness FI— /NIt & R, W& 3.

LEBRMNFROEHERTRHT “RARBRFE references” . WREATE
R IR BN, MHRRERERES, JREWMER. References. fEEF ML
RBGELIMRITIBI handles (STERE, FRBBENXNE) , TRE—D “RK
XRAFHIE” K handle, BEZTIRHMER “FHENSEEMLE" HRAK. R, —
WHER R, EHTERIH “BRMA const A RBHGERN SZREBEL” .

BEBRIMAG, TR ‘A8 REFEHRRER, BHEAEATFEREK
RA R (WREBE AN protected B, private &) tHEXNE “HE” K—3H .
A B B i B O A ELR [E e AT h@soﬁﬁ%ﬁi?ﬁiﬁx*&éﬁiﬁ R BOR [E] — M4
HigM “UHZABIE” HRARE. MRERLE, FEOEFHTRENRSR
HMEE GREHREE) . BAEF UG - NMEEHRRBA “ U R %5
BAL” M, REEIHNMEEHARE.

MRifn “IREFEEHRRAENRR RS OBELEEARAZ L, FLLEBINEEES
Welal, %3-F Rectangle class MI'E M upperleft LK lowerRight G R ¥, Al
FEIX LR 5 LGB A A AT LA 2B, REXTEMRIREZRE M b const
Bl .

class Rectangle {

public:
const Point& upperleft( ) const { return pData->ulhc; }
const Point& lowerRight( ) const { return pData->lrhc; }

BT XHHNE, FLUEDUEER points, BRAERSEN]. XEKRHXH]
Bl upperLeft Ml upperRight A const ABEANMRS, FHAENIABAVESRE
B ERE. ZTHENE, RMNBEBRILEZFAED Rectangle K4 Points,
FIUXBEREERAHE. FEEMNRXENFREMBL: XERBAEER
o WERIRREEELN.

{HBI{F I, upperLeft Fl lowerRight & IR Bl TR X5 A ¥ 7 handles,
FOTRETEH b3 SR ) 8. SERARARL YL, © VT BE B dangling handles (T &K S

Effective C++51 X, B =/
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TR : XFh handles FTIRAT (MFTBXR) AEAEE. XM “AEHFENNZR”
B % 000 SR U Bt 2 PR BOR [BIHE . B i AN iR BUR [F] GUT 4 % (5 ME (bounding box),
XAAMER R

class GUIObject { ... };

const Rectangle //BA by value JFIREI—MEE
boundingBox (const GUIObject& obj); //%&EK 3 WA AIREIZKER const

BIE, BPA R AEHEA R

GUIObject* pgo; //ik pgo FEHMFEA GUIObject

<;<;r;st Point* pUpperLeft = / /BB AR R AMEL R

& {(boundingBox (*pgo) .upperLeft () ) ;

%t boundingBox KA FRE — N H K. B H Rectangle WH . XN EREH
L2, FIURIERE AN temp. BiJE upperleft tEH T temp B L, RE—1
reference 181 temp HI—ANWERGS, BEBHURIRR —MHLURR temp B
Points. T A& pUpperLeft IR Point X5 . H 8 A4 1k — VIR 4F, ERSE AL S
R, HAERMERLEHR G, boundingBox KR FEME, it REAIFE temp,
BB, TR S B temp WM Points ity . BA S pUpperLeft i@ —A
TEAERNE,: AR — B H pupperLeft FIIMBEAIEE R, pUpperleft th
RERE R BM (dangling) !

IXE R I H 4 RS B «IR Bl —4> handle RRXT R AT 7 SR ERKIRE.
RIXFTiEM handle B35S EIERBRE reference, HAIRIXA handle ZEA
const, HWALIBAIRME handle FIR B R REAN const. XEHIME—XBE, F
A handle #AEHE T, —BUIRRERTEE “handle ELEFTHEXNREKE” KR
BT

XA EBRARE A AT LALE i 5 o BB [B] handle. 7 B RARLMAB A4 Hil4n
operator [ 1 LA “ WK ” strings Fl vectors A HITCHE, MIXL operator(]s
MR references TR “ZARMAMEIE” (WEXK 3) , HMELEIMHEERB
WS, REMK, XREMNREERREISN, ARES.

W {E

m B %IE[E handles (f35 references. T5EH. &AM B RA . HMFXAF
RTINS, #Bh const LA REMIT B const, FHERE “EBRSH
J#” (dangling handles) 1] #EME MR BAK.

Effective C++H IR, B =/


Administrator
线条


5 %K29: A “REEE” MBHRMEBK 127

FR29: A "RERE” MBNZ2ERN

Strive for exception-safe code.

FH L4t (Exception safety) H LG W -eeeeed Wa, BEE, fERN
STHRBZE], TELEHIHIRLES.

BRE A class FRRMFHE RERL GUI KB H, XA class HER T2
BHE, FUEANERSE (mutex) BRI RIEH (concurrency control) 2 MH:

class PrettyMenu {

public:

void changeBackground (std::istreams imgSrc); /IEERERR
private: )

Mutex mutex; //HF#%

Image* bglmage; // BRIYE RER

int imageChanges; / /B R EMB RIS

Yi
THERZ prettyMenu ) changeBackground A% — 4] B8 3L HR.:

void PrettyMenu::changeBackground(std::istream& imgSrc)

{

lock (smutex) ; //BRBE RS (AEAK 14
delete bgImage; / /HEIRIH i S B
++imageChanges; / /B EGEE R
bgImage = new Image (imgSrc); [/ ZEFNE RS
unlock (&mutex) ; / /BRI E 28

M “REREW” BRAKE, BNMREBE. “RERE” HPNENH, ™
A EBEA HEREFEM DM

LREYIHN, FTARFREENRES:

B RHREMER. DR REEAREX— A, BA—E "newImage (imgSrc)" &
HAEE, X unlock WHAMAARLIIT, TREFBIKEHLEFET.

B FRGEEBIR. R "new Image (imgsrc)" WHFH, bgImage BEIRIT—
A ORISR, imageChanges O RN, MHEIHEH FHESB R
ZERBEXR, (BEAFG—NAEER, IHEROEMER, LRSS EK

Effective C++H /R, B =&
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BRHET”) .

R BRI RERA S, BAEK 13 iU S EERE, Wk
K14 BIAT Lock class fEh—Fh “BHEREF 8B R ATRB” 1

void PrettyMenu: :changeBackground (std::istream& imgSrc)
{

Lock ml (&mutex) ; /1R BEEK 14: TEOLRBHHECHEERIN
delete bglmage;

++imageChanges;

bgImage = new Image (imgSrc);

KF “REFEFHEAE” (resource management classes) 1 Lock #F, —MEkEMEH
B, BN EREES. REF AEFERAA unlock TARG? FA—KH
RN RIX 2P BOREREREFNE, BEAYHENASED, MH—BEHFRK
%, BRBESBED.

EFFEMRMERE, RERMNTULHBREBEHBIRT . HRRNFEM
AR, ERERMNEBREZA, VAT — LR RE ERMARE.

FHZLEH (Exception-safe functions) AL T =AMRIFEZ —:

B EXKRE. MBRREERY, BERANEAEVIARBEEYRET. &F
AT R EBER LS ETIRIR, AN REBLET—FHATIE —BHRES
(BT E K class YRFMMAEREHL) . RMEFHAIRE (exact
state) FAAANTIHEL. 2640 F, BRATTLURE changeBackground #8— B
FEBEMWHE, PrettyMenu MR FUMLFERERER, LS CHAEES
REHRER, HE/TETH—FEL. WREE, h0I1RH5508H
FA A RBUB M AN KT RESRREMA.

N OENRIE: MRREHEME, BERETKRE. AHXRENREFEEXIHRA
. mRRBEART, RETLEI, WRBHRK, BFLEEE HAHRE
ZE” BRE.

Effective C++ 3CRR, 3 = /K
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AIXAHRGEERZUORIE TR BOIL S, EAIRIA U B AR Foh SR Bt A A T O B
¥OLE, B52T, BAERR-ARIGRZRENRE)E, BRFREREH
FPOTRE: QTR A B 12k R B h AT B BRPIRAS ,  BRIEIE iR 08 8 A AT RORZ
HUbgxt b2, mREA - ARMEARENRY, TENHRRE, B
AL T EPRE—RERBRMEERE

B F#B (nothrow) RiE, AFHAMINRY, BN S2ESERENEE
AERTIGE. ERTRERE (Bl ints, 18515 %) 5 LA HERREL
nothrow {RilE. XRZFH ZEWH—NBAF DR ERE

MRBAMRE, REHE“TEN R FE 4" (empty exception specification)

HH nothrow BH, MTAMAT, HIRRR. BT, %80 FEL
int doSomething() throw(); //HE “ZHKARFHAA”
// (empty exception spec)

XHFAR doSomething ARSI BE, MERME doSomething P
R, BEFPEHR, 2HFREEARMNBEEHHAY. LFF_E dosomething t
WRLSRERMEMFHERIE. RENFHEN (AEEXREHA—REH
) HARBERRETEELAN. TBANRREN, RARBERIRE
RERMEMA TR RIE. THREYRFHRBNTIRE, TRTFH
.

R R4 (Exception-safe code) (WMt ik =M{HEZ —. WREAXH
#, ERARERERLNE. Fit, RIIWRER, ZARMNAENE - RER
B —FRIE? BRIEANARRE ZEMRERNAE (REBELFFFKRBITR IR
HHD) » BURMZRE—MER T A PRUMER R EZERIUE: R “RAH”
FRoTEARBIARRNARFE “MRBRIR” I “ESITIR P BRI SR
HFEE.

— BT E RN ZSBR AT L RBIRIE. NRERZEENRARZ,
nothrow B ¥UIR#E, HBAIRAELE C part of C++ Fik 5828 H WAL —/ 7 THE
W RER R EEASISNFRARTE (BIMFTH STL 74 MALEKEL

1 XTHE “BEAIMRE” , HEARREARERIIERZHN CH+ X #
F set_unexpected LB RIBIFL R BRI ERAN “REASBHRE” .

Effective C++H 3R, B=/R
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BHAEUBETER, BEESWME — bad alloc BH (REK 49 . £, 7
RERIEIHIR AL nothrow {RIE, (X KEAREM S, REAEEREEFRIEMIER
PRAEZ 8] o

%} changeBackground M &, RALRFURIELEAEAE. &S PrettyMenu
f bgImage RATBEMAKR, N—AKEY Imager WABERESCA—N “ATH
FER” KRR (AR 13) . HE, XML %ﬁ:‘ﬂﬁﬁﬂ‘]lﬁiﬂ:ﬁ
MR, BN “SRAIZ BEEAFRE” HEMUUARBENLT &K 13 A
Mg (FlmEkiEs) TERABRRFRTMRE. U—Fﬁﬂ*&ﬁﬁﬁ
trl::shared ptr, BAEW auto ptr BHWMAT A EEZRN.

B, RATEFHF) changeBackground W HIEAINF, HAEERERZ IS
4B imageChanges. —MRTHHXRAMEFHM: FNEN T FRFAFHR LML
FRBRE, RIERHHEELORET .

THRLR:

class PrettyMenu {
std::trl::shared ptr<Image> bgImage;

bi

void PrettyMenu::changeBackground (std::istreamé imgSrc)
{
Lock ml (&mutex);

bgImage.reset (new Image{(imgSrc)); //PA"new Image" BTSSR
/ /58 bgImage W EBTEE

++imageChanges;
}

FE, XEAEFETFH delete IHBE, FAXAIHIECL BB LIRS AE
WIEET . A, BRSMERREEFEGERNEZE. EERBB,
shared ptr::reset B H 152 (WL "newImage (imgSrc) " KHITE R)
BRIVERZ EALWAR. delete RTE reset RMEINBER, FrElnBMARBE
A BB RAN AL delete. BIFFER, LIXR (trl::shared ptr) &
HRE CXEEFESERTEN Inage) FIRAEM T changeBackground MK .

MBAHEFS, XHANSEJLE 281k changeBackground RALRIINIFH &
2HF, EFARAEHRSH ingsSrc. MR Image MIEREIEFE, AREA

Effective C++H ChR, B =/
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# Cinput stream) KIIEEGES (read marker) EMEBE, MXHENMBNEFESA
oy R —Fol REPRASKZE. BTl changeBackground ZEMERIXAN k) @ 2 By RIR ML
BERMFELXEMRIT.

T, EBATIEEBAE—55, £ changeBackground HIBHHR ML T 38 FUGRIE (3
FHIELRET DAARHANMT A BRI, SR AR E RIS 5, ) istream
B — AR A B ERRSCESTR) « BN BRI R SRR AR 4 S BER R
fE, REBREBE. X EISEIR Y copy and swap. FRIBRER: ARITEE
B R4 BH—hEE, REEXRHES ig—VBESSR. HHE[E
BEIMER R E, BN RFRSERE. AR ERIE, BREEEn
BB AEMERNRE—NAREFERREDES (swap) .

T EREEREAE “RBENROBE” NENRB S —IMNEA, RER
TR H A5, FERMIBNFTIER SIS (implementation object, HPVEIA) .
XFFIERBEIRA pimpl idiom, 3K 31 AR T E. X PrettyMenuT 5, HA
BiEWT:

struct PMImpl { //PMImpl = "PrettyMenu Impl";

std::trl::shared ptr<Image> bgImage; / /RS R B A ERA struct
int imageChanges;
}i
class PrettyMenu ({
private:
Mutex mutex;
std::trl::shared ptr<PMImpl> pImpl;
}i
void PrettyMenu::changeBackground (std: :istream& imgSrc)
{
using std::swap; // RAREK 25
Lock ml (smutex) ; / /3K18 mutex HIE| 2= $08E

std::trl::shared ptr<PMImpl>
pNew (new PMImpl (*pImpl));

pNew->bgImage.reset (new Image (imgSrc)); //{BiEIZ
++pNew—->imageChanges;

swap (plmpl, pNew); / /' B# (swap) H4E, BB mutex

Effective C++9 IR, 5 =
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Mz PREFE L pMImpl R — A struct THAE—A class, XREA R
PrettyMenu K3 Bt B4 i T“pImpl & private "M 3K/ T {RIE. 11 R 4 pMImpl
A=A class, BR—HHF, ANBEHAKHE (BHEFTHEHANSAE) . R
RE, 0] LA pMImpl #RET PrettyMenu W, BT R (packaging, i “¥k
VRERFREE” ) RRIXERERBNE,

"copy-and-swap" BRI FREMLY “LEHHETL” HEH—MBREFIME,
H-BA S EHRANMREBENRABTRIIN AT LS. ATHRER, iERNER
changeBackground M —PMHSMES: someFunc. Ef# A copy-and-swap Fl%, HE
BT RIEN AR £1 f £2 A

void someFunc ()

{

... / /3% local RE&M—HEIA
£1();
£2();
/ IR EUS IR AE B Btk

BER, WFE f1 8 2 MREREML “BIURKE” 1K, MMBAELL someFunc
A “BBRARERE” BT, B £1 RIREEAFIE, FAN T ik someFunc
RALRFURIE, BATLAE HARBREAA 1 ZATHBEMEFRE. iR £1 6T
HAlgeRT . REKRIRRE.

WR 1 M 2 #E “BIIBELEY” , BHRIFARMKEE. BENR 1 B
SR, BFREEEMAERTAEREIRE, HitinR 2 BEMNRE, BFR
A someFunc B AR AT H AHE, BENY 2 BENREMAARAEN L.

B TE “IEW M (side effects) o WIR R HE/ERBHRA (local state,
Bl someFunc R “HAHEXR” KRA) , XA S MR HRZUFIE .
EHRLREX “ERIMBHEHIE”  (non-local data) FIEW BN, RARTUFUER
HMERL. BM6F, WRAR 1 FRMEMEEMEEER ST, BRIEH
it someFunc A& WMAIR LS. — R SE “BIBEBSEME” BH2E, BEH
ABEETT AR IR B BRI, FASEENLME P TREEEITX—2
B .

B AR b 2 B AR A B BOR BER PRI — BRI A . 55— A EE

Effective C++9 LR, B =R



5 %&329: A “RELRLE MBHEHEBD 133

RAY#E. copy-and-swap FIKBET “BRNZEBHEE, REE—NTHEE
KRB PR ESUE BRI R ES” , EIB S0 8 — AN BB s M S A
—EIE, MEFRARATRTDS (RERE HENRERZE. &K, KREH
HRME “BRARIE” ;. AETHRCHRRIBENIZRAE, B “RPRE” HAEE
FEfT IS 2R B A LT

B SRAUGRE” AVILERE, RBULLAURMGE “EARIE” o WEPRBHFRK
B, URATBLOY R IR BUR BLORZUGRIE, HBEMBREHRMRALFETEA
TS EERE . RERE LM HE L0 RERMBIMRE, J7—LFEARAAT,
FEARIBTT R R AR, M ABAZE L TAER. SRS,
“RERSWZBEARRIE” BT EFEENERE.

MRREREBEEPRPEFE REMFIE, HHXEALR. BAMATE
BREMFEXTEHAERK, HEFRIEHACKHES. B, ANAEHREZLH.
AU ERE S ANEROESR. BREBATHROTGAHERE 1 W 2 1)
someFunc SEHAE. Bk 2 TEBRARERE ZERIE, BEEXXRILHEE,
MERR—B 2 M FH, BFPETERE 2 AMRRIE. X&E% £2 T fEMER K
WEH, BIIHEFEEAE (sorted arrays) AIBEARFA THEFFRAET . NEBIELEH#
BEH—BEWEHOXN BB I REBE R F%. someFunc B FMEHME IR L 5
SR someFunc W F B B BB REUEFI R H R EMRIE, someFunc H & AT REIR
BEAEARTERALE

RLBABBINSR, — ML EERS, RERNER. RATfedih «|oms” .
FFHEHE, —MERAESRAERFREN, EXRLATE, REFTENR
BAERERK” . MRAENE - EF D BEFRERFERENE, BA
RERARERE RN, BARARY (RAERERLMN) BEATRETH
RIMMERBE S AMS . FERMRFEL LI CH+ REFFREREZLE, 7
UASRAZREMRARBEE “FERE” M, BREIHAT —&H4E “RE
zE” HRE.

BAEBHIEXMEIUKRENF . SIRREFHRE RGN, HF888 0
LERERFEREME. HAR “UNSEERE” (4K 13), HATHILRFEMRE.
RERRE=A “RERSRIE” FHE-IEHTHRAIESHE— RS L. K
RLiZkik “BRSERTHEME” &4 T RRIBIIEER, RELHRMREEA THER8,

Effective C++* 3CHR, B8 =hK
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AR TE B E BN HEFBRIE” « FRKRET RO, X REAIRHER
BRPER, REMEROEFEEY. REK “REREMRIE” IR
H—#4, BRI EESE, SEUEREREE D RIS .

VU+4ERT, %3 goto MABHAN A —FEIFLE, MARMNMNBAB LG
#HIF (structured control flows) « Z AT, &R¥IE (globally accessible data)
MA—FhEIFLR, WS RIHBON THIENHLE. +Fi, B “REREL

BIER” MRBBUA—FEGLR, MASBRNBHTEH “REXLE”

IR ANBTRTE . SRATT SRR

HicE

B RELLEERY (Exception-safe functions) B RAF ¥ BALSHRFFHAL
TR IR . PR R BX 5 h =P AT RERARIE: EARL. B\, A
FRHER,

B IRFURIE” BB LL copy-and-swap SZILHIR, 1B “SRFURIE” FEIEXSFT
FREHTEARALZALEN.

B RERMAN “BRERLFEE” BEBRRASTHMARZE N REN “FEL
ARIE” FHERHEE .

F 30: FJ; )T RR inlining BYER B HML

Understand the ins and outs of inlining.

Inline R¥, FTHKAT! ENEERERE MMEBRY HEFRE (B
%3 2) , AUEHENXATRZREERAFHEINTITHE. FEREXRES

g

WREFFIRBMLLBRIMEE, Bh “RRBBOARRA” A REHFH—E 50
o SMERBRMHERE BRI FRKREILE “NERBOAR” KR, FTl
K inline AN RE, RTFRMEFS[RERFRANE (REAEHE) PITESRHREM
. KFHRFBLELLIHE—A “outlined RECHA” SEBIT I Z B

AR ESRFRERL AT, BH AT E. inline REWBAFIS. inline
REHEFNBARSE, & “HhRBENE MR BUREEEERL. BRAE
ABELUFELRER, XBEHETREMRHR B (object code) K/h. £

Effective C++H IR, 5B =/
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—EHRFERIYLLS L, SERAX inlining £ REFARAKXCGITHZEmE) .
BHFEHE BN FE, inline i RIMVBBEIFESSBHFIMNOBTITA (paging) , BK
B FHEFEEMN TP ZE (instruction cache hitrate) , UL FEREIX ST F g8 &
k.

A, WR inline BEAIAEIR D, GHMIESHX “REEE” FrrHE
PRI RELLEE N “BRBOAAD B E /N . RE WML, H4 % inlining HASCATHE
SEBANHIEIE (object code) MERMTRSHERFRE LT E!

A, inline AEMYRIFBI—NHE, FRBHIHS. XA HT LIEWR
Hi, thaTCIBImiRH . Bamo7 R R BUE X T class XK A:

class Person {

public:

int age() const { return theAge; } //—/ Bt inline HRi:

.. / /age BESTF class & XKW
private:

int theAge;

}:

PR R BOR R A R, (B4 46 i friend SREH T E X F class A,
MRERIFE, BRI E YN inline.

AR A B inline BRBORABIE R AEH & AT EXBE T inline. Bl ANARHER)
max template (3K H<algorithm>) FEAIXAESLIE K.

template<typename T> / /B inline:
inline const T& std::max(const T& a, const T& b) //std: :max ZHIE
{ return a <b ? b : a; } //REF"inline"

“max 4 template” HH T —IMELR: BATKI inline FHECA templates
PR E A e LT 330N . XAER LT R LY function templates — & #21
& inline. XAMEWRTELH T AR H, HBHEANE—F.

Inline R HGEAH — B E T LXMW, B b K £ 58 B F 55 (build environments)
fEgmER R HAT inlining, TR TH—A “REER” By “BWRAREHAE
w”, WEBLASERN BB AT, FEBERET UEERBTA
inlining, />R B EIEINFET NET CLI (Common Language Infrastructure; A3Li&
SEMEHE) MILEIIE (managed environments) 8] 78347 58K inlining. &
X FR S EE R FI4F, AREH . Inlining FEAXZH C++ BFEPRFEFZHTH.

Effective C++ SUhR, B =R
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Templates & # WP E T LMHH, BAC—HEMER, mESHTHERIR
W, FEMEEKHART. (ZHZHARUR G, Feg BT
FEREIA AT template AJAL . RASwIFHTZRAILELERE K. O

Template ) A IRALY inlining K. WRIRIEFES — template THRIAAFFH
R I template EL R H4 3 K 58 AR % inlined, K5I template AN inline; iX
MR LR std: imax AABKE R . BARKREN template ¥ B HEKE FT ARK
F- AN HEYER inlined, BMNiZB AKX template FHH K inline (Aik BAEE
) . Inlining WERE, RALBERTELEBIFELRL TRHARBLREE.
04323 inlining W4 5| RAVE MK (XX template (EHFREE, LE&HK 44),
BEFEHMEA, BEETR.

MAELRAVEL R “inline BRAHIE, HMiIFH/AIMLIER" KIS, K%
FRELE R EIR BIHHEFRET) KEE inlining, THHX virtual
BHEA (BRIERBTFREAH) WEASE inlining F4. XARLERT, EH
virtual BBk “%f5, HIZTHAHERABNRE” » M inline EK “HAT
B, SR AR BOR R R B A A o R IERSANEIE %AW R
PRBUIR A TR ENHEL RS R PAK inlining.

REfREESREEANBERRE: — I EELE{L inline HRERTEE inline,
R THROBERE, TERRTHIFR. EBNRAXSHHRIFRRMLT M2
Z9): MBENEESHRERL RS inline /6, SB/HE—NBEER (LK 53) .

HRHE B RN IFRE ER inlining TN RS LR TTREN XKL KR
Ak, BT, MBERFEREA inline HEHHLE, KFBEF LT LR
AR —A outlined BBCAE. G IFRWA LR E — Mt FNFER
Boe? SRR, SiFESEE ANl R SR TTHEAT A 7 S inlining,
X BB inline 2R ¥ AiE A W 824K inlined, TREAHE inlined, B T/
L

inline void f(

) {...} //RE4wIFEREEE inline “X £ FIAH”
) =

void ( * pf ) ( £; //pfigl £
£(); [ XA-EAAE inlined, RAERE—NMERRA.
pf(); / EA R intined, BRI AR A K.

Effective C++5 SRR, B =
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B VR ARG R BRE,  “ARBIN inlined” i) inline B EUL R H W] fEgE4E
, BARRF RIFIEME—ERRBERE A . BRS84S iR BOn i i
BREH outline B4, WHH—R'EMNIF T AREBISE R ALK E, 7 array AETT
AL g,

SR _b 4 3 R O M B B E A & inlining FORTRERIE A —BRBAZOLH
BT HRALSX AR HZEBLUT perived class ¥ B ¥

class Base {
public:
private:
std::string bml, bm2; //base R 1 H/12
}i

class Derived: public Base ({
public:

Derived() { } //Derived HIERHRZTH), B, RG?
prix;a.t-e:
std::string dml, dm2, dm3; //derived B 1-3
}i
XA R KRR inlining MZEREAN, BAEREANESEMAE. |
RARHHREE 7] 882 K IR IR -

CH X T “NMEBELNBMB BT REMH AFE” T F SRR LHIRE
A new, ZHFAIRIINBPIERH AIEN: DRER delete, WA
HWRB PR, BREIBR—AXR, HE— base class R~ ITHAXEHE
WEIWE: BRER IR, RABFRTET AR AsIRE. RGN R
HAEXNSMERRABEHRY, N2 OHEFRIE RSB ESHR. EXEFR
FCH R THA—RaRE, BRFARNMAL. “EHEMARE” R%FH
LREFERNR, FALBLH—RRERE, BRECNATREZRE. RNBEFA
—ERFLABIBEHEERE, MBS —hRERTREPEAR A =4
ZHEBRRBRFPRRE—R A TEM I . F IR BE IR 4 3 o6 0

Effective C++ Ui, =K
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PR, FrURAMTLUER, RFEFAMERKOBARET LHEERIZEH
Derived M EREBT ™ AL MU, X TFLUTATS:

Derived: :Derived () // “ZFH Derived MIEEE” FIMSHEEIN
{

Base: :Base () ; / /¥ “Base o

try { dml.std::string::string(); } / /R EMIEE aml.

catch (...) { / /USRS R B
Base: :~Base () ; / /5555 base class 4, FF
throw; /BB .

}

try { dm2.std::string::string(); } / 1 REME dm2.

catch(...) { / /IR R F R
dml.std::string::~string( ); / /%58% dm1,
Base::~Base(); / /85%% base class 5, I
throw; JIERBERE .

}

try { dm3.std::string::string(}; } / REMIE dm3.

catch(...) { / /AR R E R
dm2.std: :string::~string( ); / /%H5% dm2,
dml.std::string::~string( );: / /5 dmd,
Base::~Base () ; / /555 base class R4, FF
throw; /BRI .

}

XEREFN AR FRALHEHRORE, BALENRERSUEN
BRREMOEREER T . REMIL, XTREHERRBR Derived M2 HIE R ELL
FRHBATH. FRBFBEHANFTBIOIRELEE LREHEI, Derived HIHEE
BED>—ELRERARR AR base class P FIMERE, MALHEA (2
flTE S AT BE4 inlined) &M% IFSER A% 2 B B inlining.

AR BT Base MRS, FTLLWREH inlined, FTHBH “Base
BREAA” MBEANARBEHRSEEAR “Derived MIGHREAM" W (BA
Derived #iEREEH T Base MR E) . MR string W REIST5HA inlined,
Derived MIERBH KB LN “string HERERE” BlE, §—HEIENNT
Derived MHE NI AN FRHFHE (WARAS%E, =AREACKAER) Z2—. BE
RFMERT, “BEH perived HiEH M inline fb” HIERNMRIRMIRE . FML
BEWBEHT perived Nt R, EMILBANTLIAE R “H Derived Wi Bk HAIIH
WHIFTAEXNE” #—— 88, T M AT,

Effective C++H1 U, 3 = hK
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R ER A LIS W REGEHY inline” Bphd: inline REBLIEMER
FEMAZTMAR. RaERNE £ REZFENR— inline R, T “£&
Foatk” g HBErRS, —ERFERITERENE £, AAR £ EPREF
WUREF®F. IEFERAFKFERNEG. RTWHE £ £ non-inline L, —
HefRames, Rl BEREERNy, shEFRFNABDORE. MRRE
FFEERE AN AER, FHRMRASE 2w DUR A R b Y AR PR .

HEFARNE, LA EHEERECREEE, B35 WAL AN
R, N HELHAMGHREFEE.: AR HKXBEX inline REFRFELK. X
SRR ZEARRRKHIES, EREROAE N HFAFEER RPN RILET AR (break
point) WE? RARFLLF@ FINEM ST inlined BEMRR, HMFERENE
AR BE “FERRRRER %8 11 & % inlining” .

IXAH AT 7E vh RE R L B8 B% A A5 W N inline TR AL R BN B, ®E-ANEF
BEIRR . —FFRENERAEF RS A inline, BLE /¥ inlining H{TIEH R
PREEHREE “— Rl inline” (MK 46) & “+2FHRER” (Flim p13s
Person::age) MIE¥E L. EEMH inline R HEFHIFRBHREY, &~
HXA—RBETFEECHENFLRRAZ . AEE 80-20 2KEN: FHH
FAEFEER s0s MPATH MITESRAE 208 ARG L3k, XB—ANEEMBM,
FAERER, EA—NREFFRE, R EFRRIR XA UE OGP AN
) 203 B, REHE inline BUHRFTEEHNS BB & . ARIEIREXN BiF, FN
—IER R

WL :
& KL H inlining FREVEEDNEY, BB A RS b XA H G R

FI—#EHIF 2% (binary upgradability) EAS, A {#E#EERKAQBBKRBRES /D
1, FRFAEERAVSRERI.

8 REHFEH function templates HILFE k30, ¥ 41 824 inline,

Effective C++H IR, B =R
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R 31: BIXHENRFKREAABRERE

Minimize compilation dependencies between files.

BRARST C++ FRFFHIEA class STHSCHM T 2B K. H&, BROFL
class #0, TREHM, i ERMK private B4 REEFREXAMLF, #Fit R
L. BB class BB, FET "Build" ZHAKEBA make (EH
EUEL) , REAE—K, RERIER, BAFRAIBMATEESRS
BREET | AXFEERE, REARAAWNG?

HEHTE C++ HBRAFIE “HEONIRP LB XHFHBMEF. Class FIEX
KARBEHRUAT class N, TRE+CHEHAE. Flw:

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; / /LB H
Date theBirthDate; / /L4 H
Address theAddress; / /LA E

X B class Person ikl i 4 i ——u R RS ¥CH BUE e gACg A A 3l
f¥) classes string, Date fl Address FIE XX . XHEKEXREHEH #includetiin
FFiRHt, Brbl person EX SRR TR AT BRI R R R T

#include <string>
#include "date.h"
#include "address.h"

FERHR, XA—FRERFE person & XHMHEE AN ZEFER T —HR
PEKTFHXF (compilation dependency) . WIRIXEEL P HEM— ML,
XSk SO BT AR I oAt Sk U R AT R, AT —NE N Person class B 3CfF
MABEFHE, A person class I AMEFHMIF. XHEHE S RIFK
fFX % (cascading compilation dependencies) X145 I H i& M LATE B I K HE

Effective C++H 3R, =R
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HEFSEE, 4 C++ BRHE class FISCHA E R T class EXRHF? A
HAFRXEEE X person, HSLEAN H 4y FRGR?

namespace std {

class string; //RTERE (REB, ¥
} //
class Date; //RIBEH
class Address; //RITE S
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;

}i

WRATAIAM, Person M F kA T ELE Person ¥ DB BT N A E
#.

RAMEETFAERNE. B, string AEA class, ERA typedef (B XA
pasic_string<char>) . B LE4H%T string MMKETEFHASER; EBHB
WEAPHLRESR, FXN EFIMN templates. RTIHHAEE, BHARERRAS
EERFIFEH—HMEERTE. RN ZUERESR #includes SEAH K.
FRHESL S A K AT RE LA R 33, 9 Rt SRR B8 B3RS AL VR R A A T i 2k
¥ (precompiled headers) . WIRMENT (parsing) FRdELFERA B, #RAT
REERRFRIEART, @RFRAREEFES “SIRAZRBZ. #includes”
1 8

KT “WEFAS—HRE” KB -4 (ANHEKBREREN) FHER, HF
PRULFAE G R HREEN REI KA. FRIXA:

int main()

{
int x; /XA int
Person p{ params); //FEX—A Person

}

HHFBRED x WESGL, BHELASEEOAE CEREAT stack W) A 85
FH—A int. BEE, SMREFESTBDE D int FER. SREFREFH pKEX

Effective C++H 3R, B =R
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X, EHEELMSE BB T LURE 4 Person, HE WA EIE A rerson X
REEKRRE? miES KRB XIE B MM —IMER R M class & XX . SR 17 W1 R class
EXKTUEGEMAFTIE LA E, HRiFESUTHIE %S B LD (A?

B 7E Smalltalk, Jave 35T LIFAFE, FAHHBOLIRMETE LS
W, giEes ARE%EE S — Mt (ALEERZN S F/A. REREITH
ERRBURZET:

int main ()
{
int x; /I int

Person* p; //EX—N B4R Person &

XURWEEEN c++ R, FIUMREBETLLA It “Hxt L4 H B
F—AMEHEE” MR, &% person RATATLUXAEM: T Person 48 NFH
classes, — AN RF|HED, F—AMAFERZELD. WRATLROBA B
implementation class BX 4% & Personimpl, Person ¥ XWIF:

$include <string> /AR R A AR B 5.

#include <memory> //WJYAT trl::shared ptr M&AN; #ig.
class PersonImpl; //Person SEHEKFTE S,
class Date; //Person B ZIN classes FIRTEF .

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> pImpl; //#R%l, &M ELIY):
}i / /std::trl::shared ptr B4 13.

7EiX B, main class(Person) A W& —MEH MR CXBAEM trl::shared ptr,
W4EK 13) , A (PersonImpl) o XKW+ H R K pimpl idiom (pimpl

Effective C++ UL, =R
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& "pointer to implementation" K485 ) . XF classes V\]E}ﬁ?‘é‘ﬁ%%ﬁﬁﬁ%
pImpl, ﬁﬁtﬁﬁﬁ%ﬁﬁéo

XEERIRFZ T, Person I k58425 Dates, Addresses P & persons fJ3E
RAEHSET . WL classes MEMT LIS HHAFE person ZF/FMEF Wi, I
SAHTFEFLEE SR Person KM H, BB ATTREE 4 “BRT AL H”
RANES. XEIER “EO0S5LHIE” !

EASEHRRRET UL “ FURRAA” B m K ER”  BERGE
AR MU AT RSPk LR AR ERHEL, AR, Wites5H
fbscAEm AR (e ) AR KA — BT E TEAFERKRTE
S :

B R object references = object pointers TUERES, RAEHFA
objects. FRAILARFE M RBFE ke L HFE 7% KB references
pointers; {B IR E LRI objects, BT ENEKENE XK.

B RAMES, REIL class FHREBE class EXR. FE, SFRHEH R
ERBIEA class B, BHEAFEZ class FIEN; HFERELL by value 5K 1%
BZARNSE (FRIRFME) MR

class Date; / /class AR
Date today(); //EIER — XBHAFE
void clearAppointments (Date dY; // Date BIEXF.

MR, pass-byvalue — XTI S RMEREMNER (WEXK 200 , BUHREFR
MENEREEREERT, FAEBREY “FLBEZRIRELR” BA
=T

R today BRI clearAppointments REMLHEEX pate, XFHREHT]
Re A RRUF, HEHARENBLME. —EAEMAERRLRY, BHZ
Bl Date & XA —ERERNAIT. MARKF RSP, MBROBFH—PEA
ARKREE? W, HIERARA, MEIFSIABEMN. BRFRE -1 E
BENESHAENREAY, ARTREANEMEST DR WREESH 3R
Bt class EXR” GEE #include e MIXFM “BBFEBFE” ZKX
R CHITRBAER” 2B, AR “FERELEZ KRR N
5% o2 18 g iR M A R BR

Effective C+++ 3UHR, B = hR
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® AFRANEXRNBHTANL . H T{RE™F EREYN, FEHINL
#, —PMEFFEREK, —PMHAFEXR. 4R, JEXHLRRF -3, o
FENFEHABERET, A CAEHESE. BT ER P NZS £ finclude
—ANFEHXHTENEFAE TR, BERFEEE NSRRI RA L.
BAMF) T, Date MIZE N RA BB today Ml clearAppointments, f{IAi%
BARIBHEUFE T HAATE S pate, MAMZE #include EHA. AEFHEH
AR

#include "datefwd.h" 7 7IEANKIENER (BRE XD class Date.
Date today( ): //TART.
void clearAppointments (Date d};
HREFEERNBA LML N "datefwd. h"s fr BT REE C+H FRHERF
Bk (WK 54) 1) <iosfwd>. <iosfwd> P4 iostream &4 HIAEHR,
Ky pe XA HES FTARMPLIIHRN, B <sstream>, <streambuf>,

<fstream> fl <iostream>.

<iostwd> WARBRBEXME —MHEEE, BEMNERE “FEKEAT
templates t53% T non-templates” . BR%KK 30 ¥iid, EHFZREHE (build
environments)  template & XA HEWE TLXHH, BHEFREEZERRA
¥ template £ XA “ILXMH” W, X2a—KpAATLE “REEHR” K
SR L templates. <iosfwd> BURIXPE—4 k0.

C++ HIRPFKRTF export, RiFH template 7 A template & XA 5-F1
FTARRBHR . FEORIXADXEFHHIES HTER LD, HkmsEd
RN XRRFHZRWIEFD. BIEEPR export AR C+H WETH
Htamt, BHEZLR.

8 person IXFE{E  pimpl idiom #J classes, FE#FRN Handle classes. HiF
Pre e, IXHER) classes WA E EMUSEE. Bz — 2B ENRITE BRETS
AR RYSEIR (implementation classes) 3 B J5 52 B 3EFR THE. B FE R person
AR R

#include "Person.h" / /BAEA LI Person class,
/7 /B LA 4 include 3 class 52 XK.

Effective C++H 3R, B =/R
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#include "PersonImpl.h" /BT A2 #include PersonImpl ]
// class FEXF, & MTCHEE AR B
/ /R, PersonImpl HEHH Person
/ /SRR AR, FEEOTEMAR.

Person: :Person(const std::string& name, const Date& birthday,

const Address& addr)
: pImpl (new PersonImpl (name, birthday, addr))
{}

std::string Person::name(} const
{

return pImpl->name( );
}

EEE, Person MIERE L new (H4EEK 16) M PersonImpl Wi ERE, LA
X Person: :name B A Personimpl: :name. XREEM], ik Person TH—
A Handle class FASHBCHKNE, RLUZEMENITE.

B—A#I{E Handle class HI7MER, 4 Person A —F4FEER) abstract base
class (HIZ#EHK) , FA Interface class. XFf class F) B FIREF4 ——#d derived
classes I3 (4K 34) , AR ERBENFRAZRE, HWRAEWERY, RE—
A virtual HTHI R (&K 7) LUK —4 pure virtual BBEL, FAXRFCREAEO.

Interface classes 2546l Java M NET 1 Interfaces, {E C++ K Interface classes
HAFEFRIH Java 1 NET i) Interface Fi e MMM F(T. 4H]F, Java 1 NET
#AR RVFFE Interfaces IR AR BN R RE, H CH+ ARIEXBHARTE.CH
XMEIERKBME AR, FA—W&K36FS, “non-virtual BRI TI”
SRR A FTH classes BB ZARNE], BT LKL ERBSEILY Interface class (H
FERMENAER) W—HoE_aHEN.

— M+ %t Person T B i Interface class BRI & R BUIXHE

class Person {

public:
virtual ~Person();
virtual std::string name() const = 0;
virtual std::string birthDate() const = 0;
virtual std::string address() const = 0;

}i

Effective C++ 3URR, =K
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XA class FIE S 4 Z8ILL Person B pointers F references K385 N AR,
HEANEREEE X “ P9E pure virtual G307 1Y) Person classes RBLH /K. JRTA!
HTREXHIRAE B Person [ classes AILM 4K, W, ) B Handle classes HI%&
F—#E, B3E Interface class M OB ENRLEF A TEF fiF.

Interface class % P A IPERIXFD class BIEFI MR . MAEF AR -4
SRR E, REINHE “EIEXRHE R B derived classes IR EUA B
PR RBORERR A factory (L)) BR¥ (W4 13) 2 virtual HERE. EA
REIRE (RFEAWEKE AR, RAK 18) , WAZESRABNER, Mixxt
% 3 Interface class IR . XFEMRBEXEMETE Interface class =4

static:

class Person {
public:

static std::trl::shared ptr<Person> //J&E—A trl::shared ptr, 1§
create(const std::strings& name, //—AFH) person, HLAAEZ B

const Date& birthday, / /%I R 18 VMR
const Address& addr); 7/ AR EIRE trl: shared ptr
}i
LR EN:

std: :string name;
Date dateOfBirth;
Address address;

/R — AR, S person HD

std::trl::shared ptr<Person> pp (Person::create (name, dateOfBirth,

address)) 7
std: :cout << pp->name () / /i1t Person KHEOEFHIXANTHR

<< "™ was born on "
<< pp->birthbDate ()
<< " and now lives at "
<< pp—>address( );

/734 pp BIFERE,

/ 1 7F% ek Bk,

/7R 13,

B4R, SZFF Interface class ¥ AR %3 (concrete classes) #4704 & L H
S, T EEIFRAERBOAFEE . —Y#RE virtual ¥k BRSO IS BT 7E 10 S04

Effective C++ SRR, =K
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WERE R4 . R Interface class Person H - E £ derived class RealPerson, J&
HIR G ARG virtual o5 SE -
class RealPerson: public Person {
public:
RealPerson (const std::string& name, const Date& birthday,
const Addressé& addr)

: theName (name), theBirthDate (birthday), theAddress(addr)
{}

virtual ~RealPerson() { }

std::string name() const; / /IXES R BT BR T,
std::string birthDate() const; //MBEAMTRESESR.
std::string address{() const;

private:
std::string theName;
Date theBirthDate;
Address theAddress;
}i

AT RealPerson ZJ5, BH! Person::create MEK—SEAFHHF T :

std::trl::shared ptr<Person> Person::create(const std::stringé name,
const Date& birthday,
const Address& addr)

return
std::trl::shared ptr<Person>(new RealPerson (name, birthday,
addr) ) ;

—~AEILEH Person: :create SLIALE S BB AR 2R derived class 3%,
Bt TEWF SR E8 CHREGEENSIE. AETESSE,

RealPerson 76 3B Interface class FIB AN B E WAHLHIZ —: M Interface class
(Person) AR, REENBELRBESNRE. Interface class I
ANEMEB R L EHK, BREREH 0 FEHLE.

Handle classes Fl Interface classes fi#f& T # O MLHZ MG X R, NIk
& SC A8 (A I 4R B4R 5 (compilation dependencies) . WISRARERMBEHIR (Fik:
RIFLWAENL — MRS BARANEAER, RE—UIHS BTN SRR
B) , RNERESEREXSEHNFTE. “THRERERHHEZ 0/ 7
Runil . BERETHERAYPEEFTEMHORLE. SMERESITHRERE TE
BE, XALRAEA X ST HEH T HF.

Effective C++" 3R, S5 =/
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7E Handle classes & &, R 4085 implementation pointer HUE3 X5 41
. BEAE—KiEEN— g, T REENATRELAMM
implementation ppinter 1K/, #J&, implementation pointer #4744k (7E Handle
class IS EREA) , FE1H— D BIASE BRI implementation object, F LARKE 5
SHEAENESE RHERIBRBEME) TiREBS TS, LLKEB bad_alloc H
% (REAL) KeTRetE.

ZF Interface classes, I TENREARR virtual, BT EURGA S IKER R
fHH—AN ARk (indirect jump) FRA (ML4&EK 7) . MS) Interface class R4 [
St AN & —A vptr (virtual table pointer, FRRMLA&ZK 7) , XA REFATRES
MBS ST BRI AEHRE—ERBRTFXANNRBRT Interface class ZIMEE
A HoAth virtual BRI .

BJE, A Handle classes 5 Interface classes, — EL[ii 2 inline B #H LEH
KARVEN . 443K 30 R At 4 R EAMAN T4 inlined 24740 (RHAM) BT X
SCfEA, 1B Handle classes F1 Interface classes iF J2%F B4 1% v+ FB SR B sk SE 3R 48 15
R AL

R, R REAETBSMRAEARE R Handle classes Fl Interface classes,

KREERSER. Vitval RERBHEREAD? RIFALBEFACIINAX?
CNRRIE, BREHDT. ) RS R EAXEER. EEFE
JE it #2 9 {3 F Handle classes 1 Interface classes LASKSZERAGH B Uit X H & P 4y
kAT, MTAENIBEEEN/RKNEREFEKRUET classes ZEKMHEE
M2 F AR, 3 LR 2 2 (concrete classes) ¥ ¥t Handle classes 1 Interface

classes.
Hic{E

B S ‘GIFRERERML BB E. METEAR, REHREKFE XK.
T AR B B B R Handle classes #1 Interface classes.

m PR CHNIZ “ss2 BUE A (full and declaration-only forms) K
FBRFLE . XMHERRREY K templates #IER .

Effective C++ SUhR, E=IR
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6
Y SEOAXYRIRLT

Inheritance and Object-Oriented Design

HRXNSEE (00P) LECELRBEHANENRT, FUTgk&. JRE. virtual
RS, WRARCLH T —&2%. YERTEZRU CHRERER, mSEEHRE
R OOP H5EE .

R, C+ () OOP & Al REMIRIRA IR W OOP FHAE: “4k&” AILd
RE AR ENR, §—P4AZERE (link) 7T LLE public, protected BX private,
WA LLR: virtual B non-virtual. #RJ5 R R BN ENEIN: virtnal? non-virtual ?
pure virtual? UAR AR R RN IADE SIS TR SESHE S virtual B3
EHAXEEW? SENAER CH FBHRERAN? @ HETRARLE? wi
class AT A B EEI, virtual REE B R EG?

FEXMNIXEFEESHES. WSIRBERE CH BMAFRFERNEERY &
B SR ENME R R EARERER R . 60 public 4K 7 EIK “is-a",
WREZRULEHEHER, FBERLES. RFEEE, virval REER “#D
WA , non-virtual BREEK “HEOMLHAMLABE A" . WRARK S
RERN, SEMCH BFRAKREEM.

WRR T Cr+ BMIFHREN, RERI, Y OOP KEERZET . EF
B R —IA R E SRS, TR DAL RIEE € 3 AR A R G R AR
%o, —BEfRmMEZETEREN 4, BEE CH HHRAERAERTHHEERT .

Effective C++" 3R, =R
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ERR 32: HATEVREY public SkFRBBEH is-a XK

Make sure public inheritance models "is-a."

#E {Some Must Watch While Some Must Sleep) (W.H. Freeman and Company,
1974) iXAHH, ¥EF William Dement it T — A8 HF, KEULE LB iLE4ELT
WEPREEN SRS . B L3R, SRR, —BEEE AN TR AL 1066
ERBEAEY (Hastings) HBFTFAE. WRFH¥ELHEZ L, Dement 551,
Tt L EIDE 1066 XN B FT . AR5 Dement SRR, HPRAFLHER
ER, A RN RERARE” XEABOEF. b BEXRPEE, JFEE
TEEGREME —4H, CELEREEERENEEF . Dement EBF
WA AN ELAR [ A XA -

BREERE, HAEHWBREEEAR: “STHRASEERBH—M4KER
EHE” . 24 Dement #tid%E, MEBOR. LEE—MAEHET "1066".

KR E M AMEREREREMNRAER, YU CH BITARNRHE, &
EEM—AHMME: publicinheritance (ATF4EAK) EHR “is-a" (B—#) KIXHKR.
3 AR ) 2 2 % S ZE R B Lo v A !

W YR4 class D ("Derived") LA public FE 4k class B ("Base") , #RERE

¥ CH HwiFR (UUREROABIESE 3, 81 %E0 o INRRRBRE R

BA BRIXE, RZAMN. HREOEBE B DRIHE—MRILPIHES, Mot s

ZHHEHRLAOBRS. HREK “B WRAR EAZIEAATT, D ME—HATLL

W EA%” (Fr: EDPTE Liskov Substitution Principle) , B A% —/> DX HRHAR

TR (B BXR. RZWMBHRFE—A MR, BAREEMT, EHA
REN DHRHMRE—A BXMER, RZIFABIL.

C++ XF “public 4k&” ™% FEAT LA N, FRLITHIT:

class Person { ... };
class Student: public Person { ... };

BEAFLRBRAVNE, §NMFEHEN, BHESIARREE. XEEX
MEAEARIEK. ROBIY, W ATURLKE—HHE—FOEIANHBFE
H——F 24 B RRAL o B BRA IR TR 2 A )RS M — 1 F——h i skt

Effective C++H 3ChR, =R
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EMTFRIER— AL, ARSI Bk, SRR AR —FrER
Ko

T, ALFE, 76 CH+ Uk, (EM BB RHERSB 1 KALA person
(BR pointer-to-Person BY, reference-to-Person) HISE 2, #tLEEEZ—* student
X% (B pointer-to-Student B reference-to-Student) :

void eat (const Person& p); / MERIANBREHE

void study(const Student& s); 11 REEEABIREES]

Person p; //p BA

Student s; //s BFE

eat (p) ; /7R, pRA *
eat (s); J/RFR, s RFE, TIHEHE Gsa) A
study (s) ; /78RR, s RAHE

study (p) ; //EEIR! p ARANEAE

XANE s AT public 8&A L. RE X student B public JE A4k Person,
CHIITAA SWMEFTHIR . private AMB X 57T E2AR (REK39 , T
protected 467k, FE—FMHBELESRRBRRHEKA.

public 2k is-a Z B HIEFM X RYTRKBUA RS, BHENRGHERL Y S
RER. BT, 8 (penguin) B—M5, XRHEL, UL, XBRHESE,
WMRBMNREH C+H+ HRBRXRERE, HRWT:

class Bird {

public:
virtual void fly(); // AR
i

class Penguin: public Bird { /RS R
}i N
FARERATE LT EM, BRI AREREAATLLK, WRNAMERSZ
B, BEalHE?

EXABIF, BOVRT AEES GEE) PREES. ARMNES2 WK
iHE, RINEEMNBEBHARBITENLHL K, RIOBHRHIAR -BRHSEH L
TR REHE — A, BRAIZAN—ANFE: FHEMHLSALC RIRBALUT

Effective C++H 3R, B=/R
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BAKRR, U ER LN

class Bird {
/EE T fly B
}:

class FlyingBird: public Bird {
public:

virtual void fly({():
}i

class Penguin: public Bird {
/T fly B
}:

PSR R R EURSE R BT B RS ST RIRBRAMN B IENRE.

BREE G, BRI BAMIR KT S B T X LS H, HANELERERAT S,
MHEAFEX AL CHESHARS Y., MRANEFTELESGEMNESH, 542
REF AT, R “X classes ABR” HIFMHLSABLET . KRB —A
B, #REHREE—A “BRTHRERME” ML, FERERT, Bk
FREFEMM 23, SRBAESHKK. WREROEFX T -LHRM, WHER
FHEARM AT “FH&” , BAREXFEKHESHNREEME, REA—A5%
EMABM R LR EEATRELL “ B E BN X R 2RI, E XA R X
R AR BN T RS HAFE.

HH BB AERIE TERNSHLE, AREY, BRERAZT,
BEK” RIMAE, MENCREREX fly B, ST E—NBITHER:

void error(const std::string& msg); /1B XFH5MERL

class Penguin: public Bird {
public:
virtual void fly() { error("Attempt to make a penguin fly!"); }

}:

Effective C++H 3R, B =R
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REZENE, MR RPT UL LR A ] REAIRFTARI AR . XEHA
il “EBARK” , MRK ‘RSN, BERBAME —FEHR” .

TR E R T MR RN B mRZ, “eRBASTE” E—
FREIT R RIS, (HEER “ABER T, BRER7 X &8N,
HEBITHA el k.

A TR “LERALT, XA KIRE, AT LAY Penguin E X fly RE:

class Bird {
/I E £ly R
}:

class Penguin: public Bird {
/T EHER fly B
}i

B, WRFRELLLRE K, REFESSMREEEMLER:
Penguin p;
p.fly( ); /75ER!

XARE “SRFTEITHRESR” WBERAIARR. HFUBMHE, #WiF
BRI p.f1y WHARKRHEMALL. &K 18 #if: $FHE OB ETRHIMR
MBI g, FUIRMNZ T A RE “EHIFMEALRE T Bikit, mWALZ “R
FEBATHIA AR EAT” Mikit.

BRVFRARCAPR R SRGRZ HAE, ERA LA, 1B, 2E? BAREHR,
EH R Z A e £ A" A4?

W, EREXANRBLREE: class Square Mi%LL public A 4k& class
Rectangle i§?

Rectangle

12

Square

Effective C++ 3ChHR, =R
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“HEY ARG, CHRBZME! SAARMEESRRE—MER, RZUA
—E”, XERAE, ELFREZXAEN. BRERANBIEESTEN.

HIRIX BN

class Rectangle {

public:
virtual void setHeight (int newHeight):;
virtual void setWidth (int newWidth) ;
virtual int height( ) const; e A E Tk
virtual int width() const;

};

void makeBigger (Rectangle& r) / /A REH LU © B
{

int oldHeight = r.height( );

r.setWidth(r.width() + 10); /7R r REEM 10

assert (r.height( ) == oldHeight); //¥HI¥f r IEERERYRE

}

B, LRK) assert ZERKIEHAE. FHH makeBigger AT r FIRE;: ¢
T MR

WAEHS RIX BARRS, HA{EH public 847, AVFIETEIA —FET:

class Square: public Rectangle { ... };

Square s;

assert (s.width() == s.height()); JIEXFEEAE—ERE.

makeBigger (s) ; //BHTHE, sBR—F Gsa) I,
/ /FTCARRATTRT DA L AR

assert (s.width() == s.height()); /I RBTR IE A TERAZTR A E .

XWMRAR, B assert GRENZATHE. HAREEL, ETEH
TR M= AR .

ERARIMB LT —NAE. BITUAER T EE assert AR

B B makeBigger ZHl, s IREMREEMF;
B fF makeBigger BREN, s HITEENE, BEHELE,;

Effective C++H LR, B =R
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B makeBigger REIZ )5, s MIMEREMELREME. GER s UL by reference
F7 4548 makeBigger, FiLA makeBigger BME s B8, T& sHI£E. D

BArE?

MR E] “public 4K” FIREEH T REKMAR (BEHP ¥IMEH
HY, EXEBRMEENTSBREDNR. 2E0RAERER, FEHITTER
5 ERHE (BlmBEET S THEBERINFEE0 HATHT FES S E (R
BRRNZMEE—F) . B public A& X7, H28M1T T base class W&
WEAEE, SHEEE, WATLUET T derived class W% & b, ZEIEHFHAER
BlFH CB—ANEUBITREK 38 () sets Fl Lists) , M EKLEREF,
PALA public & ENIZRKXRIFARER. mEFERSILRES, ERE—WEA
BT, XHAMUERFRITAES. RS —ARFR—E%IN GEEARFL
HALAEFRZFED . REERREFEHFARRRTLERESE.

AR PR S iR 2 B 24 B 30 75 T 1 R AT A T e o 2k 30,
fEOfREELEkR. REMRERBMERN, ERARCEIERN Bt EMREMN
L4k Cinheritance) XITKM, RELIANRHERFPINBFRFEE S, UESS
FEHBH “HAR” X—IHEFE. BEH -REABRR M KEETHRELSKR
FH, REBEMZAE “4 Penguin & Bird, HiE4 Square 27K Rectangle” HIHE
SRR XFERAAFTRBEEETAESR, BHUETER.

is-a FFAERME—FFLET classes Z[AHIKRR. AHEMHERLKIXRLE has-a (F—
V) F is-implemented-in-terms-of (FRIBEYSZILLE) . ﬁ%%%«l@ﬁ%%’& 38 f
39 W it. ¥ ERXEEBEIMEERR T RULA— AR is-a TG R RE T,
fE CH+ PHAFER, BTCAMRRLZHE R T ABIX A “classes A RER” 215
WER, HMEMAE C+ PEFHBEEN.

Wwic{E
B “public kK" EK is-a. EH T base classes & LIS — 4G —EHEHT
derived classes & F, K% derived class % % H1#F 2 —4* base class ¥ 5.

Effective C++H1 3ChR, 3 =R
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FM 33: W RIEE A TIREIRIR

Avoid hiding inherited names.

KT “BWR”, BLUTHEEE—AE AR AR? 7 hE, “—%
WHMEM A FER—IFTT . ” BiFF A EXHINIE: “GTROFETH
ABf oo BRBBLFAME. 7 BRIEM. ZIERNFIB T CH “GATRKLRK”

XANEA AL LR, MRMEAE (scopes) AX. RAVEFIEERE W
XA AR
int x; //global &
void someFunc ()
{
double x; / /local ZF &
std::cin > x; / /E—ADFEB T local TH x

XAEEHEE KB AR R local BE x, TR global & x, FARNEE
FRI 2RI GERD SMEHE R B RR . BATHT DOXAEE A6 16 R e 8-

Global scope

SomeFunc's scope
X

X

LIRS T someFunc FIFERBA H BB LR x i, B7E local fEFIAER
REBHAFTHEXNEHR. MRRIRAFRILAER . £FIK someFunc
) x & double HKEIM global x & int KA, HIBAEE. C++ HAFEREML

(name-hiding rules) BT —HERME: ERLR. ETLZHETNAMARBA
ERKR, HAEE. AHP—NEH x K double BT —/ %4 x 1 int.

LE S NBE& . BRATENIE, MU TF—A derived class & A RBI AR (refer to)
base class PEISEH (HVERAFRRRS. typedef. TRAZKR) B, HirEETLIR
HRATFTHE R Z T, R4 derived classes 4k & T 7 B T base classes WHIFTH K.
EERIBVEAT AR, derived class 1EF A HREELE base class fEFIIE A, BRIXEE:

Effective C++ 3R, B =R
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class Base {

private:
int x;
public: Baseff14E i,
virtual void mfl() = 0; RAEE)
. a . X
v11':tual void mf2 () ; mfl(IM &%) | DerivedfIFER 15
void mf3(); mf2(14 & #)
. mB3ONEE) | mflQ4 R
Vs mfA(1 4 R )
class Derived: public Base {

public:
virtual void mfl();
void mf4();

B A& —4I8 A T public M private £ #%, LA & —41pk AR B AR A B $AZ K.
XL, R R IE pure virtual, impure virtual F1 non-virtual =, X &4 T 5&ARA]
BHELTR, MEAMALR. XM FHEATLUAZMEHRIER, FlU enums, nested
classes fl typedefs. B MTLTPH—EEMNRXERAMLHR, ETXERFELRM
AHAREE, ApMFHE 2K, RT—BETHEESATEENE, BRESRT
CAHEAR C++ TEBEHA THIT A

B2 % derived class P B mf4 B SEEAS#R B IXFE:

void Derived::mf4( )
{

mf2 () ;

LEFBEIXEMHLR nt2, LAMLEEEY (refer to) HHAKTE. MWiF
BOMERBERSERR, BEEREFEANSLH nf2 EPRK. HEAERK local £
s (B R mea EHENERER , ERIILERIEFARELN nf2. FRERK
SRR, AR class Derived Wi MEAE. ERBLFFMEREL N nt2,
FRBEESBEBZ), A6% base class. FEHILGRIEBRI—NBA 2 WRAT,
FREILER. R Base NERKHA mf2, BREMHET %, HAEKEMNE Base
1384 namespace(s) HMERE (IBEHNE) , BT global fEFEIRE.

Effective C++H U, B =/
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WIA BRI BAREH, EREAS . RIOKBERIFARAT SERE
FIFSLAL RN AHRERAN, MEFEMELBNER, AUlBERELAR
eyt M FEE, RERNFTEENELR.

BRERA AT, RKUEBRMNER nfl M ne3, HEFN—ADHIKR me3 5
Derived . MWI%3K 36 Fiidl, XEREKFHRE: Derived EE T me3, LA
2T R ) non-virtual . XEFBENM BRI LLE/RZEE, HAT RSN
BABRNN “BRATIE” , RITERNRZER.

class Base {

prlx.rate: Bascl) kil sk
int x;
public: (RAER) -
virtual void mfl() = 0; mflQ &%) | DerivediI{E i
mﬂ(lﬁ‘&?i&)

v%rtual vo'}d mfl (int) ; mBQAE) | mAOA RS
virtual void mf2(); mf3(14 i %)
void mf3(); mfa(1 R )
void mf3 (double) ;

}:

class Derived: public Base {
public:

virtual void mfl();

void mf3();

void mf4 ();

}:

XBAREERAITARZ LS —ME—RENER CH+ BFRRGE—H. LME
PR “ ARRERAMN 7 HEBH B, HI base class HFTH B4 me1 fl me3
FIRREARHE derived class WY mf1l F mf3 RECERH T . MNBRERNSKE,
Base::mfl fil Base::mf3 ANEH Derived B!

Derived d;

int x;

d.mfl(); //®&HR, A Derived: :mfl

d.mfl (%) ; /755! AN Derived: :mf1 EHE T Base: :mfl
d.mf2(); / /&8, A Base: :mf2

d.m£3(); / /B, WA Derived: :mf3

d.mf3(x); /8R! AN Derived: :mf3 T Base: :mf3

Effective C++H1 R, =R
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WRET I, FRHIERE R, BRE base classes 1 derived classes P i) & $E &~
RHIZSERBHER, T EALEKER virtual B8 non-virtual — A& . XA 2K
R RKIEEAR, SR someFunc WHI double x WHET global /F HH K
B int x, W4 Derived MR H me3 R T — & H me3 HE R AR Base K.

RETAHEENEREHENTHILIRERFERNHMES (application
framework) P EESLHTH derived class B P b BRI £) base classes kAR B R .
AERRFEE SHARERRE . L EWRIRIELMSH public kA& X AGE A&
e FH KL, ALK base A derived classes Z A is-a 5 &, MK 32 it
is-a & public FAMER. FRILFESEERES (override) C++ Xt “ 2k
RIGBIR” KB ERITH.

PRAT LUBERT using FE B EIA AR B A7

class Base {
private:

/ Baself) 1 %
int x;

public: x(RRTR)
virtual void mfl() = 0; mﬂ(2f\&&) Derived ¥4 F £,

) . . . m2(17~ %)

v:.Lrtual VOJ..d mfl (11:1t) ; mBQAEE) | miAES)
virtual void mf2(); mi3A B
void mf3(); mfa(14~ B %)
void mf3(double);

yi

class Derived: public Base {

public:
using Base::mfl; / /il Base class W44 mf1 M me3 MR R
using Base::mf3; / /1€ Derived fEFIRPIERET . (3£ E. public)
virtual void mfl();
void mf3();
void mf4();

DAE, BRARNLEIRS — it E s i

Effective C++ UK, B =K
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Derived d;
int x;

amel0;  //UMRBEE, JHAA Derived: imfl

d.mfl(x); / /AR T, RA Base: :mfl

d.mf2 () ; /TR BAIRR, JiRA Base: :mf2

d.mf3(); /78RR, AR Derived: :mf3

d.mf3(x) ; /7R T, WA Base: :mf3

XEBRIN R IR K base class I FEHER, MRXFEEFENEEE (G

) KA —884r, WARBIyHELE AL EEBOESNLFHEIIA— using FFH
K, BNFEARF EYRAR L RSP .

HEHRIRH A AL A base classes FIFTH B, XA LLEMA K. 7F public 4k
T, XA RER A, FRATERT public 4kAAFTEE 7RI “base A1 derived classes
ZIAKis-akR”. OXMEME A4 EiR using 5B B BAE derived class K public
£X 38 i) JR K : base class P public ZFRX7E publicly derived class I ¥ i% 2 public. )
SR ZE private A& Z T (A£&K 39 BHREFENKN. B Derived LA
private FE X 4% & Base, T Derived Mi—AE4EA&K mf1 RIFNESHIRE . using B
XX BEIRA EHS, A using FHRSSHATMRAKL EBHRZIFERHE
BRI HAE derived class PHT M. A, BOFEARNRREAR, B—FHREEKHTEEH
(forwarding function) :
class Base {
public:

virtual void mfl() = 0;
virtual void mfl(int);

/ /5T
i
class Derived: private Base {
public:
virtual void mfl() //#3TE# (forwarding function) ;
{ Base::mfl( ); } //BEERA inline (JL4&3K 30)

}:

Derived d;

int x;
d.mf1(); / /B8, ARME Derived: :mfl
d.mfl(x); / /AR Base: :mfl () BEIERE T

Effective C++H13CHR, S8 =R
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inline ¥ 3Z A ¥ (forwarding function) M5 —MHBEE APEARITHE using
B GE: RIFEERITH) MEBHZBRDRE—LTE, BRATENZRICA
derived class 1E B3 .

R AMBIRIERTRNET . BELYALE S templates, TA1 KX
“HALZTRPIER” B ANERAREARER. 2T “UATSER” NG 4KRA,
TS 43,

HictE
B derived classes P3 B FRSIEHE base classes Py RI4ZFR . 7 public 46 T ARKH
AFBEW.

B OB TBOEERARERRE, AMEH using FHARERZ R (forwarding
functions) .

FM 34: X BOBKREFSCI 8K

Differentiate between inheritance of interface and inheritance of implementation.

RELEBT 41 public #AME, EFETENREZE, KWEHBHEH
H¥: BRFEAED (function interfaces) 4kA&AFKESLI (function implementations)
S EAMAEANER, REABSEITRNREFHSREEXZ MHER.

£ A class ®&it#, HIHEREAE derived classes J &AM R RHMED (e
MR ; FEHRERXSFHE derived classes [ 44K B 3 A48 URISEER, (B
FHREBES (override) BATFTSANLI: HRERAE derived classes R
HARPEONLI, HEAAFESELARE.

AT HEEFH RS EREREZ APESR, ERINEE—ABRLERFE T &ML
fAIFEAR I class BEARIK R :

class Shape {
public:
virtual void draw( ) const = 0;

virtual void error(const std::string& msqg);
int objectID( ) const;

}i

class Rectangle: public Shape { ... };:
class Ellipse: public Shape { ... };

Effective C++H 3R, B =R
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Shape £ MMH class; B R pure virtual B draw B BN —/MHS class. BT
LA P ARBEE B shape class BISE4E, REEEIEH derived classes FIEE. REW
Bt, Shape &R FRFIZ M T FiA LL public X4k A&E K derived classes, HA:

B RRERNELRRSHA, —W4&K 32 ATil, public AA&RIK is-a (&—
MO, FTLAST base class A E AT HE — WX E derived classes HFH . Hit
RN KRBT HEIT T3 class & |, — @2 WATHE{T T H derived classes 5 k.

Shape class B T =AEH . BF—ME draw, TEBERIHALEE & H S 67%t
%. B_AR error, WEILHRE “FERSEMIR” WRAREAM. B=4
B objectID, BREPMFTXRM—MA—E - REERGL. SMRBEHTR
EHAMM: draw £4 pure virtual EB¥; error BAEFMG (B4l impure virtual
¥ objectID & non-virtual %, XL [E K BT R AR RIRERIE?

B 5 EE pure virtual BBE draw:
class Shape {
public:

virtual void draw( )} const = 0;

pure virtual EEE BB UM SO BRET <A TEM” AR
class AW, TWHENIEMBR class FEHREE . BXEMEFEE—E,
R A:

B FER—4 pure virtual B B &2 R T ik derived classes R4k R HEE L .

X%} shape: :draw AR BFAHEATHET, BAFH shape X R AN %2
2HM, XESEMER, 8 shape class LiZE AR BRI SENBE TN, R
WR L R TF4EH L. Shape: :draw BIE I JIEN BB derived classes i
ER, “RUMIBHE—A draw b8, BRATHBRELLAE. 7

SARESHRE, BATEAT LA pure virtual FREERHEE X MBLRBRIRATLLA

Shape: :draw ﬁt@“ﬁ}imﬁ@v C+H HAERHBBE, HiFARErE—SRE A
FARF B # s 3L class BFK” -

Effective C++H1 IR, 3B =R
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Shape* ps = new Shape; //%5R! Shape BRHIZRE)
Shape* psl = new Rectangle; / 1B R

psl->draw( ); / /8K Rectangle: :draw
Shape* ps2 = new Ellipse; /1 ERR

ps2->draw () ; //VAF Ellipse: :draw
psl->Shape::draw( ); // R Shape: :draw
ps2->Shape: :draw( ); / /A Shape: :draw

B T Bei 38 BhUREXS B IR X LA RITRRRTF R —MEZIKER, —KS
XOHRARER. BER—HEHREER], S AEI—FuEH, SRshe Gk
#1) impure virtual REGREEPHEBERZEMHASIH.

fRi kMY impure virtual B30 JE S pure virtual BREH S AR —WiEH,
derived classes k&L ¥ 0, 18 impure virtual RS — 4 LIRS, derived
classes ATBEEB S (override) ©. FHMBEER, HKELHA:

B FEBfEAMNG (3E4E) impure virtual EREHI H 1), &1l derived classes 467K 1 PR
R ORI GR 48 SETH .

g Shape: :error XA F

class Shape {
public:
virtual void error(const std::string& msg);

HEOFRR, 84 class HUHAILF A 48 LR TRA” KR B
4 class 7] B BALERAR . R EA class TARET ISR MORATARFERIT H, BT
LAB[EIE) shape class 3245 B4 H R AT . tHBER X Shape: :error FIA B
#51F derived classes BIiH#H, “HRULTIF—A error ¥, BUEREKEAEBED
H—A, A[LMEM shape class RELAIBRAIRE"

B, S impure virtual 8 %% R g 5 B 0P R BR BUR AT A, 2096 T REIE
AR, REITRE, ERATEE XYZ MEAR B ARG R. ZAFH
H A BB RIFH O, BEFUMERITRA T, Bk XYZ Bt X gk
#:

Effective C++ 3ChR, 58 =R
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class Airport { ... }; / /R RN
class Airplane ({
public:

virtual void fly(const Airport& destination);

}:

void Airplane::fly(const Airport& destination)
{

BB, BWWICERENERMS
}

class ModelA: public Airplane { ... };
class ModelB: public Airplane { ... };

H T #HARPTE WIE— 26K, JFEBE “RAECHURN EFEARRR £1y 5%
B” , Airplane::fly A BIA virtual, RN T B % 7E Modela Fl ModelB H#RE
RS, B4 RATIT R B Airplane: : f1y B4, EEIR# Modeln Fl Mode1B Sk

XA BRI X R R . B4 classes SEE— AR MR (BELEEAIER
f1y B » BrLAE R R 3] base class 1, RIFHIXFE A classes Sk, X
MR BHARHER, BRARBES, FRARKRNBLEES, REKPET R
FRIRA . P X sl R E m xS AR Z BN RE . XYZ fiE 2 7 N
F 5.

WAE, BRXYZBAKE, ReEWE—MHCE . CEMARILB
MEFEAR. BHAMBE, X UTTARR.

XYZ 225 M52 RTEG R AR DX C BB T — 4 class, {Hf T4
BEILF W ELRS, HETEHE XK f1y R

class ModelC: public Airplane {

//REH fly R
}i

RIE AR A — L an gk 2R B B AE -

Airport PDX(...): //PDX RBEKKHI VLIS
Airplane* pa = new ModelC;

pa—>fly (PDX) ; //¥H Airplane: :fly

Effective C++H1 3R, 3 = WK
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XGEERARKME; XMEFRE LA Modela BE ModelB 1 KAT H 3k € ModelC.
EAR—A LA FFEEERIE ORIAT N .

FERATE Airplane: : fly HEREITH, MET Modelc TERPHYLE “RE”
RES TSR T ZRETH. TEHERMNTURS M “RESFALRES
derived classes, {HERIEEATHOBERBUARIK” o WEIEARET VI “virtual B3
BEO7 M “BEEI” ZEmEE. T k.

class Airplane {

public:
virtual void fly(const Airport& destination) = O;

protected:
void defaultFly(const Airporté& destination);
}i
void Airplane::defaultFly(const Airport& destination)
{

BREITH, WL CERIEER B K.
}

WEWER, Airplane::fly B#HCI—4 pure virtual 3, R ITERO. X
BT W HILIE Airplane class #, {HILK R LAJHSE BRI defaultFly A H
PR, AR 48 FE S SE O 1 Mode 1A F ModelB), W LAZERL £1y BB X defaultFly
fii—> inline A (EIFEE 43K 30 FTE, inline R EUM virtual iR 3 RIKIAZH K
)

class ModelA: public Airplane {

public:
virtual void fly(const Airport& destination)
{ defaultFly(destination); }

}i

class ModelB: public Airplane {

public:
virtual void fly(const Airporté& destination)
{ defaultFly(destination); }

}:

Effective C++H1 3CRR, =R
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BLLE ModelC class ANATRERR SN KRN IERM £1y SEIAAS T, BA Airplane
1] pure virtual BREOEF Modelc UHURELH O £1y BRA:

class ModelC: public Airplane {
public:
virtual void fly({(const Airporté& destination);
}i
void ModelC::fly(const Airport& destination)
{
# C RICHLUCESSERI H At
}
AT RHFERSLR, BIFRERTHER A (copy-and-paste) AURLTH
R, {HE Rttt EAER R HERAH . £T Airplane::defaultFly, WHIEE
CIER T protected, BAT R Airplane KH: derived classes FISCIL4I H . FZE LY
ZRER WA, AERENEA K.

Airplane: :defaultFly f& non-virtual %, X— SWBEE. BARFEM
— derived class W i%EHE R E (WLKHK 36) . MR defaultFly £ virtual
B, MBI MEHEE: 732 derived class KR EH E X defaultFly,
SR

HEARMUAFRKESE S REEDMRE LR, & LK ay A
defaultFly FFE. 100 FETEEE RN R R FRTSEH class dy 4 F TSGR
. HEMIERE, BEOMGRETIMNZSF. XNRE LERRFE Z T
fRR? WE, BATATLARIF “pure virtual BECL AL derived classes P EFTEH, H
AR A BOKER” X—FE. FTHEHER Airplane RERINAL pure
virtual BRE—H35E X

class Airplane {

public:
virtual void fly(const Airport& destination) = 0;

};

Effective C++31 3CAR, B =R
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void Airplane::fly(const Airport& destination) //pure virtual BR¥(SEIR
{
BEATh, HHURETRER H I
}
class ModelA: public Airplane {
public:
virtual void fly(const Airporté& destination)
{ Airplane::fly(destination); }
}i
class ModelB: public Airplane {
public:
virtual void fly(const Airporté& destination)
{ Airplane::fly(destination); }
}i
class ModelC: public Airplane {
public:
virtual void fly(const Airporté& destination);
}i

void ModelC::fly(const Airport& destination)
{

% C RUKHL R E IR H R
}

X JLFERET— AN #, RAT pure virtual B3 Airplane: : f1y B# T
WAL Airplane: :defaultFly. AmE, PR fly BRI RAEE:
HAHSSRMMREED (R derived classes W) , g A NERHR
81T H (R derived classes 7] BEEF ), (B A EEAARBR H RIENAZ) .
MBS f1y M defaultFly, MERT “ULHENREEFARRFEIN” Ml
SIR % A protected IR (defaultFly) WA AT public( FAETE fly ZH).

B85, ikRIIBE shape B non-virtual FREL objectID:

class Shape {
public:
. int objectiID( ) const;

bi

Effective C++H 3R, E =/
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WREL A R non-virtual B3, RERR EHAITHIE derived classes P
AFRBIAT A . SEZFR L— non-virtual 55 B ATRIMMKAZEMY: Grvariant) BB H
¥R (specialization) , AT RAAIL derived class LR L 245 FL, THITH
WMATLUKE. LB NSE:

B 758 non-virtual BRI B 12K T 4 derived classes 4k o £ ¥ 8 O K — 173 5
PESEHRL.

YR AT LAY Shape: : objectID I BIARMR: “4 4 shape W& &BH — /N K™=
EXMNSRHNBHELE: LRHIBIARXRAMRATETE, ZFER
Shape: :objectID HIE X RE, 7 derived class BIAN LRI EHITH” .
¥ non-virtual BERME LT Gnvariant) BB R (specialization) ,
BT LB 48 ANZAE derived class P EHTE M. XA KK 36 Fritibt— M ER.

pure virtual B %{. simple (impure) virtual B %(. non-virtual K FHPER, &
PRAF LIS TS € VR AHE derived classes 2K FIAR T R4kAED, BR4AEDORN
—HERAE L, R4 AR D — RSB, T IX AR S B R A
BRI S, MRS BRI G BB, BOUEEE . IR STEAT,
D% RSB G 2 AN B K class Wit EBRELNFHANHIR.

E—ME R A KB A non-virtual . JX{§#3 derived classes ¥ K=
EBEATHAL TAE . non-virtual FTAIRBOLHSWHRAE (REK 70 . LRm, &
IR A base class [ class REX G, BERXFE, HHTERARE
#FEHI 4 non-virtual W 1RIE 2% . (HIXFEFS B 41 SRR R 288 T virtual A non-virtual &

‘BZiEMER, HALEEC virtval BEBEBRE . TFF AT class MIRITH
BHIK 24— base class, ZBEPEE T virtual B (FRAEK D .

WARRR L virtual REIEA, EEFRMAHTIER 80-20 RN (7T W4
300 o EMEWE, —MRBKBEFE 80s MPATH EERTE 205 KRS L.
H—EN S EE, BOAERR, FHMSRINRECAAPATLIA 80s & virtual
AR AR S R4E.0 R BH 620 548 virtual BB EBA Z AT,
WSRO AR AR S R R E Y 20% RED L3k, B4 REEMKE.

Effective C++H1 3ChR, % =K
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FH—AE AR TA SR REFEHA virtual, A7 EHRXFHORIERS, 5
WK 31 1 Interface classes. SATTX AT RER class it FHHRZ B SLIFHMFTIE.
FERBPRAZTE derived class PR EFE L, FE AR 20K AR L2 B 37 B
A non-virtual . ¥H AFNFIZHRRE class &H TN LT E/ Y00 R H
T rUa R T 8 AR R B AT A2 — ). WRIRMIAEY Gnvariant) BREEF
R (specialization) , FHFEAWH K.

wiclE

o D4R STk K AR . 7E public 487K 2 T, derived classes & J& 4% 7K base class
E; - JN

® pure virtual BN B EEDO%K.

m EFMY (FE4D impure virtual B EURAATS 8 O 4k R 48 SEIR 4K K .

W non-virtual B ¥R AT B 8 O 2K DL R R SEIN kAR

KR 35: R virtual REUAIMNVEEIEEE

Consider alternatives to virtual functions.

BRI IELES — MBI, AT AWRA WA B — DR R,
PREVMERR R T B AITORKR, B AN Bts % SR Hoah R 2 T B BeiR S B O
HAZEW. fREkRERGE R EH healthvalue, ERRE—NEH, R
ADEREE. BTARNAYTRUARK T A vHAARMNKERER, #
healthvalue F5 B4 virtual 0 2 15 B A A oMl

class GameCharacter {
public:

virtual int healthvalue() const; //iREIAMIREEEIEE

. / /derived classes Al EHE XE .
}:

healthvalue JFR¥ A BN pure virtual, XERBAPESH N EEREREEW
REEH: (EK 3D .

Effective C++ 3ChR, 58 =R
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REHEARA AT, BRAENAERNRTAR T EMNSE R BT
AT B, IRATREEIER B AR B EHAABAGT R T H B IRBRARE 7 X
SEIHH ERER, ERINBEH A — SR,

#£ B Non-Virtual Interface F 43I Template Method 1%\

BATEMN— AN E B BARIRITR, XMNRIRETK virual BB Z/LFELER
private. XAFIRFIAFH R, BIFHRUZ{RE healthvalue A public B R &
., {BikbE AN non-virtual, FiF— private virtual ¥ (40 doHealthvalue)
BEAT B TAE:

class GameCharacter {

public:
int healthvalue() const / /derived classes NEFEXE,
{ // 4K 36,
. J /M — B TR, ¥
int retval = doHealthValue(); //BEERMTAE.
... /I — G TR, T
return retval;
}
private:
virtual int doHealthValue() const / /derived classes A EHTE X E o

{
/ /BB, AR
}

TEIXER (DARAFZRHERED RIEH, RERE class EXAH2IKA R
Atk —WE&K30HTE, PUELEEMNEEREERT inline. HERERLUXMIT
RERRBRER T LRIRE 5 FE. RTFIREI RS inlining L LEA KK,
B AEAE N R A RBIEX B E LT classes AFFHAR. &~ BERA.

XA, R4 % g public non-virtual % 5 iR $ 8] #% 18 A private
virtual 7 , #RH non-virtual interface (NV1) Fik. ©£ZFiE Template Method
BHER (5 C++ templates KB HW—MHFFRIAEN . RILZEA non-virtual
B (healthvalue) FRA virtual BRE KIS E S (wrapper) .

Effective C++H 3R, BB =R
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NVI FEH—MEA RS ERRGER “f—S3ai T/E” M “f—LHE
THE” 29 BB RE R SN BARBARAEE “virval BEEITRIETEZ
WMZJE” $%iAH. XERINESS (wrapper) B{REBUE—A virtual REFAH
ZHIREFE LR, HERHSGRZEHEESR. “HuwTE” TUEEMEE
J7%% (locking a mutex) . HIIEH HHELFEIN (log entry) « i class 9 KA.
WAL R BUE R A MESE. “H 5 TAE7A LLAETE B /73 ## %82 (unlocking a mutex) .
KIF RS &M BIRRAE class AREMFE . RRiLE - HZE AR virtual
BRA, BEH R IE DMBUX '

H B LTS HBEIREKRGR AL NVI Fik# R IE derived classes R EHT
5E X private virtual B, B, FHE LETA derived classes FHA A KIRS! X
BHAFEETE. “EFEX virual R RRFELF “@f” HER, “HA
virtual ¥ WRRE “MIH” HEm. XLEFHERLEEMILEAIHTH. NVI
FIE AR derived classes EHE X virtual HH MR TEAT “WISEINER” 1
2%l )1, 18 base class fREVFR “ BB IR MBF] . —IFHRERE
PIRiER, B C+H HIXFH “derived classes A FH & X 4k A& K i) private virtual iR
¥ e e At A,

TE NVI FETHLBRA LB virtual ¥ —E 18 2 private. FL class Sk
FREK derived class 7F virtual 5% 550 P90 2508 F 3 base class A% 5058 (Bl tn
p.120 MIFEF) , MATibXHEMEAH G, virtual RECLHRE protected, FHER
private. A IHE virtual R E —E 5 public (HII1E &L AMRN base classes
MR — W&KD » XA —REAEELENVI FET.

#2f Function Pointers LIl Strategy 1=

NVI F-#:% public virtual BT E £ —MHEBHET R, BN RTAK
M2, EREEMEER - E. RRRITERMEH virval RECRITESANA
VIR ERE. B ANERBERRT K AUEREERN RS APRET
K7, BENHHETEATE “AP” BMES. FINBRITTRESBERENADH
IS R —MREE, TR — MBS, T RATTRT LA 3 R B0 AT L B
T

Effective C++ LR, B =R
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class GameCharacter; //RUE A (forward declaration)
/ /LU RSO B R B Bl B
int defaultHealthCalc (const GameCharacter& gc);
class GameCharacter {
public:
typedef int (*HealthCalcFunc) (const GameCharacteré&);
explicit GameCharacter (HealthCalcFunc hcf = defaultHealthCalc)
: healthFunc (hcf)
{}
int healthValue() const
{ return healthFunc(*this); }

private:
HealthCalcFunc healthFunc;
}:

EAMERE WK Strategy Wit EAXWBHENE. EE/H “HET
GameCharacter #&EA RN Z virmal FRE” FIMIEILE, ERE T FELHBMEME.

B Fl— ANPERBZ AFREETURRRE R E R Fil:

class EvilBadGuy: public GameCharacter {
public:
explicit EvilBadGuy(HealthCalcFunc hcf = defaultHealthCalc)
: GameCharacter (hcf)
{ ...}
}:
int loseHealthQuickly(const GameCharacters); / MEREREOTE RS 1

int loseHealthSlowly(const GameCharacters&); /1R T E RS 2
EvilBadGuy ebgl (loseHealthQuickly) ; / /A EZRBI N IEED
EvilBadGuy ebg2 (loseHealthSlowly); /7 R E AR

B EDSMADZBEREGIERRABITYEE. $li0 cameCharacter A4
— AR R # setlealthCalculator, FREH MEFHEBEREIERL.

WANE U, “EEE T BB AE R GameCharacter AR AR AR E”

XHEER, XS EREGERE IR RSB SRS RN
PR . Bl defaultHealthCalc H &K Vi) EvilBadGuy ) non-public B4} .

Effective C++H 3URR, B =K
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R AR 4R AT AR AR 1% AW public BEOERKNEBMUIHE, XHEF
A, (AR FE non-public {5 BFATHEME, MARET . Lhx EEMEHES
4 class FFIFEAPLEE (BIFEGE B RA A RED B#h class SMHEREANEH
HLAE (134 B IE B 3 non-member non-friend ¥ EL 5 —4 class ] non-friend F R
B , XEREESFVE. RNMFUEFEEALRAKRE, BEARMNMES
BRI A BRI AW R FH GameCharacter S A&F R REE

—RTIS, ME—AEEME R “ FZE DL non-member P ETT I class ] non-public F%,
27 RIMNERRE: 39 class Mid3E. B class AT A4S non-member BR¥ N
friends, BUENHSTIMIRE—HMREL public ViM% (L84 Wl W B
k) . BARBIEEHFR virval KB HARA (BRE “BIMNERTEBHFEACH
RV RS M “AEBITHBRTERE” ) BE LSRR (FIanm gedn
SRR GameCharacter #3EME) , BRRUIRIEG N SIHE AR HRER

#E£H trl:function 5t X Strategy £\

—B 3T templates AR EMIMBRRED (WEK 41D KER, ETREEE
EHHBUEBERREL S HRITICR T A LAER “BERBHZHTE” AR E
¥, MARREMN “GREEMARE" (BImRHxts) k? mR—E/ERE H
HAREEBRABRARR? Hft24—EBIEE int MIAREFMATHEBA int KK
IR ?

WRBAVREAEH R E A4 (WRTHI healthFunc) , TIRBH—MEEN
trl::function MM, REAFMEMERANT . BHEEKK 54 Fril, ZHH
EAEE (RME) EEETEEY (callable entity, Wit REFeE . BHTR.
BRBREEE , REHEARXAKAETH R . LUFRRIA RSO &R

trl::function:

class GameCharacter; / /30ET
int defaultHealthCalc(const GameCharacters gc);: / /30y
class GameCharacter {

public:

//HealthCalcFunc A] LARAEM “nliiF4” (callable entity) , IHEARIH#EZ
/ MEAHET GameCharacter 24, REUFAIFAT int FIRME. #F .

typedef std::trl::function<int (const GameCharacteré&)> HealthCalcFunc;

Effective C++F 3R, 3 =R
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explicit GameCharacter (HealthCalcFunc hcf = defaultHealthCalc)
: healthFunc(hcf )
{1}
int healthValue() const
{ return healthFunc( * this); }
‘ private:
HealthCalcFunc healthFunc;
}:
WRAT ., HealthCalcFunc &4 typedef, FIRTIM tri::functionEANER

Wik, BWRZAMEHIT AR - BOREBEE. RERMNEE—AKE
HealthCalcFunc M4 FEK] typedef:

std::trl::function<int (const GameCharacter&)>

XEBIH trl:: function BIL{E (instantiation) ) B #5848 A (target signature)
DARBERAHK. BMNELRROBER “HERZ— reference 8 const
GameCharacter, R[] int” . IX4~ trl::function & (HHELBEAIFENW
HealthCalcFunc &) FAEMX R UFRE (RF) LM 5 &2 XA KT
FA#) (callable entity) . FTiBHRZA, BREEX N HAYKSE TR HHRN const
GameCharacters, MiZLRFEIEMATFBREHRA int.

AET— M (3 GameCharacter A MR RIS W, XA EWILFHE
[6] . U&—Nﬂﬁﬁ%ﬁué‘ GameCharacter ﬁﬁ"‘/[\ trl::function X‘j’ﬁ, MHETF—
AME R EZ AR . XA T, RAREEAA 24 EEM, RIER
FTE “BE@Rt R XU4F LREBTRANEM.
short calcHealth(const GameCharacters); /1R B R
/ FEBFGRBIZEEY non-int
struct HealthCalculator { /1 R BT R R R

int operator () (const GameCharacter&) const
{ ...}
}:

class GameLevel {

public:
float health(const GameCharacter&) const; /7R R, FALLGH R
. / /R H non-int IRBIKEY
}i
class EvilBadGuy: public GameCharacter { / /IBIRY

}i

Effective C++ ¥ IR, 38 =)
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class EyeCandyCharacter: public GameCharacter { /1B ANPHEL,
/MBRREERES

}i //EvilBadGuy [@

EvilBadGuy ebgl (calcHealth); JIANL, (EREA

// BRI
EyeCandyCharacter eccl (HealthCalculator()); /I N2, fEHREA
// REI ST ERREE

GameLevel currentlevel;

EvilBadGuy ebg?2 ( /I NH 3, EREA

std::trl::bind (&GameLevel: :health, // BAREGHE A RERE
currentlevel,
1) //ERELT

MBAIATE, “HRAEW trl: :function ARV FER, FHERE. Eib
RESES. MBRREAXENEE, BTRRECYLEN trl: bind FrRLEHN
Hig. H TR,

BHRBRERYE, AitH ebg2 MEEIRE, MM cameLevel class IR &K
¥ health. 4F, Gamelevel::health H#RE HOEZR—NMEH (RN reference
{8 GameCharacter) , HEXLF LEZHASH, HABEBRRA - IMRASH
GameLevel, WELR this FrgfIIA . MR GameCharacters KB THE R E
Z ¥ —B¥: GameCharacter CXANITRWGHTHE AL . WRRIMEH
GameLevel: :health fE4 ebg2 R BT S s, BATULAFER T ERE, &
EARFEZFHANSH (—A GameCharacter Fl—4* GameLevel) , FHMEZHE -5
¥ (— GameCharacter) . FERXMBIFHEATLRESIBEEH currentlevel £
1 “ebg2 BRI E R AT TR CameLevel MR ”, FRBEAIH currentLevel
ZR5E N GameLevel %, LB “M K GameLevel: :health A LLTHE ebg2 £
fE” WPEH. BER trl: :bind FIFEN: BigH ebg2 MEFHEREN XL
R U currentLevel fEA GameLevel Xf K.

BT T - KEHAY, BRI 2 "1" BW “HA ebg2 AH
GameLevel: :health B &Ll currentlevel A Gamelevel XT&” . XFEHIMTIA
HER, BEMNESBREFRORAES: FU trl:: function BHR IR, &
ABREAFEFEFEADHERESEHEARENTHRAY (callable
entity) » WRIXEREE, 1H4RE?

Effective C++™ 3ChR, B =R
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& HH Strategy

IRIRX R (design patterns) X} C++ MIBEZDEA N, &R,
e (S B Strategy ik 2R f@ B vH S R BUBUR — D 2 B2 A& K R P I virtual
R R B B4 RE R RGO

GameCharacter 1@ HealthCalcFunc
A JAN
[ [
EvilBadGuy SlowHealthLoser
EyeCandyCharacter FastHealthLoser

WRFH AR UML /&5, .0, XEREEFIR GameCharacter BHEA
2 AARAE R AR, A R ¥ EvilBadGuy #ll EyeCandyCharacter #§J2 derived classes;
HealthCalcFunc B H P HAERHKBEE, K EF B slowHealthLoser F

FastHealthloser #§/& derived classes, —> GameCharacter X HH# W F— R

&, $EM— KB HealthCalcFunc ERAERIIITHR .

T EES A E T

class GameCharacter; / /BB A (forward declaration)
class HealthCalcFunc {
public:

virtual int calc{const GameCharacteré& gc) const

{ ...}

}:
HealthCalcFunc defaultHealthCalc;

class GameCharacter {
public:
explicit GameCharacter (HealthCalcFunc* phcf = &defaultHealthCalc)
: pHealthCalc (phcf )
{}
int healthvValue() const
{ return pHealthCalc->calc(*this); }

private:
HealthCalcFunc* pHealthCalc;
i

Effective C++ AR, 58 =&
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XAMRERE S| TE T, BRIRHE Strategy A M ABASPHAT, W AEE
Rt “B—NMEENEBREZAAGHE” KTt ——RZE R HealthCalcFunc 4k
AERBI—A derived class BITA] .

wmE

AR AR A GG R, R A B R i) BT - #RIEA B i 7, NG5 8 virtual
BRI . THEREERE I RAEUET BT E:

®m {#HH non-virtual interface (NVI) Fi, FER Template Method 150 —Fh
¥R R . B LA public non-virtual K% 57 bR BB RAK U A1 1 (private B protected )
i virtual 2%,

® ¥ virual RECEEN “RPIRHBAER” . X £ Strategy WiHER M —F 4
R

W Ul trl::function FRAZEBH virtual EE, FifLFERTRTHEHEY
(Ccallable entity) HE—MHRATREKRNELN. XHE Strategy BRI
HHR.

B OEHAERAN virtual REFHEIFH —NHRRERAK virtval K. XL
Strategy Wit B KA LR T

B 3R AR TT RS virtual BB BT R, B % R ik fRanid
MBERDEHRTR. A, ENEHEMKMRAMER A, RS e85
ANELR,

A3 G B N THI ) 39 S RV _ LR TR B MR, BRI FE B EER
R XAMEREH R LB, EERINITER RN,

WHicfE
B virtual BEH BT EETE NVI T K Strategy 11 AR, NVIF
B SR MR E) Template Method it 1= .

- WEHLEE R 5 R B S Bl class SMEEREL, WRM— AR, ERAREIEY
i7] class ) non-public A% -

B trl::function XTRIATHMRE —RREIRE . ZHOXNRTER “5HEZ
Bi#rZ& 23 (target signature) A" WIFFB T HAY (callable entities) .

Effective C++H 3R, 58 =&
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K 36: BREFHTE N KRTIREY non-virtual ERHL

Never redefine an inherited non-virtual function.

BB E VR, class DZH class B B public FEIRAETIK, class B & XH—4
public JRRAEH me. T nf WBFAEEEHREE, FURBRFHEEH void,
BAEHRRNEBR:

class B {

public:
void mf ();

}:

class D: public B { ... };
BARATH B, DRI ne —FHTH, BEM—AKT Y DIIRE x:
b xs /% R AT DR
R TFATA:
B* BB = &x; IR x
pB->mf () ; / /2 H IR RA nf
RFLUFAA:
D* D = &x; AR
pD->mt () ; /AR me

PRATRER A LT . FRFEHEINR x HRABR R nt. HTHEFRA
RERBAARRE, RERNREMR, BrUATARMNIZAER, 2G?

R, BNk, EHRITEARML. EHHEME, R nf £4 non-virtual
E¥T DE XA B OH nt A, WRARWLL:

class D: public B {

public: :
void mf () ; //EEHE (hides) T B::mf; WK 33
}i
pB->mf () ; //F B: imE
pD->mf () ; //VAH D:imf

ERM—FRTET A EE L, non-virtual BN B: :mf ¥l D: :mf FEHSLEE
(statically bound, W43 37) . XEEE, HT pB#EF WA —4 pointer-to-B, &

Effective C++ 3L, BB =R
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it pB YAF I non-virtual FR¥KER B BT E XAIMRA, BIfF pigm—AKE Y “B
FRAEZ class” MIXTE, —iApl.

B5—77H, virtual REFHRZHELHE (dynamically bound, R4&EK 37) , B
EMAZZA B2 7. R nf £ virtual K, AN e £ET pB 2 pp WH nf,
#EFBAA p::mf, EH pB A pD HIEFRHIEE —NHRAA D HIXH.

WMRIRIELEGRE class D H E g X4k A& 5 class B ¥ non-virtual &% mf, D X%
MR LHEHI RO —BUTR. EHAME, 2 nt $HH, £ D5t
SEIRERILL BB DHATH: REFEAENRAES, MET “RREHRZIE
7 MK A KA., References L& BILMIEH —HEfE IEBE TR

ERARLSE LS. RUOEFREERENEBREZHMNES OT “4
AEHiE HATIRE non-virtual B XEFE) . RVFBEAHRRSE .

%K 32 B4ULE, FTiE public AR is-a (B—F) IR, £ 34 W

BRK A ATE class WA —A non-virtual E¥ LK% class BB —PAEM

(invariant), # % 245 7 £ (specialization) . 2T RARKFHIX BN S HEIT TR A classes
B ¥ p Pl X non-virtual i R B B: :mf B L, A4

B EHTBXNENE—HE, WEATOIXNER, BAES DHRHBE 4 BHE;
B B derived classes —E 22k mf K3 OFIEH, B4 mf £ B B— non-virtual

B

e, MR BEFE N me, HURIHEHAFE. MBEDEAVETRME 8
ARK nt, HFEAMREF A BRHR—AEZ LU —EMLTEH B FHRGLH
mf EHEG, WA “EA pERE A B” MANE. BRI D RAZL public B
B B. H—7H, WHR D EMNLHLL public HR4kA B, FHME DEFFES
BHE B ARK me, 4 mtRIVED B REUE “AEMEEERHE” MK &
RIXHE mf MIZEHA virtual . 85, MRS DEMNE 4B, HHAWMR nf
HAh B RBUE “AREMERBERNE” MR, B2 oEAFEEFE X nf, WA
BN IR RIXEM .

AW, SREMAR.: EAHETHERZELRTE X —MEATRE
non-virtual .

Effective C++"1 IR, BB =hK
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MR PR FERBERFERZ R, BFRFEANRCEEIFRK 7, REFTBREN
4 %% (polymorphic) base classes P§ FIHTH BN % & virtual, WIRRE R I
AN TN (49 3% R 3 0 B /R 7E polymorphic base class P 75 B — ™ non-virtual #7# 30,
WREER T A%, BHA derived classes ZEX RNi%EH & X — AN EEATRE
non-virtual B3 (HALFRII R base class FTHIKED . BMERF HUFTHAERE, HIR
HE, BEAEKKS B, WHEEE “WREEFIEBCHEA—A, RiESSIFRE
B FEFBRRARRZ —. BEARTE, £ 7 AAERAERK—MFBRE
#l, REELEHEEI R —NEHK.

WiclE
B R ANEE T E XA AKTIR K non-virtual BRi%L.

R 37: PBREFE N BRMENRESHE

Never redefine a function's inherited default parameter value.

RN — TG R AL . VR LB APIRI R L virtual fi non-virtual FK 3.
SR B 58 XN AT SR non-virtual BREUKE £EIRAT (W% 36) , FTLIE
AT A2 2 A K R AHE BB T “4& — AN HHHRESBEN virtual RE” .

KRG T, A&RRLERBRIEF BEMAE T virual RBRNEHE
(dynamically bound) , TitESHEHRFHFSHE (statically bound) .

BRAAREB? RERT AT ER R OB ICR SR ENBEY E 6
MER? (WTERERER, FERBU K, BEACNANHHRE, early
binding; WNAEYE N4 JGWAYESE, late binding. ) BAEILIRATR—BIE ) Z hikn !

ST ET IR AR (static type) , R CERFPH AN TR HAE,
ZRBLUTH class SR AER:

7 /=N RLHER TR class

class Shape {

public:
enum ShapeColor { Red, Green, Blue };
/1 ETERELAERGE— A K%, AR AS

virtual void draw(ShapeColor color = Red) const = 0;

Effective C++H 3UhRR B =R
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class Rectangle: public Shape {
public:
//ERE, BRTPARNRESEHE. XEER!

virtual void draw(ShapeColor color = Green) const;

}:

class Circle: public Shape ({
public:
virtual void draw (ShapeColor color) const;
/1% BER, UEXATNSES UNSAALRE, —EERESHAE.
// FEABEYHE TXMREIF AN base HAREBHIE.
// BELUFRET (3K reference) VAFULRE, TTUANEESHIE,
// BRI ESE TR DTS AK base BARESEUE.

}:

XA ARG RE R T
Shape
T
— 1
Rectangle Circle

AEH BIX R4 :

Shape* ps; / /8 FR Yy shape*

Shape* pc = new Circle; / /87 BA shape*

Shape* pr = new Rectangle; / /8K B N shape*

A4 ps, pc Fl pr #4784 pointer-to-Shape K&, FTULEAIELLE RS
KA, FR, FRENAERRAMAA, EMNRNEERME R shaper.

MR FTIEEIAIE (dynamic type) WETR “HAFHENRHAER” . B#
Rit, ShARMTURME AN EESEMFLITH. LLEFITSE, pc KA
£ Circle*, prHIZIAHKE R Rectangle*. ps WEHAERR, FREMKRBET
Xt & .

AR — M HLHRHTR, TERFITERT SR GBEERZ HRESIE)

ps = pc; //ps BIBhAERRIMNA R Circle*
ps = pr; / /ps WIshASHREIIN4 B Rectangle*

Virtual R FRFEG TR, BEEFH—A virtual REET, AERHE 4
BRBSEIARE, BT R A RN RS RAL

Effective C++ 3R, S8 =R
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pc->draw (Shape: :Red) ; / /W Circle: :draw (Shape: :Red)
pr—>draw (Shape: :Red) ; / /W Rectangle: :draw (Shape: :Red)
RAEXLHREZRER: BN, RARCET# virtual RE. HEZHIREE
WA BRE SHEN virwal BE, HHERT, EABMMBHEHTVR, virtual L)
HoesE, TREGSHRENEHESETE. RERRTHRLIE “HWRA—NEXT derived
class P30 virtual ER¥0” HIRIRS, ZMEH base class ' FTig e MskE SHUE:

pr->draw( ); / /M Rectangle: :draw (Shape: :Red) !

Bz H, prBIAKER Rectangler, FTLAAAKIR Rectangle K virtual
E¥, —WRFTARE. Rectangle::draw EREIHIBLA S EAEMN %R GREEN, AHET
pr E‘Jﬁ?&c\%g’i%' Shape*, FrUAMt— MR84S AR E shape class TIE
Rectangle class! 45 £ IXA R ¥OAMAA E A EHF B FAT R ATREBEINA
4, H Shape class Fl Rectangle class ] draw FEI A& H—+# 77,

Pl E SR BRI T ps, po M pr &8 R TEE "HIE I ; BIAE R4t # Rl references
i ER ATy R FEAE . B S EE T draw B4 virtual RE, BB M4 2 5B 7E derived class
RRHEHENT .

Fta Cr+ BEFLUXFTRKI T RRSER? BRETBITHRE. WRER
BHBERNTHE, FFB L IE EMIMEESTHN virual BEREGEHM
SHEEE. KB RTEATR “ERENHRE” MNHERTAERER. HWTEF
HHAT GRS M BB, CH T XBENRE, RERRERMS T
ERHBATHE. AURREEERELRTRRNEE, REHRERA.

X— YRR, B RRREYTIXEML, I B RRREHRESHIEL base
F1 derived classes I 7, NaKRAEH AER?
class Shape {
public:
enum ShapeColor { Red, Green, Blue };
virtual void draw(ShapeColor color = Red) const = 0;

Effective C++H LR, B =R
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class Rectangle: public Shape ({
public:
virtual void draw (ShapeColor color = Red) const;

}i

B, AMES. FMEOR, RMES X BEKE (with dependencies) :
1R Shape AMISABHEZET, Fiff “ESLTHRESHE" HHE derived
classes MG, BUEIIRLS BB “EH & X — MUATIRIAGE BRE” .
EATM

LRAE4 virtual BRECERILH RATEE AT DB EMRG, 5 R EeE R % 8
BRWA. %43 35 51T AL virwal REPER T, HhZ—& NVI (non-virtual
interface) Fik: 4 base class HJ— public non-virtual & ¥ & F private virtual &
#, JREETH derived classes EHE Lo XEBRATT LAk non-virtual BRHTE & B H
B, W private virtual 2% T E IE A TAE:

class Shape {

public:

enum ShapeColor { Red, Green, Blue };

void draw(ShapeColor color = Red) const / /04" R non-virtual

{

doDraw (color) ; / /VAR—A virtual

}
private:

virtual void doDraw (ShapeColor color) const = 0; //REIERTHE
}i / /TEIALSE R
class Rectangle: public Shape ({
public:
private:

virtual void doDraw (ShapeColor color) const; Vt:o -ty

/ IPREBHIE.

}i
T non-virtual BRIV IRZX A derived classes BE (W& 36) , XA#
THRE R HFER draw BEH color A SHE B RN Red.
WiciE
B AXMABEERE N —MEATRKRESEME, HARESHETRBERE,
T virtual BF—ARE— N IZEERNRA—NEEHERE.

Effective C++h 3CHR, BB =R



184 6 A& SH NSRRI

M 38: BT EESBEL has-a F"IBIEEYSLIME"

Model "has-a" or "is-implemented-in-terms-of” through composition.

H4& (composition) RRRZ MH—MRR, BEMBRMHRA S EMAR
X%, ERXMXER. Fla:

class Address { ... }; //FENKRE
class PhoneNumber { ... };
class Person {
public:
private:
std::string name; / /& RS (composed object)
Address address; //FE
PhoneNumber voiceNumber; //FE
PhoneNumber faxNumber; //B L

A7 person X% H string, Address, PhoneNumber ¥i. EFEFF R 2 (8]
84& (composition) XAREFTHER XA, @BF layering (42 , containment
(&) ,aggregation (BE) F embedding (R .

%332 B, “public ZAK” #HHis-a (B—f) HEX. E4HETEHTKN
B ERELEERAEN . H4 3% has-a CF—4") & is-implemented-in-terms-of
(REEWLIRE) « BREKE KR EST E LRGP EEFE AR SR
(domains) . FEFFH IR REIAH L TIRFTEE R P RFELEHEY, FlmA.
RE, —KRPNEESS. XEAXSETNAE (application domain) #B43.
HoAth X g AR SEBLA T B A TS, BRI X (buffers) . H /8% (mutexes) .
M (search trees) H4%. XLEXT R Y TR MLIIK (implementation
domain) . HHEERETNABNKNR B, RIAH has-a xR SERET
“SEHIR A )R R B is-implemented-in-terms-of [ 3% & .

LIRH) person class 7578 has-a & . Person H— M4, —/ ik, PLKIE
EAMEERERESHE. RARY “AR—ANEHK” R “AR—uit” , R
“ANE—NBR” M CAF-AHN” . KEFABEZH—XHIZLEE, FUR
b N&%f is-a il has-a B F| H .

BRI X 5 is-a (B—f) M is-implemented-in-terms-of (AB1E 45
WHD XM ERR. BIHARTFE— template, FHEHIEH—A classes FRE
HEAERSRHERN setse HTEA (reuse) BUEEDELLHER, HREE—

Effective C++"1 3URR, 3 =K
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B RFHSRERFERMEN set template. 2R, WRMAPFTEH template & F
R, BIMALHBE—A4R?

ARZME set HEMALERB BN LRRA=AIRE "NBSIITE B H sets
BH LA (balanced search trees) LI, FefilEEE. £, BB
TCENARIEFA X BT E (logarithmic-time) 3. SEFLLAFREE, XLME
WHIAEET, AR RREFDRZRE EEEER? BARERFER set 12
PARPRMERRE THEE. BUPRERER S B M template.

HEAERBER K, B (reuse) RAFFRFHNE. MRFE—MHIEHHER,
PRRREENE, S sets MIHERE T, HA—MERLEKEFRA linked lists. TR
X NIEFENE, FRUERFEER — list template, TRIKREREME.

ERB Y, RREERIBAHZEF K set template k& std::list. HEE
il set<T>%k& list<T>. HEIEIRITIMERD set HRHLRA List R . IR
TR set template W :

template<typename T> /7% list MATF set. iR,
class Set: public std::list<T> { ... };

BUHEERRGRE, BLFLHFERATEHR. — WK 32/, WRD
B—F B, X BAENESHFEHEY DUENZNE. B list JURNFERTE,
TR EAE 3051 RS List<int>BIK, A 1ist A EWE 3051, set AATLA
AEEHTE, WRHE 3051 FHEHE set<int>HIK, XA set AHE—% 3051,
itk “set B—F 1ist” FRNE, B List MEHEMELIER set MR
HANAH.

HTFIXB 4 classes 2 [ 3F3F is-a BIXFR, FiLd public kA&ANEAS FREEE
1. EHBBUER, RNSTH, set HBWIRE A list MHELIH K

template<class T> / /% list MAT set. IEWfE.

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::list<T> rep; / / IRERR set RIEdR
}:

Effective C++ 3R, 58 =R
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set B R BRETT ABABL 1ist RAMER PR AL REL VLRSS, Brid
KB ERMME R, HERBELL STL mERF:

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>
void Set<T>::remove(const T& item)

{

typename std::list<T>::iterator it = /7 REK 42 Xf
std::find (rep.begin(), rep.end(), item); //"typename"Hii8
if (it != rep.end()) rep.erase(it);

}

template<typename T>
std::size t Set<T>::size( ) const
{

return rep.size( );

}

XERBIL R, FEMHESE A Y inlining FEA . (BIEGE, EMBAERA
5 inlining FXRAIREZH, NiEHEH KK 30.

HFE AN XK, R set B OHME STL ARMMN, MEFE LK 18 &t
BEOMES: “LEARHBEREH, AEBRA” . ERX/LINEEEFIRLD
B TN set MFZ R, MKW TEM List ZIRIKRFR. HT set fl 1ist
ZIEPIRBRRAZKME L, AR UBEERMBE R #e STL AN, b, set
BB 5t set TS LA BENBR” BRRE, BIRRIEEM 1ist
BIMXR. XXREHIFis-a (BREYLLTR) , & is-implemented-in-terms-of..

BiLfE
B F4& (composition) HIE X public A&AELEARF.
B 7EN A3 (application domain) , HA& &K has-a (F—1) . ELIHIE

(implementation domain) , & &8k is-implemented-in-terms-of (R$ERHSE
MHD

Effective C++H 3CRR, B =R
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R 39: BAESTERRMER private 2K

Use private inheritance judiciously.

%K 32 BEWIET C++ WK public &R is-a X FR . ZEHRAMF HRA
FAgkEER, HAP class Student LA public FE 4k class Person, T RYRIEIEA
DERZ] Ch TiERBEEA R % students B B¥#A persons. RERBER
HBIHG—BE4y, 3FLL private 2k # public 4k7K:

class Person { ... };

class Student: private Person { ... }: / /X IR private 8%

void eat (const Person& p); / M NERSE,

void study(const Studenté& s); 1/ REEEFERES]

Person p; //p RN

Student s; //s A

eat (p); /7808, pRA, 2.

eat (s); /7R R, HEEZEARAN

B private ZAH AR is-a XK. BMATEKMA?

“EERR AR, “ERNMFTHEBEXZG, TEARERLITA. 2K private
BARAT AR ? 7 FE, M private SAMEEMURRIA LT T: WwH
classes 2 [B 4k AKX R A2 private, HRIFB A BN derived class X H (Fn
Student) #¥h— base class % (FI Person) . IXH public AKFRA
o Xt ANHAET s HH eat KRMIREE . 3 &MWL, H private base
class kAT RMFTBE R, 7 derived class T HL3 R private BE, AEESAIE
base class # R A& protected B, public B 1.

%7, WIELLRMNFFAITEILE X . Private 2K Z Bk implemented-in-terms-of
GRIEEWLIE) . Rk class D LA private FENEEAK class B, FREIHREREN
TRH class B H B2 &R MR LM, AREAN BAFZN DNRFLEFEMUE L
BI3CFR. private Sk R B —FLIEAR GXBE B4 %K B — private base
class (IS EER TR class WHBR private: BLDYEAIHEELIET WD) . &
FI%&K 34 RHMIARTE, private SARIR R LTI #40K, EOHTNIEE,
sk p U private FE 46 B, HER DX RIRE AR LIMA, HBREFLMER
T . Private ZKERME “Bit” BHEEERN, HEXRAERFRELIZEE.

Effective C++9 3R, S5 =R
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Private 4% Bk is-implemented-in-terms-of GRIEEMELZIH) , XA MHELH
BAEARZ, EN%K 38 ARIFEHE S (composition) KR X HEIXFE. RN
EFHEZRRE? ERVE R RUBEHREE, LENAEMH private 487K, i
ARVNE? FERY protected A 5 /B virtual pREZEREHER FIRT &, HLLH—
PR AL, BRR X425 [8) 5 T B R Ok R 2 LB B private 48K B STAERS . B /5 BAN
BRBXANO, BEEERE-FEEHER.

BRBAVGIRRFEY & widgets, TiFRATHE BB IFH T AR widgets.
BINRATR SAREME widget RARKE 2MEHBOAH, LEMEZET B
a5 TR e e A4k . BANIE, WAL APMITHE (execution phases) HIFEFF,
AT EEEEAR R BAAHE AR AT A3 B (behavioral profiles) . #liN4mF 2R EMET

(parsing) BB FF Rl KA FEFAERARA (optimization) FRIBAK (code
generation) B BUFTAE R TR 40

RATPeE BN widget class, LEREFRE NG REABARKE. BITHE
BRATE AT ERE R, BFEN LS widget B, DARMNFTEFM
RAT AL RE. HSE R T, ROITERERXMN S, ERIMERER
TR EREET .

BNTHEARANNE, RELEHNAE, S TAEEZHPHER
¥, ¥HEFOREITIXA class:

class Timer {

public:
explicit Timer (int tickFrequency);
virtual void onTick() const; //ERBREHE K,

/ / R B B A — K.

XBRERMLIETE. — 4 Timer ME, AHRAURNFEN T HER
BAE, BIREERIEHEA virtual B3 AT LLEF E XIHA virtual BH, ik
JE BN widget HIMEPIRZA. 523!

3 T it widget EHE X Timer WY virtual %, widget M7k H Timer.
{8 public 2k AFEMAIHEAEY, B widget FARA Tirer. EWf, Widget BF
BAZEEB AT E —A widget A onTick B, FEAME LIH AR widget BOM
—#45. MBAWFBERRRSNE RESEREFS A EMHBER widget O,

Effective C++ 3CRR, 5B =R
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MeBEREAK 18 HBE: “HEROBRHWERSEH, FHPRA” . XA, public
BRI R

EAVLIRLL private FEARZEK Timer:

class Widget: private Timer {
private:

virtual void onTick() const; / /% Widget HIEIE. &%,
}i

#& 1 private 467K, Timer ¥ public onTick B ¥(FE Widget WK private, TiH
MEFFH (BX) MR ERERIL. FiH—K 1 onTick JBEE public N
WERGE P m U ATRTCURAE, BRiER T 43K 18.

XRAFRGE, EAMEJLICE, B2A private SAF IR BB . BRBATRE
LLE & (composition) BXTIARZ » £ATLAR . RELE widget WA —MKRER private
class, JE# LA public FER LKA Timer FFEHE X onTick, REHM—MXFHEEK
W %F widget W FHRZIXFIEERI TR

class Widget {

private:
class WidgetTimer: public Timer {
public:
virtual void onTick() const; Timer
}i ?
WidgetTimer timer; Widget WidgetTimer

}:

XA R private kAT H Z¢— ik, P4 B RIE I X public 2k& MR
&, HBA—AF class (WidgetTimer) . HERBRBRETER N TIRER, ¥
R—ANRIHERHTEAR -, TISECEEZMBERERN (FEFX
35) . REwtk, BYUEHEANES, AMTARTERER (RENZ) BHX
FEHY public kA MB S, TARERRSEH private AR

B, WEFSEEH widget BB LA derived classes, {BFIFIRATEES
ABFH IE derived classes E#H & X onTick. HIHE widget 4K B Timer, b BRI
A HesEI, B2 private ZA AT RE. GRICEW, 43K 35 B il derived classes
AT LAEF € X virtual B3, BMEEMNIARERAE. D EUIE widgetTimer £ Widget

Effective C++H 3R, B =/
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WERH—A private A A Timer, Widget ) derived classes ¥ JCikEUH
WidgetTimer, RMTEIELEACREH E XK virval B WRREZLL Java B
C# HwIEIHHE “FHLE derived classes EHE X virtual IRE” HIRES (WEE Java
9 final Ml C# ) sealed) , MFEMRENEEATE C+H FEUET .

B, RBRTFLSEER widget MRFRFHBEERIC. MR widget 4K
Timer, ¥4 widget 4RIFM Timer MIE X LHAT W, FiLAE X widget BIARASCH
iR #include Timer.ho (BIIE WidgetTimer B widget Z #M widget W&
Fg4T#81M— > WwidgetTimer, widget AJBLR#E — AN M widgetTimer FEAR,
FEFEEtinclude 15 Timer HXMART. M RKEREM S, WIHHHER

(decouplings) THERBEEMIER. X THRIFKAEMR ML, FEREK 3.

YR BE KT, private A TEHT “U—NEKRN derived class F AR5 A
—ANEEBR A base class F ) protected F5Y , BUA T EHi € X —HE A virtual RE”.
{EXBHERA classes 2 1Al FIHES - R H 5L & is-implemented-in-terms-of (FRIEFRY)
LI Tk is-a. KRB YL, F-FHEHERS RZRRMAL, THREKRE
YRi%E#E “private SR~ MR “HEMEE” -

IR ERA S, FUEATRITGEY class A EFAIHER. X
FEHY classes ¥ non-static KRR, ®H virtual B (BAXMRBKFESH
F{AKRER—A vptr, WEK 7) , thRF virtual base classes (B RiXFEH] base
classes L& BBAR ERIBSMTH, WEAK 400 . TREXMETIEN empty classes
STEAE AR, BAREEMRBEYROEETERME. RHTHEAR LR
B, C+H HRELEML GEME) MREBLAFIEZTRD, il RARZHEM:

class Empty { }; /IREEAE, BTSRRI N
class HoldsAnInt { ' //BAZRTE—A int ZE
private:
int x;
Empty e; 1/ BEEA T BT HAF
}:
R RN sizeof (HoldsAnInt) > sizeof (int); BERK, —A Empty RAREH

RERNIF. EREHRFSRT sizeof (Empty) KB 1, FHERN “RNAEZHM

Effective C++ 3ChR, 5 =K
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S CGEME) XR”7, BE CH+ B HORREE ) char AEXNE N . ATFHF
PR (alignment, W43k 50) TIREME MLRIE R MM HoldsAanInt XFEH class
fn_b—se3t 8 (padding) , FTLAF ATHE HoldsAnInt S A RIKB—A char K/,
WFSERR L BHR B R BN —A int. ERREWITERFRFT, WHEXH
HOLRAE .

EFTRERET, RARDOHY “Hr GERE) 7 MR D—ERNIF.
R, XMYRAEA T derived class X R I base class 4y, BAENTIHIE
3 GEMR) o MBRIRYEAK Erpry, TARAE —MIRFREEIH R,

class HoldsAnInt: private Empty {
private:

int x;
};

JUFAT LAHAE sizeof (HoldsAnInt) ==sizeof (int). XZFT18H EBO (empty
base optimization; 7 ARLEEMAL) , BIAIHTERFRTEXENER. R
HRE—ABFEFREAR, MRKEPIEEERSR, BAEHBFESE EBO. H5ME
BEREENR, EBBO —REHR 2K (MIEBEHK) TA T, 46 CHER
i R IR GE % &R EBO LR HET T “9H4 £/ base” [ derived classes &
F.

Bz "empty” classes H A E IR empty . BAR TN RS non-static B 57
ZE, HEEAF typedefs, enums, static AL R, X non-virtual BR%. STL HHE
WEEARFHBRK empty classes, HHPNEHAMMA GEH R typedefs) , & base
classes unary function Ml binary function, X% “HF BEXZEHNR”
WS MK classes. Bt EBO ()12 SE ., X FEHI 4 &R DN derived classes
IR,

Rgtng, ibBAMEBIEIRA. KLH classes HIE empty, FrLl EBO BHH
private 8k IE S4B . Fit—H i, REBRAMAT is-a, X2 public 447K,
AN private kA& . B &R private 2k A& #E Rk is-implemented-in-terms-of, {HE &Lt
REGEMR, UL amE, REAL, REENZEERS.

LRSS “HARTFHE is-a KR” BB classes, HP—NMFEHFHH K
protected i 7, BRFEEH T XH—RE A virtual BE, private HAKE WTHERA
EZiH kg, BMEMRFEHEEER, — MRS T public FMEAHIBI, &
ARERHERERNIT N, REXBEMRITFRRXNERE. “HEimHHER

Effective C++vh 3CHR, 3 =Ml
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private 2k ” Bk, EFRBIHEFHAMTEZE, WRIIRINNA private AR “F
MBFHFEA classes Z [MHIRXR" WEENIE, XAHE.

EiLlE
B Private k7K & UK is-implemented-in-terms of (RFEMLILE) . BEHEHES
(composition) HIZHUEK. {ER 2 derived class T %15 7l protected base class [
ARG, REEEFE XHATRE virual KA, XA®TREHER.

B FIR4& (composition) AN, private 28K T LUk K empty base BbAL. XX
HF “HER~TBAME” HRFEFRENS, TRIBEE.

R 40: BAETIEIRMIEFA S MK

Use multiple inheritance judiciously.

—B¥REEMA (multiple inheritance; MDD , C+ #BEES AW ESRE
B, Hphz—AH RS —2kK (single inheritance; SI) RIFHI, EEHEK—EE
. A—REBEWER, 2—2&REN, BLEREKNMEBHEE (BUEAD . X
ZFHEMEEANRFIARTHREESANHE MU

BAEFENEN—MHFLE, 4 ML NI RIE, BFE I RMA—LLER base
classes SR AR (WRE. typedef FH) . ML IFHELME S (ambiguity)
m‘%o Mﬁﬂ:

class BorrowableItem { 7/ B RS R AR T
public:
void checkOut ( ); / /IR TR

}:

class ElectronicGadget {

private:
bool checkOut( ) const; //BAT BB, REEFRRKIY
}i
class MP3Player: //EBIX BB EHK
public BorrowableItem, /7 (CREEPEEREH MP3 #BREE)
public ElectronicGadget
{ .o, }; //iXB, class I XA RBAIFIROEN
MP3Player mp;
mp.checkOut ( ) 7/ R RIREA checkOut?

Effective C++H1 IR, B =R
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ERMFIZ DX checkout KRR RE X (BRWT) &), EERABEZH
HE—ATEHAH (BorrowableItem W] checkOut & public, ElectronicGadget
W EIHLE private) . X5 C++ FRMET (resolving) BE R ECR AWMU AFF:
EIRBAANRBOTRAZAE, C+ HAERMAIARENEAZ S RRELE.
B VLA R S A R AT BUR M. ABIRPIAS checkouts A1 R HIILACHE BE

(VR : B A B s ), A FriB B {EILAC . A ElectronicGadget : : checkOut
HAT B RN R R ESRTE.

AT RN, PRI HFE BARE BB — base class IR
mp.Borrowableltem: :checkOut ( ); //WERE, JRREIXA checkout. ..

PR R AT L2 BR A ElectroniéGadget::checkOut, BREHRKE
—A “223038 A private A BRE” HER.

B E AN E B R A — UL LAY base classes, {BIX%E base classes FAEE
AR E D WEEHEED base classes, RAPSIHEHAY “BAREZEHRK” .

class File { ... };

File
class InputFile: public File { ... }; / \7\
class OutputFile: public File { ... };
, , . InputFile OutputFile
class IOFile: public InputFile,

public OutputFile x /I

10File

{ ... };

FEAR BB SRARAE — AN 8k AR 4 2R T 3 34> base class FIFEA™ derived class 2 [H]
H—& U ENHERSE GRBRLERK rile A 10rile ZRFHERL, SHNER
InputFile M OutputFile) , FRERLINEITIXFE—NAE: REITHIL base class
HHRREBRE BT - RBRBHEH? B File class HMRRAZER fileName,
4 I0File NiZHEDEXNBRIBER? NEMAEY, 1oFile NHE—4
base class 2k —4}, FTURXRAMZFE B fileName AR E. HAF A
EUt, FiREEEEREA. orile R EEH — N LHFERK, LS EAGHAD
base classes T13KHI fileName NZER .

C+ EXZHHHE IR BHLG; BN REBZF—BARHREBER
PATES (ML E—BRFrRmME MR . mRBARERER, FROMESEAN
A HBHEN class (R File) B A—A virtual base class. T X¥EM, R

Effective C++7 U, 3B =R
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ML FTH HEME HE/ classes KA “virtual 467K ”

class File { ... };

File
class InputFile: virtual public File { ... };
{virtual} /ﬂ v\ {virtual}
class OutputFile: virtual public File { ... }; K .
P valp InputFile OutputFile
class IOFile: public InputFile,

public OutputFile
{ ... }; IOFile

CH WERFERS —INEEHEAER, HEWH
MINAEBRIEEE, HAEHE classes IR class templates, ZFF5THI R basic _ios,

basic_istream, basic_ostreamfﬂ basic_iostream, MAEX B File, InputFile,
OutputFile fl TOFile.

MIEHIT B HIMASE, public &N XS £ virtual, IR XREME——MRA,
NIRRT . AT (7B 0% 2R {F F public 4k, EA virtual public 4k, {H, B
W, EHREFARME WA, ABRMABRNBEATEESR, HFH[LMBHEE
FRERSE, MEERRE: FH virual 2ARHBLE classes B £ FIXT R AR
A non-virtual 4k [ 5L A AR K, U514 virtual base classes IR BB, tHECTE
i3] non-virtual base classes ffI AR BHEES . A TERERARTR, HEL
HAURER: HRER virual 2 HAM.

virtual kA& IR AT QFEH AL . AL “virtual base classes #1846 BIFLN
EEAZ non-virtual bases 151 4 B 2% B A H M . virtual base VI L FTAE R B4
ERPHIBIRE (most derived) class 157, XHE7N (1) classes YR B virtual bases
M EEVIEL, SFAMH virtual bases—— AR AL bases FEELZE, (2) H—H
Fi 1 derived class IAGREK RS, T AMAMEH virtual bases (R iR EEHE)E)
RV T AE

B2} virtual base classes (FFH 4T3t virtual 4k3) FIBEREHE. F—, FEo
EAREH virtual bases. V& i&# F non-virtual 4k4&. £, WRRUIFH virtual
base classes, RAJFEBAEIL PR BEEHE . XA —RHEHAAFHLXL classes 5 L
FIWIHAL (IR AT RNEREE T . Java M1 NET [ Interfaces HEEE,
EEFLHHEHBEAT C++ [ virtual base classes, 1 H AR RFSHETEE.

BAELEATEE FEXHEXREE “ A7 # C++ Interface class (M43 31) :

Effective C++m 3UhR, % =K
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class IPerson ({
public:
virtual ~IPerson();
virtual std::string name() const = 0;
virtual std::string birthDate() const = 0;
}i
IPerson HI1% P 545 LL Iperson K pointers F references KRB, B AFHZ
classes BB EAOIEX R . BT ORI 4 Irerson KKK R,
IPerson HJ% f{# FH factory functions (L) B%, W& 31) ¥ “¥R4EH Iperson

MR classes” SEikib:
/ /factory finction (L) R%0 ., B#EF—M—E _HEIEE ID €/ —4 Person X %.
/13K 18 IR AT ABEIREIA R R asTeE

std::trl::shared ptr<IPerson> makePerson (DatabaseID personldentifier);

/ /EA BB ERETF LRGN HERE ID

DatabaseID askUserForDatabaseID();

DatabaseID id(askUserForDatabaseID()):
std::trl::shared ptr<IPerson> pp(makePerson(id));

/ /Bl — AR TFE Iperson N,
/ /#H Iperson iR REALE *pp.
{B & makePerson WA GIE X B IR El—MEEHR R ER? TEE—EF R
&4 8 1person B RS class, EHF makePerson W LIBIEM R .

XA class &8 CPerson. BRARE S class —#f, Crerson MM “ 4k
B Iperson” HJ pure virtual B3 SEIARED . FATAT LAUNEERH B HiX KM, B
BHMEANARE ALY, BEMT XBORNELERE. fla, BEEIMRER
BB class, %M Personinfo, H Crerson BB RART:

class PersonInfo {

public:
explicit PersonInfo (DatabaselID pid);
virtual ~PersonInfo();
virtual const char* theName() const;

virtual const char* theBirthDate( ) const;
private:
virtual const char* valueDelimOpen({) const; //EF

virtual const char* valueDelimClose() const;
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Rl LRI RN R class, FRH L 5B EBERE] const char* AR string
Xg. REMY, WRETEH, TWATE? X4 class FRARBPNLHRES
BERBRNEERETREBR S AHE.

R4 R, PersonInfo MW iTFRMMBI AE MR LITENEHEFR, BNFE
BENBEANERAURKEREIT. RERNLERARFTSEAES (hiE
), Bl (Fi) FBAE "Ring-tailed Lemur" K440 %

[Ring-tailed Lemur]

HETFHESHERZUBEANEZNARES, FLUIHA virtual B
valueDelimOpen i valueDelimClose fUUF derived classes W © 41 H kB AR
5. personinfo R H R AFHIXLE virtual %L, EEUHABAFSHRMEBIE
IR RI{E . A PersonInfo: :theName 3%, (RIBERFKGIXFE:

const char* PersonInfo::valueDelimOpeni) const
{ return "["; / FRERRR S

} ‘

const char* PersonInfo::valueDelimClose() const

{ return "1"; / 1REWNERES

}

const char* PersonInfo::theName() const

{ //REEMX SR AR BT XR static, BEEH BEWISHLE “2HE 07

static char value([Max Formatted Field Value Length];
/I ENEEHS

std::strcpy(value, valueDelimOpen{()):;

BE, % value WHIFRFERRMEIXMNEE name LR RS
by, BSGPIKEERRD

/I BNGERAS

std: :strcat (value, valueDelimClose());
return value;

H1FH NS PersonInfo: : theName 18 1B T CRFHI R B MR M H E e K
) static BwhX, HFEFBREABEMREAE, LK 2D , ERRGHNIEX
PERIBE R P55, fBUA FEAIZEYFE: theName HF] valuebDelimOpen F= 4 F-%F &
TS, REFEE name fl, #R/5HH valueDelimClose. HF valueDelimOpen

Effective C++H 3LRR, 3 =R
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F valueDelimClose #§ & virtual K%Y, theName iR Bl 45 RANEUR T PersonInfo
H1BL T M Personinfo R4 T M classes.

£ 4 cperson LE, XEMFMEE, ENFHFIE 1Person X%, REMR
name F birthDate FEREUFIRBIREEN (NHRAFTSNERTS) K.
MEWRWES AL AN Homer, A name BREHENIKE "Homer" W AR

"[Homer]".

Cperson M PersonInfo WK R R, PersonInfo WIHFH & TR BT #H Bl crerson
HBAES LIk, SiXtE. eiIXAZAERRE is-implemented-in-terms-of (AR
EWEIH) , MBAIEEXFRR AT ARFHEARLIR: & (MK 38) M private
Bk (&K 39 o &K 39 MEEEEEREZREMBE, HNRFTEERE
X virtual BRH, HAGARRLER. KXl ZH cperson HFEEH E X
valueDelimOpen Ml valueDelimClose, FrLABAZEIE & TLiERft. REZERNFE
W4 CPerson L private T 4K PersonInfo, BAREK 39 thifiid, REEI—
MTIAE, crersontBATLAGE “HA + $A&” BARUKREREHE X pPersoninfo
B virtual P& BLALBKE{E A private 47K .

{8 cPerson AL Trerson I, MFHLL public SkA& A RETEM . X FB
ZEMKAN —NEEERANE: K “public A AFEHO” F “private R B E
TR &EE—i:

class IPerson { / /3XA class $5 H R SEI RO
public:

virtual ~IPerson();

virtual std::string name() const = 0;

virtual std::string birthDate() const = 0;
}i

class DatabaseID { ... }; /TSR AWAEE.
class PersonInfo { //3XA~ class B T4 B E
public: / /FIFBASEB 1Person ¥ M.

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++91 30K, B =R
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class CPerson: public IPerson, private Personlnfo { //{FR, ZE4K

public:

explicit CPerson(DatabaselID pid): PersonInfo (pid) { }

virtual std::string name() const / / BB TPerson AR
{ return PersonInfo::theName(); }
virtual std::string birthDate() const //SEBUAER] IPerson BUABEE
{ return PersonInfo::theBirthDate(); }
private: //EFEX
const char* valueDelimOpen() const { return ""; } / /BT RN
const char* valueDelimClose() const { return ""; } // virtual
/ /" SRR
}i
£ UML B XM R E BRI
IPerson PersonInfo
? lﬁ (private)
CPerson

AT EFERN, 2EXRBFTEHEEMNR.

MERLRAE, HARU, ZPEAEKARARNETRAEEN —TRME. M
B-SRHE, CHEEHERESR, EA BB, FTUmRIRE SR —%
ARBITR, MERAEN T —ASEHRBI TR, WAB-HERHITRIL
PR BRI . WRIRHE—BEBIR B KB T R R EERA, RNREZSH
B——JLFT S — R SR Ry Rib B —RATHE . RiTH ELRAHE MR
MR SERAE S 2 BmfETE . BE%EY . REENHBE, REMERMNFREHRE.
HERE, ROFRERETHIEMNELTERE.

Wi

B BEMKLLR SRR EARE SRS UE, PR virtual AR EE
W virtual SR SEINK D BB WAL (RIBED) BREFEERA. MR virual

base classes ML EHE, HREBERLANBEPENR.

B ZEMKNEEEAHR. P METHR “public AR Interface class”
AN “private kAT B SLINN class” FIBAHAS .

Effective C++ U, =R
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7
ER5Z B mIE

Templates and Generic Programming

C++ templates BV XK BAVIBR B ibWAVBLIE L “ KA %2 (type-safe)
I8 vector, list Ml map. RMAUME A L templates, fRfI1&I templates
HE N SE B E B4k . 88 1R 1R 4F » B2 B 4% 2 (generic programming )——
5 A RRD AL BT b 28 XS SR KU I T —SE&F . STL B2 for_each, find
M merge HRIX—KBRWEM AR . BEANTKH, C++ template HLHI B 5 & —H#58
BB R YL (Turing-complete) : EF MEARWEAMTHERNE. TRERHT
iR TR (template metaprogramming) , BIMEH “7F C++ H/F[APATH T4
B EIEPAT” BT, ERXEHTF, BHEREHBA C+ template (45 E
B)—/EB4r . SRR E template N FHIIILSE) ", H—ARLONE—BHEXHERS
T template F)%rFE. LW SER AT

A BETLEFERER AL FKEN template F2/F 5, EA] DERB — A LB
i) template F2fF i . ABHSAHRMLERFR, FIREEEYT BIRK template HFE, F
ERFTBERES .

R 41: ITERINEONRERSS

Understand implicit interfaces and compile-time polymorphism.

X SRR REUERED (explicit interfaces) FIBITHAE A (runtime
polymorphism) fERIFE. BT, AR (GEED M class:
class Widget {
public:
Widget () ;
virtual ~Widget ()

Effective C++9 U, =W
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virtual std::size t size( ) const;
virtual void normalize();
void swap (Widget& other); // RAERR 25

Lo
AR (MREREREID MR-

void doProcessing (Widgets w)
{
if (w.size() > 10 && w != someNastyWidget) {
Widget temp(w);
temp.normalize ();
temp. swap (W) ;

idtﬂ‘]ﬁf uﬁ#ﬁﬁ doProcessing V\] B w s

B BT w KRB R widget, BTl w b Widget 0. AT LIEE
R HIXAED (PIWNFE widget B.h 3XEF) , BEFEECRHARET, UK
PRI/ —NBRED Cexplicit interface) , kR T ZEER T EAHETT I,

B 1T widget MIFELLR R AR virtual, wXFAFLE R ARG RIMEITHE
& Cruntime polymorphism) , k£ Uik Fia/TRIREE w HEIARR (REK
37 REAFEARB—A K E.

Templates KZBIGIBHHR, SHEANFHERE LHARE. kiR ER
BOMBITHEZSNAEE, BEEHERK. REZBRBED Gmplicit interfaces)
MgIFIAL A (compile-time polymorphism) BE|F LT . EXMEREH 4, BEE
HBATH doProcessing M BRI EHEAE AR b6 B (function template) B KA 4 %

template<typename T>
void doProcessing (T& w)
{
if (w.size() > 10 && w != someNastyWidget) {
T temp (w);
temp.normalize();
temp.swap (w) ;

WERNIE AP doProcessing HH w i ?

B A —MEED, R template PHATT w B FREIRERIE . KFIE K
w IR 7 iR size, normalize M swap A5 . copy ¥ 5 (H

Effective C++H UK, B =R
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AT temp) « AN LHLE (inequality comparison, FSREEE someNasty-wWidget) .
BAVBRASBRXFERLEH, EXENTNS EBEEL. EENE, X4
FixzX Xk template T 5 LMARRIF) ER T BAXFH—HBRAED
Cimplicit interface)
B R wHETEREGEH, i operator>Fl operator!=, F 0] fEi i template
HIA (instantiated) , FIXEFAHEERTI. IHERNRERITAHREERIFH.
“UUAREH template 2EEL I function templates” 2 FHRAAN R R, X
FRFTENERFHEEE (compile-time polymorphism) .

PEIRAR AL templates, NZAFEA “BITHEE” M “REHZE” W
MER, FEAEEUT “B-NERRLOZBEAA” CREEHBHD A “H-—4
virtual REGZWESEE " (REESITHD ZRANER. BERBEONRAZONESR
BB, FEES EWIE G AR

EHEERBEOARENESLR (WRERREER. SHAE., REIEE) HEK.
#1#m widget class:

class Widget {
public:
Widget () ;
virtual ~Widget ();
virtual std::size t size( ) const;
virtual void normalize () ;
void swap (Widget& other);
}i
H public O H— M HERE. — TR B, B size, normalize, swap X
HBHOKR, REEE. #B¥ (constnesses) M. LR AIFHIFB=4H copy
HIXE R B copy assignment BAERF (MK 5) o HIMETTLIEIE typedefs, BAK

WMRIRKAEE R &K 22 (SR AZRN private) T HILE) public i AEE .

BREORZEAHT. EHAETREELA, MEAHFRRER (valid
expressions) . BIREF doProcessing template — FF 4 I 545

Effective C++ SRR, S8 =K
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template<typename T>
void doProcessing( T& w)
{
if (w.size() > 10 && w != someNastyWidget) ({

T (wEA) HEREOE R EH XLELAR:

TBHFRME—ANBA size WRFARE, ZRHORF—MEHE.
W OEUBEEE—A operator!= B, FARMEHEADN T R, KERMER
someNastyWidget FJERIH T,

HERYRIEFER (operator overloading) HrRIIFTHENE, XHALREA
FEHL. B, TLJH size RARE, ATIIXA K EHLTHEM base class 4k
A XRAREATER —NERE, HEATREADHMERE. L
5, EHEFFEERM—AEFH operator> KA | BME—FHEMMZEE—4
HA N X FIXTR, T xXEM E—A int(10 HEED BIR A IEH —4 operator>.
XA operator> AHEEIRMIRA—ANREN x MSHAW, FAEhn]ARER
By 2%, REFE—ARREREBERT < X RHEHHER v KXIR!

FIFEER, T HAFBEXFF operator!=, FH PAFiX#Eth 2 AT LAY operator!=
B —ARBH X NS —AREL vy N, T ATRERN X
someNastyWidget FIREI AT 8 v, XTI A E XA operator!=.

(s iRiR, ARSI R % B TREME: operatorss WEH, M—
MNEBAREARF T EARRREMRRA, AMSZE LRREXKEX. )

BANE R RBEEBRRED, KEBHEPENSBELA. BERAR
FEM A UK. BRBEOUNEH—EARREAMR, REXASTHRE
ERMEZ, HEMNERMWAREMS RS HLAEEXIHE. GlmCFEAR:

if (w.size() > 10 && w != someNastyWidget) ...

KT size, oper-ator>, operator&&ﬁ}?. operator!= 5 FHAREN, B
TRER ML REBRE, BRARHAREIRAREMHERES . 16 BARFERLMR

Effective C++H1 3ChE, B =R
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B—AMIRERIER, FTULERY KA ALFER, Lik"w.size() > 10 s w !=
someNastyWidget" R84, E&H UM E bool HE. XE template doProcessing
g FRAERSH (type parameter) T BB —EF4 . doProcessing BKE
HABPEAEO: copy WERE. normalize Fl swap WHRLIRXT T X BAM.

& T template 258 B ED, MEMET class 55 LHERED
—HHEE, MAFEEBRERFHTEHRNE. RBETEU R “5 class #H$tZ 8
REOFE” WHRRERN SR (REEEARTHE) , REFTELE template 48
F “A3FF template FTERZ BRED” Bt (RE—FERIHE .

HioE

B classes F templates X F#E 0 (interfaces) FIE A (polymorphism) .

B X classes 7 5 # [ & 8 3 M Cexplicit) , AREEZ .0 . BENEED virtual
R RETETH.

B 3t template 28 E, BEOERRXK Gmplicit) , EETHEHRREN. &N

Rifit template B BRALF R S EHMEHT (function overloading resolution) K4 T
HiE.

F42: TR typename BINER N

Understand the two meanings of typename.

R—AAE: LLT template R F, class M typename HAARE]?

template<class T> class Widget; //18H "class"
template<typename T> class Widget; //fER "typename"

B, BRAEANE. BRANFEY template KEIBH, class M typename KIFE X
FAMA. FLBRFRBEHLBRER class, FBRTUSITIIAFE. RN (BF
R WEER typename, BFNERRSEIIE-EB/REA class KB DBEFRA
REBEZAMABRINFEH typename, TERBEZHF B2 KRR REHKXEK
class. RN C+H HIFENRE, 79 template 2, FNiBFHXEF class B
typename, ﬁ)‘(?ﬁé*ﬁlﬁ]o

R C++ HAREI class M typename MAZEN . BREAR—EEBHEH
typename. A T EHEIHL, BATLHEIRIKVRAT LLZE template NIEH (refer to) H)
HREHK.
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BRBAIEA template function, B/ STL HAEBRANSE, REAFH
B S AT BB R ints. #—PRXAN RPN R BITEHE —SuRE. XRE—
AXWERE, UEXWrrRNER, MEOMERS, cEEARELRF. BIF
B EAMLE, THRELERXBREBREN—FITK:
template<typename C>

void print2nd(const C& container) J/FTENERNBIE _LE
{ / R A R B CHARE

if (container.size() >= 2) {
C::const_iterator iter (container.begin());//BEE—CRMEAE

++iter; /7% iter BB ZTE
int value = *iter; / IR B FIRIEA int.
std::cout << value; / /¥TERFR/™ int.

}
}

BRENRE PR EMP A local BE iter M value. iter MHKF R
C:iconst iterator, SEFFfEfAMIMENRT template Z4( C. template P tHILKI 44
I RME T FEA template B8, HRZ IMNBBIR (dependent names) . WRMNE
BIRTE class WEKRER, RIMHEABRENBLI (nested dependent name) .
C::const_iterator BLRXFE—AE. Lhr LEERMEEMNBRR B (nested
dependent type name) , W EMEENB LRI B ERA.

print2nd W5 —4 local & value, HEHME int. int B—PNHFAEHE
7 template S LR EXFEHLHREIBIEMNB AT (non-dependent names) . B
EE I A AN ST 42 TR (independent names) . S0 RARFE —FENARE
"non-dependent" 4 A, REZ AT, HEF "non-dependent” TAEE N
E—RLHREARE, FFLUENR—F, REZRFBRSIRAEE.

BENB LA TR S BUEHT (parsing) 3. 247 F, BIRHEANS print2nd
EREE, Xk
template<typename C>
void print2nd{const C& container)

{

C::const_iterator* x;

ERKRGBBANAEYS x H—A local XE, EERAWEHEH, B4
C::const iterator. ABEZHUBM2a AN, RRARM “CLME”
C::const_iterator BAMERE. MR C::const iterator ARAFKEME? MR
A static RAZBRTRITH A LA const_iterator, HUE x MEITEA global
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ZREARRE? MEKIE LRNRERAERAEH—A local R, TR —MHRIE:
C::const_iterator JELL x. LR, XUTRERA AKIL, BEHETHN, RS
CH BTSEMALABROAETRIEMAN, EERXAKIENEIA.

FEBRAVFIE c BATAZ AT, BEEMINETLLALE C: :const_iterator BEH
— KA, TG AR TTIEMENT template print2nd B, WM c BRH 4K,
C++ HAFUTT LU (resolve) Bh— SUIRZS: R RS template B —
MREMNBEHR, EEBRXERARNER, RIEREFER. TUREHERT
BRENBBRALEE. HMUFA6I5, HEREED.

KL EL b, BARKESE printond BIHLL:

template<typename C>
void print2nd(const C& container)
{

if (container.size() >= 2) {
C::const_iterator iter(container.begin()); /1 IEANBFREE
L ok 2~
RENZBERIG2XTRENE C++ RIBTE. iter FHAREE
C::const_iterator KRB A &H, HRIDFRE SR C++ HER, TR C+
BRENLE. HEFIEXNMEHE, BRAITLHEYF C++ P c::const_iterator &4
KR, HERREZITREXEF typename BIT:
template<typename C> / /X RETER CHALS
void print2nd(const C& container)
{

if (container.size() >= 2) {
typename C::const iterator iter(container.begin());

AR A B AT ATI IR 2 RARBETE template IS — MREMNBRRE L
B, MURERBERIR —MIER EXEF typename. (FHHRE—IK, BRIRE
SWB MBS D

typename REHIRKEIIRENBRB LR RMbARAZHERFE. Sl TFE
XA~ function template, #EZ—MAEJM—A “IREIXER" MIEARE.

template<typename C> // S EA "typename" (FK"class")
void f(const C& container, J/ARSFER "typename”
typename C::iterator iter); //—REFER "typename"

Effective C++H 3ChR, B =K
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FIRH cHARKEMNBRR LR (EHIERE T BT template ZH”
FIZRPEAN ) , BTLAA B container BT HAFTELL typename ABIF, {8 C: :iterator
BRMREMNBRELFR, FTLUBALL typename AR,

“typename BHEABRENB R ARAWBILE" X— UM EIH L,
typename A AT LLHIERLZE base classes list WATEREMNBRBI LR G, thARGIE
member initialization list (FREYIEF]) HEN base class BIHFF. Fln:

template<typename T> .
class Derived: public Base<T>::Nested { / /base class list

public: / /AR "typename".
explicit Derived(int x)
: Base<T>::Nested (x) / /mem. init. list A
{ / /A SEF "typename”.

typename Base<T>::Nested temp; / 1 RENREBIZIR,
. / /BEARFE base class list S ASFE mem. init. Tist 5+,
} / IEX—A base class BT T I_L typename.

L
EEAA—BHESARR, A—BEARAT —S2%, BHERELRERE.

ERAMVEERE 1 typename BIF, MEMHERLEFPEBKARILES
Fo BERNTEASES — function template, THEZ—MERIR, MRITH A Z
BRBIBW X B4 local B (BIA) temp. BRATTUXAE:

template<typename IterT>
void workWithIterator (IterT iter)

{

typename std::iterator traits<IterT>::value type temp(*iter);

ik std::iterator traits<IterT>::value type fRFF TR, HARNILRFR
HE traits class (WL4&K 47) —FEH, ML TH “HEBN 1terT ZXNBRFTIEZY)
FIRE” , XMERIEH— local TR (temp) , A IterT X RFIRYEIAHA
R, H temp AR iter FTIEW . WR IterT & vector<int>::iterator,
temp FIKEIRE int. TR IterT £ list<string>::iterator, temp KIZREIFH R
string. BT std::iterator traits<IterT>::value type B/MKEMNBRE A
# (value type #iHkE T iterator traits<IterT> Z AT IterT &4 template
250 , FUBNUAEE ZHE typename,
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WRIRIAA std: :iterator_traits<IterT>::value type ERERAG R, 8
B-TITRAKHT R 20657 MRARBREEEFR—H, WABITILKEX
B, MARNZSHEETL— 1 wypedef. ST traits A BHW
value_type (FRIKIEE KK 47 1R traits [F.2) , HWAI I WL E typedef &
FRAVAMUREA traits BLRBHR, TR EH T LUE BIRAUZHER local typedef:

template<typename IterT>
void workWithlIterator (IterT iter)
{

typedef typename std::iterator_ traits<IterT>::value type value type;
value _type temp(*iter);

HUZRFERBYIANI "typedef typename” FHFIMA &, BELAERLEY
“BREMNBRBLE BN EERFSER. RBRREIME, RRFEBERIINF
Hl
ng ?

HELEE ‘Hﬂ;ﬁ( typename std::iterator traits<IterT>::value type

YERG5E, BNZRE], typename HXMNEARRIKGRIFER L HAEKEEK.
FomFEREZNINVBIRARZA typename HIRR T JRAEMNEA typename HIHIRL
Ty BELEHER CEERRBIEEA) BABIEL typename. XFIK typename
o mEMNBEBLIR” ZRIKES, BFSEBHEEFHTAREMBNRLE.

Eio
m BB template ¥, BIZRT class Ml typename Al H .

B FERRBTF typename AR IRBREMN BRI ZFR; (HARTE base class lists (FHK
%) B member initialization list (FRAFHEF) HWLLEFER base class BHHFF.

R 43: FIVEBEIRICELATIBIR

Know how to access names in templatized base classes.

BERBNFERS —NEF, CRBAXERIABFTARMAT X, FRES
FREN, EARRALSMTHXT. WRHERERNTLBEEREF
FREZEH—KAF, MALURAET template AIFFIE:

Effective C++H 3R, =R
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class CompanyA {
public:

void sendCleartext (const std::string& msg);
void sendEncrypted(const std::string& msqg);

}i
class CompanyB {
public:

void sendCleartext (const std::string& msg);
void sendEncrypted(const std::string& msg);

}i
/ VeSS A A TRV classes.

class MsgInfo { ... }; //3ZA class ARG ER, UEBERTAEER

template<typename Company>

class MsgSender ({

public:
/ /RBERE. HTHREEE.
void sendClear (const MsgInfo& info)

{

std::string msg;
153X )L, W info IR,

Company c;
c.sendCleartext (msg) ;
}
void sendSecret (const MsgInfo& info) / /3 sendClear, ME—AFR
(...} / /X BEE c.sendEncrypted
}i

RAMUEEATRIE. BEREREEHREEESKEHE RIS (og) FERF
B derived class A& 5 _ERXF R4 T, BEFRAGFSEOMBE:

template<typename Company>
class LoggingMsgSender: public MsgSender<Company> {
public:
/IHERE. TR %
void sendClearMsg(const MsgInfo& info)
{

B AR MERBE log;

sendClear (info) ; //VAF base class %l XA EEITHE.
¥ “HEE” MEREE log

o
Effective C++H IR, B =R
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XA derived class FIf5 BAEZERET — M ARMELH (sendClearMsy) ,
53 base class WK (sendClear) ARFH. MEDNHFRIT, FAEERERE “4¢
AMBRZIR” (W4&K33), BB REF e X—/ 4K K non-virtual K% (I
%3 36) o HERRBEEEIRE, EOXNTFRRNRERTS . XIHERNRIE
LM sendClear NFTE . WATHIIREE 7T LAE B sendClear HIHHTE base class P,
wEBHEABEN . A2

FBET, XmiE5RHEE class template LogginnggSendér &I, HAM
BB AL AREN class. 249K T 2K R MsgSender<Company>, {HH # #] Company
A template ZH, REER (X LoggingMsgSender FAIMAL) TIEHT]AIEE
RAt4. MR AREE company 4, #ILIEANE class MsgSender<Company> &
BRGAT 4 ——F B R B EE E R BT EA sendClear RA¥.

K T ik E Bk, BRBA1IE D class Companyz WRFE FH N ZE R

class CompanyZ { /73X class ANRAE
public: //sendCleartext HR¥

void sendEncrypted (const std::string& msqg);

—fB B MsgSender template XF Companyz HANEE, BHAHA template 124t
T—/ sendClear B# (HH43tH AR S H company A T sendCleartext B
¥ , MiXX companyz SR EHE . RFFEXAEE, RATTLASHX companyz
FetE—4> MsgSender $F4LIR:

template<> /1R
class MsgSender<CompanyZ> { //MsgSender; EHI—# template ],
public: /IEMRFETEME T sendClear.

void sendSecret (const MsgInfo& info)
{ ...}

H & class & XREBATLE "template>" EERMEIXE AR template AR
FrdfE class, TR MFUARA MsgSender template, 7E template S22 & Company?z B
BAE A . X £ PTiE FAER 2451k (rotal template specialization) : template MsgSender
X ER companyz FRAL T, Tl HHLARLESEMR, BMBER—BERUSHHE
XA Companyz, FE#H HAl template ZHAT L&A .

Effective C++9 3ChR, S8 =R
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HLTE, MsgSender #FXt Companyz #4T T 2481k, iEBATHIKFEE derived class

LoggingMsgSender:

template<typename Company>
class LoggingMsgSender: public MsgSender<Company> {
public:

void sendClearMsg(const MsgInfo& info)
{
AT FERSE log

sendClear (info) ; / /% Company == CompanyZ, iX/NR¥AAE.
¥ “EEE” PMEREZR log;
}

}:

EIEBE, X base class #35%E 4 MsgSender<Companyz> B iXBRBAE
B, BRI class FARIRHE sendClear HE! MR A4 C++ ELAX MK
JEE: B405E base class templates F A BERRAFL, A MFFALAR A AT GEAIRGLRAI—
At template A EIR3E O . RS IR 47 templatized base classes (BEARALEES,
A MsgSender<Company>) WFIRMKAMKMALZHR (FHIH sendclear) . H
EMENTE, 4EAIM Object Oriented C++ EEHE Template C++ (I&K 1) ,
AR R AR ARGITERT .

HTELK, RITLFAEERIPFES CH+ “RiEA templatized base classes
ME” BITRRM. H=AD4E, B—RTE base class RPCAAHMNEZ /TN L
"this->":

template<typename Company>

class LoggingMsgSender: public MsgSender<Company> {
public:

void sendClearMsg(const MsgInfo& info)
{
B AEEET FRREBE log

this->sendClear (info) ; / /L, % sendClear FHEdEK.

¥ “4EEF” MERBZR log;
}

}i

Effective C++H 3ChR, B =R
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FRMEM using FHAR . WRRD T RK 33, XMEEN XSS RBER
&Ko 43K 33 {Hik using F LA “HHE R base class ZFK” WA —A derived
class fEHE N . BRATATLAXHEES F sendClearMsg:

template<typename Company>
class LoggingMsgSender: public MsgSender<Company> {

public:
using MsgSender<Company>::sendClear; /7 E VGRS, HERE
... //sendClear fiI-F base class .
void sendClearMsg(const MsgInfo& info)
( .

sendClear (info) ; //OK, ¥ sendClear BiHgkA&A T K.

(BAR using FHARIEX BELK 33 HAEME/E, BFAFRERER
SRR XEME RIS R base class ZFRHE derived class ZFRIEHRE, TR FH
AHEN base class fEFIAE R, FREANED vsing HVFE, HERAMH. )

B, HARHBORRKREALT base class A:

template<typename Company>
class LoggingMsgSender: public MsgSender<Company> {
public:

void sendClearMsg (const MsgInfo& info)

{

MsgSender<Company>: :sendClear (info);  //OK, {B# sendClear
/ IR T R

bi

EXERERBAEAREN—ANMES, BAWRERAKR virtual 8%, B
HIPRTA SRR 184 Cexplicit qualification) £35H] “virtual ZREFTH” -

MEIRATHLA Cvisibility point) MK, LiRS—MEEMEFHEER:
HRIERAATE “base class template FEMIFALAR AT TR —K (24D RAF
ROMEBED” . XA RERMFBJEMT (parse) 8 LoggingMsgSender X4
f#] derived class template IT B ERK ., BINRXNMEIEBRARELBRHERK, FEMHH

Effective C++H 3ChE, B =/
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FRATRESEBEFL—ANE. 0T, WRMEOFLA XA

LoggingMsgSender<CompanyZ> zMsgSender;
MsgInfo msgData;

. //¥E msgData NINERBR.
zMsgSender . sendClearMsg (msgData) ; //AERY LRI
Hxt sendClearMsg B‘Jﬁfﬁﬁﬂ’ﬂ%%ﬁfﬁﬁ?ﬁﬁ, RAEBAH L, FFES
1138 base class 4 template $:4LAR A MsgSender<Companyz>, T B EATAITEARA
class A4t sendClear BR¥, T/EH A sendClearMsg Zik i A K R #.

RAT S, ALKFETHRE, X “HE base class members” Z Jo R references,
SRS W A T RE R AEFE R CAMEHT derived class template f%E SGURT)
AT R AEFEM T CHYIRE: templates BiHF £ template 55 RILH) . C++ )
BUERTESRSE, XHRIMT A “24 base classes M templates 14 HBLALET”
BRI E X AR L base classes FI N AT TR

EicE
B T]7E derived class templates PIEiE "this->" ¥ base class templates P i1 K 5
LR, REH—IMHEASHA “base class BIFBIHR” TR

FM 44: B 5B BWTEXAVRIBIBE templates

Factor parameter-independent code out of templates.

Templates & ¥ 2 i [ FBANRBER M —ANTHBE. FTHFERA 20403
BLH classes T —NHH 15 PRARE, RAFEAN— class template, B4%
8L BAILIR 20 MR FEE AR classes F1 300 M K% (class templates F % 5
SR 0 R A 7R A A B A s R LB, BT DA R AR IX 300 AN e 4 — AN ERAE A
HRA L 3R1BIX 300 N F%. ) Function templates H2RUARIFR . HHEHEZRE,
#R AFEEE — function template, 2R )5 ibHiFBRMB AN ERE. HREARMER
KR, e,

Ry, FEeeee-- R . WRIRA/NL, [ templates 7] REL FBALIBZIK
(code bloat) : H_HHIBHEER (HJ/LFER) HABE. BB, HWE. HE
R YRR E R G BT 8ST, HEARE (object code) HIARMAME. LM
AGELIR MBI 0, BT DAYR T 2 4000 o ] 38 S X R B —E RV S .

HMEFETEENRBHRENLKR: KU SEHDT (commonality and
variability analysis) , {BEMS PR, SERARSIE 4 template, R

Effective C++H1 SRR, 38 =R
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EAEE R

ORI TR RE, TIPREE (I R L3R 4 (1 ST DA 55— A eR ) SEERAE 52
JAMFE, REMRAMERXEEE? YR8, REmEENREMIERES,
BB = A RSR, RIF4SEA A BRI F R WA, oM
THAERE, RELFRWOMERAES, EHERSI BB — I FREE, RE
AR BB P AR . FFERE, WRREERSEA class, MR KT
FUE oM B —A class HELHIHF, RUASEEXIFMBLS. WA
IR RS RSB B class 2, REFASKEKRE S (H4HK 32,3839 ,
A [E S classes BUHXILRISRME. TR classes KIE R# 9 (BR#S) HARBE
IR B .

5 templates i, BEMARKSH, UHRAKFRBLES, HHPHD
#%17. 7E non-template /LF% =, ER 12 B #: /AT LL“F 7 BIBN B E A classes
ZEHER. R template A5, EFRRIENK. HEHERFE 4 template
B, BRI B 2 £ K2 Y template #F LI B IR AR EES .

A F, BRMRENEER T IEFEMSRS — template, %A BT
Z—RTEYHEMEIZEE (matrix inversion) .«

template<typename T, //template 3¥Fn x niffE, TER
std::size_t n> //HER T ) objects; WL
class SquareMatrix { //FKF size t BHIHER
public:
void invert( ); / /R IBHRE

XA template % — M KB T, BRI SNEERZ —NEEN size tHIBH,
FRAERBSH (non-type parameter) . XTHSEFLESHRERAT W,
BEfELEE, TEREEE—F, H4ER.

BE, HRBIXEAR:

SquareMatrix<double, 5> sml;

sml.invert ( ); //8H SquareMatrix<double, 5>: :invert
SquareMatrix<double, 10> sm2;

sm2.invert ( ); / /18 SquareMatrix<double, 10>: :invert

Effective C++H1 U, B =RK
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EXERIAFEG invert. XEEFHFExwESLEMA, FRAKP—RER
R 5*5 FERET 5 — N RAERR 10%10 28, (BER T H & 5 0 10, BRI AL
e ME. X2 template 51 H BB —A ®EH T .

WREEFRA KPS LMR, RBT—MER sTH—MEA 10, ReE4
fi? YREGABES BN —MHFBES BRI RS, RGLL 5 M 10 RIFHZAH
SHNRY, MAERNRE. HROARMRE, THEX squareMatrix K —KE
X

template<typename T> /75 R~y EFH base class,
class SquareMatrixBase { / /BT IERERE
protected:

void invert (std::size t matrixSize); 7/ VA e R~ SRk RE

}:

template<typename T, std::size t n>
class SquareMatrix: private SquareMatrixBase<T> {

private:
using SquareMatrixBase<T>::invert; / /B GoIBEHE base IR
//invert; W.%3K 33
public:
void invert( ) { this-—>invert(n); } //HE—A inline WA, WA
}i / /base class WK invert. FH)E

/ /R4 LEI this—>

MIRETES, HS¥H invert ST base class SquareMatrixBase .

SquareMatrix —Hf, ScquareMatrixBase i template, ARIFIRE RN “HE

TEMRWER” 2L, FHEERRTSHL. By FREEZ TRNEE

B, AEEMIEER—) (HEME—4) SquareMatrixBase class. Ef1ERFHE
PR IXME——A class B invert.

SquareMatrixBase: :invert REMSENR A “B 4% derived classes fUIBEE” H
—R i, BFiLLE L protected B #t public. T MBS AN % A2 0,
B derived classes i) inverts Y8/ base class JRAR FI I inline YA CGXEK)
inline RBRMGM, WA 30) . XERHPUER "this—>" 5, FAFAIZHEM,
FEWE&R 43 R, HKRIMLEH (templatized base classes , Hl A
SquareMatrixBase<T>) W [ K # & #X & # derived classes # & . HFEE
SquareMatrix fil SquareMatrixBase Z [R|IZk A& KX R & private X RN —FE.

Effective C++H 3R, B =R
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X B base class H &K T #Bh derived classes SEH, A2 H T I SquareMatrix
M squareMatrixBase Z [A]ff] is-a xR (KT private k&, WK 39) .

HE AL - 8E, BELEHF - BRFHNEEREHER.
SquareMatrixBase: :invert WIfIANEZEREMAEIE? BRE NS H P aiEsE
Rt BB A Sl o i S R IR B AE R )L ? A R derived class 411E.
Derived class 41{ BX 4% 3 base class B2 HE1E? — N AT REMIUIER A
SquareMatrixBase::invert WA —NEH,. HIFRAFEE, feR—ARKE
HRERIER AR R . BITHEE, B2\ invert ARME——AAIER “TB
ANERTERHATHEE SquareMatrixBase W7 ) SquareMatrix . WEFH
TR RS, WAIME—BMAR R IR B R T RERM IR ALE . AT LI
BB R R BRI — SN B H, A8 IR — K% F SquareMatrixBase fH
FKEE, ZXREUFAL.

H—ANINER S SquareMatrixBase UFF— MR, 18RI FSUEPTER N FF
T REEAAE T RERVE, W RAFMEERR . BRRERRGIXH:

template<typename T>
class SquareMatrixBase {

protected:
SquareMatrixBase(std::size t n, T* pMem) / | EABRERE A/ — A
: size(n), pData(pMem) { } / /%8, FRmERERE.
void setDataPtr (T* ptr) { pData = ptr; } / 1 EFR{EL pData.
private:
std::size t size; / /FERERIRAN
T* pData; / /5%, TRIEIEFENZ.

X SCVF derived classes YRE RSB T . FUEEIRRAA T2 e B RES
BT SquareMatrix b S

template<typename T, std::size t n>
class SquareMatrix: private SquareMatrixBase<T> {
public:

SquareMatrix( ) / EHEERE R/

: SquareMatrixBase<T>(n, data) { } / / BAEFRET 45 base class.

private:

T data[n*n];
}i

Effective C++1 3R, 5B =K



216 7 iR 5 E BmE

RMAMONBATENSOMALE, BXZASTRIEE K. 7—Mike
T —AMERE BRSO heap (MEKREE T new KARALE) -

template<typename T, std::size_t n>
class SquareMatrix: private SquareMatrixBase<T> {

public:

SquareMatrix( ) / /¥ base class BIEHEFEEH 25 null,

: SquareMatrixBase<T>(n, 0), /I RFHEERES TN,

pData (new T[n*n]) / MG A TR BT AR,

{ this->setDataPtr (pData.get()): } //RIGHEEH—BIAIL base class
private:

boost::scoped array<T> pData; / /3T boost: :scoped_arrays
}i // WA 13,

ARBAREAME TR, NERNAERITZ, XBREATETFE—RAIERHM
H——sSquareMatrix X 5 BRHAT LA 4 B inline 73X base class fR4s, f5&
M BERETE” (AREMEAN ZHEHEMRLE, ERER, ARXADAH
SquareMatrix MR EHEARRKIRE, FreliifE (Hi squareMatrix<double, 5>Hi
SquareMatrix<double, 10>) SEAEHARIR SquareMatrixBase<double> % 17 BR
¥, BAIBBINLEE A SquareMatrix<double,5> Xt R E|—AHBRA
SquareMatrix<double, 10> IR F. BE, XQ?

BRI, B8, AL HARN. BERBEREEFCTRMA invert A, HH
REAERR LR A (R R TI U RS M B s B EX BN EERAE. 6
WERSTEERS, RITRMEERRE, RETUREREEN RN,
BFRENITHRE R ST RAERRIES. XE “SRIER" HRAEFEE
EIIEIR

MB—ANEEE, RRKDMIERERAE R —RER invert, AIEDIITI
RN, HEEKRERETEF K working set (B W F#BD Kb, HeERLiELA®
HEFX ARSI HEFE (ocality of reference) . IXELHE ] BEfF R P AT B F R,
B R+ EBAR” invert WEBMRMABIER. B—NEW 5 EEML? RMER,
— B MER B E BRI WEIRI T & 1997 0 LU EI X AR AR 11328

P T8 working set BFEX — AN “ B NAFIHRE” THATHIERE (process) T H
HrER R —4ANTFF R (pages) .

BBV T RO EE RN B A MBERARNE, R “ 5HER
KANTLERBIREIEE” ME base class P, X&WME PR /D. FlIWMER

Effective C++H1 30, BB =hR
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RiARRKB Fd, 84 sSquareMatrix W R EHH — AN HE 8 W
SquareMatrixBase class WHIHHE . BIRTEA derived class 4H —MEUEHIRE K
INE, ELH—A squareMatrix WEFMEL—MREB A K. BRBWATLUE
Bk, SRR, AEF—R, XHPFEETRE. #ln4 base class
f—A protected IREM R AR MESIR, S FBRERMFM, MEK 22 5. BT
ESBREEE FRELE S BM, WR base class FRE— MR IR ERS
¥, MEEFWTE BT RN FEIRE, MGFFMET derived class XA (CTEH
B, il WX AN FREHZ A AR WE ? X FE R A AR, BRAREZER
RERRE, FEEEARESR. AEMIBER, —AARBEEERBEEREA
FIET .
XA 42 R i i8 H non-type template parameters (FEEEUEAR 2 50 i R 112K,
H 5 type parameters (KIS ML FBMK. HINAEFLZFE L int F longH
HREE bR Rk, FTLMB vector<int> Ml vector<long> WIRL R A A RLT 2
HMFE—X ERBKABRETE X, FEEER (linkers) SR IFTEMRIMREE
A, HELRS, FE BRI templates # BRI A int 1 long BMRA, IF
PR RACS R (FEREEEIRBET) o BRUEN, EXBHFEE L, FEEHRE
MEMEH SRR, F A templates FHF I FE (B list<int*>,
list<const int*>, list<SquareMatrix<long,3>*> %) AFNZEMNEF— KR
BEH A ——REREEH. SEEARRERERR, WRFEEAFTLEHF R
1R ESR R 4T (strongly typed pointers, B T+) , RN EATRM A — 1 R1E
T KR4 (untyped pointers, Bl void*) WIRE, MEHESEMRER TIE. HL C++
FRUETE PP RS BLAR A IR vector, deque F list % templates T E. MR
YRR templates T BEHILAEEA, BIFHRSEIEIRE templates HAUH R
=iE.
WitE
B Templates ‘£ E A classes M1E AR E, FTLMES template RIGEA %5 R4 E
A template BEFEEMIKKER .
u FIEBRIMAR S (non-type template parameters) & RAIBER, AT
WHEE, Wk R RS HE class A B #H template S5,
B RERBH (type parameters) T RALIGEAK, HEAETREK, BuELiEHH
SEAAAIR “3EHIFIE (binary representations) HIRBIZKA! (instantiation types)
i XN TN

Effective C++9 3ChR, =K
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FM45: ZAARRREIERIESHERTHER

Use member function templates to accept "all compatible types.”

BB & feta%t (Smart pointers) R “ATABIEE " MIXTHR, HRMERMEREN
PLEE. BlINAEK 13 Y2 K std: :auto_ptr f trl: :shared ptr {7 844k F 3k
T IEHF HLE IBR heap-based ¥E U8 . STL A 2BMKIE1RES /LT B R ERetEr, T4
WARALFEMEA "+ F— NN EIRE M linked list FFEMNTSBB S AW,
{BIXFE 1ist::iterators § L7MBR).

E R AR — 3R, FRAFH (implicit conversions) . Derived
class T4 7] ABR B #  base class 541, “F81H) non-const X 5" kol LE%
B “3RIA const X" oo %% . THRWERET ZBHEERN LR,

class Top { ... }:

class Middle: public Top { ... };

class Bottom: public Middle { ... };

Top* ptl = new Middle; / /¥ Middle* EE#l Top*
Top* pt2 = new Bottom; / /¥ Bottom* ¥#k Top*
const Top* pct2 = ptl; / /% Top* ¥ A const Top*

B4 BARZE P B BB e d PRl RRE S, RIREHE ARGl B ELL
TSR
template<typename T>
class SmartPtr {

public: / /EREERERE
explicit SmartPtr(T* realPtr); /AR E (BER) #rEtTsRvIshit
};
SmartPtr<Top> ptl = / /4% SmartPtr<Middle> ¥k
SmartPtr<Middle>(new Middle); // SmartPtr<Top>
SmartPtr<Top> pt2 = / /% SmartPtr<Bottom> ¥k
SmartPtr<Bottom> (new Bottom) ; // SmartPtr<Top>
SmartPtr<const Top> pct2 = ptl; / /¥ SmartPtr<Top> ¥#h

// SmartPtr<const Top>

BR, Fl— template IR EI4E (instantiations) 2 [BIH RFFAEH 4 H54E
RMIBEERR (FF: XERFWELIHH base-derived KR B, DMREIHHIR
DAL A template, =4 HREFN B A HHE base-derived XFR) , FrlldwiF
B2 SmartPtr<Middle> Ml SmartPtr<Top> AFEEAFEH classes, EA1ZEIFIZR
RIFR e L AL vector<float> Ml widget HHE Y], WM., T HREBE
A EIRBH) smartper classes Z A B e, BATL I A THABMBR S HK.

Effective C++™ 3R, 8 =K
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Templates #0132 B % # ( Generic Programming )

£ IR IR LB, B MEUET —MH RN, FTURE
AT ZRVE R 90 B BE TS MG R B, AT N R RN I B RFE.
—MREEXBRINELRE: RINKZEEEURNFTENFELERE. €L
HARKED, BRABITE — smartPtr<Middle> Bi—4 SmartPtr<Bottom> HJH#EH
‘“/l\ SmartPtr<Top>, @tﬂ%&’u‘%iﬁ%%ﬂiﬂ%ﬁ%#?ﬁ. SmartPtr<Top> 39‘211
WIRREBRE R R EE . RRHERMT -

class BelowBottom: public Bottom { ... };

FATE AR 4S smartPtr<BelowBottom> XTHRABLIERK smartPtr<Top> Xt
%, EHRIUARFHFE BB smartPtr template LA 2 BT K.

REBEHENS, WATRRNEENMNERBEEEREILR, FA— template 7]
BERE R, UBERTHRERS. Bk, UPFRNFEMARA smartPtr
H—MERE, RN ES— MIEBR . X FERRAR (templates) & 716 member
function templates (% RIRR N member templates) » FAEFIR N class 2R BB H:

template<typename T>
class SmartPtr {

public:
template<typename U> / /member template,
SmartPtr (const SmartPtr<U>& other); / /AT R copy MRS

Lo
D EARERERE, XHEMER v FUEMER U, ZE AR smartprr<u>4

R—A smartPtr<T> —BH Smartbtr<T> H IR HEZ D SmartPtr<u>
BH . X—LAHERERENSR u QIEXNR ¢ (FIWRE smartprr<u> SIE—A
SmartPtr<T>) , Wi u Fl v KA R E]—A template FIARF BRIk, HRBEINIHFZ
Rz (generalized) copy MIiEEREL.

AL copyﬁﬂ:ﬁ@ﬁ#iﬁﬁﬁﬁﬂﬁ explicits, WREEM, ENEGE
R R BB (BN derived class 54515 base class #El) BB, L
THAGHERHE (cast) , BRI BXMITREBAE. fERRIL
& ¥ (templatized constructor) & explicit RN TXMBM.

SERRFEZ G, XANHK smartptr MM “ZH copy IERE” REMIKRTLL
BRMNEBENEL. B, RMNHFERE 4 smartPtr<Bottom> S4E —4
SmartPtr<Top>, HAZHERIE A smartPtr<Top>BIE—4 SmartPtr<Bottom™,

B EE %t public kAT S (REHK 32) BRFEN. RIMEABERE 4
Effective C++H ChE, B =R
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SmartPtr<double> I —4 SmartPtr<int> FAMEFIHER “WB int~ N
double*” MM RRAREEWAT . £E, BATLHNET HEXIZ— member template
B 61 1) i 5 o BB AT PR B RR

B smartptr M auto ptr Ml trl::shared ptr FTiRELAIBERE, HiRAL—
A get AR, REEEIEHNSE (LEK 15 B nERAN R ElE,
MARMNTAT LATE “HIERAR 7 TSR AR WAT R, FEFERINKIE:
template<typename T>
class SmartPtr {
public:
template<typename U>
SmartPtr (const SmartPtr<U>& other) //UAother B heldpPtr

: heldPtr (other.get()) { ... } // WEAL this #) heldptr
T* get() const { return heldPtr; }

rivate:
pT* heldPtr; / /A smartper FFEKINE (R4 fEE
}i
A5 B RAE S (member initialization list) A4t SmartPtr<T> Z A
g RRREER, HUUKEN ur MFEE (H smartPre<u> FH)D fEAKIME.
EAMTAREY “FEFENBERERITE A v B o 18ttt 14 sea
HE, MHRERBRMEEN. BAMRR snartPte<T> WEHF T — NN copy
SRS, XAHERBRIERLFTEBNESREEY G RBUNA BT HE.

member function templates (F 5 REBIUR) WMAAR FHERE, ENED
B R N AERIHRMERE. HlI0 TR1 H shared ptr (4K 13) XFEHH
“REFBZNEHE . tri::shared ptrs. auto ptrs fll trl::weak ptrs (a4
B 54) 7 MIMIEEAT N, UUBRBTARE LR &Y (trl::weak ptrs B4 HIRER
fE. FHEE TR1 MIEHXT tri::shared ptr B—H#%, HARFUEME
template BRI RERT class TIAFF typename (3K 42 B, MENE
XEHBEBET MR .

template<class T>
class shared ptr {

public:
template<class Y> / /¥, RAEAHRER
explicit shared ptr(Y* p); //ETRE
template<class Y>
shared ptr (shared ptr<Y> consts r); / /3 shared ptr.
template<class Y>
explicit shared ptr(weak ptr<Y> comsts r); // &, weak_ptr.
template<class Y>
explicit shared ptr(auto ptr<y¥>& r); //® auto_ptr.
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template<class Y> /(B REETHRER
shared ptré& operator=(shared ptr<Y> const& r):; //shared ptr.
template<class Y> / /B auto ptr.

shared ptré& operator=(auto_ptr<¥>& r);

}:

ERETE SR B R explicit, HH “IZWH copy R E” Brob. AREOK
MEA shared ptr BRI R T —A shared prr BEUEBE RFH, HAREA
B IR A AR BB T4 BRUBATR A BB N A BT (R L BREBRW cast
RHERERELD o BB REES trl: shared ptr ME R
assignment BEAETFH) auto_ptrs HRBHE WA const, 52 TR H AN R
trl::shared ptrs Ml trl::weak ptrs LA const f&id. XREAEKK 13 i,
HIREH—A auto_ptrs, BAIHLHEHEIT .

member function templates (G5 R B—ANMFDWERA, HEMNHFA%E
BEEEARMN . KK S Uiid, FHER RN EAT=ENY MR RE HPHEINE copy
¥3& BB copy assignment BAETF . BLEE, trl::shared ptr A T —4NZ 4k copy
MR %, TER—BKE rH Yy, Z4k copy MERB BRI KN “ EHKH”
copy R, MARBEREFRSHEEN trl: :shared ptr BB —A copy Mt R
WB? BBFEA trl::shared ptr MEBIE S —ADFEEH trl::shared ptr HH
RITHIEIT A, SRiFRESK AL copy MG RBBR " RIALYE?

—WBFTik, member templates H AN E SN, WiEFMNE, WREF
FE A copy MRS, RABEFHE, RMEFHSHIREEEER . £ class
WAL copy IR (& member template) HALMIEHMBERERENE
L6 copy FiE % (— non-template) , FF LAIN BRI E 4] copy HIIE I F7 7 THI
M, VRBFFEIREEZ copy M RER “E¥ M copy HERE. AHERMH
B FWRAE (assignment) ¥fE. TR trl::shared ptr B—# %€ XHE, HE
LRFE:

template<class T>
class shared ptr {

public:
shared ptr(shared ptr consts& r); / / copy ¥ PRH.
template<class Y> /1AL copy HBEREL .

shared ptr(shared ptr<Y> consté& r);
shared ptrs& operator=(shared ptr consté& r); / / copy assignment.

template<class Y> / 124X copy assignment.
shared ptré& operator=(shared ptr<Y> consté& r);
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WicE

B iE{¥FH member function templates (iR 5 BEHEMR ) A/ “ ATERZ T E A A RN”
IR

B RVRFEH member templates FT“¥Z k. copy ¥a1E “5R“ V24 assignment #4E”,
PRI R FEFHIERK copy Mk RER copy assignment BAER .

KRR 46: BEXTKIRITHBENERTE X IFAR 53R EL

Define non-member functions inside templates when type conversions are desired.

%3 24 iWHEE AT AMEH non-member IREAH A “EEMBLS S LM
REBIEHR” , %%&KIHFLL Rational class ] operator* REAH]. WIRFIAR R
BEFE T RZAEIEACRBEANT, BARERE U NEULENSEY
F4&HK 24 B8, A4 F K Rational Ml operator* AR T :

template<typename T>
class Rational ({

public:
Rational {(const T& numerator = 0, /7% 20 SRR A8 5L
const T& denominator = 1); // passed by reference 77454
const T numerator() const; /143 28 SRR ATAREIR
const T denominator () const; /7 CA passed by value 5 X4t .

. /143K 3 HFR A A BN const.
}i
template<typename T>

const Rational<T> operator* (const Rational<T>& lhs,

const Rational<T>& rhs)
{ ...} ’

MEEK 24 —F, BRNBFEZFHBER (mixed-mode) HAZH, FTUARA]
FHEUTREMAELRE. RITBTHES, BAEEREK 24 FFIE—4
R3S, ME— AR Rational fll operator* fI4EBALT templates:

Rational<int> oneHalf (1, 2); / 1EABIT R E &K 24,
/ /ME—ANER Rational B4 template.
Rational<int> result = oneHalf * 2; //4hiR! TiEHEN%RIF.

ERAMARINIMERE, BRAK Rational W HIE &K FELERMHE
non-template FRAARF . FLHIFUM. LK 24 N, SRFBIERNZAFAA
L EB GREEESHA Rationals B AT operator+ i) , {HIX B 4mFHRAM
AR A B 5 TR Z R, BN TR B A A4 BB Z N operator*
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¥ template RIALG=ADH R EAIEE TN Z AT LR B REA 24 operator*
HEZMA Rational<T>ZH” KEH, EHERIX—RIMNITE, BAEHH T
it 4. RBREMTREXAGRR .

HTHS T, ENETE operator* WHIBMERHLS KA, A HLLKTY
43P Rational<int> (oneHalf BIZEED) M int (2 KRB . NI SEHFEE.

Pl oneHalf #ATHS, TEHF AHHE. operatorr HIEE — S H i FE A A
Rational <T>, W45 #4 operator M) H — X % (oneHalf) MA R L
Rational<int>, BTl T—E & int. HMESHHOHESWEE X ANRF. operator*
B 2B F BN Rational<T>, {B{£i%%5 operator* MIE —E (2) KHE
int. ZRFHURBEXANMEE N 1?7 HRET2HIMHRFEHREA Rational<int> K
non-explicit MR ## 2 ¥4 Rational<int>, ¥ THSH int, HE]
AW, RKATE template LSHFIR P AABRALBNHELRBHPANEIR. 4
A XEREREREAATEPNREER, AEREAR A B, 8%
PIREIEIRA R EAFAE. Wb TENEE, S5 X function template 3 H
BHERY REATHELNRBAIMER) o AT template LS HEF I E P I
AEBRA BTGRP KER” BALEHR. £K 24 FP K templates,
Fi) template LSS AR IT IR VUS IRIERAIE R L TE template part of C++( L
43K 1) FURA, template LSHEI ZBATME XN,

REFAH—ABE, BRI AR FERTE template SLSHER HHZ BBk
#: template class WHY friend FEHNTLUIBEBEMFERE . WEK class
Rational<T>T] LA B operator* BB H— friend i #. Class templates F A&
#i template SEBHES (J5H RHEFT T function templates & ) , Frilgmida R RRE
#57E class Rational<T> HIRLIEAN T, KL, 4 Rational<T> class & 24
operator* A friend FR%L, A R{LEEA 0

template<typename T>
class Rational {
public:
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friend - // A
const Rational operator*(const Rationalé& lhs, / /operator* PR3,
const Rational& rhs); //HTET.
}:
template<typename T> /75X

const Rational<T> operator* (const Rational<T>& lhs, //operator* PRA%{.

const Rational<T>& rhs)
{ ...}

AR operator* MBS MAT BT HRFT, BEHRHLXE oneHalf HiH
B J—A* Rational<int>, class Rational<int>TRHEBLHIR, TMEATRERN
—3#4y, friend B¥ operator* (3 Rational<int>Z¥) it BahEHH k.
BE B —ANRBMIERBAEMR (function template) , [KH4%i% 28 nf £ A2 B 4E
A s 3 (Hli0 Rational B non-explicit MIERE) , MXERBANA
FZ BT AR R A«

HE, KR TH W) EMEBRNFR, HyERXBAEEL#E, A
TEERE. MERD EEREEXAEE, HAREKKAE Rational NHEH

operator* &k,

#E—A" class template 4, template ZFRFTHFHRIER “template IHBH” 1
fimgRIE AKX, PFrLAFE Rational<T> W EAIFTEL R E Rational M AME
Rational<T>, AFIHXRATABRINIDITIAYE, BEHRAZSH, HBSBLEK
R, XAHERNTAEE, o] AR TE. REXDRER, Kpit
i) operator* # B N#F IFiR[A] Rationals (WTIE Rational<T>s) . HIREH
AT, —REX:

template<typename T>
class Rational {
public:

friend
const Rational<T> operator* (const Rational<T>& lhs,
const Rational<T>& rhs);

AR Rg AL TR GRIdRD) LRBER BT,

BZE B SLARREBRATH . REAREET T HRE, FARFRMERMNER
AR R (BEEET— Rational<int> BAKE X —4 Rational<int> HIHEA
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operator*) , {HIEAN BB I T Rational N, FEBFHEXHK. BAOEE
24t class SMHEH) operator* template #fite XA, HETAE—WRRINBED
BT —AMRE (BPIER Rational template AFIMENR) , BB TEE XA R
BEARBA ARG e X, EEBUREATIE!

TR B AT INER R operatorr BMBAKEHEHFHXA-

template<typename T>
class Rational {
public:

friend const Rational operator* (const Rational& lhs,

const Rationalé& rhs)
{

return Rational (lhs.numerator () * rhs.numerator( ), / /LB
lhs.denominator() * rhs.denominator()); //%#24[F

}

y:
XEMRIRAIFT B ERIBEETEEK: 5t operator* KB &K A HBET Wik
BHPAT. !

BB —ANBR AR, BRABREA friend, W5 friend HEGHR “U5
i5) class ) non-public f%r” BAMTF. A TiLRBERTTRRRETHALSH L,
RAVEE— non-member FH (£ 24) ; ATLEXNMREH AN, BAD
EEM T I class WRE; TLE class N EF7 B non-member PR3 HIME— LR &
AEHA—A friend. EHBRATHXFEMT . AIM? 2. HHG? FbwsE.

— 42K 30 B i, 52 X TF class P3 BR 3EBHE B 8K inline, BIER operator*
IXPER) friend ¥, RATLUKIXFER) inline FRRABTHERMIMP I B/ME, BUERS
operator* MEAEMEHE, RAA AN XT class M EFRIFEBI R E . AKX
T, XREMIFEERKE N, A operator* BARNMRAITRE, EXNEREREN
RS, WoMbBFREME. “4 friend REHARMBIRE” HEBENHES
MR—%

“Rational &4 template”iX—Z Lk _ LA KB RECEE 2 template,
BUARE X T Rational ISkSUHREE, 1R BAIMIKXAMEET:

template<typename T> class Rational; / /78 Rational template
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template<typename T> / /7588 helper template
const Rational<T> doMultiply{const Rational<T>& lhs,
const Rational<T>& rhs);

template<typename T>
class Rational {
public:
friend
const Rational<T> operator* (const Rational<T>& lhs,
const Rational<T>& rhs)
{ return doMultiply(lhs, rhs); } / /% friend iR F helper

}i
W GRiRaR LA L 2MIBRIEETE template & CGEUBEBEL ST, BrLARERS
TEALICMWE X doMultiply (—HI%k#K 30 BT S, XAEH templates AFEIEH 2
inline A7]) , FERBIXH:
template<typename T> . /I ERLE,
const Rational<T> doMultiply(const Rational<T>& lhs, 7 /LR EX
const Rational<T>& rhs)  //helper template
{

return Rational<T>{lhs.numerator() * rhs.numerator(),
‘lhs.denominator() * rhs.denominator()):;

YEH— template, doMultiply UAAXHRERRE, HEHITUREFE,
B R operator* W, T operator* X TR AREEME! &F L operator* X
BT RYEHEIFBREFIRA, BRFEAD Rational WREBHER, RECTHXH
I BAEL — N EAH doMultiply template HIUME, TEREFRIIFiEERIME. hE
HRINZA, ARG?

Wic

B EHRATHE A class template, T'EATIREEZ “ 5k template AH3CRY” B
A SRZBARBEE” i, HHBEEEE Y “class template PIHE
) friend BE¥” .

FFR 47 . E{FERB traits classes TIME RIS

Use traits classes for information about types.

STL FE/H “AURMAESR. BARB/HHEL” K templates R, BHEHRE
+ T At templates, L — 4% K advance, FREEN LR BRI EN S EEE:
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template<typename IterT, typename DistT> //RHEACBRHBIHESN q AL,
void advance (IterT& iter, DistT d); /7R d < o NimEBEN.
W& E advance HEM iter += aFifE, BHREARTULSRE LR, FHHA
H random access (BERLUTIA)) BB ASHF +=44E. THXTHAB A ABKE
BRI, advance AR EMEAT ++ B --, HdK.

B, HRAILERE STL &L (categories) THE? WAR, iLEATR—
VRIREIER . STL 348 5 FERB 4R, MR TEAIRFRBRIE. Input IS8R
MBS, —R—%, B RAEN (RRRS) ENFENARA, AR
B—k. EATEGE MBS IES (read pointer) ; C++ BIFEFK
istream iterators RIX—4 HMURE . Output ACIEHLAEAL, B—PIH hHi:
CNREBS), —k—¥, FPRTREENMENRA, HAREBRE K.
EATE 15 R4 H O RIR B R4 (write pointer) ; ostream iterators £X—4
KiK. ZRBHBMITBNERBES L. BT XHEHAREES, MAR
RERTHEHFEDRE K, HUBEMNRES “ —KERIEFHZE” (onepass

algorithms) .

B ARSI AR KR forward KA. XFIEAE T LUBRTE BIF 2
KEreenS— 4%, mMATUERERARY — KU L. XEFEMNTHIT TS
WS B (multi-pass algorithms) o STL FHARIZHLH [ linked list, EFEEF
EH GE¥ELHR slist) , MBARXMHERIERERRERBT foward EKE. 18
A TR1 hashed 2588 (W43 54) METTRERIX—43. (. KB “WHe”
B4 hashed A 22 MR AT A B B AT XA, HORFEBRAE. D

Bidirectional EACRY E— MY EBAEKR: BT A AmET#Es), BT Lla s
#3h. STL M 1ist ERBHBTX—4, set, multiset, map M multimap Bi%
RBBWIRX—4 2.

BEBRNMIERB LR random access 54088 . XFERBEIL L —ANHREH
ERMMTE T B ST “ERBEAR” , HRiRE W L BE A 3 T ek
JEBRERAT B B B XA IR IR RIS HAR, H AL AT, B4 random access
BABERURE R e us, TR BRSBTS random access i&
KEEH . vector, deque M string ﬁﬁ%%ﬁ%&%ﬁ%ﬁ_ﬁ%o

FFIX 5 A, CrHRMERTFES HIRMEBIEIRSH (tag struct) HIEL
ik
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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 {}:

X structs 2 [ RI2k AR S R EH M issa KRR (KK 32): BH, Bl forward
EARBHR L input IE0RE, WIEEHE. BRBIISFBXANHARXRMES.

BZEEIF] advance R¥. BAICLMIE STL ERBEEFEARMEES, EH
advance MG 2 — R “BRERY K" MIEABEEES, LIEHF Rk KB aGE
s, RITXFEIERE RN B RAVME random access EARE TR
REREE, AEAEENR, HbnREmXmiERE, RIOFESHEME.

BANEERERRLIXF T LB advance:

template<typename IterT, typename DistT>
void advance(IterT& iter, DistT d)
{

if (iter is a random access iterator) {

iter += d; / /%% random access EBHE IR IRBEREZHE
}

else {
if (d >= 0) { while (d--) ++iter; } / /R EARIE AR S
else { while (d++) - -iter; } //REEA ++ B —-

}
} .
XL B S MR BN iter 2T N random access iEACES, MR N EEMNE
KA TterT BE N random accessiEACHN . BANFRBRITFENR LB HHL
ER. MEE traits ILRBLUHATHE . EIIAFRESREHHRARELRTFEL.

Traits AR C++ XBFR DBk EXFHHE; BN_R—MHER, HE—
A C+ BFRIREFHHN. IMBERPHERZ—, BEXHE (built-in) R
BIFNH P B 5 X Cuser-defined ) B I R ILN I —FERF . 25401 F, R iR advance
KRS R— MBS (B0 const char*) Fl—4 int, LR advance 3#R%IH
BFRIEME, IEK traits HAR BB AR HEAT TR BRI & k.

“traits HMAEBHIT T HERE” BR “RKBUAMNKESE (nesting
information) ” XMAFHRFT, FEARMERERFEBRETRAEEE N, FRK
BIE traits {5 BUAMTRYE AR RERARRILER#E A template K3 —
REMEWREAF . XHK templates TEARERFEPEETA, HPetxigfs
HEY¥MEN iterator traits:
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template<typename IterT> / /template, FISRALER
struct iterator traits; 1 1R REMRER
TARET I, iterator traits A struct. £, ML traits BEBEIMA
structs, {BENIHINAEERFRA traits classes.

iterator_traits KEZtE R, 38— KA TterT, 7E struct iterator_
traits<iterT> W—EEHEA typedef &4 iterator category. X4 typedef
RN TterT FHIEARBE K.

iterator_traits DIBA LU RS . HATERE—A “AFAEX
BB KR LK E A typedef, £ iterator category, FIREHIAE 4K
HIREEH (tag struct) o BN deque FEEARBEFTBENLUT ], BT A—ANMEEX deque iE
RIBTT I class BRRKRESRIXFET:

template < ... > / /BT RS template 2%
class deque {
public:
class iterator ({
" public:

typedef random access iterator tag iterator_category;
i
i h
list MREAB AT, FroleEfIR g2 .

template < ... >
class list {
public:
class iterator {
public:

typedef bidirectional iterator tag iterator_category;
}i
bi

ZEF iterator traits, REISHEEMHILY iterator class KIHKE typedef:

/ /3% TterT #) iterator_category FLSZEURFIRRIM “IterT WEHDRMAA” ©
//XF "typedeftypename" HHZH, W& 42.
template<typename IterT>
struct iterator traits {
typedef typename IterT::iterator category iterator_ category;

}i
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XX B XRBTHEE, BXES (BRE—MERS) TAE, Ehft
ATIREHKE typedef. iterator traits M FHAW T, H[IHRXIATHE .

AT XIS,  iterator traits FFAIEN X RN R AR —AMRIFIL
WA (partial template specialization) . BT I8 ITHR S random access 525K
L, BTl iterator traits AIREHIEE FIIEAR SR KA 7 .

template<typename IterT> / /template {R4FIL
struct iterator traits<IterT*> / 1EE RN B
{

typedef random access_iterator tag iterator_category;

}:
IRTE, PRIV IZZENE W R 3L — > traits class T -

B HAETRABERTHEANREMRER. SlxHERBmE, ROFER
ROTEUEH 4+ (category)

B HiEEREE LW (Bl iterator_category) .

B RE—A template M—HRELIRA (BIIRERE M iterator traits) » WE
WA/ ESIFRRBIAXER.

%, MAHT iterator_traits (LR LR std::iterator traits, BAE
2 CHARERFER —H9) , RATT LA advance SEBRSERTHI L4 (pseudocode) :

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))

BARXEERTEAH, KLHERNBE. HECSIBRFAE, BHRE
oA 48 A WX — A, R ER A ) E % I8 . TrerT KA 403 F IR0,
BrLL iterator traits<IterT>::iterator category A ESRIFHAAIMEE. (H if
BAHREBITEASBE. MMt AKBTERFPZRNFEREITHABR? X
AR B R), 038 B AT AT ST K

BIMEERENR—ANEFHR (BRRE— if...else iBA) AW “HRiFHK
SERRITN " Z KB TS CH B — BB MAT H KMk, st £ EH (overloading) .
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HHEEREADARE £, RO FRAFRENERAHSERR . LRED £
WEBRFEREARNLSEERELNESMS. WMFBOEER “WRZINERM
BILR BRI RAES, RAHXA £ WRBANERMGELR, RFAEA £
WMRHE=A c BIUE, MAAS=A ¢! 7 KiK. F3TH, XER—MEX
RETAELER “HIEMEMHA” . ATk agvance WAT R IMBAIFTHE, BRINTFE
BERZEFIREREL, NS advance MARKNE, BEBEZAFERIY
iterator category X%, BAFXB R LA dordvance:

template<typename IterT, typename DistT> /X ERAT
void doRdvance (IterT& iter, DistT d, / / random access

std::random access iterator tag) //%f(#%
{

iter += d;
}
template<typename IterT, typename DistT> //ERERAT
void doAdvance (IterT& iter, DistT d, / / bidirectional

std::bidirectional iterator tag) // LA
{
if (d >= 0) { while (d--) ++iter; }
else { while (d++) —--iter; }
}

template<typename IterT, typename DistT> / /X ERAT
void doAdvance (IterT& iter, DistT d, //input SEAEE
std::input iterator tag)

{
if (d<0) {

throw std::out of range ("Negative distance"); /1T
}
while (d--) ++iter;

M F forward iterator tag 4k & B input_iterator tag, AT LA B
doAdvance M input iterator tag WAL EEW A E forward KRB . KR
iterator tag structs 4K X R W KM —INLLF. LR Eixth R public kAT
EWAGFAL: 415 base class %7 S MARES F T derived class £ EWATHRE.

advance FRBGRTEYE, WREX IR random access F bidirectional 53, W
BSTHEEMAEE, HUREXRE forward 8 input 4038, WBHHHIEES R
B CRED TH. RIARITMEHBHEIE aRAR, TREEREN
AR RETEA, SETHRREN 0. ERAEP RN RERMARZ . Wi
BUEHAERE, B “TEMSREME” & “THBITH” ZWHRAE.
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F TiX% doadvance BEMA, advance FTEMM N E AR ENFHIMEE—
AMNER, FELAFERASANERBIL. TRERFBZRHERBTHG
(overloading resolution) & A& 24 H s ERARHY .
template<typename IterT, typename DistT>

void advance (IterT& iter, DistT d)

{

doAdvance ( / /AR doAdvance fRAS
iter, d, /7%t iter ZIEMRBIHETE
typename / /IR REAE 241

std::iterator traits<IterT>::iterator_category()
):

BAAEBRAT AT LS G5 W fE A — A traits class T

B BEV-HERRE (BB D) SHEEER (HIW doadvance) , HILMAIA
EZRAETE AN traits B8 . 2B NREEIH S HEZZ traits 15 BN,

B BV MERE (B TR) SRR (B advance) , EFEA LR
B “F TR HALE traits class FrREERIE R,

Traits | Z I THRAERRFEE . HH 28 LRITBH iterator_traits, BR Y
Bt R iterator category BN B NUHERBHXEL (KPP BHFHKE
value type, W43 42) . WAHNEH char traits FIRBREFHEHMWHELER,
BAK numeric_limits FIRRAHERUKMHREL, PINMEBERY TR &
IMEMBKMESE; 14K nuneric limits B mik A5F, BEA traits classes {14
WELL "traits" 4R, {8 numeric limits IR B IXM I .

TRI (%K 54) FAHFLH M traits classes HURERBUER, B8H
is_fundamental <T> (KW T RENANERAE) , is_array<t> (MM T REH
BAHKA), LRk is base of<Tl, T2>(T1 FI T2 M H, #IE T1 & 12 K base class) .
Bt TR1 —3E485HE C++ BT 50 L LR traits classes.

#icfE
® Traits classes {18 “ REIM NS B " A IEATH . EAILL templates F1“templates
T FTERSEIR.

B BAEHIEAR (overloading) J&, traits classes F 7] A 76 4w 1% #H Xt K B 4T
if...else k.
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K 48: AR template JTTHRIZ
Be aware of template metaprogramming.

Template metaprogramming (TMP, #ARC4HTE) £%'E template-based C++ T2
FHHITFRIEHNSTE. E— 08 4848X4: FTig template metaprogram (KT
B BU C+H+ Bl $UTT C++ HIFRAMEF. —B TMP BF4RIIT,
Hag, WREM emplates HILHRIE T C++ AL, Fo— iR,

WRXBEFRAGRTIENENE, R ERBRALHAELRILE,

C++ FH3IER A template metaprogramming ittt {HEM TMP T 1990s #J3#
BWRMLVE, B FAFEER+SEH, KEMEaRTamAES I ERFE
N, 1 TMP BEASHHIT. £, TMP BRI ARB KW KR . X templates
A C++ B TMP JE EHpE BB 5 3 T - X 548 AT 5 M — T EE RN 2T L
R R AR BB A TMP.

TMP BERAMERIN S . H—, Bl REHEEFERS . WRREE, BLHEF
“REMER, EERATMEM. B, BT template metaprograms AT T C++ &HiF
B, FE THENSITHEBRREN. XEBH—AERE, KR REAE
HIEBTHA AR, RETERFPRRER. 55— NERE, H TMP I C++
B RES - THRERN: BARTHITXH. BEMBITH. ROPAER
K. R THENSITHBHZREINS —AERE, HENAZEKT. N,
R RER TMP, H4RiEn a8 T A A TMP X MR A .

HH8 p.228 B A STL advance thH% (A F 43K 47, AR EIER LS,
EAEERXPRBEROSBBLK 47 FINE) 815 p.228 Fion, BAFHIERAA
BARBH SIS (pseudo part) :

template<typename IterT, typename DistT>
void advance(IterT& iter, DistT 4)
{
if (iter is a random access iterator) {
iter += 4; / 76t%t random access EEFRHERBEAEEHE
}

else {
if (@ >= 0) { while (d--) ++iter; } / 753 HAbk ARG HY
else { while (d++) - -iter; } /I REVER ++ B -~

Effective C++ LR, B=/R
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BATATLUER typeid ibH P HIBIERE, A CH XIHEH—A “EX”
RO TT R— BT LAESAEZ AT 14T

template<typename IterT, typename DistT>
void advance (IterTé& iter, DistT d)
{
if (typeid(typename std::iterator traits<IterT>::iterator category)
== typeid(std::random access_iterator tag)) {

iter += d; / 761 %F random access i%{\3%, FHEIRBHEAREH.
}
else {
if (d >= 0) { while (d--) ++iter; }  //AF0t3iAhisiCssarss
else { while (d++) - —-iter; } //REEH ++ 8% —-

}
}
%K 47 5, XA typeid-based SEVERIZELL traits SRR, B W ER AT RS,
() RBIARETBITHNEREY, ) “BITHRBIR” RESHBE (R
VOERET) TTHATSCF . SR XA F IER 8 TMP Wi fgs Lt “EH K~
C+H BFEEMN, BH tnits BIERE TMP., 51K T, trits 51K “GEHELET
HKEIG LW if...else THHE” .

HERYRT|, FEREE TMP tLE “IEHEKR” CH+ &5, X advance
WREET — MBI TF. 453K 47 BLIRIT advance B typeid-based LI 7 R AT BE S B
HiEE S, TESEANET:

std::list<int>::iterator iter;
éc.i\.iance (iter, 10); / /88 iter MBTE 10 ME;
/1 BRI RIS R .

THEIX—R advance f#REH%T LR EAT~4EM. 1§ template B4 IterT

DistT A HIEHA iter M 10 MARBIZ 5, BATEBIXL:

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--) ++iter; }
else { while (d++) --iter; }

}
}

Effective C++H 3R, BB =R
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FEHERFTBRFEOBE —ATRBEHT = BERF, BERERE—
list<int>::iterator 8 ] +=,{H list<int>::iterator & bidirectional L\
B (REKAD » HABKE +=. RH random access iEALEBEA T HF +=. HZIRA]
MEBARSRATE += B—47, EAHWKX typeid I —ITERSE R
list<int>::iterators MW, (HGiP8UAMBIEEILHEH, MERFL
PATHERPIE ! T4 iter N random access IEACIERT "iter += " M. 5
IS ELA R traits-based TMP ##V%k, XA F KB MBEATHIAE, BRI AR
MRS, BNREFEANRE GRER) AT T XR BT RE,

TMP EAEH A “BR5E4S” (Turing-complete) Pl3%, BEREHBEIIA
B2 ST M EY . TMP (RATLLS R R . ATHER . RERARRE--
{EXBAEARR T “ EHH” CHXT B RRIRRAR, kK 47 BREK TMP
if...else &MAIRHH templates MIEAF AR K. ALMEERILRESTE
ZH TMP. 4H% TMP TR HEEFE (B Boost's MPL, W43K 55) RMtES
BHEEFE—REHE AN R UALRRUCATRE “IEER” CH.

AT BRENFEMINR—T “HY74E TMP P fEE” , kRIMNBEERH.
TMP HEH EEMBEHRAH, FTUBHBRARREBEEIE (recursion) 58M. MR
SHERARKEN, BAfAHEKEERA TMP 2 /TEBRE. TMP EERA “RHE
AREE” (functional language) , T#HZ FRFBBFEZHRB AN FREFEMB
—FEHEE S El. TMP KR REZERRIEFME, BN TMP EH A K#IHR
¥R, MRPE “HHMIAEIM” (recursive template instantiation) .

T™MP HWEFEFRESHIEWIIEM T (factorial) . XAEANS AFFHNEH
8/, {8 "hello world" BFHEAR, MHEN TESHIAFHREREB. TMP K
M Feid SR TE T T “B AR BRIAL”  (recursive template instantiation) 53R
8%, RO T™MP e iR

template<unsigned n> //—REM: Factorial<n> HIEEZ
struct Factorial { // n#HLL Factorial<n-1> HI{H.

enum { value = n * Factorial<n-1>::value };

}:

template<> / /R B
struct Factorial<0> { //Factorial<0> WHER 1
enum { value = 1 };

}i

Effective C++ 3CIR, 5B =R
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H TiXA template metaprogram (3 H N5 — template metafunction
Factorial) , RE{RIEW Factorial<n>::value Bi¥] LA H| n B FefE.

B RLEL template RILE Factorial<n>HERIEE H —A template HIR4E
Factorial<n-1> Z . MFif REF@EE—H, BRINFTE - MEHBERERDIAE
. XBEMEKRIEN R template FF{L4& Factorial<0>,

4/ Factorial template EINAELR— struct, FFA struct #FFH enum hack
(WA 2) HH—ANEH value ) TMP R, value AR LT HETB M
Feff. WHF TMP HEEEMREFEWME, valuve NZEBRBEHRNRBEF . Hib
F TMP AL\ “AEARBBIAL” (recursive template instantiation) HURTEIR, &4
BOAE BOH—6 value, TEA value HBHEFAMIE LA

YRAT LLX B A Factorial:

int main()

{
std::cout << Factorial<5>::value; //E1H 120
std::cout << Factorial<l0>::value; //ENH 3628800

MBHRINAXELRGKEREE, RRERB T HRA—A template
metaprogrammer 4 B &4 . W18 templates FHLAFLAR A, DL i )5 R BAL AT enum
hacks, VAR Factorial<n-1>::value XHEHRGSMFERITEEE, B 4R
B4 “EFH” B CcH BFA.

X44R, Factorial 7778 TMP B R 2B "hello world" RIEEMAELES
FIRS—#. ARTE TMP 2 FiLMEB%Y, REEN— SR ERBERS
AEFE —AHURFHER. TEmaEH =M

B HREERAMLESH. ERENTIENHEEFY, BRREEAN (PIoRE. 5B
B, B FE) FRSERAXTVERN. BMF, - MNRETERE
ST HEBETERERN, ERE - NEEZRRU-IHAZRBERR
e — AN REARN AL, WREH TMP, ST (EHFERD B
FEEBENHASHER FAREGEE 2858 XBRMEN N2 TMP WT#H
RUEAT R BRI . X TMP A — M BERLE, MIERKAN S HKTE
# (fractional dimensional exponents) 7] X ¥§, {B3 UM IFHBP LM,

Effective C++H 3R, =/
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Bl time'? BIBAIAT time™® [ RIAHE.
B RAERFIEH . 43K 21 YRR ELEBARE operator WHURBEIF X%, i
%K 44 VBT — SquareMatrix class. ZELLFAH:

typedef SquareMatrix<double, 10000> BigMatrix;
BigMatrix ml, m2, m3, md4, mS; / /BIEEEREFE
/IRTENTEUE.

éit.;Matrix result =ml * m2 * m3 * m4 * m5; //iHEENNTERM,
L “IEER” RBOARHNERITHE result, SEIE 4 NEREHERE, §—
A FRIFEX operator* ARG R . MAEBE, FAMIHIRETET 44
YER THERTTES LRMBER. mREHAES. 5 TMP AHXH template HiK, Bl
Fiti8 expression templates, % V] BETH BRI LI I 4 B30 & FH0EFF, X—1I#E
TR RAE (B EHEES . T2 TMP REFERBDKRE, IITHE
FE XA REIE R T
B TUARE P EHZ ®iER (custom design pattern) SEHL& . iR
Strategy (W.%K 35) ,Observer, Visitor S5 LM LI E k. EH
FriR policy-based design Z. TMP-based iR, FHATREF =4 —L& templates R
BT R I ETR (FTB "policies™) , REAIUERLA TN, SEHEALH
RHEE P ERKAT R XA DEHRILET templates SEHRH A B4
T AHBEKE (behavioral policies) , FiLATESmF R4 ¥ LA B A F B 88354
AR PR CDEEBEHE L Z IR0 RS gefest, B/ Y
generative programming (HAERGE) #— A,

AREBNANBER TMP. HBEAEM, HXHTHBRITEAES (template
metaprograms KA ? 1, EHEBI ) BT TMP B —MEMAMEN A T4 &
SAERBES, ReEETREZSFTEGBER. REWE, ¥ THENSTHBE
WP HRBEREL RS ABREZ], T TMP X “EUREZEATEETIE
ITRSEBLHRAT A MRS BRESIA.

TMP {ifBH&RF. HETRET —hR C++ & ECRUEPRHNEHE, EZETR1 B
SIXFEMT (A& 54) . TMP BECEHHLI, M%E LK TMP SRR EE.

Effective C++H 3CHR, =R
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TMP B R EARBHA LM, BN ELERFR—RREFEFRAR—
JLFHE S BRI EER .
WiC{E
B Template metaprogramming (TMP, iR ugmfe) A4 TAE BT BB %R,
BT 43 LA SR B BL S 68 R (T U R B8 v BT AT O
B TMP "I HRAER “BTBOREHEAE” (based on combinations of policy
choices) HIZ /7 %E HIACHD, 30T F S8 G A A S S BR S R A TE A R

Effective C++ 3R, S =R
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3

TESHl new ] delete

Customizing new and delete

UIHEIAEE (Fl Java 1 NET) SR ECHE “WREWES” 154, CH+
HAEEENAT TEEFERRESES. BRUSHZHNREAEFHARARZ
FrUligs® C++, MERNE AT TEENSE. IRNTFRARRRIF%E M
IR AT A, REBERSRMEETE, UREBHBRENR
FMEENE (BREFRAZERD .

EREMAORIRE, TH C+ RTEBMENITH. SERAEES. Xl
WHIFR A XA R SEFIFEFIEFFE (allocation and deallocation routines, HFELRE
operator new Ml operator delete) , ECR new-handler, X3 operator new

To 1 R 2 7 IR P AR TR SR BT R B B B

EEBERETHHNEEE, EXREBREAYH IR, BT heap B2—
A SN ERERE, NUSEBRERRERETHIX—RFEHEH race
conditions (FEHRA) MV & XEENMEKREMEATTHZNZ static A, X
BRLASEEBA (thread-aware) 27 5w R R AL . WRBHELHIRD
¥4 (synchronization) , — B EH (lock-free) F LB 0B Lk 3 K15 M
(concurrent access) B, 1 AGFEFIREATREBAS ZHEHE heap HHBEHAE
Wk . BAE—FRERXEER, RAITEEXER T, AEREAFEKFELCE
Lo

BHNEDHER R, operator new Hil operator delete FiEA F R/ 88—
%. Arrays FTHIBINTER operator new[177BCHIR, FH operator delete[]!d
EOEBRFANEREELEHRPH (1) . BRERFHIRR, BRAFSHE—4XT operatornew
F operator delete HWHIEH T operator new[1H operator deletell.

Effective C++ SRR, 38 =R
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BGEER, STL AR HEHK heap NERBERFAHWAENATENS
(allocator objects) B, ANEB new Ml delete HEEFH . AEH ATt STL o
[3E

HERR49: TR new-handler YT

Understand the behavior of the new-handler.

¥4 operator new LEHEE—NESEFT KRN, E&MMRYE. UfiEsi
Bl—A null 384, FEIARGIFHBTHER M. RELTLRBIHTH (BB
AL, BERZRKEEA SHATEITR.

24 operator new I BHURB—AMRIEFHLEHATERRZE, ©Lx@H
—ANEPIBEIRCERE, — A FTBEI new-handler. CGXFEIFELTHEL,
operator new EIEMBEHEMMER L, HNEAK 51. ) ATHEEXN “HL
HEAFAL” KR, B LAEA set new handler, WEFHTF <new>H -
ANVRUERR PP B 8-

namespace std {
typedef void (*new_handler) ( ):

new_handler set_ new handler (new_handler p) throw();

}

WYRBTI, new_handler &4 typedef, & X Hi—MEFHRARE, RREBBAS
SHWMAIRBYEMARVE. set_new handler W& “3Kf—> new_handler Hig[MHE -
A new_handler” fIPA#. set new handler X EHM "throw ()" B—HHE
R, RoNZRBAMBEMRE—BRRELEEBYE, HREX29.

set_new_handler B ERAIREN, 181 operatornew LA EEE® N AFH %
A F B R B FOR FI RN REE, 3817 set_new_handler # i A B IEAERAT (B
B EREREH HHA new-handler RE.

PRA] LLIX#E{# A set_new handler:

//VA T2 operator new LiESELEBHNTER, ZAHRAKRE
void outOfMem()
{
std::cerr << "Unable to satisfy request for memory\n";
std::abort( );
}

Effective C++H1 IR, B =R
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int main ()
{
std::set new handler (outOfMem) ;
int* pBigDataArray = new int[100000000L];

MABITE, WH operator new kN 100,000,000 NEEE 4B E 4 S,

outofMem SHIHH, TRBFERB—MEBZERF (abort) . IR,
MRAESHERFERE cerr IRMRMBIANEHBAF, BEIREMSAHT )

Y operator new LiERE WA BB, ©2AWAH new-handler %, HE|

RIEBAF. SIEREAHMRBERTEK ST, FENRKEHRCLBHRE

AEEW, R AR RIFH new-handler BH0L AU LA T B

UFERETHEER. XEEK operator new WK F—IR AT ECSHVERTBERK
Ihe SEHHEIRK—MUER, BF—RFHPITRS R KBRAE, ES
new-handler 25— X #IAH, HEMNBTLREFEH.

REH— new-handler. {1 HRATIX4 new-handler THIBELTHATE,
B &0 B NI new-handler FIEE . BREWYL, HEGXA new-handler
AT LA %E B AN A new-handler A BT (AEIHM set_new_handler) .
FWY4 operator new A new-handler, "I ¥ 2 BB LHEMBA. XA
BRI ZE Y — AL new-handler B ACKATH, TRLYETXREEM, e
WEERNFME. HEKEN, M52 —E% new-handler B “2EMW
new-handler 475 ” ) static 38 . namespace EIEE global HIE. )

HI K new-handler, H13E 2% null $5414648 set_new_handler. —HERH LKA
{8l new-handler, operator new £7ERFENEARIINHH R F .

#H bad_alioc (HMIRL B bad alloc) WRH. XHHMFH AL operator
new e, B BEAEBRIAFRRAL.

FEE, BEEAH abort B exito.

ek B R ZE SE TR new-handler B8 ¥4 1R X3 k.

Effective C++H 3R, =K
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HHEYRER S B U R AL WAES e RUE L, R EMS S ERY R
FHEA class T E:

class X {
public:
static void outOfMemory () ;
}i
class Y {
public:
static void outOfMemory();
}i
X * pl = new X; //WRIEAEI,
/ /M X: :outOfMemory
Y * p2 = new Y; //WORGEARI,
//VAH Y: :outOfMemory
C++ H AR class /B2 new-handlers, EHLHAFE. RoTLLECEHR
HXFITH. RESE A class LA K set_new handler Ml operator new
BIA] . 3 set_new handler % F#3LURSE class % &) new-handler (EREGIRAE
f] set_new handler L% '#&5E global new-handler) , £ T operator new U
RSB class HEAFHREEDP L class ¥JBZ new-handler ¥ # global

new-handler.

BIZE, B RARITEALHE Widget class (KINFEAMAE RO L. B AR B R “ Y
operator new LR —A widget MR EB AN HHMRE, FLUMREE
A —AKEI N new handler [ static il A, FEA$E [ classwidget f new-handler,
ARG

class Widget {
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);
private:
static std::new handler currentHandler;
)i

Static i R S BEE class fE XA ZAMEE X (BRIFEANTR const TTHREHR, Wik
H2), IUREZXASE:

std::new_handler Widget::currentHandler = 0;

/ /% class SEBLSCHE I AIE6 460 null

Effective C++H 3R, B =K
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Widget MY set_new_handler MK EIRBHIIRE AR R, R 5 RE%RH]
(FERCRRZ A FEMTEE, XHIERSRMER set_new_handler FIfER:

std::new handler Widget::set new handler (std::new handler p) throw()
{

std::new_handler oldHandler = currentHandler;

currentHandler = p;

return oldHandler;

)5, Widget M operator new LA TFEHE:

1. VAU set_new handler, %1 Widget MR RMERE . X LM widget K
new-handler %3% % global new-handler.

2. M global operator new, MATELRZ AESE. WESE KK, global
operator new <8 widge B new-handler, &I/~ & #A W4 %34 global
new-handler. 1} global operator new BALESFEEHALE, SfgH—1
bad alloc . EHAERT widget f operator new WK E R AR global
new-handler, #R/EBEABLFHE . HPREAN new-handler & R REBHFEH L
M %, widget ¥ global new-handler ¥4 FWIFEHHFT LK 13 HBE, SHHK
FE NS (resource-managing objects) By ik BRI

3. S global operator new R A BL R — A Wwidget WRATAMANE, wWidget
i) operator new €iR[E—/MEE, IBAAEHB. widget TR BSEH
global new-handler, B4 HEI¥ Widget’s operator new $18 FATHIF A global
new-handler 1% & [F]3K .

T C+H AU EER K. RGN EIRLIERE (resource-handling class) FF
4, MEEIGERYE RAI #4E, EHEIETRE-ERE, FHERHRLES
Bt (4K 13) -

class NewHandlerHolder {

public:

explicit NewHandlerHolder (std::new_handler nh) / /BRI
: handler(nh) {} / /new-handler.

~NewHandlerHolder () / 1B
{ std::set_new handler (handler); }

private:
std::new handler handler; //BR TR
NewHandlerHolder (const NewHandlerHolders); / /MLt copying
NewHandlerHolders ' /7 (AR 14)

operator=(const NewHandlerHolderé&);
}i

Effective C++H 3R, B =K
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8 E% new F delete

XEtEE Widge:t’s operator new HSEHLAR 2 faj .

void* Widget::operator new(std::size t size) throw(std::bad alloc)

{
NewHandlerHolder

/ /%% widget

h(std::set new_handler (currentHandler)); / /new-handler.

return ::operator new(size);

}

/ /SRR B
/ /%5 global new-handler.

widget H% 7 iR LUXHEAE A 2 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;

//REE. RS
//Widget SRR MU B iE A

//BFE outOfMem b Widget K
// new-handling &%},

/ BRI ECR,
/ /AR outOfMem.

/ /IR SRR R,
/ /A global new-handling FA%{
// ClnRHFRE) .

/ /%58 Widget BEM
/ /new-handling FR¥UCA nuil.

/TR AES R,

/ /LRI R

// (class Widget FHBAEBMN
/ /new-handling BRED .

SEILX— T BRI AR class FMARTTNAR, HEESLMUERENE
B ., — MR R BT — "mixin" XAE R base class, IXFH base class

FH3 RF derived classes 2B —iEE/ES

RGP R “HWE class TR

new-handler” fI8E 17 . ARG KX A base class $5¥ 4 template, W— 344 derived

class IR A H 5/ class data B,

XA base class #43it derived classes 2k EAT1HT T ) set_new _handler
Fl operator new, [fi template FB5 WIHH{R T —A derived class TR — A LAE R
currentHandler AR, UTRRLIFH LTS, BRBIEFEUNIBRE. £
frb, —RERXERARRER, BIETHEEMAHFTFER class £/H:

Effective C++% SRR, BB =R
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template<typename T> //"mixin" JHEH] base class, FLASZHF
class NewHandlerSupport { / /class % JBI] 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);
/ / H AL operator new fRLA—— W4& 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);

}

/ /A FH4E—A currentHandler ¥JEA6A null
template<typename T>
std::new_handler NewHandlerSupport<T>::currentHandler = 0;

A T XA class template, 4 Widget #¥J set_new_handler XFFREIBLE T 5
7. HES Widget 9 4= NewHandlerSupport<Widget>?}Uﬁ‘y B FHXEE. B
ERUFREY, WEREEREERCHHEHEL.

class Widget: public NewHandlerSupport<Widget> {
//RSEET—FE, (EALER

i //set_new handler B{ operator new

IXRE R widget K TR “class ¥/B2Z set_new_handler” FiFMIKIEEF.

{AEIFRIE T Widget 4k7& NewHandlerSupport<wWidget>BE L HEREEL. B
BLONME, PREGESRIE AT AR 273 B B NewHandlerSupport template M {3 F H R
¥ T MERKEE. THE r WHBATHEHR. BNARFE, %KE
NewHandlerSupport B4 —4 class, $# L& H 7 [ NewHandlerSupport M (FE
B Hh 8 R 3L static R E B currentHandler) . R S¥ T REMARRK AR

Effective C++5 LR, B =R
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derived class. Template L& AEIAE—4 T (NewHandlerSupport #i LLEIALH)
W) £ W—4 currentHandler.

ZTFRB widget 8A& B — M ERILE (templatized) base class, T Ja& XL
widget fEARRISH, MBEIRM L EFRE, AERGHR. BNA—FFHEER
RN, BFERIEAR—NMERHNER, HEZHEABCHAR: “ERHOME
HRHRER”  Ccuriously recurring template pattern; CRTP) . L A XA B FR
BAME—RNFBAAAR. W, Bk,

BRYRRT—HXE, BUATE —MLEREFRATK, B2 Do It For Me, BX
4 Widget 47K NewHandlerSupport<Widget> BIEHLHFFEH “HRE widget,
FRE4H widget class 4k NewHandlerSupport” o B2, W, B AKRHEEIM
£ (RERACHA) , BUHRIES CRTP KB EHRIE "do it for me",
BRFAT DA BOR T #8X — AR L4k A (templatized inheritance) B E K.

% NewHandlerSupport XFEH] templates, 8 “ HILAT class WIM—MENE
B new-handler” A5 HE. R "mixin" KUSHISAYE €SB L BHAMFIN,
MAEFF B EBE A, RFERMZEELZK 40,

HZE 1993 4, C++ #IFEK operator new WIFETIESMEL R W A7 R IR [H
null, /M operator new WM ZMiH bad alloc 7%, HIRE C++ EFFRETE
WERTHIFFEHRAEHRE. CH+ HREZASAEIFEANL M null”
FIREE, TRIBHSE —FRM operator new, RTTHLNAELGH “4H0 R (EIR [E]
null” 78 . EAMERBERA "nothrow" FER—FMFREE LR B AMBIIZE new i)
FRHERT nothrow X8 (EXFLIXH <new>) :

class Widget { ... };

Widget* pwl = new Widget; //IFRAELRI, P bad_alloc.
if (pwl == 0) ... / VIEAIE—5E R
Widget* pw2 = new (std::nothrow) Widget; //HRSMEC Widget K, iRMH 0.
if (pw2 == 0) ... / /IEARATET RE AT

Nothrow new Xt 5 % B35 HI GRUEYE A5 B4NE, RIER "new (std: :nothrow)
Widget" KAWMHE, $—, nothrow WM operator new A, HUSELEH
W4 widget MR . WMRHERMERE null F7EF, —WREHTF . WROBERK
I, BETR widget MERESHAM, MER R LAAHEHEERET, BA

Effective C++H SRR, S8 =R
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widget MIXERE LM EAMMEME. EHEMREN new —RNFF, ME AL
SRIEEEIXAEA nothrow new. BEILER "new (std::nothrow) Widget" K
operator new H A MHRE, H widget WEREHTEHES. MBRECERLAM, &
RES—WMEEHEE. FESLRG? £R%AL: 1/ nothrow new HAEARIE
operator new MR, PMRIFMHR "new (std::nothrow) Widget" XEERIRIE
RAREBRE . FH/REERAHIZA nothrow new FHE.

ERFAER (XMHFFE) K new, REHZDHRKHEASRE nothrow i
%, BEMRIRFET# new-handler 11T%, EARMERAEEMRE.

WicE

B set_new handler AFZEFIRE— AR, EAFESEETEREHCHEFAM.

B Nothrow new B—AMEUHRBK TR, EXAEREHTHREMR: FANWIER
B RS R T e H R

KM 50: TR new Ml delete ISEEKRISN

Understand when it makes sense to replace new and delete.

IEBATER EIZRAEE. B, BALE ANEESREFERIZMN operator
new B operator deleteB? TFHIE =A% NAFEH:

B ARRWNEALHER. WRE “new FIBATE” delete HWHIAZRM, RF
HHEMIE (memory leaks) . HIRZE “new FTIBHNTE” & EE K delete W&
SHAHEIT N . R operator new FH —BIASEHE ML, T operator
delete ¥t AR B E, BIRMBASRIH LAHRRE. WS ASHEI%R
ERAR TR R BEIE "overruns" (EASESBRXIERZG) B "underruns”

(BASESREXBRESZHD « mBRBATEITE X —4 operator news, &
RBHAMAT, DB ERE RTFEFFBXRZEEE) BMEREN byte
patterns (B% 4%, signatures) . operator deletes [ERLIRE R ZRETR
HAH, EFERBREDEX TN A AEE S RAE T overrun B underrun, iX
BHE operator delete FJLAKIE (log) MAFLLLRBANEREIENIEEH

Effective C++ 3R, B =R
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B A TR, HIFBRIHEMN operator new bl operator delete FEHT—
BER, EIIAMER KR EHATHIRRF (BlnMTRS S, web servers) #5%,
WA PAT R D> F— R FEZ. IS aeE—RIFEKR, BFEKRA
. DMRAF. KNEARIPE. eNLFENE RIS, HENEFS
FEHREE D> BXRIHESE, BIREEEGT R FEIEMTE. B
B E R (fragmentation) , XBRALSFEFLEHLE KRN FERK,
EME B A B B R E SOV PRI B AT .

B FERALEANN AFEEBNER, FIRIEFERTHEN operatornews
M operator deletes SKEUF B EHMA LS AW T . EA10 TEXFEA NHER
REEHLE, BRI AGBERR. MERNRNEFRZISNFE
HARESERERZATHE, BETUURI, %M operator new fl operator
delete MEAEME B IRA . HEIME, RMBBERENMLEHR, ANEERR
%, MAENBEENAFLED, BETHE 50%. WELE (BRTEFHE) N
REFNE, BIEEH (RIFRETH) newfl delete B EHIRA, EIK
BERMERANINEZ —

B AT MR NG EE. kB E 1B news FIEHI A deletes Z I,
B2l EROR G EEEESHENE. FERRIXDSFHmE? Famo
WA ? e F L FIFO (Sestselt) WFEL LIFO (REESEH) KFHbE
PLURFRAEAE? ENNEHAMSEEHNRZCE, HHERRKKAE
RNEATH BB AR BT E A ? AR 2T A RRKEIES R

(BKAr) R£/D? BITE X operator new fl operator delete fEFAIELL
2RREIXEER.

W L, E—/I\%%IJ”;;J operator new +53‘l4§j$o A, —FE%/I\‘E%JEZQ
13 H BIVIE B global operator new, {Z#EFHtHBIHI "overruns" (B m7E5EC
XIREMZSE) B "underruns" (BN RESRXBRESZRD  HPEFAEND
PER, MERSTEE.
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static const int signature = OxDEADBEEF;
typedef unsigned char Byte;

| XBRESEAE T/ VR, T '
void* operator new(std::size t size) throw(std::bad alloc)

{

using namespace std;

size t realSize = size + 2 * sizeof(int);  //HIK/, {EREW
/ /BNFHA signatures.
void* pMem = malloc (realSize); / /AR malloc BUB R TE.

if (!pMem) throw bad alloc();

/ /4% signature B\ AAFIIBRATBIE MR G BUE.

* (static_cast<int*>(pMem)) = signature;

* (reinterpret_cast<int*>(static cast<Byte*>(pMem)
+realSize-sizeof (int))) = signature;

//REFREE, FRIEMAHALT B —A signature Z J5HINFALE.
return static_cast<Byte*>(pMem) + sizeof (int);

}

XA operator new HI M EBIET EEA T 5 XM 3R BB BT M 2 H & 1)
“URFE C++ HIAE” HISEE. BAMPIF, %351 3HTH operator news # XA &
—AMEH, REEAEA new-handling R¥, XEHMKE. ATHK 51 MEE]
HWPMTTE, BTRUX)LERE B2 .. RIAEREEET B HMP K M.
FAL Calignment) .

WE BN LR ZH (computer architectures) TSR 5 I BV RAESRE =E 1)
At . Flin e Al L BRI HbE AR 4 58 (four-byte aligned)
doubles Byt 4R R 8 5%k (eight-byte aligned) . WMRBAFITIXANAREM:,
THRSBBITHEMRE . FEEREHILEREE, BERL4EE, MERERME
FALEAFRBIE, FRUBERE. Bl Intel x86 HRLM LK doubles ATHK
X5 FAEAT byte 5, BUIRT R 8-byte Fir, HijHMEHESRITE.

EERMNBEIX T EEF, F4A (alignment) BEXEK, BAH C++ BRFH
operator news iR [Bl FFE & #A E XA F (BRTHEFERE) . malloc RETEX
FERERTTIHE, o4 Operatornewjé@*/l\?gﬁ malloc FIfe¢t R EZ LK. A
il bk operator new HIEIFRIREI—NEH malloc HITEE, TEAREI—NMEHE
malloc HARB— int K/HTEH . WARBRIEENZS! MAZ wIFH
operator new {t EZREUE LA — A double BT A F (MR EATE A operator
new[], JTGEHKALR doubles), TIRA I —H ints X 4 bytes . doubles #J0 8-byte
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FAL” WIHLE LI, BATURSRB - REESFAOREH . BURSERESF
BB EITEERG . DB LSRR AP R R

BFAL (alignment) IX—EART, EFLAAEARF PR HAb Sy PR R T 482
FRAMIH R HAFEESTRA NV RENERS. 5 MEREBE
YRR B BRI, R RERBARIMIESIE. —BN 5 REWIRELERA
REEGEH.

RE xRV ER ! RERFRRCELETNHAGEEERETHRZERR
7 (enable debugging) FIETIRA (logging) . HRIEH K — FHRMILGRFR M, B
ATRERR L ER BATHEE new Ml delete MIRE . WE & LA M~ MATLUEA
HIEBEAFHONFEHEER. MEFEEIIRAROEF RSV AN SER G, VR
—FBEMMMBEETEE (relink) . B, HERBIESEETEN.

B—AEERTFHURER (open source) FUHFHIAFEEE. BINTE¥E
AT, HRET AT 8RR . Boost FR/FFE (4K 55) B Pool H2XH — A4
%, ENTEELY “AEAR/PMIXNE” BEFHY. FE C+ BE BFEEFS
BLARR A, 5% RN R R /D BT B FL AR IR, (e R B A A R 5
fr% e, &BEEM- - HES NERMBRIAY . EERE LEFES, DR
f@EE. BMERERMEE M HOCH news Al deletes, H —EHFFBIFEHRAH
AR E TS HENMAT CEfARX S “JLPTHEE” M “RIETRE” B
R BBFRZINER. FARAXE—ET, TR1 (AR 54) IFHREE
R F &ML, REGER.

ALERWEBLE, THRANTE “2RLEMN” R “class TR BEik 58
BB E M new M delete. BMELMIT 2, ERATERM—LEHE.

B A TRNEAER (MR .

B A TREHSHPERFZERGRIHER (WATHR) .
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B ATHENASREANLEENREE. ZHESRAEE (BAHALR) LEREL
FLER18, FRAIR BRI BT 1A A e BB Z N R A . Class &
BOEARR “XBRFEe” ZAmeEEE, i Boost ALK Pool F2/FEE
. MBREEFRALEEET, BRNRESRTITRHANGFERSRLEEE
‘48, RRFTTUEMAERE LN )BT AR ERE. LR, ERE
“operator new Fl operator delete F JMRFEFEBEMIME” XA IRZAT,
HEFEMTRIRER, BRSNS R EEREATFRES .

B ATHEREAGEERFRASETINSE. ZHEAFEESEE (AR
FIERR) RRILEHES, EMNEEEEAELAE, BERNENEREE
F— YRR IRG ERGIESHS . XD RNETIT AN RS (Bl
Boost [f] Pool T2/FPE) 4/ _EiHER T X HERIBSM T4 o

B ATHRIRESEBPAIEBEFA (suboptimal alignment) . —HIZERTHTHE
7 x86 R R L5 L doubles MV M) B R RE——m R ENIEE 8-byte FriL. B
EmiER AWK operator news HFARIEXNFESBMAK doubles KEL
8-byte Fhr. XFIEHR T, KA M operator new FH#h— 8-byte FHLk
IERR, TSP RERBRTT.

B A THEXNKREAERES. WRRMEREZENMESHEER —ZEM,
TR A B AL X e R D “ WA TSR (page faults) ISR BEERAK,
MBI G EIE S — 4 heap A E X, X4 —REANIH AT LA SEE S
ERTTHE DN ET (pages) Lo new M delete M “placement A" (W%
3 52) HOTHESERUXFERIERIRAT A

B A THEBEAGNITH. AIHRIREHE operators new fl delete MG F M
IR MRS, IR RS A E S RAITEHZENTF (shared memory)
PRI B, {EME— BRI N ERIRTT C APL B H, BAE F— M EHIAR new
Fl delete (JRATHER: placement lRA, W42 52) , WREHRLUN CAPIF E—
f: C++ HhE. FRBATUE —A H E M operator delete, FEHFHHIHIAEN
FHAESEN O, LMy BRI,
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Bt {E
B HFLZEHFESNEEM new fl delete, HIFHERAL. X heap 12 F4H Rt
TR WE heap (FHE R .

FE51: BB new Ml delete BHHEBEFEM

Adhere to convention when writing new and delete.

%3 50 BB ABERSEEEANHOAHK operator new fl operator
delete, {BFHEHE MR LRIBAMET LAEF AN XEMUAMERST, HIF
h—EIEAEHM, FUMEEMNAREREF AMREE.

iERAIIM operator new FFif. SEIL—FHE operator new Wh1BIRFIEMRIE,
PR R 4731 new-handling R#L (MK 49) , DIH TR ETRKIHE
%, EFBRAEEREFE AN new BRI B RIE class i OB RTIE
TPER. EEHRM new iR T 4K 52.

operator new FIIEEME+4r g, R EHEHBNE S PIFMAE, HiRE
—ARER RN . MBRRERAERS, BRI 49 FREAN, HHH
—“>bad alloc BE.

%WE%’&K%#E?#$% R A operator new i&iixﬂﬁﬁ%ﬁﬁEﬂWﬁ,
HAE R KA MUE A new-handling B % . X B 5 new-handling i £t B8 65 K
sHozh V6 45k Dy 2R Bl Y Sk . R 2498 ) new-handling 26 FIFE 4T & null, operator
new 7 &M R .

AHEMR C+ BE, BIfEZ FEK 0bytes, operator new R EI—/ &%
REr. XMEBEBLRFRFATARERNT HIESHMAHS. THEHED non-member

operator new {h# (pseudocode) :

void* operator new(std::size t size) throw(std::bad_alloc)

{ / /YRE operator new FI SIS EL
using namespace std;
if (size == 0) { //5EH 0-byte HHH.
size = 1; /1B ENH 1-byte HIE.

}

while (true) {
FAREL size bytes;

Effective C++H13CRR, 58 =R
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if (SYECEEh)
return (—P¥EE, FERSEESRIINTG ;

/75y BESR: R B RTAY new-handling BB (L)
new_handler globalHandler = set_new handler(0};
set new_handler (globalHandler) ;

if (globalHandler) (*globalHandler) ():
else throw std::bad alloc():;
}

BRI 0 bytes HIHFRILA 1 byte HiEE. HlLKA AFBEHBOSA
R, BM7ERIR. & 74T i HERER P AL SR~ 0 bytes HiFR?

PR&TTHE W B MBI S 2R X 4 {45 (pseudocode ) , B & H ¥
new-handling FRAEFE 4T null )5 XOLZMK R IR . MEFARINBAFESH
AT LE S new-handling pR%UIEST, BTLALM A set_new handler
BEk. #%, BEYR—FOHREBEFUS . HESEKERBEHREFE
BEEMH (lock) LMEZ 44 E new-handling ¥ 5 1 (global) $RLEH.

%K 49 3| operator new W& — AN LITEIR, W _LR{AFDEA AR HIXAME
¥; "while (true)" BMERIALITMEI. BIHILEFMME—INER: AT
S BCER new-handling R T — AR T 4K 49 MFE. LEZAFTH. ¥
F—A new-handler. #1E new-handler. ¥ vad alloc B (BRHEIREY) , =
R ARG SR T B4 return. BL7E, X+F new-handler g4t A U H H A L AR N
ZRERT . WRAH LM, operator new W] while EHKIEALLEER.

Hr 2 AR E ZIRF) operator new i A ERE S derived classes 2k . X&FH
REHBRIERE. 8 LR operatornew higH, BRI size bytes (&
3k size £ 0) . MIEHEHE, BN size RAREEZNELS. RTIRBEKSOFE,
SRR TEERO— N RE RBERRENE N ERE cass I ROET AR
BERARAL, HIARA T % class BIAEAT derived classes. tHEEREYL, £H%T class x T
Vi operator new, AT ARILEIMF N ANRILFA sizeof (X) IR it
RTT— B4 AT =, BB base class Y operator new #£FH LA ET derived
class Xt %
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class Base {
public:
static void* operator new(std::size_t size) throw(std::bad alloc);

}i

class Derived: public Base //fi¥ Derived K=H] operator new
{ ...}

Derived* p = new Derived; //XHJFNIJE Base: :operator new

IR Base class EEH operator new HIEHE - F kX HT LikfEHR (SEfF L
AR , AFEEBMBREBIERE “ W RIERENR” BT SR
operator new, 1%12#

void* Base::operator new{std::size t size) throw(std::bad alloc)

{

if (size != sizeof (Base)) / /IR KSR,
return ::operator new(size); //A¥rER) operator new ARTTALEE.
/ /BRI B

“E—T 7 RITBERM, “KRETHRR sizeFT 0 XMHHSERTEN
MBS 7 o 2, RERE, RIFEREERIER. REATEE, RALE
1 EIRE “size 5 sizeof (Base) FIRM” BA—ET . £, C++ EXEMMBES
BT, MEF—MBRERECEEFFIERRE L) NRBLMEEFTRD (B
%K 39) o HI sizeof (Base) TR MAIANGEAE, FLAINR size £ 0, X HFE
SR H: coperator newF L, EEFFALLAIER&H T ANFX M HIF.

BVE: X B BTIR AR B/ ML R (freestanding) X5, FIIRALL“ EXFRZ base class
F4Y” FERX R . AT S KX E, 7 5% (Inside the C++ Object) by Stanly
Lippman, Addison Wesley, 1996,

TWRIRFTEIEH class T B2 “arrays WAF S ECAT A 7, AT E LI operator
new [ array 5.3 RR: operator new[]. XA ERECEFEHIRA “array new", FEHATR
HARH TR BT "operator new([1". WRIRHEE A operator new(], dfE, M
—FEMA—HEFRESR RN LA (raw memory) , EIAIRIIEXS array
ZRIES WRFENTENRBEMEE. L LIREETETHEZEA array B3
EZOATENR . HARBRPAEENNTRE K, HH base class ) operator new|[]
Bl e L gk RBHEA, BAFIESE “ICEN derived class IR ” i) array i H,
TR 28R %5038, derived class X{ %3 % L3 base class & K.
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Fi, MRAEETE Base: :operator new([] PR array IR TTEMN R KR
sizeof (Base), XWME KM AR array ML EXN RN R (bytes BiF
¥) /sizeof (Base) . Wbl 1RIBE operator new [ size t B, HEFHEL

“HBHUNR” IATFREEZ, FA%EXK 16 i, AL arrays FTRER
EHS A SR BUTEAN

X R BEE operator new MR HEEITHIIE. operator delete {HHLE )
B, REECHME—HERE C+H AiF “MER null FBEHKIERS” , FTEMRD
PR IBIXIRARAE. T & non-member operator delete fAI{4# (pseudocode) :
void operator delete(void * rawMemory)' throw ()
{
if (rawMemory == 0) return; //MNSEHERERMEA null #55,

/1 BRERAT AR
AE, BIE rawMemory FIERRIANE ;

XA R HH member fRAWIRF B, RF/FEE M IMEREMBRHEE. 7T—
YRE) class & JBH) operator new ¥ K/NHIRAIIEIT AEEAL : coperator new AT,
PRULB IR K P ER I BIBRAT AL : soperator delete $AT:

class Base { //—HEAE, {HIEZIE STE 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();
}:

void Base: :operator delete (void* rawMemory, std::size t size) throw()

{

if (rawMemory == 0) return; / /R null $64t.

if (size !'= sizeof (Base)) { /7R KR, SIRHERR
: :operator delete (rawMemory); / /operator delete A-TR I, —FRiE,
return;

}
MAE, BiE rawMemory FIEHINTE ;

return;

HBMR, WRIEEMERANRIRE HE A base class 1105 H KB virtual #7
%JEI%I, W4 CH 154 operatordelete ) size_t %‘I{Eﬁfﬁé;ﬁﬂf%o X “ibR
I base classes ¥ virtual ¥R S B—MBIFRIEH; &K 7 ERE—IMFEIF
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BB RRAZTFEE T , stZ) R BRI S BB, W RARK base classes Bt§ virtual
BTt i %, operator delete WJRETILIEHEETE.

o

8@ operator new MiZWEF—NLIMER, HAEHLPERXIEARNGT, WRELEHE
RRIFFTK, %A new-handler. ‘EHNiZFHRESIAEHE O bytes HiF, Class
LRBRANERN Z4AE “HERKDMERE G2 Hig” .

M cperator delete NiZZEME null ¥54T B NBAEMEF . Class L@ WA WE N %
AhFR “ELIEBIR/ADNE R (BHR) HIE” .

%X 52: 57 placement new 3B E placement delete

Write placement delete if you write placement new.

placement new 1 placement delete 33k C++ BETERE RKZY, WMREFEAR
RABEN], AERBBPTEMIE. BIZEK 16 #1117, BHRE— new RikAFX
¥

Widget* pw = new Widget;

HEFRARBHHEAE: — A RAUSEHNIFN operator new, —AM 2 Widget M)
default #)3 bR # .

BEHPE-NRGEHERT, FoARBEAREAE . RATE, SR K
WNAESECE DS KRS IRW, BUSERAFE (memory leak) o 7EXA™
W%, ZFRAERNEZLEAE, FHAWR widget MEREMB R E, pw MARBR
H, ZFF LBmREREERZEALHNE. BEPER - HKEIBRK TR
WES| C++ BITHARSLS L.

BATHRAS RIS B — BT AR M operator new FIMMN operator
delete RRA, TR HR T LIANFEH — N (E N[BT IF £ operatordelete
ZHEM. WRETENARIEE EHEZELR (signature) B new fl delete, X3
AR, FHIEHP operator new:

void* operator new(std::size_t) throw(std::bad alloc);

*t N F IEHH) operator delete:

Effective C++H1 IR, S8 =R
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void operator delete(void* rawMemory) throw();

/ /global 1R IIEHE L.

void operator delete(void* rawMemory, std::size t size) throw();

/ /class YER B A1 B 4 R,
Eit, HEIFEHEEERL new Al delete, iéﬁ@%%%%lﬂ@ﬂﬂﬁﬂj
A “ENIBUTEY new FITEFT AF KR IHM” B delete. AR HRIFIRFEHE

EEERH operator new, MR EKINBEN operator new, “REHH —A
delete fEBHIXA new” WIRIBERINT .

EAPF, BERAEET A class T8 operator new, EREZ—4
ostream, FIKFEIL (logged) MRAEFEE, RFXET —ANEHEAN class £
J& operator delete:

class Widget {
public:

static void* operator new(std::size_t size, std::ostream& logStream)

throw (std: :bad_alloc) ; / /3EIEHTER new
static void operator delete(void* pMemory std::size t size)
throw() ; //IE# M class £J& delete

L
AR RE, BERTREZE, RNFELSE, HEHSHTARE.

R operatornew RN BHR T —ESH M size t ZHNEHHAL, X
{ERAFTi8HY placement new. B, iR operator new &4~ placement 7.
X% placement new [RAEFREFHHHK— MR “EZ—MHHERANRZBEEIEZ
7, FHER operator new KA T :

void* operator new(std::size t, void* pMemory) throw();
/ / placement new

XARA ) new BBAN C++ WHERFE, YRRE #include <new> BLATLA
BAE. XA new MHIBRZ —RAFTE vector MRFRHTE LGNSR, BRI
HR B RM placement new JRA . LFF LEERXNRHMHLIRE: — MEEM
B LA new. UL LBBIRRARE placement new BZHE X HAMTRE] placement
new, KEHFHRMATRER M —IFERAE, BRE “H—BILEREA voiar” ,
DEAHEA RIGESHBTFIN LS Z operator new. L FIIEHFFHERER
X AREH SIS EHRWER, BTHX —SHELYEE. —BERE "placement
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new" EERHEBRFISHY new, EHB—PRIE "placement delete” EHIBEIRA
BE. BERINMEHBEE.

BAEULRATIPIE] widget class KIFE N, WRRLITRERIH REKBA .
XBEREARBEET, B4 class B3I EBBPHAEFE#E. FRUTEARE,
TEHHBAIE—A widget BHEHXH LS BT (ogs) T cerr:

Widget* pw = new (std::cerr) Widget; //iAFH operator new F4%i& cerr A3
//ostream £Z; XANEESTE widget
/ /G R HR R R

B—K, MEAFIERIT, T widget WIERHEMMRE, BITHRAESE
FAEHUY operator new MISEHKEIER. RMETHARLELZEMEEEH AR
FIFBA operator new WIIE{E, HEIEREEESEIFKEZIBN, B LA bR s
TAE. RRZHR, BITHRAKEIR “SHENBRNREFE operator new 1
R ”HI¥A operatordelete. MR IR E], I 2 HHAX R BERIX B M operator
new IR ostreams KIEShsEZ:, BT PAXT R operator delete b VAL

void operator delete(void*, std::ostream&) throw();

LT new 1 placement liA, operator delete MRELZHFINSE, FHK
placement deletes. TIE, BEIR widget B H A BH placement fRA K] operator
delete, FTLAEATHARZEA AE W FTHUN H KB R SEXT placement new K. T
R4 AR . EFZ PR widget WERBEIBRE, SLFEM operator
delete HAA GRBHRAL) .

PNREH: WR—DHFII SN operator new BH “HHREISH”
FrI% R AR operator delete, B4 Z new IR FED BN 75 ELEUH H 4K & IH BT 3E
BB A operator delete SWEA. Hik, A THEMEREPHRFIRE,
Widget HULEAP—A placement delete, XN THAEHICTHEE (logging) K

placement new:

class Widget {
public:

static void* operator new(std::size t size, std::ostreamé& logStream)
throw (std: :bad alloc);
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static void operator delete (void* pMemory) throw();
static void operator delete {(void* pMemory, std::ostream& logStream)
throw ()} ;

g ...
XHEREZ G, MR TEAS|K widget MIEREMWMHRH

Widget* pw = new (std::cerr) Widget; //— W, EXRAERE

I REE placement delete £ BFAA, it widget BHL WA MM ANE.

RTTMR AN R GRREML) , TR R EAME delete, &
RAM 25

delete pw; //RRIE® M operator delete

B E—THRA S, WHENREE AN operatordelete, MIEH placement
WA, placement delete RAETE “E5E placement new 18 P il R I F)E R AL IR
RENASERA. WE AR (Bl ERE pw) BT delete BAEFEAH
placement delete. K, #XIIAL,

XEWRIMEEXNFH S placement new XK NFMRER, RITLMAFINE
Ht—ANE# B operator delete( - FHIE MR AL 5 % i tH DA —4 placement
A (HFHEREEREERY) . BENHISEUIRM operator new —H#,
HERREM, RREEASEN R UREN AR R, B E2OFAREEK
T U B 3 e DA R B0 1Y P9 A O

M —#R, BTRARENERESERILSIBEREPRHEREZR (REAK
33) , RLFUMLEBERAE class T B K news H i & P R KA news (BIEEFK
&) . REHRAE 4 base class, K IIME——4 placement operator new, Z&F
& RIABATI 43 F IE # TE 2K new:

class Base {
public:

static void* operator new(std::size_t size,

std::ostream& logStream)
throw (std: :bad_alloc); / 73X new SBEHEIE H ) global FE=

Effective C++ 1 3UhR, 35 =hK
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Base* pb = new Base; /7R BRIAIERTE) operator new #HE .
Base* pb = new (std::cerr) Base; //I1FHfi, iff Base i placement new.

[FIFEEEE, derived classes 1] operator news £ global RRAS T4k A& i 15
] operator new KR s

class Derived: public Base { / /A& B 5EHETH Base
public:

static void* operator new(std::size t size) //EFEHEFEERM

throw (std: :bad_alloc); / /FERHI new
}i
Derived* pd = new (std::clog) Derived; /7852 Rk Base B
// placementnew #EHET .

new Derived; //78FR8, Y Derived )
// operator new.
43 33 BEHMAMITR T XMEAKERNE. ¥ TREAEIREELR, REE
WEMRE, BEEER T CH 1E global fERRARELLA TR M operator new:

void* operator new(std::size t) throw(std::bad alloc); //normalnew.

void* operator new(std::size t, void*) throw():; // placement new.

void* operator new(std::size t, / / nothrow new,

const std::nothrow_t&) throw(); //R#%EK49.
WRYREE class P FEBHAET operator news, B LRIXEIRHERLR. B

FHRHPEERREMILE class BZF/HAREREX, &UEHRETIERITERK
FEfT s HIR operator new ZAMNERT . XFTH—/NATFM operator new tLiEHE
RAEXT ) operator delete. MRBRHEXLRBEEPFHNITH, RELSHKRH
class ¥ @R A< global 4B T,

Derived* pd

FTRU RS —MEEMIER, B — base class, WEFAHEREEAM

new fl 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++5 IR, 5B =K
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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, ptr); }

// nothrow new/delete
static void* operator new(std::size t size, const std::nothrow_t& nt) throw()
{ return ::operator new(size, nt); }

static void opérator delete(void *pMemory, const std::nothrow t&) throw()
{ ::operator delete (pMemory); }
}i
AEBL BT RARERARWE S, TR AS%ANHIK using FBAR (I
%3 33) BRI

class Widget: public StandardNewDeleteForms { /1 BARATHETE X
public:
using StandardNewDeleteForms: :operator new; / /AR TGS R] I

using StandardNewDeleteForms::operator delete;

static void* operator new(std::size t size, / 1B BERK

std::ostream& logStream) //placement new
throw (std: :bad alloc);

static void operator delete (void* pMemory, /1 TRI— AT R

std: :ostreamé logStream) //placement delete
throw() ;

}:

wiLE

m N4RE —A placement operator new, EHEWME N TS MM placement
operator delete. MREF XM, RN TEES RSB B EHA

B 4R placement new 1 placement delete, EHREAELEIN GEHE) #
R T e IERERE.

Effective C++H 3ChR, B =/
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9

Z=INITE

Miscellany

WIAR BRI —F . AFHA 3ANEK, BETHHBERMOETRARA
MmRABFET, CNHRER!

B NEFBRATTURBHEREEER. B, MRFHFREFROKGEE
BT REE, MARBBEM. BoANEREREE CH mERFE, XPBED
TR1 FIHMERFVLRE. &G —FKEIRLEU Boost, MERINABREEN—4
CHZARM . MRREREHER CH &K, MBRHFSEXLEEFIFRIEH
BB, MARHBOREGEMIELREL.

FM53: RERRREZINES

Pay attention to compiler warnings.

AEEF AR R giE s B S . M08, BRE, mRRER™E, &
BN XA —NMEREAMIEESFL, FRG? XFARE HAE T BIFAHEX L
#, B C++, REITHBHRFSEEN TRIRENIHILREEFHTE. 214
BT, TERZEZDOELREEEN A LH—MER.

class B {
public:

virtual void f( ) const;
}:
class D: public B {
public:

virtual void £( );

}i

Effective C++ 3CHR, 58 =K
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XEAHEL p: £ EHE X virtual BY B: : £, EHPHMER: sFH £
const FGIRKHE, TEDHPERBEHN conste RFLM—RIFHTRZHFY
W

warning: D::f() hides virtual B::f()

AEBLRARERF XM ERRNRE: “MAR, p::f BHET B::f,
HMERBRPZENHR! 7, ZMREBREESFEFEAT M eI REDH
PEFSYH, MEEBMERT (KK 33 #RAtALXH) . MRARZ %
BREE, LT ESBUNRNERTY, RERFEARTH, RATHRINGE
BRI R E IR .

—EAEMEERERNEEERTRELR, RE¥STH, FRPFER
R A—IREAREN] “BRR” HEX TR RE—BKIK, FH—1E
BB T HEEMEEFEENWREFREEE, R—BEH T ERNERAX
BHERNEZER, RERTTLUEEBIELESER. MEEFH, HBRITE
FANBEGERZW, FReERTHERBERBIEREY. XRER.

W, BEEBREMFEREK, ARNHESETAROESRAE. L.,
B ARG AR IRIR AR, JEATE. Bl ERKRAE “REERE" 1
RGBT BRI S —Mw iR, ERQHRBMHFLBEE.
HicE
B TR FHREFRRBOESFER. BHERNRFRNER (BT 54
BT “RALMES” HRE.

n FENEABRRESOREES, BORRANSESNEFHRNERIFAHEFA,
—BBHEIS —MRERL, RELGBNESEBATRHA.

EM54: EECSREBEEIE TR1 EARNNRERRERE
Familiarize yourself with the standard library, including TR1.

C++ Standard ——5E X C++ 1B H RIARHERRFFEE TG —— B 7E 1998 S
HFRERABET . FHERREXTF 2003 FERA—NAREER “HRIBIER” ,
HFT 2008 224G BAT C++ Standard 2.0. H IR H EHEMEB AN L RHRET
—JR C++ 3k "C++0x", BE¥R 200x iR C++.

Effective C++H IR, B =/



264 9 ZLTHiTie

CH0x HFSHE X EHBRIE S R, HXH TR AR FER
¥ REXER. wSBRINELmSMERSHRTFEIL, FACHEEMHUET
— 3K TR1 BI3CRS A . TR1 /8% "Technical Report 1", PR C++ BFEETILEAD
M XHZA ST FIFRIT . SRR RSB T TR L ERBIET CHox Z AT
AL EHACAREEZEMERNET .. A EEMERTS, TRIER T —
MR CH RISk, RATETEERR N Standard C++ 1.1, B TR1 HLEETI A E &
A AL C++ P RERTTRER), B TR REMPLEEL XS —MEF
PEFAG —Fh N FH AR P 4 R P 23

EBFELR TR FEH AZE, iEBATERE—T C+98 FIAR C++ brfEfE
FEAMETERS:

B STL (Standard Template Library, br#EiEMRE) , B 3 A 3% (containers Wl vector,
string, map) &4 3% Citerators) « Bk (algorithms 11 find, sort, transform) .
BB % (function objects Il less, greater)  SFA%EA L (container
adapters 1l stack, priority queue) iR Hxt R IERC 2% (function object adatpers

Wl mem fun, notl) .

® Tostreams, B 3 Fl /7 B & @ P Th g B FR4L VO, BL R FisE & S IXF & cin, cout,
cerr Ml clog.

B B E, SFBLXE (multiple active locales) BES. # wchar t GRFE R
16 bits/char) il wstring(fH wchar ts MM strings) HAEIEXS {3 Unicode
BB

B HELE, AFEEHER (complex) FAFEBAE (valarray) -

& REMBEEZR (exception hierarchy) , 3% base class exception K derived
classes logic error Ml runtime error, LARFEIHFHAMIE A classes.

B C89 IRMETEFFRE. 1989 CARMEREFEE AR BN R HAMEESET C+r+ N,

WRARI LR —IARBER, REDIREIFHER — SR, FERRER

B C++ B4, IBHRHETR.

TR1 WAMRT 14 MHHAM (components, HHREBRFEIGREL) , KA
HBAE std B RN, EEHBEAEEKEMNLZN tr1 A, B, TR 4
shared ptr 24 R std::trl::shared ptr. A58 EITIRPRHERR PR 4L 44
BTAS sta::, BREESE TRI AHFZEMNLE tr1::.

Effective C++ 3R, B =18
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ZHBERELT TR1 A5

8 FHe3RE (smart pointers) trl::shared ptr Ml trl::weak ptr. BTEMIVERH
BUMRNERE, BSWRHE LS trl:shared ptrs HABHE MR X
{F BB reference counting (SIFHVHED . —BEF—MXEEMES S,
HRE —BENZMTIHREZER 0, XAMNESH MR XEEFE

Cacyolic) BIEL PR ILBRFEMBREREY, BEUWRHIREINEZHE
trl::shared ptrs FFERIFR (cycle) , XNMAELSERET N RIG| AR
it o—EER XN R AR H O AR (EREX RN R
EROLEME) « XRENH AXEAD tri::weak ptrs KR K .
trl::weak_ptrs MIBRIHEHRIMBRE “IEHIE trl::shared ptr-based HIFEL
7 PR RRATE4E (cycle-inducing pointers) . trl::weak ptrs HABLH
FIAVEMTE: UBE—NMRREXNRM trl: shared ptr HHR, HEL
FHA trl::weak ptrs EEIRMFE—XE, ZWHRTIHSBEMER . XFHFELTH
trl::weak ptrs KB AL
trl::shared ptr RIF AR ZHEK TR 44. ABEZREHAE, £XK
BRBRCAANMEE. AEFRREHEH tr1: iweak _ptr, .

B trl::function, WHBLARRIL( callable entity (WAFY), st RITLMAIERE
RE¥NR) , REHZELAKEER. BERIMAEEM—A callback HH, *
BREEZ — int HiRE—4 string, BATTUXAE:

void registerCallback(std::string func(int)):

/ 1 BEEB R B, SR e —A int FHEFI—4 string
HPBELIK func TE AL, Frel LiRK registercallback 8] BUXEEFEEH:
void registerCallback(std::string (int)): //5.LkF; SREHIETKE
ERIXEP "std::string (int)" BRPMEHEELE.

Effective C++1 3ChR, 3 =R
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9 IR

trl::functionf¥ EiRK) RegisterCallbackﬁHfﬁl%EEwﬁﬂﬁﬁ"{’ﬁﬁﬁfﬁm
¥ (callable entity) , REXANATRAPERZ A int BAEMAATHEHES int M
F, FIBRFE—A string AT ATAT#EEN string BF . trl::function
R template, UK BAREENE L (target function signature) A Z ¥

void registerCallback (std::trl::function<std::string (int)> func);

/ /B8 "func" BZATLFIF Y (callable entity)

//REZ “ARRY” M8RY "std:string (int)" —3
XFEHEASARY, REBKNBHESRK 35 7ET ERRE.
trl::bind, T HREWM STL S55E 2% (binders) bindlst fl bind2nd FiIE—
H, MXEL, MTHEH8AFRIRE, trl: :bind A AR const & non-const
A RBRIZENE, TR by-reference 28 FIEIE. T B EA TR EIRL
Af LA R iR s, BTUABATAA trl::bind ZEWALFEYH A ptr fun,
mem_fun Bk mem_fun_ref I —HREL T . WHHB, trl: :bind BRE RHE
TH (binding facility) , HHET—RIFRE. RELK 35 AL EMHEE.

RITH AL TR AHRIP AT, F—ARUBLEAE T HBOLYLEE:

Hash tables, F3RSZIN sets, multisets, maps 1 multi-maps. S EABRNEDE
DLERIME (TRI ZATHD XN ARBEETR. BSABRTRREIINAHK:
trl::unordered set,trl::unordered multiset,trl::unordered map Kk &
trl::unordered multimap. X4 Z KB E MM set, multiset, map B
multimap ANF: LA hash JGEEREFIXEE TR1 28N T EHF LM AT BUHK K
o

EMFiER, (Regular expressions) , HL#E LA IE MIZFRIE R BRI FFF 5 AR
B, REMEANEE SR R3S AN LEFHFRIE KR (teration) F4%F.
Tuples (ZXEH) , XRIFHERFEFMN pair template FIFH —HIFH. pair R
BERFE R AR, trl::tuple ATRFEERNMEWPIN S . 8 T Python M Eiffel
MRFR, BFREKE! R FKEREEFRERECELPA CH.

Effective C++H1 LR, =R



9 % 54: ik HERBATE TRI N RIRHERFFE 267

trl::array, &0 FRA “STL AL” B4, BI—SZReECR RSN begin M end
BIBH. AT trlcarray KIRDEE, HAERASNEARE.

trl::mem fn, XR/MEQWE L5 EEIEE (member function pointers)
—HBRRA. BB crl::bind HAFHF F C++98 K bindlst M bind2nd KIFE
F1—HE, trl: imem fn PAANFF R T C++98 I mem fun M mem fun ref HIBES].
trl::reference wrapper, — “il references AT AEBRXR” HRH. &
T LA R AR “WUFFE references” . MURENE, L L RAEFENRHE
Ei=Ea

BEHLE (random number) M TH, BAKEMT rand, R CH+ KB C
HERFEN— TR

B4R R, 158 Laguerre 2 T, . Bessel 8 1 52 2B #2153 (complete elliptic
integrals) , ARELHZERE.

C99 HAEY F. XR— KRR (templates) , FIRBHFLHH C99 72
PR BE CHo

B oH TRI AA B ERTTH template B H R (B template

metaprogramming, kR TTHRE, WEK 48) HIRL:

Type traits, —# traits classes (W.%&#K 47) , FCMREERA (types) HIGRIFHIGE
B. &F—/RKA 1, TR1 Y type traits FJ LGN T RERINHNELE, RER
it virtual FTHIR L, BT RA empty class (&K 39) , AR EE N H AL
B gnge.-- %, TR1 ) type traits 18] L B IR i%48 KR 238 47 4AL (proper
alignment) , X¥TEHRIBIPESTERE (KK 50 KHREARRTFRBRE
B.

trl::result of, X/ template, FIRHERRYPCHAKIREIRT ., JRA1%
E templates B, BE#E “I8W (refer 100 B (BERBUEE) HAZNERTREI
MNBEHRY” FHREE, HEZAHAWRUERHTARRTREANSH
A, trl::result_of 3 “IRIFRPUREIRE” B/ +HESH. BB TRI
BEKETAERA.

BARET TR B4 FF5IR trl: :bind M trl: imem fn) AN T FEL“Hf TR1”

HfEeES, BIHE TRI BXAAERFERREN, BEEM TR AHFRAREHR
BAEAM, FURM (BT TRI ZHTHD ARENRER.
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TR1 BHRE—430#1. HTREEFTATHBLYEE, REFERESLHM
RBG. XERERESHERFHREG. ERTEN 2005 FH%, WRERERT L
HIFRHERS R SETUAR A5 4 F 48 TR1 4044, MRFTREH SRR .. I MRIRTT LIANSE
'BAll: TRI ) 14 NAMAHE) 10 AN BEE T %R Boost FRFE (W4K 55) , Bkl
Xt TR1-like HLEETT =, Boost BAMMEEFIH. ikl "TRI-like" RF N BRIFE TRI
HLEEBEE T Boost F2/FFE, {HEEFEF L Boost HLAEIF A 5e W& TR MTE. SRE
BERX—BXF, #AE Boost LA HERME TRI —HLH GF FHRLHERT
Boost F2FFEEH) 10 A TR1 A4 , iEAER 4 ANAEL Boost A ZEERKAY TR 414528

FEGRIE SR M TR SEBLR M —ZIBR 2 8T, WRIREIKLL Boost fJ TR1-like
BFEFI—NRE, RFRSEEU—/M 2 2 iE LK /MOEE B S kird
L. FrH Boost AL T fir & 258 boost W, {H TRI HHEE T std::trl1 W.
PRO] LUK R VRIR IR G 1% 88, & E X references to std: :trl BRI FF references to
boost —Ff:

namespace std {

namespace trl = ::boost; //namespace std::trl &
} //namespace boost FI— 5%

APMBAT S, XRERIEFRABE “ReXTH” WELXT, Ehsmngk
K25 E, EMARBIMEMERES std AT L. RERFELRBTREAS
BAEMBRG . — ERRBRIRIFERRMLEAE M TR TS, REEHKE—F
ERL R B IR A namespace &, TI/ETEH std: :trl BARRBEREEER, FH]RT .

JELL Boost F2FF A EREM AR LL TR1 A2 H, BREZEMIIFR hash tables.
FC5E hash tables R OATZHE, 43 5ILLEAHR hash_set, hash multiset, hash map
M hash multimap A AREN. HIFRINGIFERCEMHEIL templates LI . W
REAH, HRHFRERO AR IE, ERPLEHF (K TRIKS) , F—Ew
PARREIE TR, BAERAL= SRR 5.

1 ERTEEZW 2005 F£4], XHCHMEKER, B URL EFTH. BBNUKENR
Effective C++ TR1 4§ B T, http://aristeia.com/EC3E/TR1_info.html. IX~ URL {R3RE.

Effective C++H IR, 5 =&
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HiLE
B C++ FHERFEMTIEDLREH STL. iostreams. locales #H . FHHEE C99 brHE
BRE,

B TR1 HhnT & Ee3EE (B trl::shared ptr) . —MALREIRE C(trl::
function) . hash-based Z#%. IENJZIEAR (regular expressions) PLRF 4k 10
AR

B TRI B& RE—#¥E. HIKSE TR REMKTL, KEE—HLY. —NIFH
YR = Boost.

FER55: LB S Boost

Familiarize yourself with Boost.

WELEIR—ANERE. ERITR. FEML. RiIFHBINBFEY? 55
Boost I, MBI —EELHMFTHATH C++ FRARARKIFLE, B
RE GRITAMITH) YRR EHEARKFZEFEDG? EF Boost B! HE—ERK
) C++RT BB AHNG ? FE Boost IE!

Boost & —4 C++ FRFELNHE, BE AT BB TERN C++ BFER.
THIMHE R http: //boost.org. MAERNZILE R AFRKERBEL —.

LR, EBEE CH ALMMY, {H Boost 1 FfF B RHAMALFTHLE LT
L. B, BN CH+ HREZRAZAEER -E_MNETXR, FENER
LEAEM S . Boost HERARAGIR, Hit Boost RAMERSMAFIRKK
E&. Boost B BAR: HEA—A “THIMAMRYE CH Z ZFIIEE” HEliAE. X
BXAERMERE, UL TRI (REK 54) REHAREE CH 1 14 MNHRRFE
, BE=427 HEHET Boost FI TIEHE.

Boost I8 /MR R TR RN AR . & LA FFBEAT 59 R4 B ¥ (public
peer review) JN3Eht. MRRITHTTIR—NFEFES Boost, HSLZEXS Boost FFAH
R4 A (mailing list) BOBIESR, HAAPPEIANEFENERYE, FETE
HEBEF. REFHXANMEEFTEN “iHd. BB, BRERR” BRXEH, 53—
PIERIRAB R A Ak

BJE, RESITRIOERFE, EERRRXT. 2F - MEHEHE R HEsilR
MR FFEEST & Boost BKENR. fline LAl OB ANMwiER (LRI ILINE
AR REMTT BN |, RO IEIRIFRRF B — N2 BT TR AT A

Effective C++ 3R, BB =R
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§ (B R ELR AT LR AR RS - RERIRZIER
HA Boost #8f, ¥R EHRH . REPHKATBERFRNBEFESHEM (6
WA, WA SO, EREAES) , B EBE ISR R

B XM B4

XL T BS G 1 SR R RAE R RS ?

IXANPEFP P T AR B T R 1 B AR P —— R R AR R A B R R ]
RS TAERANT— G ?

MHREHE. F&, WEMR?

Pl A S B 2 — 4 Boost BRAFFIR, LA ®H MEAA T UE R

Wi H AR ABPEE . EHBRERAMSERZ G, REEE MERPIRNBFEFER.
BAHENER, BAIE4L.

R R X T EAES MR ERA TR, ANUETEFEEEARSE—
ATAVIEREE . BFSRMBFEMR. SRR, FERFEER Boost
R, ELHT - RUEREIRE.

Boost W &¥+MEFE, MHEEAKAEESRMER. BRESHETFER
MK, BEBREERNENONEDRFEFERNR, MHRFERRTES.
EIFIPLEE, REFHMBE (RIMERERERHER) .

Boost FREFEZ RIKA/PMIEMATERTBRARN. B—MRneF, FEE
FESS ERBETRE (BEMAERLENTEEEEEERKBE) . fitn
Conversion F2FFE, RUBRLEBBHERHUBRER, K numeric_cast BEHE
BEEMERRER N H KB MEBHEH (overflow) B F#E (underflow)
LR B £ R % . lexical cast M FERMNBUBEMAR (REXR
operator<<) ¥# N FEFE, MNEFH LW HBHEL (logging) H+2EH. 57
— MR R LR FEREKERE S, EEWTUSKR—EAY, XREFE
49.4% Boost Graph Library (FI T4 54E% graph £5#4) 1 Boost MPL Library (—4
TCERTEFEFFEE, metaprogramming library)

Effective C++H1 AR, 3B =R
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Boost BFEXM WM EL, X4 +1EH, BE:

B FPHBEXXNE, WHEASLEEZE (type-safe) I printf-like #ALSNE.
EMRIER (Bh TR1 FERHLEERERL, LK 54) , URETHETYE
(tokenizing) FI#EHT (parsing) .

m AR, FEE EOS STLHEEERDER” FBA (ALK S . RAOATER
bitsets LA 5 4ESA

B REXNKRAWENE, FEEHTHEAREND TR REERINEFE. Xdh—4
HBIRFER Lambda, Bik BB LB RBEN B AR R BT &, HENRK
AT REAK T BIRIEEMH 4

using namespace boost::lambda; //ik boost : : lambda KIHLAERRYE

std: :vector<int> v;

std::for each(v.begin(), v.end(), / /4t3t v AEIE—A L& %,
std:icout << 1 * 2 + 10 << "\n"); //EH x * 2+10;
/78 "1 & Lambda F2/FHE
VA0S LIy ;i
// SIS (placeholder)

B TRME (Generic programming) , Wi — KA traits classes. T traits iF W4
& 47,
B HUETTARE (Template metaprogramming, TMP, W.4k#K 48) , W — M 4R

B assertions TN G MIRFEE, LUK Boost MPL 2/ FE. MPL &4t TIRIFHRER
7, HAXmiFsty (compile-time entities) U fypes #) STL-like $IELE
., 5%,

/ /BB —A list-like 4RiFHAZ S, HPBRAH=1 KA.

// (float, double, long double) , F-KFLARMZA "floats"
typedef boost::mpl::list<float, double, long double> floats;

/ /R — 4w R LA SR A list, LA "floats™ P RFISREY IR,
//BNTERIE "int'. FEBREN types”.
typedef boost::mpl::push front<floats, int>::type types;
IXEER KRR (BN ypelists—— BARENTHEF PALL—4 mpl: :vector
B ompl::list HEM) FRT—BKRIT, BEXGHE. K@K HEER TMP
IVAZEY 1s R
B ¥pF M (Math and numerics) , GFEFEL. S TTEMIUTTH (octonions and

quaternions) . ¥ MEIALIH (divisor) FARMEEZH. MEHE (X—1F

Effective C++ U, B =R
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mE TR1 AAAHRHLRERIRRFEE)

| FHM S (Correctness and testing) , B AR EAEKED (implicit
template interfaces, WL 41) BRAMREFE, RS “MRME” wE
FEA BRI

B MIEEW, BMEHEAE LS (type-safe) ff) unions (FiE R R ERZ “4HA” KR,
EAK tuple B2FFFE (‘22 TR1 FIEHLBERIZERLD .

B EEEHXFH (Inter-language support) , BFEfRVF C++ F Python Z[RIKI T4
H e (seamless interoperability) o

B R7F, B Pool F2/FEE, kM w0 i X S KD B 52 i 4 BT 4% (L 463K 500,
LU R ZBEE BEFE4T (smart pointers, W& 13) , A (BEAR{E) TR1
BREIEET . HH — non-TR1 F§E3R4H R scoped array, AN auto_ptr-like
BWREIRE, RIREHESBEYA: &K 44 LR HMAE.

B R, B CRC K. FHMREKHAE, EXHRSEEREBSEE.

HidtE, XHRAZE Boost PHEIMEFEMM, FAR—BHRER.

Boost IRELMFET LMBMREMEE, HEFRBRBERENE. oK
hRRA R GUI FFRT R, MR E A U ERREENRFE—Z2D
ERTERZEAE. KRB REERDNRE THREAE. BEFRE, BT
B MEREH LR . REVUFIREREVIR: http://boost .org. YR
BREERBING & TROER, B -ESELPRA—EHBNRA.

wioE
B Boost B— B, R —AMH. BHTHHE. BEITR. ABESFKH CH+ 2
FEEFR. Boost fE C+ Frub B R EwhnAat.

B Boost #ELFE TR1 AMFLBM, DRIUBFZEIFE.

Effective C++H 3R B =/
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A
Z: 5 S ]

Beyond Effective C++

(Effective C++) —HHBRINAXN T UREAIE C++ BFRBEEN—K
PEAEII o G SR ARAT 2R B B AL & b v RO, BRI TS A A5 (More
Effective C++) 1 (Effective STL) .

(More Effective C++) B T 53— SmEHN], ML TREMREL Zik
B ERHRERERN C+H HESRWE G354 (smart pointers) - 5| F 1% (reference
counting) FIREENTH (proxy objects) &,

(Effective STLY #-—4Fi { Effective C++) —FEIIHEN] T 7] (guideline-oriented)
FEE, LETH STL (Standard Template Library, #RAERRE) MEMGEHE.

ALK ERRETT.

{More Effective C++) BR

Basics
Item O1: Distinguish between pointers and references
Item 02: Prefer C++-style casts
Item 03: Never treat arrays polymorphically
Item 04: Avoid gratuitous default constructors

Operators .
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++5 3ChR, B8 = i
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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: Familiarize yourself with the language standard

Effective C++ 3ChR, 3 =R
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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 expectatlons 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 equlvalence
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.
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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.

Item 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.

Item 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 40: Make functor classes adaptable.
Item 41: Understand 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.
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.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, xviif, 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
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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

Bai, Yun xix
Barry, Dave, allusion to 229
Bartolucci, Guido xix
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base classes
copying 59
duplication of data in 193
lookup in, this-> and 210, 214
names hidden in derived classes 263
polymorphic 44
polymorphic, destructors and 4044
templatized 207-212
virtual 193
basic guarantee, the 128
Battle of Hastings 150
Berck, Benjamin xix
bidirectional iterators 227
bidirectional_iterator_tag 228
binary upgradeability, inlining and 138
binding
dynamic, see dynamic binding
static, see static binding
birds and penguins 151-153
bitwise const member functions 21-22
books
C++ Programming Language, The xvii
C++ Templates xviit
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 xvii
string and text utilities 271
template metaprogramming
support 271

TRI1 and 9-10, 268, 269
typelist support 271
web site 10, 269, 272
boost, as synonym for std:tr1 268
Bosch, Derek xviii
breakpoints, and inlining 139
Buffy the Vampire Slayer xx
bugs, reporting xvi
built-in types 26-27
efficiency and passing 89
incompatibilities with 80

C
C standard library and C++ standard
library 264
C# 43, 76,97, 100, 116, 118, 190
see also .NET

C++ Programming Language, The xvii
C++ standard library 263-269
<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 xviti
Carrara, Enrico xix
Carroll, Glenn xwiit
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
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Chang, Brandon xix
Clamage, Steve xviii
class definitions
artificlal 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 RAIl
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 xviit
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
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compiler-generated functions 34-37
disallowing 37-39
functions compilers may generate 221
complilers
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 bulilt-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 handies 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 xviit

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 ormission 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
tri:shared_ptr and 68, 81-83
Delphi 97
Dement, Willlam 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

Effective C++ 3ChR, 58 =i



284

5l

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
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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
AWOV 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
CTextBlock 21, 22, 23
Customer 57, 58
D 178. 262
DatabaselD 197
Date 58, 79
Day 79
DBConn 45, 47
DBConnection 45
deque 229
dequetiterator 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<lter*> 230
InputFile 193, 194
Investment 61, 70
1OFile 193, 194
|Person 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

QutputFile 193, 194 i

Penguin 151, 152, 153

Person 86, 135, 140, 141, 142, 145, 146,
150, 184, 187

Personinfo 195, 197

PhoneNumber 27, 184

PMimpl 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

SellTransaction 49

Set 185

Shape 161, 162, 163, 167, 180, 182, 183

SmartPtr 218, 219, 220

SpecialString 42

SpecialWindow 119, 120, 121, 122

SpeedDataCollection 96

Square 154

SquareMatrix 213, 214, 215, 216

SquareMatrixBase 214, 215

StandardNewDeleteForms 260

Student 86, 150, 187

TextBlock 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

Widgetimpl 106, 108

Window 88, 119, 121, 122

WindowWithScrollBars 88

WristWatch 40

X 242

Y 242

Year 79

example functions/templates

ABEntry::ABEntry 27, 28

Accesslevels:getReadOnly 95

AccesslLevels::getReadWrite 95

Accesslevels::setReadOnly 95
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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

callwithMax 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
CTextBlock: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::checkOut 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
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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

logCali 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

Personzage 135

Person:create 146, 147

Person:name 145

Person:Person 145

Personinfo:theName 196

Personinfo:valueDelimClose 196

Personinfo::valueDelimOpen 196

PrettyMenu::changeBackground 127, 128,
130, 131

print 20

print2nd 204, 205

printNameAndDisplay 88, 89

priority 75

PriorityCustomer::operator= 59
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PriorityCustomer:PriorityCustomer 59
processWidget 75
RealPerson::~RealPerson 147
RealPerson::RealPerson 147
Rectangle:doDraw 183
Rectangle:draw 181, 183
Rectangle:lowerRight 124, 125
Rectangle:upperleft 124, 125
releaseFont 70
Set:insert 186
Set:member 186
Set:remove 186
Set:size 186
Shape::doDraw 183
Shape:draw 161, 162, 180, 182, 183
Shape:error 161, 163
Shape::objectiD 161, 167
SmartPtr:get 220
SmartPtr:SmartPtr 220
someFunc 132, 156
SpecialWindow::blink 122
SpecialWindow::onResize 119, 120
SquareMatrix:invert 214
SquareMatrix::setDataPtr 215
SquareMatrix:SquareMatrix 215, 216
StandardNewDeleteForms::operator
delete 260, 261
StandardNewDeleteForms::operator
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
Transaction:init 50
Transaction:Transaction 49, 50, 51
Uncopyabile::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
workWithlterator 206, 207
Year:Year 79
exception specifications 85
Exceptional C++ xvil
Exceptional C++ Style xvil, xviii
exceptions 113
delete and 62

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 6

higher-order programming utilities

and, in Boost 271

functions

convenience 100

copying 57
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defining 4
deliberately not defining 38
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 xvit

Geller, Alan xix

generalized assignment 220

generalized copy constructors 219

generative programiming 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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headers
for declarations vs. for definitions 144
inline functions and 135
namespaces and 100
of C++ standard library 101
templates and 136
usage, in this book 3
hello world, template metaprogramming
and 235
Helm, Richard xvii
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

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
std:max 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

common features and 164

intuition and 151-155

mathematics and 155

mixin-style 244

name hiding and 156-161

of implementation 161-169

of interface 161-169
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of interface vs. implementation 161-169

operator new and 253-254

penguins and birds and 151-153

private 187-192

protected 151

public 150-155

rectangles and squares and 153-155

redefining non-virtual functions

and 178-180

scopes and 156

sharing features and 164
inheritance, multiple 192-198
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