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L. B (EH#)

Ct+ &M= HIES !

Ct+ [MES, AR HE, DURGERSRINER, DUAOERTSEINRE DY,
DL 2 RS B AR s Ct [, AR e 3t T UM R (HARAHAR D RE
LT EYEREE: procedural-based, object—based, object—-oriented, generic paradigm.

A AR, NEASCE, EATIE, NERE SR, XERAHE, XE
Reva R, NEIRER /M, 2% )R AR A n] BE TR 5

TEMNIE P R 2 INLENT , 7 TR i AMREL BN Iyt — B 220, WSS . C++ Al
KPPz Z, FHb=w;, MR EEARE, Wiz, JTEnUES2HEEA L (The C+t
Programming Language. C++ Primer), YR H N E 1115 /K#E 4 Z (The Annotated C++ Reference
Manual, Inside the C++ Object Model), Ziii); #4522 (The Design and Evolution of
C++, Ruminations on C++), My —mkEF 2 (Polymorphism in C++, Genericity in C++),
T —1E54 > (Design Patterns, Large Scale C++ Software Design, C++ FAQs), FEz(
FE K412 (The C++ Standard Library), A ETH Z (Generic Programming and the
STL), TR v BRI (Effective C++, More Effective C++, Exceptional C++).

R, [TRAR 2] MO R C++ SRR RS, FESmmms s
SAEWFEIIES B, Scott Meyers [ Effective C++ fll More Effective C++ 2 IRAIT,
Herb Sutter [f] Exceptional C++ NJZE# 2 75,

RPN — N LR R RN, JF Hos s B g NAE R T C++/00P Atk 2
TN EAIAMETT R R, O SR C++/00P L ) Y 2 A1
FEAR P At PR Y, BRI NV R R B0 U [ /E base classes HfiH] virtual destructor ).

[ 4 operator= f[nl*this [f] reference|, AJRELE IR C++ i85 10AE NG MER £,
(R P LR FE R R I 7 20, LRFRATT T ) S 42 B R e PR BRI . LS At ] BT
ek o BN KYEE 32/, )40 smart pointers, reference counting, proxy classes, double
dispatching, ZEA FCVE design patterns [(JZ4%!

IXLEHRIE L5 (1) SR AURLO ML IR 45

BAR B DO DL T = ARAE A, MR — R, DURREME 2
1. Effective C++ 2/e, by Scott Meyers, AW 1998
2. More Effective C++, by Scott Meyers, AW 1996
3. Exceptional C++, by Herb Sutter, AW 1999
ANHMZELN S, SR P SORR L B AN A . AP AME S J SO T DTN,
fRE RG], I EREE. P . PN % 1, el 2, 38 kg 3.
A AR B AR E, AR R B IR AR AT B A R
SRo AW GFARME) 187 B i b 15 I 0 [RIRE 10015
4 2000/05/15 FHAT. 674
jjhou@ccca. nctu. edu. tw
http://www. jjhou. com
1 Effective C++ 2/e FlMore Effective C++ Z g, ZHSZ EZLL Scott Meyers HI%H—
A7 Effective C++ CD A, AMUBLRIEHT, FNINE CD PP Z AN ZHRM T
Koo X AT AT AT RS T I ) SERFH B
2 B A B PR REEL e e B a2, JFAE Visual C++, C++Builder, GNU C++
B, EREFEMEE (http://www. jjhou. com) T#.

3 KA 5% AR VO L By B () 3 U s, IR B e B X AR AT AT R R B R 1
KlF5E S HEHER TSR (jjhoulcecca. netu. edu. tw).
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2. ®iE

X C++ B AT, HARIPA St . B HEMALAZR] 10 45, CH HER AL
J LT P B I R G 0B 81 o I AR S8 v T AR EL Bk R ) 7 2 ]
AN AW CH+ ML TS R CH+ TN, B g ) () — AN @ g AR
FIEAT ARHMEIFUEH] C++o CH+ AR A 5E G, FRT By Z AnvERE SRR 52K, AN
ar C PRV, WA Z A4, X A— AN KRR QA AT T4 PT REAEAS LG4RS AR 1 1 1
LR, BURTEA D I SKBEES 5 I G A PR IS O T 5 58 IR B 1% R 52 28 RE K.
CH+ G e as A ANKIIE I, e AT AL N 0 5 P O By 78, e AT P 26 Bt ot A W
M. CH+ IR CRFIIF RS RCR B, B RREEA, FafsmiE (robust) HIFEREE
ks AR LT R A2 %A N H s I S i 7 K.

— HEFHENRAM, MmN e AR k@2, BN EN 7k
BUE. 1990 A AATANANIE C++ 2P ARG, 27T 1992 47, MR sLE wfTiE e, Wb
Co+ P2 5 1n) 110 1) SO e . FR AT 8 1 v HE O N A R T SR IR AR 2 B o] fig i i 8 e =G
T (R 2 T AN ST 408 LA Ik R0 g TR 2 BRI B A% S i 5 R g EL ISR MRS T L RE 2

TXAS A A FR B A i we jm) 8, DR At R 22 AR n)

ARADEVRAR WA B L SR B 1 R SEAE C+ BRAR: e AT S A 16 S s
SRS ] AR RN RE SR AR L U RIS N AR TR
GE T | TPREE IS B Lr; R SMIEMIEH; ARG 8] 50 an ik
WARELT

AKABNEEI R 35 AFcale BEANGREE R E 8 ERG i 2t C++ R+ o 22
TR R o B 25 LAVEE DU 200 o 2 T, o A P 0 B 0 PR X 45 v I A A A A7 A, I SRA
G R 2B R, DLEATAE O AT LA B SOZAMEN) . BT 43 - ARk, Ot
LG 2 TR OO A8 VB 5 R0, R IR T RE A 50 10— 283k it il lndkak 9715 &
T exceptions (Ebf% Tom Cargill, Jack Reeves, Herb Sutter fkIRHIIRSeIA =
—FED o A A K AR AT 48 A AN R RE PR LUE BCE S B A . Bl 4kak 25731 i
A BRI A AN B B A A, T AR s — AN DA IR 25 531 7 At SR ACL R 40k o 5K 1 2R P
WA= smart pointers 5545, HABAIKAER ) Z B H . 450K 16724 LHEJARCE LI
VOB, ANTRWE—4%3k, ROt pER 5 H A BUH O¢ Hs ERIEL . 75 More Effective C++
— SRR 2 3] B Gnn] B SO RS B A Crr o KR C+ R R ORHE S MR U K
i, HEeE AR simnc.

XA BE O KRR, RN R A T 2 A AR O, FRBCR AR T AR

(classes). TR¥"Z2% (protection levels). MERIR. AFERIEA, TR CimmE
templates fll exceptions TRMM S . TIFAIABME—AET LK, Prilid 85 WL
C++ FRPERy, FRosHE— DRt .

2.1 AHFTRAICH

WAEARBTPTRS P C++, & ISO/ANST FRifEZe iass it 1997 4F 11 H 58 ifr) C++[E
brifi R85 2% (Final Draft International Standard). JXWE T kAT A S E8E S
MERTBE T AAEVR I B 2% (s) SZHBRE 12 8. FHELy, TR R 5 — BT (37 ) Feit,
W% A templates, 1Ml templates 14 JLT T2 & K gmitde M & HLAE. FRthiz ]
exceptions, JFREAEF AL 9715, WRIRIMGIERS (s) AKBESCHE exceptions, #AT4
KAT s XA A FoAh AR A 4 R i b o (H02, WrIRUE, PAEARA 75 HH 2
exceptions, JNN IS 9715, BRIABLESEK MM MR R4 T LB i 437
B N ARERN 2 TR R

BN, BUAMER R SRR B SR B B R R 1, AR AR %18
Rk OO BUAE B TR gn ik as b, BOZSEAER O NN BE A B F R 3AEE B — HRix [
R RS #e | A [ BIE R A OS2 9845 ) R g, BATHE A ImCAHE, 5
SRS LA M SE S o A TRA TS, BT USRI 40 16 4% (s) Al C++ FRUEA—EL
i, AT AT LAWK, A ROR WA B TR IO SR SRS G 125 2 (s) A SCAR IIE S F
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PE o T AR PR Fg— L8 i A B8 T 47 R A e I 82 DB SCP A8 35 e PR AR, AR5 RmT 5|
e
ERMIR VRIS (s) W, RATHEE . ARG PESXT Cr+ ARUEIMW LR S A
FHIE, P AFRERIRLE 22 D PR g B2 (s) ~P & ERJEREAIS . 3K A H0nT DA B iR ik S AN 22
AN G 1 L R T S AR JBT, B R FH AN G P A R AR HEREAS (R A R P 7 o X
0] DL Bk e A FH Ok B S B IR g PR RO, A SR ) R A S ) R SRR
IR A S EA R R (SRR Z, FEARERIESE, BURME L, 1 C++ 17
FEAE XX SR Sk Z AT A5, TR IR LS . THE T AR N4y, HY
PRI E bR B = T SE R, Reime &0 s OF et 5 N616) 154
AT IR REANTERGR I C++ PEBT, EATTEREMAT A IO C++ AifEzrp. Khdk
R SR EAT], AR SRR EAR AN SR, IR AT 42 5 DAV I & A LA ke B L e AT T
AR bool, HAHMAIEET true BX false. WK FRS WA SR
bool, AW NTIEFUMIIE .. BN EEMH— global enum: enum bool { false,
true };
X VRS ECN bool B int IASIE AN BA Z 484k (overloading). S fid, WEEM [k
a8 T (comparison operators)] == <, >= ZEZENIH(L[A] ints.
B LACA T 2 SRS AT AN an FRATT P 7oA -
void f(int);
void f(bool) :
int x, y;

fCx <y ); // W f(int), HIESZENIZIFY £ (bool)
— HARSH BLIE SR bool Mgmiay, IXFh enum IEAE AT fig & BORE =CAT N 1)
Mz

T —FEZERIH typedef K X bool, LA EIFMCA true Fl false:
typedef int bool;
const bool false = 0;
const bool true = 1;

KM TFEA B IAAL G C/CH+ 5 2o Al X RIE R, FER A 2] SCHEA bool
RS eds - 6 218, TS Si e a2 it (overloading) M
X3 bool Al int. LALPRFTMIEAERE, 1HERRE IR —F.

BAE MR, HSE R MEE T static_cast, const _cast, dynamic cast,
Fl reinterpret_casto. WIRARANARIXLLE ARG, WERIRISK 2 AFg eI 2.
EAIAR W EATBARE C MR AWM 2, Wler. P AR o 3 7 LT 1Y
B, FRAAE B U 3 A

Ct+ WA WEBESASGHEEN ARG, 21, CH+ &8 —MERMARERE (LR
E49). FRJLATREAE HFRAEFR X ZEFTHRAE N string B BISREUR charx $5b5, 1 H It 5L
XM, string objects HALL chark—based FHAEERAE, AT U Ab 2 vT DL BR AR KH
B A2 ARE FE T AE . i Hon R & 2F exception M6 (W.453K 9 A1 10), string objects b
WA memory leaks (icfZ/AIBt4%) Hn) i,

SEAE R string BY5EE A Al FIGE N [ chars FLEERCE, 1 H AT fessin (5K 29 4%
YRR o W RARANFT AT T FRUER string BU51, FR249R4 8 L string B3
fih classes, Z&ML? 28, e, FAEAT R HEAEH chars k1G4,

B LT R AP SO PR 4 K. I SE R SERIK ] Standard Template
Library (”STL” — W.2k#k 35). STL % bitsets, vectors, lists, queues, stacks, maps,
sets, DL Z RV, PRMNAIZIS AT X SRR AL 1 TR 258, ANEEA A2 AR S —/N 3
CIRAS . PRIV PR BLVF A B STL 254%, (AR XA & . & Silicon
Graphics Aa]fIHGLy, RATLAM SGT STL UG N a1 3% =, B0 LARI 2 FPgn i gs 45
fic

WIERAR H A5 IEAEAE ] — AN & S st S A gkl g g R 28, iy ELF75AR 24 b, A8
KA WL T ThidE ] AP STL. ARmw R ORE [ STL) F1 [ B474R's
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RIS T RERIT ] 2 (AT LR, RNk U STL. e Rt M P 2 STL
CLLRBRAERE S M HABALAE ) 2 oV 2 B 4 (S T AT P .

2.2 RBIEARE

AFART B 1 B3R B inheritance (4kzk), Fe=EE public inheritance (ML.453K
E35). WIRIKAJESR public inheritance, FREFW LI . 2l 4k A& (& RN, FRXt
base—derived FEARMIIAR TR, ZM derived classes 1F base classes HiFidk.

Bihn, FHELE 31 ik dk Rk RIK

SpaceShip @ @
7

R AMIRAE Effective CH+ B—h (GERE, AZHE /O FrRHAK A
[ o PRAE Y A X Pl e ) Wl e 52 I 47k & Sk 7% . M derived classes iHj4E base
classes, M HIRBENFHLARITA G HFREET, #5205 (abstract classes,
il 1Y) GameObject ) BN F BN H %20 (concrete classes, 40 b K[
SpaceShip) KRINHH .

Inheritance (ZkEMLED 2x5]% [pointers (@ references) T ANANIE LA | 1F)
POE, AN ) RS (static type) FIBIEALY (dynamic type). Pointer m,
reference M) [HFSAH ] RFeILEFE N RN, [R50 Wk ek s i ifk
Peig . N EEBTE ) — M1
GameOb ject *pgo = // pgo MIERARL]IE GameOb ject*,
new SpaceShip; // sh&H5)Z SpaceShip*

Asteroid *pa = new Asteroid; // pa MIFHARINE Asteroidk,
// BT E Asteroids,

pgo = pa; // pgo MIFRAIENIAR (GKIZL) & GameOb ject,

[/ RPN 52 Asteroidk,

GameObject& rgo = *pa; // rgo MIERAML A ZE GameOb ject,

// BIESTJE Asteroid.

XL R T R — M 477 K. pgo /& — pointer—to—GameObject; pa
=7 pointer—to—Asteroid; rgo & — reference—to—GameObject. F & LU 7=k
o4 pointer F reference fx%.

AL FERW DS E AR Ths Ml rhs, B0 left-hand side” M”right-hand side”
485 AT TR TR IIEATE R, 5% — KRR (rational numbers)
1 class:

class Rational { ... };

MR E N LLLL P Rational objects MR, FnJfEiXFEE .
bool operator==(const Rational& lhs, const Rational& rhs);
XA AT LS KRR A«

Rational rl, r2;

if (rl =1r2) ...

{ERFERY operator== [RRdFE, vl AR"==" Zcfll, #REN lhs, r2 fR"=="4,
e RE5R rhs.

FeAd 1 HoAh 45 5 2 FRIEEHE: ctor {8 constructor”, dtor ft&E”destructor”,
RTTI AXF C++ X} runtime type identification 4% (ZEMME)F T, dynamic cast &
B AT — A,
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A PREC EACAZ AT BATREIBCE, A T memory leak (IAAZAIE 2K ) 7] . Memory leaks
15 C Ml C++ HARAT, HRAE C++ o7, memory leaks Jrid RHIEA I, KA C+ 2
EYLEv =4, AsIFEN constructors, M constructors A& nf BEJRACH & B
(resources). 8], B LT LA
class Widget { ... }; // A class — ‘ERftAIFAELE,

Widget *pw = new Widget; // ZhAEIE — Widget Y1t
/) AR pw — EARBMIBR (deleted)s

X B it gl Ak, A pw AR Widget M MCRBEMIER . 41K Widget
constructor fit B T H fth E Y (I 41 file descriptors, semaphores, window
handles, database locks), XLEFHFIRANIZAE Widget DIMFRHESTRERL, PIAEWAZC
PR — R R T o A T 5RUAE C++ 1 memory leaks fHAF &yt R HAMTEYR, AAh
‘H L resource leaks —iAHUAX memory leaks.

WASEARPERNFZ inline K. JFFALLAZER inlining, F% ERME
inline PRZCE CH+ [—IUEZME L. ARMPOE —DNRAE BN inlined, F&fF1T7r5 7%,
WU, i H5FEAX (4K E33). Pl RS EE 4 inlining, BRAFILAHA A SCHE SR
ffH inlining AA. MAREARPBZHER]—/ non-inline PR, HAREKEINATEE
o inline MR ER, MILEV, & [ZEHN inline] 5XMEHSH = 8IL K,
AL 4 ) CH+ MR B bR LS HERR o SXRF B St B 1D T 5 I B AR R
S, RUAEE A, BRI EeAL GE o 1 JsUAS AR, i HAS S 4F . iX AR Pp RS
RO RS I 0T, Hud B AR o R I 123 S A FH AR SR (R 1 o, A B B AE AR A
W, PSRRI TR, S ORAF R A A, BT LIS S8 B () v oK 2
AT U 2 4F

BT client, JEFRIRFTE MG 7 . s eitee N CREC i), sRiF & R L)
(classes H{ functions). ZEANHIT, WHRARE T4 Date class (AXREINAEH. HE
PR« HBER PRI B I H 4545, AT H TiX/ class BN, fEZPRAT client, fTAa—BLAE
AT Date class %, HH2/RH) clients. Clients 2L,

5 F clients AWM F M. WREH NMEARS FIZAE, IRXFALEER? /R
RIMNFARE R ML clients M, WHIXSSFRMRIATHERAE, KOGEFHR#HA [LL
BN Lo WERARYLEIAE W, A AE T MELAHE A SN classes 158
functions Mh? R EE, REZVRECK client, FTLLik clients B#EFS, HszpiZil A
TR, FAFD.

MRS class template BY function templates A BB EH KK classes
o, functions B, 1AL HE MHFIAH, AN——"5H templates f1JL instantiations (H
AR ZIMZES. 254007, W Array 24> class template, FIPMANZH T, Fn]
Be2 Ll Array FAE UL template fRIFEANER € BII4A (instantiation), HARILSZ Array<T> A4
SE1ERN class ARk, [EFEEHE, W58 swap &4 function template, HPNMFISHT,
FTHES LA swap MTAFE swap<T> RonFHHIUMA a0 BXFE 1 R) KR VEAE A RO S AN TE
2, WATSAERIR template RIUAI N L template 24,

2.3 RouRdE, HARM AREHR

FIS DI XA EANGAE . vk, i A, R R EE e A sGE s Al
WERAR I T A R — HARER . 5 L. BT BUTT AL AR v — 1&gk
SIREEARTHR B IEZ o WAL MG RN, TSR E DRI K4 5 % 3
ABHU L (acknowledgments) Wo UIRIRAT A, FRALARH WL
PR AR LU AR CH+ FEAX BT S EN o W AR AT X 7 Th ARV I IR R 5 TR =,
T Tome WERIRIEDL R RIHECE . DURIRED SR RS, a7 4
Scott Meyers
c¢/o Editor—-in—Chief, Corporate and Professional Publishing
Addison—Wesley Publishing Company
1 Jacob Way
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Reading, MA 01867
U. S. A

B R T BLIZE FE - R4 2 mec++@aw]. com,

B H AP —BILCREIT e, HPafEaRE . Cagin. DURHARRE
B o AT LA B sl B A X i s, DA FoAth 5 AR AR OG0 78 /Rt T BUZ IS anonymous
FTP, M ftp.awl.com [¥] cp/mect++ HH UG & . WRRABINAX MR, HIEE M,
WA R Rk, AR — AR

XSS K, AERATTITA A,

3. EAUH

FERSUE . 21, pointers (38%F). references (1), casts CEBIEM), arrays
(21D, constructors (FJif) — PR LU EETEFLAR P UUE T o JL B fif 51 C++ FEfy
e BN LA BRI, 2T S 2 LR E R

SR AT RE LA 103 RTE 5 IR — 8B40, AT S AT S S A VRN B 45 ) 2 0] TR L
M C #:3] C++ HIFEF G, AN references, dynamic casts, default constructors MZL
‘B non-C MRS Ja W&, AR — e DA ok

I8 —E A pointers Fl references MZEF, WAFREMIE YA, ARFES
AUHTH C++ KAV (casts) VL, WARREN 2087 R AR 4y LU IH 3R C A 4803
Pili. AFAWEE C WA M S LA C++ B2 (polymorphism) MR, W B A28
EWERGIEHEARZ 5. Hh, AFEIE default constructors (BRIAMIERRED 1Y
ET TR, WS ek, EREE S R4 (A EIRA T default
constructors [FIIHEW K, Ct++ WSLHMR— .

SR TS 453K M A UG, AKE T 3 — (AR L 1 H b b = AR P A2 7= R 3 A v A
TE 2 T R A R BRI e v E

3.1 Item M1: 84551 HMX 5

REFL SR ELZEAE R IRIERE “*” F1 “=>7, SURMERERAER «. 7, H
A EAMLPA AR DI RE . Fakt 5 5 A AR RS I A B o IR UM P £EAT A I i
IR, B AR 51 I ?

HE, FNRBIEAR RSO0 R AR AR F 2B 5 U o — A5 IR LR [ LY
X5 o L QUERRAE ] — MR ISR DR, (HR AR ARSIkt n] e AN [
FEATXS B, IR A% AR B B D kT, AR ] U S (2 %A . A B, W sRAR
ERETRA AR, BRI A VR RO A, IR T A AR S I 51 .

“HE, TSR, IRMEBEBE, XA S A AR R

char *pc = 0; // WCETREN A E
char& rc = *pc; // kg AR mE

RORARHATE N, IR . SiRUREARIER) (iR Rer L Lehmil, SEUETE
A ATRE R A . WAZSITE HIZFAUS RN, BRARMATRIE SOES R . R AR LI
AR 2> tHIAE VR, IS AR dee i e At S A T 5 T, EANBROBE 25k SEAR F5 O RR Y R
Zflfte BATLL)E K 20— A5 IR 17 25 (R A T e

RSB E SRR, £ C+H+H, SIRINBHILGEAL.
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string& rs; // BR, 51 HBIRIia Ak

string s ("xyzzy”) ;

string& rs = s; // 1EHE, rs R s
FREM A XL BRI .
string *ps; /] RHIHA I FRE

/) EEASE R
ANAFAESR ) S H 5 1IN FE 2 A ] 5 T BOARAD 2803 oAt I 9t ) 2 i o R 7
A8 51 22 B AN 20 ) 2
void printDouble (const double& rd)
{
cout << rd; // AFENA rd, &
} // HEFRIA > double A
FABL, FREH N AZ S BEIE,  By ik
void printDouble (const double *pd)
{
if (pd) A{ // KA NULL
cout << *pd;
}
}
TREE 551 S — AR RE AT LA BB AR AR ) 5 — DA R BR 5 52
SRS SR 0 FET AR IS e F 8 R 5, LS AN RESCAL .
string s1("Nancy”) ;

string s2(”Clancy”) ;

string& rs = sl; // rs GIH sl
string *ps = &sl; // ps &I sl
rs = s2; // rs ABIHGIH s1,

// B s1 P IAE 2
// “Clancy”
ps = &s2; // ps BUAESRIN) s2;
/] sl BN
SR, 75 LA LSRN AZAST AR EE, — AR IEBIAAAEATR AT D0 S 1 W] g (FF
XREBL R, URAEBS B EIREN N2, UK ERES AR AR I IR AR R 5 (FEIX
FPEOL T, IRBESCRTRE R . W AR R EAR I — G IF H— B4R — MR 5 A2
SRR M), I AARNAZE S
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AT — PG OL, WO MR EBIEA RTINS, URBAZAEH T Sl B 7 B AT
[Jo XA SR 2GR 0] Hbr Xt 5, LRI AE

vector<int> v(10); // BESITE R (vector), A/Nh10;
// W ANERRHE C PP — MR (I 453K M35)
v[5] = 10; // IEABEIRAEL IR H AR Gl A& B 455 [ Bl i qi
WMARAERT [JIR A ANEEE, A5 B AR S
*v[5] = 10;

HERXHSMER v & LA E—AnEiaE. BRI RSEREIEEERRE—NF .
(XH—ANHBRGISL, S W4 M30)

PR ENE R DB Z0HR 1) — ARG I H AR AR 8] I, B0 7 BB R AR AT 9T A By 1E A 25
LT SRS, IRANAZATHFRE . MERR L SR AR TS 0T, RS 4R

3.2 Ttem M2: REGFICH XA RTIE#

2 AR AR AT B IR SR T AL 4 D g (cast), HARRRE PR LA SR goto ) —FF
LN AHREIEARICES N, AU R R )k, Rl i L 75 1,
XN B — AL i i o

ANRL C RS R B O AR BT A R R e T RE

RENS THLE, B ARVFIREAT AR AL (A BEAT e 6 o ANId Tt SR EAT SRS Al Y 28 21
B, X MU AEIXSERAB A AA AR EORIIANR], Bl — M1 const X4
) #& % ( pointer—to—const-object ) #% ¥ i 48 [ 4 const Xt % ¥ 48 £
(pointer—to—non-const-object) (RI—AMXAX ZEk const MIZRALEH) , A1k
HIFRET e il 1) 12T (IS8R R R . ARG C XU ISR B A AR Bk
PR HEATIX 73 0 (X — RABANS NEF, B C KU ISR AL B &y C i 5 vevt i), T
AR CHHEF BT

Tk C XS R SR B B S AR R P B ) TP AU o FEVE R b, ZRIM R ol [ 5 FAR AT
HEe, XL UHAE C+ + TP AR 7 o IR ATAR [R]85 GO — MR IEA I AT OGS A e
0 i) R AR AR R A AR AN TP 1] 7 R4 2 70 3t R OA N T ) 324 T e 2
TR RN, A% grep T HAE PR AGE ATE AR a2t EATToR

CHH L 5 [ EPUAN T IR SR A B MR A AT e I T C RS SR AL R e i, I DUAMRAERT A2,
static_cast, const cast, dynamic_cast, Flreinterpret cast. fERZHEIEN T, X+
X LA AT f R BN T JFOR R I T XA,

(type) expression

MIRAEAR R AZ IR «

static cast<type> (expression)
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B, B A int #Huk double, BUMELEELA int KA Fk A
VEACBLIZE B WU © U 0K B, FIRRERCRE S

int firstNumber, secondNumber;

double result = ((double) firstNumber)/secondNumbers;

IR BB R Tk, RN AZIXHE S

double result = static cast<double> (firstNumber) /secondNumber;

IXFE PR AT 20 N LIRS0 B AR 25 2 TR0«

static_cast fEDNAE LREA 15 C XM A —HEoioR, & Xt —FF. B AT Dine
PR B, PRABEI static cast ZH] C MRS R BUEH— A struct Fe4epl int 28
RUEE A double AV LR E 2RI, 15k, static cast AREMKRIEA P LER const J&
P, BN 53— ASBT I SRR A B AE T const_cast HIXFERITIAE.

TUEHTH) CH 2R R e et AR AT 1 T AE 5 2 S 2 PRI B T o const_cast I T-IRAY e i
#ik3:UH const B volatileness J&PE. R const_cast, FRIAATIHIZ P& oiR i /R 18
b AL AU 1) L A8 — S8 AV () constness B volatileness JE M. XN X4
PR T AN AR const_cast SKIEHIELL constness B volatileness J&E
AN, IR AR AL . R I o) 1

class Widget { ... };

class SpecialWidget: public Widget { ... };

void update (SpecialWidget *psw);

SpecialWidget sw; // sw s&— Pk const WH.

const SpecialWidget& csw = sw; // csw & sw—/ 5| H

// B const XH
update (&esw) ; // HfiR! ABEMEIE > const SpecialWidget* AZHE
[/ %A AEPE Special Widge t+EARLAR BT bR KL

update (const cast<{SpecialWidget*> (&csw)) ;

// 1EHf, csw ) const # B R U (

// csw Ml sw IANAE B {HTE update

// RRET RER S ETD
update ((SpecialWidget*)&csw) ;

// TR, ABHTT A BEAER)

/ /1Y C R R T A
Widget *pw = new SpecialWidget;
update (pw) ; // BERD pw IR E Widget*, {Hj&
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// update PREUUEBHIE SpecialWidget+JEMY
update (const_cast<{SpecialWidget*> (pw)) ;
// #5R D const_cast {XAEMH 7E M
// constness or volatileness M7 I, |
[/ ASRERIAE R kAR 1R AT R A e
FIHATMIE, const cast Al i IR UL He B0 41 const J& 1 .
PR R R AT dynamic cast, ‘B TR AR E SRR R ) Mk
TR, XU, FREE] dynamic cast fEFE M FERAFREN B S | #H aleds m HyR 4=
KA LB RIRET S5 I, 1y ELURBE AR 15 ) o R Heof iR [ml s i B xS
FREF AT RN ) B PO S GRS 5T EAT R B N )«

Widget *pw;

update (dynamic cast<{SpecialWidget*> (pw)) ;
// 1M, 45 update BREL—MREF
/) IR AR SpecialWidget [ pw FRIFHE!
// WA pw B SR AT,
// AL 22 A A FR AT
void updateViaRef (SpecialWidget& rsw) ;
updateViaRef (dynamic cast<{SpecialWidget&> (Gkpw)) ;
//1EMf.  A%i#45 updateViaRef pR%L
// SpecialWidget pw F&%F, W pw
// SR T RS
/A3 WK S S
dynamic_casts 7EFEWIARMN BTGk A& 2 K ot AT BRI o EASBER ] - = A2 pR ) 2R 28
b (M4, AR EOREHdE constness:

int firstNumber, secondNumber:;

double result = dynamic cast<double> (firstNumber) /secondNumber;
/) R AR

const SpecialWidget sw;

update (dynamic_cast<{SpecialWidget*> (&sw)) ;
// %&im! dynamic cast INEEFS

// P consto
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URARAE AT DR AR G R IR B h AT B 4, AR AT REAR ) static_cast. WISREA T LBk
const, PREAHH const cast.,

K PYAS R WA R (55— NS reinterpret casto 8 FHIXAMEVERF ISR e,
L0 B e 4 LT #F 2 AT W U Cimplementation-defined ) o A Mk, i A
reinterpret_casts [FRISIRAERS A -

reinterpret casts (1) 38 (1) T e 75 oA B BT 2R 2 I HEAT He e 90 0n, ARVEAR
AR EERE 4 -

typedef void (*¥FuncPtr) () ; // FuncPtr is — M %L

/) HERED, ZREIRA S
// RIEMESRAL K void
FuncPtr funcPtrArray[10]; // funcPtrArray j&— /A4
// 10 4> FuncPtrs 541541

AR AR B (B FE 2L 5842 JL QD 0 B[R 48— AN 48 1) N 1 B8 2 1) 48 BHAFE A
funcPtrArray %4 -

int doSomething() ;

PRANBEAR G B 4 B 2 24, BR12h doSomething BN T funcPtrArray ¥4k
YA — MR . 78 FuncPtrArray 04 B 1 s BOR [FHMEJE void KA, 1 doSomething
PRBORFME 2 int 27,

funcPtrArray[0] = &doSomething; // iR RN DLD
reinterpret_cast il LALE AR B LLIRAG 7 2 B A
funcPtrArray[0] = // this compiles

reinterpret cast<FuncPtr> (&doSomething) ;

e R R B I ACAS S ANV RE R (CH+ANCRAUE T AT 1) R B R B R ] — R 7 VR 3R
IRDy AE SR IR AN IERII R (S AR M3, It AR 126 G 4 i
PRBEREF R, BRARIRAL TH K MR IR G SN %] . —EBERM I ). — AR
AP

L SRARATEFH (10 4 0 i 5 2 00 8 (0 28 2R A 4877 QIR S R T AP A% 8 ) SR R A 48t 0 104K
# static cast, const cast, LM reinterpret cast. AU T I 4 22 52 3R AU 0T 1)

IRk
#tdefine static cast (TYPE, EXPR) ((TYPE) (EXPR))
#tdefine const cast (TYPE, EXPR) ((TYPE) (EXPR))

#tdefine reinterpret cast (TYPE, EXPR) ((TYPE) (EXPR))
PRAT LA IXAEAL F AL

double result = static cast(double, firstNumber)/secondNumber;
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update (const_cast (SpecialWidget*, &sw));

funcPtrArray[0] = reinterpret_cast (FuncPtr, &doSomething) ;

XY A SR I HIRAERT — e 224y, H 2 ORI G PEAR P LU SR ) 1R 28 1Y e 4
B, EATTRT CATR A AR AR T2 i

WA DR TR, dynamic cast ERAE, (HUEIR 2 KBRS T s, «4
AR YR AR FE IR (AN EAT R A e 4 o T SRR V30 A 3K 8 R B30T PR A D6 20 A T IK A ) S TR e
e, PRt mT BARIS] C XURS (R 2B 46 70 b, AHL I S PRI TR AR K AN i SR 28 7R A 40 i 75 2RI
28R, AR PLE LA ZE R dynamic cast FITHAE, SUG MBI S R B —FF

#define dynamic_cast (TYPE, EXPR) (TYPE) (EXPR)

WICAE, XA ARESE 2L dynamic_cast HIZHAE, "EEA IMNEIIERK TR
M.

ENE, AR, FAE, iR AR AN AR S T B S A B AR AR BRI,
RARKIVEATE L 2AES AWK, C XU ISR BL i v] AGR S48 I OF H8ik . SR, 1E
S PR A BT I S T B R B = S IR R A & kb TR SO AT T v B i JF HL,
A8 F BT R B A e 05 (R P SE R Gy AT ORI N B2 T LR, e v ik
S AT L JFORANRE AR o IR SRR FE C WA R AL T 1 ATy B BE h o B 5
ANV WVFLESEREARART AN SR BN PR AGUE — 1 2

3.3 Item M3: ANENHHAFHEZE

AR A1) 5z T B VPR A AR T LA ok B AR B BT | SRR AR YR AR 2 X FE I R 5 |
HAAT N2, s Beef]mn B 2 RIEa. Cr RVl 285t Fis | ki
IRAEREA o ANIEARAAE — AR, U X R ARRD LT A an ik i S I AR 32 AT

AR — A BST (LA 2R AT %) F4k7K 1 BST K¥JK4E 2K BalancedBST:

class BST { ... };

class BalancedBST: public BST { ... };

FE—ANESERRRF R, XA ROZ R BRSE, HRAEIXAMI T BOOFAE L, i AR
SUSARAFARND SEHEL B2 O T T3 18, AT IMEBE BST Al BalancedBST M AL int A HHE .

AIXFE—ANREL ERESTEDH BST 28502 A — > BST XF L1 P 2%

void printBSTArray (ostreamd s,

const BST arrayl[],

int numElements)

for (int i = 0; i < numElements:; ) {

s << arraylil; / /% BST 2%
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} //HE T BRI
}
MR ILEZ R B AN E A BST MR IEU AR BN, B R IE AT
BST BSTArray[10];

printBSTArray (cout, BSTArray, 10): // IBATIEH

SR, WEHIE N, SRS BalancedBST X R AR AL %L printBSTArray
PRECINS, S AT ARE R R

BalancedBST bBSTArray[10];

printBSTArray (cout, bBSTArray, 10); /] EEIBATIEH A2
PRI YR PE AW X A O PRI AN bR, (R PR — PR R AR
for (int i = 0; i < numElements; ) {

s << arraylil;

}

XM array[1] H @& MEHFEERGS: KR Z* (array) . AENIE array
S ANR AL d Mk (ST {H 2 array WA TG 3 A A7 L S RO IR R A 1 TR B Y
TATZKNE? EATHIARE 2 ixsizeof (—MERA KNG, KIALE array FAL[013][1]
AT T ANKE S . e o T 6l 7 1 A [ 25 AT AR A, B 20 B ff o B4 PonF % K
N, IR G R R IR A S B . B8 array #EA Wk BST 28, FTLL array 4]t
—ANJCERARZ BST KM, IR o B4R e UL TAIRE 2 iksizeof (BST) .

F DRI G PR A IX A R IR o AR W SRR — N5 BalancedBST X 41 42 Ax wiA%
B4y printBSTArray BREL, TRV ZEAVILSACEE R . (EIXFMELLT, gmikds st O A M s
A IeE S BST MR IM A8, HZRRAERA P A DR KN BalancedBST — 3L
YA SRR B T L S K . FRATTRHE BalancedBST X4 KL BST Koo 41 5 011tk £
Wi, printBSTArray ofi&UAE BUKFREH KRR, BA NEE WL H BalancedBST 4l
KAAT printBSTArray MECK 2 KA AFERG R . AR 45 RAE S AR

R BB — ST IR A R, Ko R A SR SRR MR, BAR A& i
A BER M HAS IER (R il

/B — A, R E Sl s — AN RS B

void deleteArray (ostream& logStream, BST array[])

{

logStream << “Deleting array at address ”

<< static_cast<void*>(array) << '\n’;
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delete [] array;

}

BalancedBST *balTreeArray = // FEN.—) BalancedBST X} % %4,
new BalancedBST[50];

deleteArray (cout, balTreeArray) ; // ARSI R A

X AR R A BRSS9 AN BRI, AN TR BT bR
HAL SR g0 P38 B FE 0D«

delete [] array;

O E S A

// LA RE I A S P G K

// fERE array B HLATSR

for (int i = BAITCRMANE 1; 1 >= 0;—1)

{

array[i].BST:: BSTOQ ; // WA array[i]#
} // Wi kK

DR R AR B 4 55 BB A FORRAS AN RE IE AR AT, BT LA 4 BRI T HATARRS 5, AT g
HISAT o B E RGP BE AN EESIRE RIS — DS AT IRAESEN R, 45 00K A
SE Mo IX SR ERAE AT IR A B e A AT A U85 R . Z8FRE HEARIRGAE—
ERH, FTUBA S 2B WA R K.

AR BRI N —AN HAAZE (concrete classes) (filfl BST) JRA:H 5 —A
HARSE (0 BalancedBST), HBAMREA KA REALIX AL FH 2 S MEEAL A D8 IE 4K
M33 JrfdRER), ANMEAREIRA HH RASRATIR Z 04k o AT AR 35— T 453K M33 [N 4%

(WQ hnyE: VC+H1, BEMHEMKSER, EAEMABEEHA new/delete BEL.)

3.4 Ttem M4: 457 H HBLE Mt E

BRI FRCH SR MIE R B0 (E Crk F ot — b iReh A k.
I PR REAT AR NS B2, T 2 Ha) 3 bR B0 U P AANR A A £ N7 0 SR I ¥ S it mh e )4
WG o AT INXFEIR VA RAE (1o 2817 Rk 55 E AT IR R AT AR A D 2 B
AN RE BB 2 5 BRI, AT PR BEAR L I A5 3 P S S5 B0 48 Mg A v AR AR A ol 23 7 48% o

HARPTA IR S48 T BRI, X FARZ X GR U, A MR 21T 5 2 4]
AL RANE I . BB A ZE A A 5, AR L. e E]
FITAT (KBS AL IbAT 7] 1D 58, BT AR SO G AR R A B, A fit—
ANEIEI 1D SRS, AL I SR A B AT B
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FE—A5E R AT AL, JEFE A AT B B AT S0 B 28 AT DAL 5 SR I e B, T 22
iR SR RN A RE B 55 A M I e B MR Y R AT B SE AR 7856 40, BT LA
FATTL I S 2 (N 2R o R WR AT BAE MG R, A7 A 2] A BR
o

WHHELE MR 2K, ERRAFNBS, EPREE - Dani DAY, X4
1D A CHE 2 58 1l 1 i o 20 2 5
class EquipmentPiece {
public:

EquipmentPiece (int IDNumber) ;

K25 EquipmentPiece B¥EAT —MNMRAWIGERREL, PrULE =R TR, mlaiEs)
Ao S5 PSS o ORGSO P IR REAE L0 G I A 1 R
24, LB E TS, AR EquipmentPiece X %44 :

EquipmentPiece bestPieces[10]; // R BRI
// EquipmentPiece it pki%k
EquipmentPiece *bestPieces =
new EquipmentPiece[10]; // D 5 TR )
AT =7 e TR IR i T AR (non—heap arrays) (RIAN/EHE
TR IENAF . TR I PR VE R A EU E SN R B (2L

int ID1, ID2, ID3, ..., IDI0; /] FiEE 1D S
/] A
EquipmentPiece bestPieces[] = { // 1EHE, $At TR
EquipmentPiece (ID1), // RIS
EquipmentPiece (ID2),
EquipmentPiece (ID3),
EquipmentPiece (ID10)

ANARB K, X MITIEA R A HERA (heap arrays) e X L.
— A S 3E FH AR R 7 2 R AR B B SRR — A G B
typedef EquipmentPiece* PEP; //  PEP ¥8%l481M
//—A EquipmentPiece %f%:
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PEP bestPieces[10]; // TERA, B R ek A
PEP *bestPieces = new PEP[10]; // ABIEH
FEFREH B B A — AN EH T, AR 1) — N ANF Y EquipmentPiece Xf %
for (int i =0; i < 10; ++i)
bestPieces[i] = new EquipmentPiece( ID Number ) ;

ALK I IEA PN ER AL B VR U SR A AN SR BT TR 1) N G RS T
e kAENAEMR. 58T WA ICE, B IEMIRTEAR k54 EquipmentPiece
MG, AR ES AR AR5 .

WRAR A A 3T raw memory, PRE AT LLIEGLIR 28 N A7 . (/T placement new J7i% (Z
WA M) 1E N AEH #4it EquipmentPiece X %:

[/ RN 10 BECA 3 S A2 W8 1 A7
// EquipmentPiece XJ%; PEANIG LIS WA M8
// operator newl] EQ¥X
void *rawMemory =
operator new[] (10%sizeof (EquipmentPiece)) ;
// make bestPieces point to it so it can be treated as an
// EquipmentPiece array
EquipmentPiece %bestPieces =
static_cast<EquipmentPiece*> (rawMemory) ;
// construct the EquipmentPiece objects in the memory
// A% placement new” (Z L4k M8)
for (int i = 0; i < 10; ++i)
new (&hestPieces[i]) EquipmentPiece( ID Number );

HREARIIHAF A% A EquipmentPiece M ZIRBIIE R ESH . EXDMEAR (FFREHEL
AR TR —FE) SCVFIRAE A S 38 BB S DL N A — D0 S84 . B Sl iy id
MBS EI TR, Sehr EWEONE] W R EEEIE, S REORUEX R ERIRIA6 1L .

] placement new [ R T2 KR ZHOE P DO EA TS (REAE &l S8 7,
AT A URA AL S AR B AT I I, 6200 By PN B AT R e K, R 5 T PH B A
£ delete[]1 KRB JH raw memory (i 2 W45k M8): (WQ vk, ©4H placement
delete/delete [THERT, B HIHANMEE.)

// VL5 Ryt bestPieces XA [ (Y
/] R
for (int i =9; i >=0; —1)
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bestPieces[i]. "EquipmentPiece() ;
// deallocate the raw memory
operator delete[] (rawMemory) ;
ARSI T IXA BRI T R B AR i, B ARRR T RIS A TR S AN v S
Wo XN BHEMBR —ANAZH new BAEFFR AT NAF RS, A5 REAH0E 3o
delete [] bestPieces; // WA E ! bestPieces
/ /AR new BEAERF LIV .
4% new, placement new FIEATAf 5HE s E. HTigRE—RAEHIME 2 E R, 4
LK M8
X T HLBAT s SR A4 ) 3k R T 3 IR B AN ) R e T R AR VR 2k TR
(template-based) MJZAAIERATH o KA S — AR, BRI SIS H N i e fik—
ANGRAE R IE BRI, Xt AN LK . XA SRR ok B TR AR, B IR 25
FRVHEH . Ao — A B AR
template<class T>
class Array {
public:

Array (int size);

private:
T *data;
b
template<class T>
Array<T>::Array(int size)
{
data = new T[sizel; /] N KA CER
S/ T::TO

FEZHUEOL N, TR A0 BV HREAR AT LUR 2465060 k45 4 3 BR AR 75 3K o B bR AE R vector
Bt CER— AN RLT W3 RIS R E IS 2 B AT WA J0A k49 R 3t bR 25K K
ANSEIIE, RS BRIEBA AT AL L vt X0, WA R 3G R B AN RE S 7F
IR . 2 CHRRFP RIS TR EUS, SRR R BN ZAN P AR T o X
ALK, SEeE T ARG .

S UF— N AE BT R B SIS i 1 ) 22 312 (1L B A5 4 3 R 5040 A8 AN (AL A A 3 R A
PIMER S o A PEALBE A IE R BN R RS, ARME S FLEAT S DO L P IOIR AR 2RAE 5K
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AR I 0 20 465 N R A1 R B AL S 50 I SR T 80 A SR 4 ) 32 R D R 2R 4k ik
TIORAIRAEZE i1 2 1) #L AN TE I PRSI 25 ke HE A 38 ek B S 801 & S IRAEE
(I AR AN S A R S I

D] Ay T 65 380 w6 48 1 3 R BT S R T B AR, — S Ak T R 2 B 1% ik
AR IERRH, R B8 1 3 R BB W (R B R e BT AR A — R 5 o B A S ) 47
P& ZZXPE N EquipmentPiece 2:
class EquipmentPiece {
public:

EquipmentPiece( int IDNumber = UNSPECIFIED) ;

private:

static const int  UNSPECIFIED; // HAEAEE ID AHAHE -
I
X S VFIXFERE ST EquipmentPiece X%
EquipmentPiece e; //IXFE A

XA SR JLAb S 3 i B R B 2%, AN TR RER TR EquipmentPiece X4 HAT T
ARSI o B e LN RS 1D 131 7 XK EquipmentPiece X%, A KZ
KO R TN ID 2 T AFAE . WERANEAE 1D, AT 20 B A0 R 1. ANidid
HAIHNAZ B A 24, IRZ A SEIA A BT e FORMH — N e B0 — AN R
HAALFEY o KPS R AT, AR M DA B A A4 348 bR BT TR T — b e L s 2
7 BESE iR B A i

ST SRR 45 oy 325 R Kt 2 S MR 2K R T A A0 o B R 1 R B B 50 T A ) 7 4
ST ERBE IR AT A AL T 13X 26 o B PR A 300 D AT L S 22 OIS ) o 17 HLIE A4 H 5
Z A, DR IS4 T T SO Bl AR AT SR AT I AR A DU R I ) b T T8 AR ok Ak
FRAR R . AL SRR I R BORE M 1 DR A TR 0 B A E R AR Ak, AT T L Mg T Fi % ik
o B MG R AL — A PR ALIXFPORAE, T DATE BT T R] REAE AR A3 WG i U, S 2
FAT AT AR (BB & AR 2RI fA — Lo, (U U iR e R, &
WA IRIEHE T — B PRAIE: AR BEAHAE IX A Ak 1A b 2l 7 0 i 25 S

4, BHFF

IBEAFE — —RAA R EANT BN VRS TIRI) B E R C+ + WK
RSERANREITETS, AT EE, TSR VFICRE 9K I RE S A RIS ST 19 ) K e Bk, 1o
RARAEN IR E MR B 5%, IREEM ISR “+7 AN “==" ZXRELIAT S AT
PRABBIK XA RSB NE I8 AT BRI RS IR e 2 BB . CH++ 10
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T RE ] 2 S AT F B A T WY R AT AIURIH .

WA, A5 SEETE . SR IE R BON 2 OB B A R AT IO, RN
EAT S B AEBATAEAT A s 1 I (R T I A s X2 3 B0RE P K047 X T 2
e — AR A EAE T “&&” A |7 IXFERIZ SIS, IR PSSR B 1 i X
ARSI bR AAETETL LB T — A A2, X — kAR R S 8. B, VF
Z BRI bR tE (15 AR IR A, (H AR A AT S5O IR 22 A R AR Sk W)
A

FESR NTTENE S/ RS & SR 3 S s b e RSN BA s SR (I P RN T e (Pt |
PAZ U IEIR AR, AR WM SR A3 L85 T R A A7 7 IX TR, IR IR K —
PR (AERD —MafHAT,

4.1 Ttem M5: VEIEE RAIEEH R

C+ + G PEAS RE A 71 P B 2870 2 A BEAT KU 4 (implicit conversions), ‘E4k7K
T CUBT T, 1 fa Vi char BaaU#E40 2 int B short Bat#E4 2 double.
4RI —A short (AL IBAAHER %2 double ZEERIREIN, KARTTLLKIETT. C
VP2 IXR A ] e SRR R, EAHE CrT RARAEAE, 045 int 3 short )
FE 4 A1 double F| char [F4E .

PRATIXBER R IE T RE N I, PR B TR TE 5 AR G 1R . AR ks n 8 Cg 2k
RIS, REERT LU SE 2 EsH ), A R REIE B2 5 4 At R 5Lk G 1R AR AT e U B A e

AP Pl BR B ATV G 1R AR EAT IR S R e S M) 3G R B (single—argument
constructors) MR M EHIZ AT . RS HIE R BOL T HH— A SR LAY FH 4
TERAL . R ET LU e LT — AN, W DU e LT 2ASEUEE — AN S LS
i SHEA A LLTA AT

class Name { // for names of things
public:

Name (const string& s); /) HHh string 3

// Name

b
class Rational { /] HEHEE
public:

Rational (int numerator = 0, // A int F

int denominator = 1); AEEE: &N
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B AN LIS AT LR — MPE T AT R L BB 3 operator JCHEET, HFER—AK
TAFF S o AR E SCRRE IR RIS, DRUh R RIS A X AN s B 44 5 Bk T R
Rational (5 #140) F ka4 double 287 (E A MAGHATIR AR AUS RS, WRE
FD, RAT AU 75 W Rational 2.

class Rational {

public:

operator double() const; // Hk Rational JEHK
¥ // double 7
ENHX ARG, XN 8 A3
Rational r (1, 2);: // v WIMEA 1/2
double d = 0.5 * r; // e r F| double,

// R Re:

DA Bax s i ) 2 — AN ), R IEAR U2 A AR TR 2 e A PRI 4 R 2

AR o U2 2 VR AEAN T Al P G 4 R BT, X1 R R BN S R IS AT 5L, X s
AN TERGIRE P 2 — 28 Nt K TR SR HE) W L T A

AT E S b B SEA L WAz AT, A e o A BRI o AR B AT AN ki
R Rational 28, FRAEEZEATHTENG BB R IIRE, MlFBet—ANWaERE. K
I, RATRESIX A
Rational r(1, 2);
cout << r; /) ROZITEIH 1727

FHB AR T 4 Rational %4 5E X operator<<. RAIGEALST ENHRAE R I, R Ay
FIE I operator B . FUZIRET T . 4miai i operator<<if, RIMEAIXFE
FIRR B, AR S S R B — AN B I 1) B SR B I LA A5 e B0 1 E His AT . 26
T BE A U 1) ) 5 SRR %), AR R AEBLAE X P B0 R, dn o & RILE AT RE VA
Rational::operator double BRI r #4iky double 28, FIF LA L aRARHDHT B fl &5 S
—ANFE R AR AN X NI, AR TR ] TR A A 1 il R
EA TR R B R R A

fiff P 7 5 FH AN 2 OG B 1 A6 [R) 1) pR BOR B AR s AT . il Sk T AT
Rational % %44ty double, J asDouble B&i¥if# operator double Bi%k:
class Rational {

public:
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double asDouble() const; / /%A Rational
}: // & double
IXAN 03 A RE A 0 =R

Rational r(l, 2);

cout << r; // #5R! Rationa W&
// operator<<
cout << r.asDouble(); // 1EH#f, H double %Y
//4TEN r
TEZ RGO, IX Atk U 45t R B A T AR AN T A, (B2 R B0 1V 1V 4 P P 1 D0 AN
SRA, EEBIIEER . — R, AT IR CHRR T Dl B YR T AR s 4
o BITE CHARTERE (0L Effective C++4%3K 49 FIM35) Z&hiox TAERI A BT A
WA, MATINTEE R ECT 1) string RAR A AFERRHI string #4m C XASTH
char*[{JIifig, M2 E X T DR RE c_str A RIXANFER, XRITTEA? REAZ.
T B SO 1 e AT B S B 0 o MV Bk o T AR AR 2 15 D0 X S8 ek i 5 30m)
) R LT B AR T e s AT
B AT, —A array B, IXEEHO T EER A L AN B S R IR
template<class T>
class Array {
public:
Array (int lowBound, int highBound) ;
Array (int size);

T& operator[] (int index);

S M I R B SOV R T A e R S TIYE BN 10 2 200 BN ISHY
T RRHL FT LAANBEASCR S B 46 bR 250 B /A3t bR 5L 3 38 A SOBH e 3R A B (A8
MI75 WEBZ AT TIARLLD, AR E RO KA 1], e SRR
IR o

BN AR Array<int>Xf %, AR
bool operator==( const Array<int>& lhs,

const Array<int>& rhs);

Array<int> a(10) ;
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Array<int> b(10) ;

for (int i = 0; 1 < 10; ++i)
if (a==0bli]) { [/ W "a” NiZad “alil”
do something for when
alil and bl[i] are equal;
}
else {

do something for when they re not;

BAEH a BN ITES b BN TCEAM R, (U2 RN a i, A MER L T2
AR ARIATIA B PR BEIR SR AR R, (R ERARH . B eI
&R Array<int>Z4 G T a) fl int O T b[1]) ZH0MH] operator==pki %, RiMKAH
operator==PRHUTIXFE M ZEEM, AT AT BRI REL A Array<int>#)i& i
HRefea int RIP) Arrayint>RA, KAMMEREBA A int REKSH. R)5H¥
R L gmTE, LR GO AT
for (int i = 0; i < 10; ++i)

if (a == static_cast< Array<int> >(b[i]))

BF—IRIGAHBI a MNES— RN bl BRI (PR XD HeAR. X
AN E] BE LLEA I 53253847, 1) HAE 2R AR 1 DA B — AR IR FRA T 0 250 ST RIRE
JH Array<int>X % (HLAEKM19).

WA FE YIS AT (operator) 77V, W LA v Ik B3 xUOS Y 4 i da SEAT )k k1, (H 2 51
ZHRIE R B AT IS AT . S 58, RS AR S T # 4R f—N RSa pR 2[R IR A
A S5 1F G T A AN 0 5 0 s XA A e PR K SEIE I, AT AN VE R LAk AR A py B e
HeAFo HL ERWANTE: —BESITTE, 08 AR G 2 AN SRR S IR 7V N BT b 3
IR TTi%

Ko T RRH — B Eas REPE, explicit JCHEF . A T iR u B B 4
MRS INIE AR, BT 7 AR G B . A3 s explicit AR, WALIXFEAL,
s TR T B AR AL At pR A Wl AR T L A AR 50
template<class T>
class Array {

public:

explicit Array(int size): // EREATH explicit”
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b
Array<int> a(10) ; // iEHf, explicit Hyitspgi%L
// ARG SN RE I A
Array<int> b(10) ; // IEA
if (a==bli]) ... /) AR A TN
// KAt
// int #| Array<int>
if (a == Array<int>(b[i])) ... // 1EHf, SN int 2
// Array<int>#
/) ERA 2 4R
/] AEED
if (a == static_cast< Array<int> >(b[i])) ...
// FFIFEIERf, R
/) A
if (a == (Array<int>)b[i]) ... //C XK BR) e # t EA
// AR
/] AKIAAE 2R
R0 T AT T static cast (BN, PIAS “O7 FRFMIMAMA RS, U1
XFEE )
if (a == static_cast<{Array<int>>(b[il)) ...
KIE—ANANF I IR o B CH+g R as 4t “O> 7 Mo — AN F 5 R R 7EPIS <07
A M, R P R TR R R
AR G PERS AN SRR explicit, ARATFARIBIAE F Bk B3 U B 6 ol 20 1) 1. 2
HOHE) 1 PR H
R T 01 52 2 ) e R — A B U B A 4 BRI, W — AR A BTN o IX LB
WA — AN e L 5 P B e SR G SR S50k 3 o B sl B U R 3 s B )
PRAER XA KUK I EF ARG AR 2, (AR R AE0E IE I, A 2B A AR 2L () B o2k
T
FRRAR— N ECREAR, R T 2 A AR 5 MK )3 b B S BRI e B D, AR TR
AL Z5 1E N H A S I B 2 B B U A e e . IREEIABIXAS H K, S sigdtr—A
B2k ArraySize, XMWG A —AH &R K ZE A RN . R ZUE S Array
WA SHRIE R, A ArraySize X GRAE int. AL

template<class T>
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class Array {
public:
class ArraySize { [/ EANSIEH
public:
ArraySize (int numElements): theSize (numElements) {}
int size() const { return theSize: }
private:

int theSize;

b
Array (int lowBound, int highBound) ;
Array (ArraySize size); // T A B

XHAE ArraySize fREAN Array W1, 4 TR E AR S Array —EAEH] o AR5
ArraySize AAAT, K T iEARAT NHRGEAL B

M—F, 2l S EE R HOE X Array X%, SR AR S
Array<int> a(10) ;

PRI B2 BK A int ZH0R Array<int> BRI 8, (BE BoE IXRE IR 3 B 5.
G AR RN BEM int SEUE R — A IGI ArraySize X%, ArraySize X%
Array<int> A& s BUIT T BN, ARG IEASEAT T . BREC T OROLE R RN
Ul T o

S EARASIHRENS 22 MR Array X5, AN IXFHERENS AL VR G e AL e . i —
ICSNACE
bool operator==( const Array<int>& lhs,

const Array<int>& rhs) ;

Array<int> a(10) ;
Array<int> b(10):

for (int i = 0; i < 10; ++i)
if (a==bli]) ... /) WL "a” NMizde “alil”;
/] BHER MR
T W operator==pR%L, FiiFaREEisRk Array<int> X GAE” =" 47, (FOEAAFAE—
NBHN int (RS HOIE R T B P85 JCIAE int Bl IR ArraySize XF54R
Jei 38 R I AN I I G g ST I Array<int> X4, PR XK I B AS P e X
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(user—defined) FJZRMHAHL, — M int F ArraySize, —ANM\ ArraySize F| Array<int>.
MG A L, BT L B AT LN g PR 1 T 23 AR 1R

ArraySize KM HA LR G HKM T, X2 ATl HEAR M N H S . 254
T ArraySize [FIZREH WFR N proxy classes, DRIIXAEZRIRE— A GA K T SCHE Al 0]
I TAE. ArraySize WGP —ANEEEUBAE, HIERAE-AL Array S G i 2 4
R/ Proxy XS REFE O SE 47 a2 AR A (R 7 RELE T IR AT A, 75 WUAR AN e 428 T IX 24T
2y, HendE BRI BUE, XMAT R R SRR S A 4, P DUREAR R 2524 SV R HT . Rl
RESx I RG] 227 20 W ? — BTk 2 R 0 4K M30; B % [ ]18 proxy classes.

TEARBERIZC R M30 21, FHAFAIZE IS — N ASKI A A o Lhgm s BEAT o XSS AL e e iy
T B R TR A ORI AR AL, T CABRAR IR S 7R 2, AN SRR 2

4,2 Ttem M6: HI¥ (increment). H (decrement) BAERFRIRILING EETEAMIX HI

RALLHT O\, BT INEX 73+ R B AR R AT S S Ja 20 o XA )l 3
FEIP L IORAS, T CHif S92 T, SAVFER increment A decrement AT
it

SR AN RVE LR, 3R HR] (R DO e eSS HER B 2= 5, (HEA
#s2E increment B decrement [MFTEHLRE R HH HA DS N T MR RIXAE 5 1)L, C++

ME JREEAA —A int KBS, LB, gmiedifeis—A 0 Ch int Z28UM1H

EREATSEAE
class UPInt { // “unlimited precision int”
public:

UPInt& operator++() ; // ++ HIgE

const UPInt operator++(int) : [/ a8

UPInt& operator—(); // — Wik

const UPInt operator— (int) ; [/ — Jask

UPInt& operator+=(int); // += EBAERF, UPInts

// Y5 ints MHiz%H

b
UPInt 1i;
i // WA i.operator++();
it // WA i.operator++(0);
—1: // YH i.operator— () ;
i—; // W i.operator—(0);

bbs.theithome.conl


http://bbs.theithome.com

XANRNEA — Lo P, AR B MU 2 R ER IR S R 40%
R EHE R ZANF . A0 X0R A5, FAIE R E—A const 8. F AT
BB HRER IR SR8, XL RIS H TR AT

MARTFEA R C R B R TTFEG, URic Al increment [ RTZE A I Al 15 0 4R Ji5 B
a7, JEg AN “EURAR SN . X PRI ART L, BRI e A1 increment FTZE Y G

B ERRNE
/) BTIEA: S INAR JE B EI{E
UPInt& UPInt::operator++()
{

*this += 1;

return *this;
}
// postfix form: fetch and increment
const UPInt UPInt::operator++(int)
{

UPInt oldValue = *this;

++(*this) ; // B
return oldValue;
}

R ERARAE AT

REA R BT I S, V2 diiEds
B, i A B0 77 VR I A I AR

// B
// BRME

// WRIRME

/3R AR ] )

BRERAT I E S . EISHUUE IRIX 7 g5 e 28 s B0 T - 2R
SWANEEER, RNWIR. N 7RI S
AREH S HAAHK: W ERs.

R — G4 increment DAZIR AN CEIRMIFZIEINETIED, (H2 A4
#& const XM ? AR const X4, IS 52 IEA 1 :

UPInt 1i;
{H+++;
XA 5 T AT AR ] -

i. operator++(0). operator++(0) ;

// WX increment J54%

R, FHE—"MHHM operator++ R HER XTSI T 28 =4 operator++R 4L,
A S EERAIN Z S LRk, R SN BT A Ji—
B R ) B, — N RENDEAIZ AT S int B8 1 int RAUR RVFIESLE

ATWIR )G 4% increment :
int 1i;

P+t

// )
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F ARG increment J™ AR R S5 5 T # WIEEA 2. a0 L
Ny BT operator++ U KR S B — I FH IR [0 R IGE, 1T AN SRR 0 R R 1E .
PR G 2R
1t+++;

S AR, RN T — X N B AR TS, A AR R GRS int SRA4HT UPInt
AR —FE , FrLs i 48 1 EIX A4

C++481E int ALK M, RN URI AR LR B O5 SR XFERAT A . A5 7
L E4 increment IR[A] const X%, g Al BIX ALY .
it // same as
i. operator++(0). operator++(0) ;

BRI A operator++eR HIR[FIfH) const %15 k] operator++pR%L, SRifXA
PR HE—A non—const R, LA const MR ARE XA R H . W R AR F R ARG ik
—NERHORIA const R FRBAALATE XL, IALIREIEA N IE LA MK, JE4 increment
M decrement FaHl 1o CEZHFITZ U Effective C++ Z3k 21D

WHRARAR IO R, MR —IRE BG4 increment PRELI, /R AT (858157 L8 ) 8
XA R U SE — AN IR ISR G LAECh S Rk [RHE, (WA ML), PR SEEARR it ar 1
AN RIR MG XS ColdValue ), IX AN I I OF S 0 2504 1) 3 I A6 85 5 AT 4G o T 488
increment PRECBATIZFEMIRIN NS BB — DN NIFIIEE, RO T $mf Uy
B, UPInt WA NAZ R B AT4E increment, /DHJE4 increment, FRAEMSZHT 2
R4 increment. TEFRATHIH— T, HACHL @ LW IEBLINF,  JXw] i Al FH i 48
increment, PEIAE IR E S .

FATHEE— T JE S AT increment BRAERT . EATER TIRIBHEAF AN, B e B T g
e R, BMEIN—. WS, el hhae— . I ARaifife 548 increment
HMIFTZE increment AT 0 —EE? UA IR 5 L 4E4 FITH ARSI, A A+ A PR UEEAT]
A AEZER Y BRARREE ST FR AU B S 0, X A REAS B AR o IX A R ) S 4
increment M decrement NAZARYEEA A HTSEIE ARSI . IR T ZELES TG IRA, BIh
IR B ST gE AT 2.

IEARETE B, HEIRRTSN G 4% increment Al decrement JE 255 . — H T ## T 44l
TEA 3R R 8 D LA S5 SRR AR AT I 12 LA R SR AR 17 D SRR SEIL AR, s 288 1.

4,3 Ttem M7: Z‘(gi& “pR” ) «| |» , ﬁ «’ ”

5 C—F, CHHli An R FIA X KB VE (short—circuit evaluation). IXE/x—H
fifie T A /RFIE A EARAE, BIMEEAA 2R XA K, A/RRIA i baE s,
.
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char *p;

if ((p 1=0) & (strlen(p) > 10)) ...

X HEA AR p A2 strlen TIXIERHEAT, FOAWER p AT 0 BIAKRI, strlen
AW R

int rangeCheck (int index)

{

if ((index < lowerBound) || (index > upperBound)) ...

}
WA index /N F lowerBound, ‘&4 upperBound HEAT LA .
IRELART, IR R R sl S S WS 4h C R CHrRE I 61, BT AT TR0 %0 3 12 1
T HARAT TR A TR 2 SRR BT BIandE FIRSE—AMCRS T, 2 p B dast i ik
strien AN2plif FRIRE LN, RN CrbsifEdt (EW C brvfERT i) FZSHrEHMA strlen,
S5 RAHIE -
CH+ VPR FH P e LR, SRE kel | [ BPETT . Tk R B8R4 operator&& Fi
operator | |, RAEEA R HEAEAEAN R B ER. AR A1 R ARAAL FHIXFP 75, IR0 ZUHIE /R
TEAEAR R I e A e AU o DRI A O DA e 5 PV AR T R SR A v o st B SRR T8 T
PAERT&E, X TR UARHD S XA 1) :
if (expressionl & expression2) ...
T gk, AR T R AL
if (expressionl. operator&k (expression2)) ...
// when operator&& is a
// member function

if (operator& (expressionl, expression2)) ...
// when operator&& is a
// global function

KUPAGBATAT AN, A2 bR B V-5 0 B SR AV S X AN R o 1 56 4 R B0 1 T
N, THEIZHEILG S8, Bl functions operator&& Ml operator| |Hf, P4
SHIRTEAE, MEZ, BATRMBESII R B Ol S R A E SR B S50
TR, T DL IR A 1 5 RIE 2 W—METH . se A nTiey B WA S5
B RO ST IR R v SR AR B o

DRl SRR FE A& | |, A MBS LA TR 7 DU AAT ST ER AN FH AT AR, T A
ANEEH&EA | |
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[FIFE (R R R A& T2 SRR, (R AEIRATRADIUE 20T, RIEZEF T, iR
ANEEREVE, S THRAERT? WA I SRR Y 7 AR . 12 SRR T A A
PREFEAE for PEIAHIHHTER 5> (update part) HUd We. W Rk T Kernighan” s and
Ritchie' s £#L454E The C Programming Language 2f Jix (Prentice—Hall, 1988) Hik%%:
// reverse string s in place
void reverse(char s[])

{

for (int i = 0, j = strlen(s)-1;

i< s
++1i, —j) [/ W A ERT
{
int ¢ = s[il;
sli] = s[j];
slil = c;
}

15 for fEH M I fG— ANy B, 1 e § b e AT HE SR 7 (8, B2y
FEd e — A B — ko, p A0k A § INEDRAN VAN o

R T ARG | |, CHAT 8N e aia 5. SeHR, Ak
SO G BRIV . — MR S IRIA A E et HaE 5 2RI, R HGE
SATL AR I BN IE N S AL 5 AL RITE R - Bt AAE_EIRIRIA 5 0
Gy OGS, AR —], S RIEAMLIRE—].

WVFIRA AT A PR EERNTEIXLE N A WE ? DDA AR AR ERETX AT R, W AR AU
WE B O S BT . ASERRIRIEIEARA .

WIARARE N AER O B L operator, ARAREGRIE/E A MRIE AL T AN RIE T,
P e K Coperator) i FHIN P AN ZRIE MO SH AL 1 2% o (HAZIRARESE R B2
VRSN o B AR I 53 e B T iR L0 AN T

RN S 5L R operator HUTTRENE 1o BIEIX BLRIL AN BEHCEE T2 %5 203X
ASEHE TS IAT R Rr I, PR g RS AN — g b0 M7 v B DRI AN i T S 5 #R A
7, DRUEE BT R S ORI — 4 . VSR SRR NAT N

PRA] BEIEAE A XA GBS ST AT AT 58 W RAR B LTRSS, IREAT 4
ABEEBMINE? IEW B R, AAAE—LURRE], ARAREE T T IR AE4T

Lk i ?:

new delete sizeof typeid
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static_cast dynamic_cast const _cast reinterpret cast

IRAEH 3

operator new operator delete
operator newl[] operator deletel]
L A T & | h
! = > 4= = %= /= %
== = D> 2= K= o= 1=
= o= & || o+ — , % =
O [

(5% new Al delete &4 operator new, operator delete, operator new[], and
operator delete[]/{I{5 52 W45 M8)

MR g UK SR E T A L E I BRERFE R H AR A S B,
ORI, TAE PRI AN TR ek I N o R AR — N B R, A
o BTN, [|, 1,0, B AR, BOAEIRIRE 2%, WAL S
TRIAT J e P B SO EE A —FF

4.4 Ttem M8: FEFEXFHANE Xffnewfldelete

AT AR Al CH 1 35 R TEAE LA . EL ANt new #24ERT (new operator)
F new #:4/E Coperator new) X5,

MRS R
string *ps = new string("Memory Management”) ;
PRAEHI) new 52 new #RAERT o IXAMEAERTELE sizeof —HFEREF NEN, RARRSR TN
T ERDIRE R R B R T RESN BB A o BB A 2 E R R A A LA
BT RIS S 5 o E IS B BTG N A TP N B o new #RAEFT B2
PN, IRANRE ATAT 7 R AT R

AR IT HE SR R A2 o] g X S BE N AT o new FRAERFUR FH — A 08 BOK 58 B 75 1 W A7 53
B, PRAER TS B XA B K SR B AT A o new #RAEFT 4 23 BC AT T B8 2800 44
A& operator new.

PR operator new I XKL B
void * operator new(size t size);

WRMERALE voidk, PIARXABRECR M — MRS (raw) FFRE, KRV A
fFo CWRAIREXR, FREES — M operator new pREL, EIR[El—AMEEFZ BT B HI G0 P A7 LA
AEfil— o0, (HE— AKX A ) S5 size t RN BLE D WAF . IREEXE INFAM 25

A PR EL operator new, HEFE—NSEEEMMAARE size to (fJK operator new HZ [
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5B Effective C++ 453k 8 &4k 10.)

PRI EHEA operator new, {HJE—HIX M, R LAG R & ki %+ i
He:
void *rawMemory = operator new(sizeof (string)) ;

BAERT operator new ¥R [Al—AMRER, Fa 10 —PUE A — A string BIX LI A1,

M% malloc —#f, operator new MMHRTT HIE/rMCAAE. BN A R o P Al
operator new Jf T NI WA IC. I operator new i[RI AR L AL FRIITREHEIE LS — R}
S5 new BAERFI LAE . IR R 258 WIXFE A
string *ps = new string("Memory Management”) ;
EA AN 2 B/ R T B AR AREL CBEZ B4 W Effective C++4%3K 8 MIZEaK 10,
AT IWSCFE Counting object HLAITERE.):
void *memory = // 13 FIARE A HL I AT

operator new(sizeof (string)); // h String X}%

call string::string("Memory Management”) / /R

on *memory; // AfEH
/] X%
string *ps = // F ps FeEHR W
static_cast<{string*> (memory) ; /] IS

TR DS TSR, IR — AR SR L IXRE At R AR 2 1625 U
BA AL, ] DU e AR ) — D) o DRt RARAR N — A HEXT B AL 2 new $#AEAT,
ANBe R R 3 BRI R 5
® placement new

A IHRA S A E R R R B AE— A CAFFERDN G L T R 3 eR BU B 2 SO,
DA Fag s e BT RA IR 5 T SR AUL BEAE R EWME N e bRt — IR (B IR
A O Bo(H A AR AL PR (raw) WAT, IR EAEX LS N AF iy aE— RS ARATEL
i FH—AMFFIRIY) operator new , ‘E#FKA placement news,

NI T placement new WIfR[fEFH, FRE—F:
class Widget {
public:

Widget (int widgetSize);

I
Widget * constructWidgetInBuffer (void *buffer,

int widgetSize)
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return new (buffer) Widget (widgetSize) ;

XA RBOR [ —AN48%5, $817— Widget X5, XRAEFHLL RET buf fer HLAMC.
A AL = A A7 B8 memory—mapped 1/0 I IXAN PR AT REAT FH, TR FEIXFERE PP BN Bl
IR TBCEAE — A € Mo bk b B SR B RE 7 BT A . (S AR M4, — > e 4 1
placement new [ —ANA[AF]F o)

£ constructWidget InBuffer HLifi, R[AIfFRIARE:
new (buffer) Widget (widgetSize)

XAIE B LA, AHE B new HAERTH)—NTVE, T 2AE ] —MESM AL & (buffer),
4 new #AERFEE S W] operator new RN, HXANLEAL LS . BT operator new
PRAEER T A SR 25 size t b, IR void it b S8, TRIMMIER G5 HI N
f72% (). X/~ operator new & placement new, ‘BIE 2 GUXFE:

void * operator new(size t, void *location)

{

return location;

AT B PR ) B B B, (HR X3 placement new T B4 S A% . B2 3% operator new
(1) H 2 0 %0 B A AE AR 5 R (B9 1) % A A7 (R FR 5. 7EAEH placement new THHLR, i
M CEPAF TR WA, DGR AE X SNAZTEME B . placement new W75
M S IR [P ah e A dRER . CRATTII (HAZSREIN)D) S48 size t WH KT, LB RS
Pegs R S B B WA s IL4EK M6.)  placement new JEBRME CHIER—Ha (W
Effective C++ 453K 49). 4 T/ placement new, fRUAZIAETEf)#include <new> (I
T AR TR i P 2 A AN SCRF OB KUK 1) Sk SO 44 (15 2 WL Effective CH 455K 49),
<new. h>),

iE3RAIM placement new [FIK %1, FHF new #4E4F (new operator) & operator new
R, VRALEHE gt ar — AR5, NAZH new 3RAERT o € BEZMC A A7 S X6 52 1 A4 i o
o WERARNAARSM LA, BN %R operator new BR¥L; B AL I B K. i
PRAEE ) 1 R FESET Gl 7 I R N A7 3 TR VRV IZ 5 R I LU operator new BR4L,
SRIG AL new BRAEART, new HAERF SRR E T operator new. WIRMRASE—HRO LKA
TREFI N AR LS — AR5, WiZH] placement new.

(HREZHIARK new 5 delete BIMRZ W Effective C++ 453K 7 MIFKHCH

Counting objects,)

® Deletion and Memory Deallocation
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KT RGN AL, SIS NAL IS — AN EE A S H deallocation XM, PR
¥ operator delete 5 delete ¥EVESRFIKIC AR S operator new 5 new AERT IR R —FF. 4
YR 7 B IX LA .

string *ps;

delete ps; // AEH delete FRAESRF
PRIG G R4 2 A2 AR AL SR AT A 0 G IR RE U0 5 5 B TR AT
Operator delete HIREEIUNAE, & #IXHFE .

void operator delete (void *memoryToBeDeallocated) ;

(Al it
delete ps;

SEETIES A S PSSl TY
ps—> string(); // call the object’s dtor
operator delete(ps): // deallocate the memory

// the object occupied
XA AN B B e W AR AR B AR B WIGR AL I N AF s IRV % %80d new I delete
PRYERT, T operator new 3RIFWNTEF operator delete BN IEL R4::

void *buffer = // G AR
operator new(50*sizeof (char)) ; // WALLLZEYN 50 4 char
/ /B F R i pR AR
operator delete (buffer): /] R AAT

/B R R R
X5TE CH i malloc F free 25 A,

WHRARH placement new 7 AAEH LN S, AR IZBEGRAE XA AEH H delete BRAESRT.
Ik delete #AETRFIHH] operator delete SKRBEISUMAT, (HZ AL G W AF B AIA &4
operator new 7L/, placement new SRR |43 45 & IHIFR4ET o HEANIE IXANFRER K H AT 7 2
AR I 122 48 2 FH X 5 (R AT ) R B3R PR e v 32 R 80110 5 )«

[/ AEFLEE P AE 43 B FIRE TP A 1) R £

void * mallocShared(size t size);

void freeShared(void *memory) ;

void *sharedMemory = mallocShared(sizeof (Widget)) ;

Widget *pw = // n EPR,
constructWidgetInBuffer (sharedMemory, 10); // ¢/
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// placement new

delete pw; [/ ERAHE! HLEANRE
// mallocShared, T4 operator new
pw—>"Widget () ; // 1EHf.  Brie pw g5 1H Widget,

// ABRBAREI
[/ Widget A FF

freeShared (pw) ; // M. BETR pw FR 1A I N A
// ARGE WA U F AT e 4

w BTN, WAL LS placement new [ raw A7 H LA ECH Gl —L2AH
RIT70, AR A B e W AF M, PR R E . (S ILIRINSCE Counting objects
H 5% T placement delete FIHERE.)
® Arrays

B H R L VIR], AR G E . B H B A R RATHT IR # 2 — A6
%o BREHCEA? SRR
string *ps = new string[10]; // allocate an array of

// objects

AL FI D new {15982 new #RAERT, {H &G ZAI new #AERTHOAT 0 B B RS
DVFARTE . B NAAATIH operator new Z3rfc, AR LS [A £ 4l 2 Bic s 25, Y fi
operator new[] (ZHHEHA array new). ‘&5 operator new —FEREHEH A, XHL VPR
PERIEA N AP BE, S ARBETE T S RNAE 2 BE— R (E 28R E U], 2 I
Effective C++ 45K 8),

(operator new[1X%fT CHKujise —ANHLBOFT AV, T LLUR IR 9 P48 W] REA SR E .
IR AR, WA T SR A4, 42)5 operator new FE4 HIK 45 R4S
SIICNATE . TEIXFE IS PEES T € I N A7 7 B2 INHER), PO B H S E S 4R operator
new, XA AGE MR GEZIES . SATEIL T, 4J5 operator new ALFIFE S A7 ()
BNAWNATITEC, T ELEAT R AT SR HOR AT IR NI 3k PR S . 17 HL 42 JR) operator new
A—MEFA 4 (normal signature) (HEiH—KZH size t, Z U Effective C+5%
AC9) s PrRAmUIRAR R E T B CROTE AN, RLZEIRIE R 5 IV EAMRE (S W45k
M) BT IXEH ), fEdZ operator new[ ] SCRFINI g 14 BL A B e I W AR E BN & —
NGB

5 ANANIF S new ERAERT I HIAL 3G B B B . 6 TR, RSB LR S R
T PR HCHS 26 25T H -

string *ps = // M operator new[] X 10 4>
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new string[10]; // string X&4rECN AT,
/) R RS e R
// string XRG4S K1 R AL
[FIFEY delete #AERTHI T 2N, & AR B4 e 2 HIAT A4 R 25, SRS 1 ] operator
delete RBETHA 17
MEARAEF L E 4, operator delete —Ff, PRI HRELE 4L operator delete[]. 7E
ENTERINE B LB 1§ S HNTEN CHER . (T RIFHI CHEMIER, 21
A5 285 BURHER)
new fll delete #AEFF RN EN, HATHASZORMFES], FLRENTH I A A7 BOFIRE
JECR BN AT LAEE . SRR SE ] new FI delete FEAERFRIAT NI, W CAERAREIL A 211X
Co PR L RE AR BT O 58 B AT TR Tl RE T SRR 7 ik, 10 e AT T 56 F3 1 L DOl v 5 1l
Tk, AfEdAE, (You can modify how they do what they do, but what they do is fixed

by the language)

5. =%

CHFT KI5 Cexception) HLHIHCAR T AL, XS RZIN, WIKH, nIhE
S NANET IR o Bt A3 AL A B B SR TR BT AR AR AR s W UM IR 1) v Rk 38 o
T B R IRA AT A R o 2505 AL o S A S I R A o R S0 /N0 By LR S AT N
TR . PATFRFRIPERR P F 34N T, RIS AT R T .

AT BAVITIIE I Fo o IR Z AT CH+ NEARFIE AR T ST 5, KE A

A ERAE S RIS, AT o BAT AT IO P RIS, AEARE 5
Th BB A BURTERMEIX 2. O TIRZN T XA 8, 20 Tom Cargill 5
ff] Exception Handling: A False Sense of Security. £ Jcixba) it B 15 w1 .,
%, Jack Reeves TIf) Coping with Exceptions F1 Herb Sutter ¥ Exception-Safe
Generic Containers.)

AT . T2y B RS CEARAE S DI DL T IE W 14T 2 R N B T IR SR ABEAT T 8t 1
AR R TG4 5% %4 (Bxception—safe) MIREFAEMMIRE . —ANBAT 148 BRIt
AT BT MR P AEARAE S IS D0 T 384T IR IR 5 — AN 4% 2 e R B A T 301
FRIPAE 2 R IR EE NI AT IEH MR A ], AR 0.

HAT 2T HTE? A CIEF B IYIR, C P Gt 2 T a5 (Error
code), FTLLAA AEEESEASR TR, Rl W R a3k T B (R SRR AR . 2%

LRI S AN AR 2 o SR — AN SR HOE I B — M IRAR R [ R SRR R
—ANFEERES, WA INE DR R B0 255 — e A A e BN B R A . 85 R P N
RN R RSB AT, R PARR, BP LSk hAT.
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C Reh B RENS AU set jmp A1 Tong jmp K58 i 57 5 AR BEAHALLI D fiE - {HZ 2 long jmp
15 CH+rP AT PN, BAFAE BRI, 2 I A IR AN BT =) 35 ) 5 i I A A4 ek 2. (WQ
E, VO +RERIERX— /M, HEAEKBUX— KD MAZEH C+ -+ RHO T XSy iR
B, Bl set jmp A1 long jmp ARERSEF LT H AL B WURIRT 2 — A5k, R IE AN
AT 2 1) S RES I AR AE ] (searching the stack) DUMERF] 5 AbBLARH
I, ARIEAFH DR SR BRGSO ) R SBCb 20 P S XN gt 7 AP CH+ S AL B

DU BATE LR AT A S AR B RS P e v A TR T, NI e 4k e — M5
Hi 57 24 (Exception—safe) MAFIIATEEIITET . R ENILAEMTAE CH+ Pl 7 1 Ak
BN T SR B Tl B X AR, IR s B SRR IER T, e
PERIECNE,  JF HARES [HURETFVF 22 75 A0 ] 57 5 A BRI 20 5 38 21 ) 1) L

5.1 Ttem M9: AT R iy 1E Bt vt s

XFREF UL W o B AR IN AR AN 2 B AT T iR 5

Ok, PRANHDOI T BOFRE DR W, AR T 26 SRR R % U5 (Local resources)
(st UL W ¥, PRIEAE A — AN P 5 48R4 /INEAIICR i — AN 35 Bl /)
ANAE R NI R o BRSO BT AL — AN SCA, 5 2 R e T B O s IR RS L
PRI TAE S — AR T 152 HH I B8 ST AR 5 A BN AR B kA7 38 1 (¥ b B2 Cappropriate
processing).

SEIEANFE T — AN E B It 8 X —Mili% 38, ALA (“Adorable Little Animal”),
SR R /NN SR 2R o — AN RERL R S processAdoption 73 7% &AM S AT
VOSLIE
class ALA {
public:

virtual void processAdoption() = 0;

b
class Puppy: public ALA {
public:

virtual void processAdoption() ;

b
class Kitten: public ALA {
public:

virtual void processAdoption() ;
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PRt A BN B2 205 8, ARG ARG ST 45 B 42— puppy MDD X
L kitten UM MG XA TAEARR @S T MG (virtual constructor), fE
ZA M25 VRANHRIR T IX AP RR B oA T 58 ERATI H AR, FRAT XA 75 W] e 4L
/) s ERENE R, R IR RE
// AR BTN FEM R AN 5
ALA * readALA(istream& s);

PRETRE > B R BB 20 A XA B 0 R P
void processAdoptions(istream& dataSource)

{

while (dataSource) { /) A B, DRSEAEIA
ALA #pa = readALA (dataSource) ; //1RB] T A8
pa—>processAdoption() ; / /B A B )
delete pa; / /IR readALA 3R B[ %) %
}

XA R BAEFA I T dataSource WIS R, ACEEE BRI MEAIH o ME— 2R R —
ROBAERFHRPEIAGE AL MR pa. XA, PSRRI readALA #REESL—MHEXT % .
WIRANBR X 5, AGFRRE ™ A B -

MWAEHZE— T, WR pa>processAdoption #lih T —A =%, K KEMA?
processAdoptions ¥ H IR T W, FT UL ALY, processAdoptions A . /L,
processAdoptions PRI pa—>processAdoption #EA)JG T H EMABE BT, Xmt
el pa B PMER. ZiR, AR pa—>processAdoption Il — > H Al 2 5 2L
processAdoptions WAL o

IEMINIRA S
void processAdoptions (istream& dataSource)

{
while (dataSource) {

ALA *pa = readALA(dataSource) ;

try {

pa—>processAdoption() ;

1
catch (...) { /] R R
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delete pa; // SN AR
// 5 )

throw; /) AL R
}

delete pa; // e R P
} /] BT SR O

H AR AT try F catch R ARIIARRSEAT /N ezl o B T 2 1) R0 200 5 U477 B AR
AN RIEE RIBATHER, AR RAENER . FEXFMESLT, RATS A delete fRFS.
G ESARID A, XD S A N OO T4, T e F b 2 G A4 .
ABBAEAL processAdoptions 1EH IR [FIE M 5, BATH T ZMIER pa, FrElRi4
TAT L6 ZI AT Z2 AN b 7 s 55 I R AR A W 2

(WQ finyE, VC++# try **catch:-final &5 SEH, )

FRATAT LT S BT (R B AR BN processAdoptions BRI R3S (R A4 B 5L
HL, SXRE R DL G T AT T S BR AR o R A bR SR [ B R R SRR R, T R AU
BT IE YA o AU — g At 2 24 R 1 Tong jmp 1o Long jmp FRIXAMR 25 CHR 23 5
SFH A ER ) R D

BARTT R — D0 A5 pa, AW ZRAT N 4Ll 2 pointer—1ike Xf
% GRS BRI, ATRELE AT R EBORA] delete. FHARHRENIIX ST N
smart pointers CRIGFRER), 2 W45 M28 [FIfifRe, FRAEMIITE pointer—like X% AEH R 15,
X, BATHAE X W3R, AT E A pointer—1ik X%, e BRI EFD
[ A SR A B3 e 3 1) 00 52

5 HIXFE— N RIARAE, HRBAIATE A LS. bl CHPE R & — AN BT,
M auto ptr, XIEEFATAEE . &4 auto_ptr KMHERECE, b MEEER—
AU (heap object), I HAEEMINTIYREBUEMIBRIX M0 % . FH0RIZ auto ptr
e IR I
template<class T>

class auto ptr {

public:
auto_ptr(T #p = 0): ptr(p) {} /] ARAF ptr, FRIXTSR
Tauto_ptr() { delete ptr; } // MIBR ptr i 1] AR 52
private:
T *ptr; // raw ptr to object
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auto_ptr FEHSERAID Z A A, R EAIAISEIUA GRS bRt N . (AT
22N 4% VIR B, TAE operator FLKEAESS 3K M28 YFA ) pointer—emulating B
O, B EH G2 S BN A2 E W H auto_ptr XIRACEE raw #8EF, IRBATEA
HEXT GASRER BRIy, RIUEAE S 5 1, 6 Al BB LN . (R4 auto ptr AT
P BR B (02 o % B 20 delete, FTLL auto ptr AREFT-He XIS B MIRE . W
Ml auto ptr ZBEITANEAER, ROHE DS A EXFMED T, H vector A
array A RERELF, )

i auto_ptr % A0 raw $§%l, processAdoptions QI FHi/R:
void processAdoptions (istream& dataSource)
{
while (dataSource) {

auto ptr<ALA> pa(readALA (dataSource)) ;

pa—>processAdoption() ;

XA AR ) processAdoptions 7E AN 5 THI X il T J5UK 1) processAdoptions B L. 55—,
pa AW —> auto_ptr<ALAXIZ, MARZ A raw ALASRE. 26—, fE0RH 4 RHK
i delete Ao AR AL, PINER THT R, auto ptr X RIAT HEES —
W RARIRE T .

BerE auto_ptr &5 ARV Fl— AN RAT-M T ZE0% SRR BEUR, ARG KEEXS %
(I8 R EOROBE TBOPR U, X AR JU ] Blis PR b, 38 REFHAE & BRI IR 43 FOFRE
L AN IXFE—ANE GUI B PP e 8, Bl 7 window K & — 2845 &
[/ XA R R A MR, R AN S Pl
void displayInfo(const Information& info)

{
WINDOW HANDLE w(createWindow()) ;
75 w k) window m i A B

destroyWindow (w) :

IRZ window REEH C—1like #:11, 4 like createWindow Hl destroyWindow %k
SKIRIURIBE I window YR WISRAE w R (1) window Hh i B, —ANSH g, wir
XK window ¥4 Bk, B ILE B ASBIIHIE—FE.

fif g i S AT TR I —HE, B —ANE, ARSI oA E S AT R R EIOR SR EURURE 5 0%
Ui
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[/, FRECFIRETEC—A> window AR
class WindowHandle {
public:
WindowHandle (WINDOW HANDLE handle) : w(handle) {}
“WindowHandle () { destroyWindow(w); }
operator WINDOW HANDLE() { return w; } // see below
private:
WINDOW_HANDLE w;
// N TR B RA A, B5 1S 22> WINDOW_HANDLE #% D1
[/ R A T R B 7 T 2 W 4% K M28
WindowHandle (const WindowHandle&) ;

WindowHandle& operator=(const WindowHandle&) ;

K& EEALER auto_ptr, FUEMRERRIE S Vg A5 - (4 N2,
A — MR I W4 /E B WindowHandle %424 WINDOW HANDLE. XA J x4 H
WindowHandle X% AEH WL, PKIAIXIKHIRBELEAT /7 S48 raw WINDOW HANDLE —
FERAL ] WindowHandleo (UL MS o TR AR 1 EAT T Ba U AR 4 i D
WL 25 ) WindowHandle 28, FRATREWS L) displayInfo B%k, 41K Pis:
[/ WA R, XA eR RS IEE G U5
void displayInfo(const Information& info)

{

WindowHandle w(createWindow()) ;

7E w X M) window H 2 A F S

B ffi— AN AE displayInfo WHHH, # createWindow #1537 ) window 0 RE BRI .

DR NAZ A BT — XSG, REARIX AN RN, AR5 590 RE IRE G /1A 1 e i PR LR A
BEUSMER o (F2 W RAR TE AR Z B BRI — AN i o i, kB A a5t ? 4 2 fk 1 Ab
T resource-acquiring ZEMIRE BT o IEAT U ALIXFE R BRI EAE RN, — AR B
Pt R ANEBUNE? Ha) 3 oA BRI R4 R BORR R BRI HOR o AR BEE 453K M10 FI 4% 3K
MIT HPEREUAT R %R

5.2 Ttem M10: 7EAH5 bR % B 1 E B EIHIR

UERARIEAE T R — N A Z AR D e RGBT F o IXAN RS BR T REAF il 11 307
R4 Hihk. BAn S, EREAEE A A (AT RLGE HAAT 142 T I IR A )
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TSI R, KT LUK RER
class Image { T
public:

Image (const string& imageDataFileName) ;

class AudioClip { // T
public:

AudioClip(const string& audioDataFileName) :

class PhoneNumber { e by /) AT ETE S
class BookEntry { // ek 4 H
public:

BookEntry (const string& name,

e

const string& address = "7,
const string& imageFileName = 77,
const string& audioClipFileName = "”);
“BookEntry () ;
/) BRLEA RN AL 5

void addPhoneNumber (const PhoneNumber& number) ;

private:
string theName; /] NHIE4
string theAddress; // ABATTE
list<PhoneNumber> thePhones; // AL HLTE A
Image *thelmage; // AT R
AudioClip *theAudioClip; /) AT — B e B
}

SR KRR 55 H AT 12 Bl DT DURT 2l T SRR IE R (B IL43M3), AN
RIEAR Ghk, BRAFS S SCEY) M ER . ERNAZHEERSE (List) f76f
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MG S, XA ARHE CH+8E (STL) HPi)— A48 (container classes). (ZN
Effective C++45k 49 FIATI 4K M35)
%5 BookEntry HJit s ECFINTRIBREL, A —MRFTTEL:
BookEntry: :BookEntry (const string& name,
const string& address,
const string& imageFileName,
Const string& audioClipFileName)
: theName (name), theAddress(address),

theImage (0), theAudioClip (0)

if (imageFileName != 77) {

theImage = new Image (imageFileName) ;
}
if (audioClipFileName != 7") {

theAudioClip = new AudioClip(audioClipFileName) ;

}
BookEntry: : “BookEntry ()
{

delete thelmage;

delete theAudioClip;

Fe3t PR BT FRET theImage M1 theAudioClip MR A4S, SR 5 T R HONS N R A4 3 bR 202>
HOARAS, ik IX S FR A48 M LI % o AR ek 57 T IR IX 2845 41, iR BookEntry
MGG PR CHaf CRINBR e Fia B2 %2421, L BookEntry [RIAFTA4) R 7E
TR AR ET BT AN 75 BRI S FR I T i 1) T Le x4

G LRIG— VIR, EIEH DL PSS, (AR IEREO N (BInea ik
AREL T ENRMRA S REFT .

VAR — WA BookEntry RUMIERREEEIAT T, —ANFHEEML, SR AR
We? .
if (audioClipFileName !'= 77) {

theAudioClip = new AudioClip(audioClipFileName) ;

— AN, AT ECh operator new (ZWL4AAER M8) AfE4E AudioClip 43Hd 2
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BEHINAE, WAL AudioClip MUMIERREL A i — DR . ANt ill, i iRkee
BookEntry #I& BN S, XA TR A% 6 B ST BookEntry XS HIHTT (AR IE B
BARMSMIT . PEETD.

IRAEAR BT theAudioClip XJ GRS, —ANFRERIOH iy AL SR 345 A 2
BookEntry #4)id s E K1 AN, B AMER T TIMER thelmage TR XS R IWE? 25 5 BIRM
%2 H1 BookEntry JFef, (F2IX MR 24 1. “BookEntry O IRAMNSHMAL, 7K
AL

CHAAL RE MR 58 ARG X} % (fully contructed objects) , AN %I
RS RIBIT R, BN R APoE M IE . Pr AR —> BookEntry X% b 0 Jaj i
MG, W
void testBookEntryClass ()

{
BookEntry b(”Addison-Wesley Publishing Company”,
“One Jacob Way, Reading, MA 018677);

I HAERIE b MR, — AN, b PR RO SR o i o SRR
KA Z) T BB A5 O, B 50 R AE A delete, W1RTos:
void testBookEntryClass ()
{
BookEntry #*pb = 0;
try {
pb = new BookEntry (“Addison—Wesley Publishing Company”,
“One Jacob Way, Reading, MA 018677);

}

catch (...) { // TR T R
delete pb; // MER pb, 43t 5
throw; // Atk e g

}

delete pb; // 1EH MR pb

Y23 R IMAE BookEntry #Jid s BN Image Z)BCIIN AR B 22 T, 3% PR At 5
new FRVERA INTER, FEFASK pb #ATIRMEEAE. W H BookEntry (1441t B Zd H —
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AFEE, pb KR —NME, PTLAE catch HPIBREER T ik4R B QUK R I LAAMK A (A
YERT. IR T545%F (smart pointer) 3¢ auto ptr<BookEntry> (Z W4k M9) fLE raw
BookEntry*xt A A4EH, BN new $AFE R ZE BERT, MBS pb BEATIAE ER AT

CHHE 2 A 50 BRI AR BN G T AT R eR B AT SRS BRI, T AN 2 ek ARl
HNAE. JR R FER 2O N AN A B, ERRAFHI . WA ¢ ik ik
AR BN A P BT R & E, ATy e Bn ] 8008 2 A IO MR AE RS R HUIMN 252
KAGTRALE BREAT T 2020 7 SR LT R R A K 2 5 I W i AT MR LB A o IX
(R0 SR 2 AT AL BB IS AT IR, IR R T AR K CH+iE b T IXFP IR, (H2 AR
3 ANBE B SN BR B R IR G e CRALXMERE AT 4 5 R X [ 34T 4 AL BEAY
BlFIE LIS WL Effective CH4%iKk 13)

DRI A 2 0 AT AR T 4 3 5 CH AN SR TETE B 52, I LAAAR 0 20 B3 YO TR 11 1 3 R
HLALENT B O LW IR MR A 5, RIGHAT 2B, f&)a i E
Bl e L AR AL g . A NN, AE BookEntry it R B A FHIX AN T
BookEntry: :BookEntry (const string& name,

const string& address,

const string& imageFileName,

const string& audioClipFileName)
: theName (name), theAddress (address),

theImage (0), theAudioClip (0)

try { // X try block f&H A
if (imageFileName != "") {
thelmage = new Image (imageFileName) ;
}
if (audioClipFileName != "") {

theAudioClip = new AudioClip(audioClipFileName) ;

}

}

catch (...) { /) HIRPTA
delete thelmage; [/ S8R BRI BRA RS
delete theAudioClip;
throw; /] BRI

}
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AN BookEntry (1R 50 B DA 488 o, 2K 10 Ry e R 500 R D -2 i e 3 5
FE TR . T AR BookEntry Fit s EUATF 4540 AT, X151 theName, theAddress il
thePhones $(#i i i CL& M T8 ARG UF T o IXSeHH ] LARE A MU S8 IS I %, BT bLe
NVEBE A BRI AR NARAE o 8K i1 SRk 56 552 (10 A% 325 o 5000 FH AT 2 4 S S 11 b
B0, T 0 TSGR 3 bR BODA 200 25 2% SR 3RS 5 AR AR A K 8 S 2 T 5 Sl 5 TR ok
B,

PR AT g CL203E 75 31 BookEntry #4)3 B catch Herb (135 A 578 BookEntry [RIHTH B %L
R A)J LT —HE o IR LIRS B R A AN T2 200, i AR I 1) U i e 4t i ARG A N —
ANFAH helper function ffv, 1A o 85 AT A4 R BSOS &

class BookEntry {

public:
// TFE
private:
void cleanup() ; // T HE R A

b
void BookEntry::cleanup ()
{
delete thelmage;
delete theAudioClip;
}
BookEntry: :BookEntry (const string& name,
const string& address,
const string& imageFileName,
const string& audioClipFileName)
: theName (name), theAddress(address),

thelmage (0), theAudioClip(0)

try {
// AL
}
catch (...) {
cleanup () ; /] RETBBEUR
throw; /) AR
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}

BookEntry: : BookEntry ()
{

cleanup () ;

EKALFAT T, (HEAEEAEHLER T XM BRI S s — i, ik
theImage F1 theAudioClip J&%# & (constant) FHEFIHY.

class BookEntry {

public:
// Ak
private:
Image * const thelmage; // FREF AR
AudioClip * const theAudioClip; // const 25

WGBTS BookEntry Fi R S WI AR A RAIR A IZFE R R B, DA R PR AT e
W5 al A4S const FREFMIRE (0L Effective CH453K 12). MW S IXFEWILAIL thelmage
1 theAudioClip:

[/ AN REAE R Pl I BT U s 1) SR v
BookEntry: :BookEntry (const string& name,
const string& address,
const string& imageFileName,
const string& audioClipFileName)
: theName (name), theAddress(address),
theImage (imageFileName != 7"
? new Image (imageFileName)
. 0),
theAudioClip (audioClipFileName != 7"
? new AudioClip (audioClipFileName)

2 0)

A T SRR S — FLASRE G (0 U BT L. 2R theAudioClip HIAALI—AN 57
W, thelmage PFTHR IR RA SR 1T HFA A BT I 7R A3 e 2P g tey A0
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catch i APRMFLIIEL, R try il catch 2], TR RABIERMRA VA HIEA (XA
N A FRATT O I0AE thelmage 1 theAudioClip HIHILGAL S ?: DIACE if-then—else
R D o
TCAR AT, A0 57 5 AT 338 2 i 50 s B A R i — I VAl 2 il R e e, i DA 2R3k
TIABEAE AWM R P TBON try Fl catch 4], FABEENBRNH )7, — Rl e &1
FAA G R E R, AKX LR HOR R AR A AR IL 1) theImage AT theAudioClip X5,
class BookEntry {
public:
// TAl k.
private:
// B b R b
Image * initImage (const string& imageFileName) ;
AudioClip * initAudioClip(const string&
audioClipFileName) ;
b
BookEntry: :BookEntry (const string& name,
const string& address,
const string& imageFileName,
const string& audioClipFileName)
: theName (name), theAddress(address),
thelmage (initImage (imageFileName)),
theAudioClip (initAudioClip (audioClipFileName))
{}
// thelmage ¥ SE4IUAAL, T LLEIMEIZ AN UA A0 R M
// AL BEIE M, XA B FH AT 58 A 3.
Image * BookEntry::initImage (const string& imageFileName)
{

if (imageFileName !=

e

) return new Image (imageFileName) ;

else return O;

}

// theAudioClip #%5 — Uik, FTLAUISALE theAudioClip
/) WAL R s, e AR theImage B8 YRR
// RIS RS try. .. cateh o

AudioClip * BookEntry::initAudioClip(const string&
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audioClipFileName)

try {
if (audioClipFileName != "") {
return new AudioClip(audioClipFileName) ;
}
else return 0;
}
catch (...) {
delete thelmage;

throw;

IR IORANES, ik T AR C I S AN AT A, R SR R X
Jo T AL 3 R AR 0 3 BUAE LA BRSO, X A FRAT VIR A LD

FE G R R 3 R 462K MO (R 3X, 3E theTmage AT theAudioClip F& 1A (KXt G A
—ANGRUE, BRI R A B IXAMEPOTVE LA XA AN GRS AR b theImage Al
theAudioClip JEPIAMEEL, FRIVEIEDELMINT SR, PIAIRE S A%, XL} 50 %
MMBR. auto ptr Fal &I FXAH MBI (S W45 M) HIkFAHE thelmage I
theAudioClip raw FEFEA SN MK auto_ptr AL,

class BookEntry {

public:
// Ak
private:
const auto ptr<Image> thelmage; [/ EATIAE

const auto ptr<AudioClip> theAudioClip; // auto ptr X}%

IXFEMALAS BookEntry (R4 I pR B RIAEAE A7 AR S 3 (K1 DU Bt BE MR AN BE 95T, 1fy HL
EFRATRERE AL HH B AR IR R KA 4R theImage I theAudioClip, 41 FFi7R:
BookEntry: :BookEntry (const string& name,

const string& address,
const string& imageFileName,

const string& audioClipFileName)
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. theName (name), theAddress(address),
thelmage (imageFileName != 77
? new Image (imageFileName)
2 0),
theAudioClip (audioClipFileName != 7"
? new AudioClip (audioClipFileName)
2 0)

TEX I, WURTEYIIAAE theAudioClip B H 573, thelmage TR AL — Mk S84 M4 IE I
X%, FrRlERes A sk, #i% theName, theAddress Al thePhones —Ff. ifii HLIK K
thelmage M1 theAudioClip BLYER A&7 BookEntry FHRXT %, 4 BookEntry # MR I &
ITaER B BN . PIAS TG 2T LB eI f 1 B0 % w] LLIZAE 4L BookEntry 4T
ARSEAE
BookEntry: : “BookEntry ()

{} // nothing to do!

X R TRREE 54 2B BookEntry [IHTH B % o

gi bpriR, AR IR R auto_ptr XGRSO AR T, gt nT AR 1A e A
AFAES N R GRS AR AN T AR M R B P RIS, O HLARIE R % LLRT A HI AR
const F&EH—FEEH const F54, 45 HIRAY .

TEX GG, ALBE SR S 1T Re, &/ NMETI I, (H2 auto ptr (Bi# K
LT auto_ptr 28) REAL N AT o & AT A NAN I BEAR IR ARRD BB K, 1T HAE AR )P AE
THR 0 PRI D0 T L RE LR R IE #1247

5.3 Ttem M11: ZEiIFR%{ER (exceptions) &3 FINTHI R Hs

FEA PGB0 T 25 TR R B 28— Bl AE IR WA D0 M ER — X0 %, Bl e Sl i
TAE A B UM deleteo B i e W AR R MERR IR T AR (stack—unwinding) RIF%E
B B REMER— A

FE_ LR PRGBS I FIATTHS R BN S AT e A T O IRAS T e A b T IR A .
BRI S AT IMELENT R R EOA 8 DX 43 L IX PR 0 o DRI 5 T ) e S R i 2B <1 M Ml
WA ST o PR ARAE — AN W ORaE B [ I, il e BB ol t e, O S SO e 45
FIBUE R BINT R B oh, CHo¥ T terminate BREL. IXANBR B4R T IE 3L 4 F TR 14 -
R IMRRRFIEAT, T HAE R0k, B2 R SR A BRI

T2 A, — A Session KRAPKIREAAEZ T AN sessions, session fi/2isfT
FE AR — 8 U EHUIT G — B B EA R G 1 EIX BUWA R SR 2R 08 « 54> Session X4
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IRVE ) & ST S R TR H TR I )
class Session {
public:

Session() ;

“Session() ;

private:
static void logCreation(Session *objAddr) ;

static void logDestruction(Session *objAddr) ;

PR logCreation Ml logDestruction #7437l H Tid sk S g SR AR b mr
PLUIX Y S Session HIHTH pREL:
Session:: Session()

{

logDestruction (this) ;

—UIE LR, (HIZ2UWIR logDestruction M —ANH, SR AFNR? ik
AW Session MIHTHY & EEHARAE, Bt LLE R A% i3 SIATTAL) o 200 T F 8 L o (B AP SR BT A R
BRI 2 U B TR e R g, A terminate PRECKA AL, HIKEL
IEARIREY o XA AR A R A Il o FEPP 3 IS FROBON B M5 ., XA,
HH R KR WAFEREER T UL REFIBAT S T A2 MREA, R
M5 1EAE logDestruction WHBH )58 A% 3] Session ke pREI AT . ME— 7752 H
try Fl catch blocks. — R SR MIH% XA R R4
Session:: Session()

{

try {
logDestruction (this) ;

}

catch (...) {

cerr << “Unable to log destruction of Session object ”
<< ”at address ”
<< this
< 7. \n";
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H S XAEMOIT A EEAR R AR 22 4 o WRAE catch TP operator<<IN FE—/M 5
WAL, FATHOGER] TR, AR S ] Session HAl e B AMI .
FATATLAALE cateh RN try, (HRZXEAA —DRE, SNSBAIE. B3I
BRI Session I LAZZME B FITAT & L 11 372 5
Session:: Session()
{
try {
logDestruction(this) ;
}
catch (...) { }

catch R EIF R E A MARMTHEN, X2 —MR%, b Leib T AEMA
logDestruction i (1) 57 #i A% iE 2 session MR A R . FRATIMAERE=ALTCIE T,
Tt session MG RARLAHEMIE (stack unwinding) TR, terminate BEFIA
SR

AN FOVT S 55 A 320 B BT ) BRSO T AT 55 AN D IR o G SR — A e e A o B T e A
TERREN ER IR, B AT R B BURAN 258 s AT CES I =5 A7 B n
RN R EATE 421817, EICIE e A B E M A A o a0, FATXS session Rfi—
MESL, EHENT session BR8N — AN EHEFES S (database transaction) , 21 session

I 25 XA F 55
Session::Session() /) AT RN,
{ // IEA I R A
// AbELRE

logCreation (this) ;

startTransaction() ; // JA3)) database transaction
}
Session:: Session()
{

logDestruction (this) ;

endTransaction() ; // 45 database transaction

WHEAEIX H logDestruction i —AN 2%, 7F session i BRELN JB 3N transaction
MEE WL, ARG EEN T BB H%E session A4 pREL P I BR E0UR FH IR S Vi B )
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A, HREWER endTransaction WL —N5#%, AR TRIBMER try A1 cateh 4h, 5100
P

LR LRNA, FATTRELE 1E S A3 BIAT R R BOMT AN SR N, 26— RENE AR 57 B i I HE
FRIEH T (stack-unwinding) [IEREH, Biik terminate B 2 & REFEBIAH IRAT
o R B BESE AT A B E M T F0G . Cn RARDI IH ARG IR T i i 3y, W BLE R

Herb Sutter [f) L& Exception—Safe Generic Containers , ¥ ¥ 5l &“Destructors That Throw

and Why They’ re Evil” XE),

5.4 TtemM12: HfF “WH—ANFE” 5 “MRiE—1S%” R “WH-NERE” RKER
MBS BE, ERBUEFHSECSTE cateh TR S EULT-BA 4 %5

class Widget { ... }; /]I B2
[/ AEXHLIFAE

void f1 (Widget w); [/ e, LS H N

void f2(Widget& w); // Widget, Widget&, B

void f3(const Widget& w); // Widget* 257

void f4 (Widget *pw);

void f5(const Widget *pw):

catch (Widget w) ... //—%¥ catch 1), Hk
catch (Widget& w) ... [/ TR, R
catch (const Widget& w) ... // Widget, Widget&, BY
catch (Widget *pw) ... // Widget*

catch (const Widget *pw) ...
PR AT RE 25 AN ) throw i H —AN % 2 cateh 5~ b Ly 3l o B0k HI AL 3 — AN S50
PIEBEAAH A o X HLETAf AT — LEAH [R] A0, AR ARATT AR AR BRI 22 57t
EFRATSE MAH A SGE o AR Ateth bR BB A0S 7 W AR A P] LU AR AR L A3 5| F] At 45
Br, XA AHE B IR S EN R TN, RGIT L 58 R AR R AR I 72 4 AN A
PN ZE S 0 SR S R T RO, R B TR R A e ik M) ) R B T Ak, (H
HORPUH A I, EERIBUKIE A 2 BBl H 5 T
HIXFE—A R, SHCEEIE Widget, FFPUH —A> Widget M 5
[/ —AREL R EAES] Widget H
istream operator>> (istream& s, Widget& w);
void passAndThrowWidget ()
{

Widget localWidget;
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cin >> localWidget; / /%38 localWidget 3l operator>>
throw localWidget; // W localWidget Sy

k3% localWidget FpA%L operator>> B, ANHIHEATHE DUHEAE, 124 operator>> W
(51 A 5 w 45 ) localWidget, AFAA) w MHAE S ks E#HEINE] localWidget Fo 3X
L TocalWidget S A IR KA o ANTRH R AL AE Hli R e o A8 A loid 5 | 3R (ARt
FREHDOIX A 7, R R BN IE O FRIG AT 1calWidget MIHE DUERAE, Rk AL 156 2] catch
TR LocalWidget FIHE Vo MAUX AM, BN 2 localWidget B§IT T AEAFE I 5, H
WA R BRI o WA TocalWidget A S (A& HE VD (1645 cateh 1A, XA
TR PR — AN T Widget, —A Widget B “J7K7, X TIEAEFH I
I CHRILTE SR AR 7 1 9l L R SR 24 S o

BIVE R S IR AN R, 34T 45 DLERAE . Bl dn R passAndThrowWidget &
A localWidget AFAALHE (static),
void passAndThrowWidget ()

{

static Widget localWidget; // BFERERASA R (static) ;
//—BAFERRFETR
cin >> localWidget; // ZUAHTAEEAT
throw localWidget; // A%t localWidget
} /AT VLR

4l S I AR S LocalWidget F—M95 Do SXFROR RIAEIE R 5 | H KAl 3R 7
WANRELE catch BB localWidget; fUNAEEM localWidget F1#5 Ul %) 57 X R 34T
s S DL, XA BRI B T RAT TR S e S IR AN E R I R IsAT
L LS AL g

R RS DU, $5 DUBRAE /2 o S IR 48 DRI R 050 B o 185 DUAS) 3 e B )
ZIHARI (static type) P NEIIHE NG REL, iAW S I3)&KE (dynamic
type) X AZEPE VIR R E.  LLn L R IX &l D VHE XU passAndThrowWidget:
class Widget { ... };
class SpecialWidget: public Widget { ... };
void passAndThrowWidget ()

{

SpecialWidget localSpecialWidget;

Widget& rw = localSpecialWidget; // rw 5| SpecialWidget

bbs.theithome.conl


http://bbs.theithome.com

throw rw; [/ EPHE— AR Widget

/] WS

X HYH ) SN B2 Widget, B rw SIAIZ > SpecialWidget. BI2A rw HEHA
FKH (static
type) J& Widget, MiAN+& SpecialWidgeto. RIZMIEEMAR A FZE] rw SIHKLE D
SpecialWidget. Hiifds LR MIZ rw FIFFSRIY (static type). IXFAT A AT BE S 1R BT H
R —FE, (HRERX SEHABTOLR CHrp#s DR s B 47 it — 8. Ry — R
ARFTELAERIRIE X S Bh AR A dynamic type HEATH5 DL, 2 W%k M25)

WS HER B P DL, XA F S B IR A E catch SRep il —ANRE . BeanR
XA catch Bk, E—FHIHG—Ff:
catch (Widget& w) // i3k Widget
{

// WbHERE

throw; // B R, 1Y
} /] AR
catch (Widget& w) // HHER Widget 57
{
/) HE B
throw w; /) AR RS H )
} // #EIL
XA catch B ZE RIAEF 55— catch S FHTH0H 102 S Bl ki =8, T es — A
catch P HHTHl Y AL 2 AU R R T B — B B0 HE DL 0 SRS A A DU R G20

By, XPRONEILA ZE A7

MR . AN EFT I 2 24 AT % (current exception) , TW'E A4 KA,
B W B AN S TR UG 2 8k SpecialWidget 2NN H ), HBA S8 — AN Bhrp AL H 2o 10
&2 SpecialWidget s, BT w &SR (static type) J& Widget. IX/2 K4 HE Bl
5 I AT HE DU . S8 A cateh HREFHMH MBI 7, KBRS Widget,
o ERERA (static type) J& Widgeto —MRUL, URMIZH throw SKEH#lH 24 Hr i
S DA IXAEAN S SO A i 1 26 R e i 28, i HL A 2%, DR AN AR e — AN DL
G5, S AR P8 DU — MR IN R o IEWAaK 19 R, IR X SR g1k gw ik
WA E AT (optimize it out of existence), ANidhIRALAR KGNS IRMEX A M,
DA FE P AR A AR e, BT DA PR ) AN ST T AL K = R 7 )

AEFRATIAR — F WX = Fh k3K Widget S0 catch Tf, S ZMN
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passAndThrowWidgetp Pl 1

catch (Widget w) ... /) WERAAE AR

catch (Widget& w) ... // AL G I 3R
/] R

catch (const Widget& w) ... / /TSR W) const 15 H]
/RS

BAVLZT BB TS S LSR5 A ER . MR E IR X% (WA iR
Rk, R AR50 WU G R e AT EE I R 1 const MELMGIH]
(reference—to—const) i3k, 7RO A FLVFHE 8 — AN IR % 2 —AE const 51H]
KPS HH (B WA ML), (HELES W P A i

EFRATEAE XA ZE 5, [0 B 5350 G DU A _E ok o JRAT N T8 4 R A 1Y 7 A i
BB S, AT T AR B — A5 UL (S Effective C++ 453K 220, IFHEIXA
P2 DA B R B S 8O o [RIRERA S A E 107 A% — A i, X A, 3k
XL R —A> catch FA)i:
catch (Widget w) ... // SBRALAE AR

SHEST AN R B HE DL, — AR AT S A AU ST I N R 5, B AR AT I
XS4 ULHE wrp (WQ A, EE: BIWAD. AR, H3EATE 5 AR
catch (Widget& w) ... // iG] Ak
catch (const Widget& w) ... / /W3 | AR

XA A S AT — AN S H% DL 5 DU RE S — AN IR 5o AR S 4 B T 51
FL R SRS, WA BT S8 Do il — A i, RGMNE R (UG SHTED
i HH 0T SR DUES EE DU [RD0 GABCA S804t sk 2 R BSOS R (1 75 DB 22—

BADEEA CHE TR FRE 0 57 ol AN, Sl FR e = i fe A i 2
HOSAHE 1) o AWM VLA — AR B IHE DAL 36 . 0, URASBEIA 4l R et — A
Fa1m) R0 SRR, R 2 5 B R AR B (R AR AR R TR IN, 2JR A B R R T
Catch FHPRIRG— MR 0] QAL S IHRET o X PAT HAEBCUE I 1% T LLgE 4 (WQ
miE, s BARAERKEESR.)

X G BRI Ab A% 3 B e B S HUE 5 WS AL 36 3] cateh A HTER A
THEARR, X H & S8t 5 5 5 AR I DO — AN D7 s 58 A28 52 70 pR B0 & B
o R S A R R R 2 I 2R A U I RN . LE RS UERCE FE (the
standard math library) " sqrt pR#%i:

double sqrt(double); // from <cmath> or <math.h>
FATREIXFETH . — NP R, W s
int 1,

bbs.theithome.conl


http://bbs.theithome.com

double sqrtOfi = sqrt(i);

EHEN], CH+AVFEAT M int 3 double BRI ALEHe, FrLAAE sart IR T, 1 4
T AZ A double 2870, Jf HHIRPIEW 2 double. (A7 KERARA I TEA 1B S
WA ME) — ki, catch FAJVCHLSH RN AT IXFE I e . WL N IR ARG .
void f(int value)

{

try |
if (someFunction()) { // W% someFunction () iz A
throw value; //E, AN
}
}
catch (double d) { // HAbFE double 287 ) S Hy
}

7E try SR int R ASPALHE double W cateh THAHIR. 1% 1-A) L BEL
RFMERIEIER double MSRH, ANHATHRAE . KL QIR ZARARER int %, LAUE
A int 80 int&SHUW catch 1),

AL cateh PRI BT 58 ULACIN AT DABEAT P AP R BB 6t o 25— o Ak R e 5 B2 )
R . — AN FSRIREEI M cateh At A DUAR PR AE A i o 9 An7EARUE C+ P

(STL) & XA 252 P 27 (diagnostics portion ) (ZM, Effective C++ 4%

K 49) .

i3k runtime errors 7 [ Catch FA)n] Ui 3k range error 2R A overflow error
KR FH . A DMHEBRE exception R catch 1) BEF SR HAT IR 7

KFPRA 5 H (inheritance based) [R5 A B EHenT LIVE T T80 51 A
YSE LA

catch (runtime error) ... // can catch errors of type
catch (runtime error&) ... // runtime error,
catch (const runtime error&) ... // range error, or

// overflow error
catch (runtimeferror*) e // can catch errors of type

catch (const runtime error*) ... // runtime error,
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// range error%*, or

// overflow error%

9 MR RN AR B TREE (typed pointer) AR R R MEREE (untyped
pointer), PTLAAA const voids FEH catch TR REAMIRAEAT B (5T R0 .

catch (const void#) ...

/ARAEAT R RS

3 2 B o S TRl I g — 202 cateh “FAJUCHELINUT S & B e A IZERE P
BN o DRI NIR A W] REARAE BRI 1) cateh TAJHER, BIME A I A7 78
A B AR BZIR AW cateh 76, SAHFEIA try BATX M. Hlhn:

try {

}

catch (logic error& ex) {

catch (invalid argument& ex) {

// EAS catch Bk
// A logic_error
[/, AT RIRAESR

/] EAPIKEA AT
/R T A

// invalid argument

// S A B

// catch FHJHilizk.

5 BRI A B, SRR A RS e BT e ) pR SR T A R B0 1)
MRMENZEIM (dynamic type) HATITAISRAL . FRT LUIXHE 1 HE 400 b8 BOR HI e i i
1757 5 A FER PR B S8 i o AR — MR PRIRA SR B cateh T AR T AL BERESE S

(K] catch IR, i ae o A &L .

CRRU AR AR AE CH+ HLE W R A EIE ) Al

PRI I A RSB BIT 9E - AN EHEAL IR S W () catch T A)JBEALBIIR A28 5 1 cateh 1-A)

R B LA, NAZXFER S

try f{

}

catch (invalid argument& ex) {

}

catch (logic error& ex) {

// Wb invalid argument

//5H

/] AP e

// logic_errors
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ZE LPTIR, AN X G Ak 8 2 bR B — AN 5 P R 0L R B 4 — A Ok S
H, X2 A=A TEEDOM . o RN RSN ST U 2l ARy 5 3k
I, SRR UL T IR W B S H U 45 pR BN A — 8 7 55 DL 2 W3l
N A S MO SRR 45 R SO G, A8 SR bL 5 8 22D GG AT TR e e
e WJa— kL catch FRJEAT M SRB VAL U e ATAES AR h B, 26—
ANRILVLRC RN cateh RERHIRIAT o 29— X G AT A M UL R B0, e ade 36 11 R 2307
T 5 G RAPCRL AR, B RAS S& A AR A 1) Jo iy 3k o

5.5 Ttem M13: JEiZ5|H (reference) MIRFH

RS AN catch FARJI, DS E Lk S 7 AL B cateh FAJHL, fRATEL
A=A SRGRELBRSH -, BidfRE (by pointer), A% (by value)
BUEL G (by reference),

BATE il 55 7 i3k 75 (catch by pointer). M throw bf&ifi—ANFH
# catch FTHAE—NEMMLIRE, 7EHEE LR 7 ik i SE Bl T AN R R 2 R B
(170 BRURTEAR 8 5 5 R, AR AR I R B S (0 O A e A B A DN & (S
WA MI2), .
class exception { ... }; // K EARHE CHE (STL)

/] TSR R IR IR
/) (BWAK12)
void someFunction ()
{

static exception ex: /] FEERG

throw &ex; // P —AFRER, $RIH) ex

}

void doSomething ()

{

try {

someFunction() ; // P —A exception*
1
catch (exception *ex) { // #fi3k exception¥:

/] BATR A U
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XE EERAH, (HRSbE AR A T R IER AT, By 5 E SO
X G A DR R P IR T I FR B IS, R RIS RENSAREL A7 . 42 R AN
ZAREW A RNX — 1L, ARREF DU E ) BRI AR LR Al , AbA 1S IXREE
(R CE
void someFunction ()
{
exception ex; /] SIS G
// 438 R R A 2 TR I
/1 IR GARHRETL

throw &ex; /) P —ANEEE, fE 1A
/] ORI S

X ERRGE T, BB 5 cateh FREEZBIIRE, HIRmMR R O8A
FHAFAE

Ty BRI VAR AL DM HEXTER (new heap object):
void someFunction ()

{

throw new exception; [/ P AN ERER, FE S ESE
// RIS (5 2

} /] BAEFF new — Z LA M8—
[/ ACAEFRE A
/] FE)

R G TR AN ) RO S AOFREH A L, (HE cateh 3R] A LR —A>
AN AT A NAZ M BRARA T2 IR ET? RS AEHE PN R 5, AR
MILZMIERE 150 23t R UM o« W RANIEAEHE AP AT (R0 5, A2 X AN e B
s AR RAT R AN T o ] A ?

AT RERUE ) —SLR U # nl B8 A 3 4 R B AN R i ik, g — S n g A
HErP T SO Bt o SISO, KB B A IR SR 2 R I
SR ? XL —DAELLBI B . By DR e i 38 T8

MH, W ARE R T MARTS GBS A M. WAPRHER 575 — —
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bad_alloc (24 operator new (2 W45 M8) ANRE/HC 2B HINAF I, ), bad cast (24
dynamic_cast £F%t—ANGIH (reference) #AE KM, Biid) ,bad typeid (4
dynamic_cast XT3 FREFRHTEAER, i) Rl bad exception (T unexpected 5%
ZAH ML) — —FRASEAR P S IHRER, T LU 20008 (B 55 | SR gk el ]
MR (cateh—by—value) RJ LAY LI Ky R, 48] G 57 5 X6 S I 1) i s
A9 R BR M S 5 SR BRI )l L 2 R AT I R G T S 0 B DU I (2 W4 K
M12). T He 4/ slicing problem, HIYRAZFEM) S H 0T GO L 57 1 0 GAli SR
WEIIRAE AT AR T (sliced off). IXFEM sliced X SEhx It —MIER 4 .
EATBATIRAE R EE 1 D, 10 H S ASHE S e AT B SR 250N, R G AT Ja R R 202
BB G R E . CH— DGl A 7 B 8, e kAE—FREL——Z 1
Effective C++ 453K 220, N FIHIXANFEFPR I T4 e BARAES H 2RI 7 H RERIE R
class exception { // ik, X2
public: [/ — AR R
virtual const char * what() throw();

// JR[AS IR ] R A

/) (AERREUS I &5 R AL

// " throw()”,
I /AR ERER

/] B WA 14)

class runtime error: // WK BFRAE CH+57 5 2%
public exception { ... };
class Validation error: // B AEIIANE

public runtime error {
public:
virtual const char * what() throw():

// BFE AR R

// AR
I //
void someFunction () // Pi—A~ validation
{ /] R

if (a validation JRKLM) |

throw Validation error();
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}

void doSomething ()
{

try {
someFunction () ; // i validation
} /]
catch (exception ex) { //F IR T AR UE SR
// BB RIIRAESE
cerr << ex.what(); // M exception::what(),

// TiA Validation error::what ()

VR 2 BE 2RI what BR B, B BEHUHE 0 R E X &R 2 runtime_error B
Validation error RAJF HEATCAHHE X TIXMELMKE. XM slicing 7T H4EAE
PR BT BRI o

BT T I 2 5 3K 35 (catch—by—reference). it 5| 35 fefl
PRAETT L3 Jr A7 ) . AN G SRR, XM EAN AT S B (1 T 5 Lt
PARUE R R WG, XFP VAR slicing problem, 1 H# %4

Hplss 1l —
BAVK M 5 5 o mE S B G M1, TR
void someFunction () / JIEAN R A R

{

if (a validation PRI |

throw Validation error();

}
void doSomething ()
{
try {
someFunction () ; /] BHEA
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}

catch (exception& ex) { // XHL, AT R
// AR R B I B ff 3k
cerr << ex.what(); // BRAE ) 2

// Validation error::what(),

// AR exception: :what ()

XHLEATH throw BATAEMT AL, (UNHAL T catch FH], SHEMT DTS, Rl
AN AR e T ER AR, TN cateh Herb () i 400 ea i RE 0 an 34 B R AR A T A%
T WK Validation_erro PR FAMTHFrE Sk i) 4K

WRARIE 5 A3k 3% (cateh by reference), FRukfEBEIF RFTA M8, A&
FEAT MR ST HOW MU s BERSRETT slicing SRS, REWGlIRARME SR W IR0, b I
XSG ERE VIEH o BT DMRIEAESFAH A 7 Il 5 TR A I (Catch exceptions by

reference)!

5.6 Ttem M14: B {EA# 5% M (exception specifications)

ZIHEI, SRR Z A 5IE H Rk eI A S B, DR e WA
T A SR DA A AR S o AER AU — N R TRE o G P £ 2 1 I I
RS AN 2157 5 MRS I A — B M0 FLAR— AR B — AR 3 YL R LN S, &R
GALISAT I BEB AL XA, ARG DNMFF IR AL unexpected R4 H B . 573 M
A% B R LUABCR — AN T SORS ) It 2 S P 0 s R 2SRRI, e 0 AT AR IR A1
*o

AR ERHON, RBHE BB, AARMSEIIFAURILAER F . K
unexpected B4 (AT A2 ] B4 terminate, f] terminate B4 (K147 A 2 I ] B 45 abort,
JITEA—AN3ds S S RS RO RE PP FL 8 AOAT i halt (SEabdsdr) . FEBEE IH T (1 R A2
AR Ry abort AEICHIREP I ANREA IR IRNG BRARAE o 6F 50 MRS IO AU AR A T
—SIEANNZ R A I A

ASEIE, AR S S Ree g S T BUR R IIPICHE (1 pR o 2 2 A DL 70 iR )
SR IRAE A 7 5 S BRSO — B — e B 1 50— ek, JF HJR B mTRedl il —A4
R R R, (A BRG] B B HIRDN B B BT REIL Y — DANVEE A pEST
R Z AR, B LU s BRIl Se 7 A sROE SR A 3B TE) i ias X Ik
Tl DLREAT R, I FLTE S AR AR E g g A e X R U5 5K OV T DL R 5 B

1R K £1 AT 7 WL A SR 1A R B0 AT LA H AR RS S -
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extern void f1(); // AT LA AT R
BB —AN BRE £2 38 I 10 i R R 7 D UREAHE int SRAY I S

void f2() throw(int) ;

£2 YA £1 2R AEN, R £1 a) e —ANE S £2 5 A% 10 i

void f2() throw(int)

{

10 ; // BIAE £1 ATREHH A2 int 2RIUTH
[/, IR AR .

AT SO BRDBT A G 5 B S RS K 2 A RS S AE i A, S R Pl

BRI Ay P P 20 3 s SO VF R P — AN e B, FUAR S 1) S 5 5 A b P ) R 800 57 RIS AN —
B, I HIXFER IR T e S BURIGFE AT B 281k, T DATE G S 30CAF I A2 R RS Tt X
AN BN B D o — TPV AR A RS H R A 1 S AR o 4940 X
FIBEN, E AR AS BN AT AT 57
// a poorly designed template wrt exception specifications
template<class T>
bool operator==(const T& lhs, const T& rhs) throw()
{

return &lhs == &rhs;

AN BT R E ST MRAERF AL operator==o X AERL R SERUH [F] (10X
% WEARXTGA RERHE, e BORE] true, {TIURIE false.

AR A5 (0 SRR R AR A F KT R SN R 1 5 o (R SR ST BEAN 2 IXAE
PR opertor& (MibHE/ERF, 2 Effective C++ 453K 45) ef— SRR G A Wk
HHI, M operator==pi BRI opertor&ltf, opertor&n] BELIUH — ¥,
KRR B T BATI A H RS, AR RE P I 1) unexpected.

IR ol B R ) AR A5 XA B AR A gl A BT SN S SRR
MR AT ARERAH o AL AT HED — DB AAT TSR3 % . D
BOR SRR I IR SRR S itk i R RE AR 5 3 A AN 2R A A

REM% 8 %M T unexpected PREUMIEE —ANIFESE WERAE —A> s BN T HTIL B B0A 1 R
% FA) BRI BRI 12 25 B3 A bR B S A o AR D B, (R SK B b B S il s . Lt fe
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VER P A 0T o 4
// A~ window Z 4t [l R EFR £
// > window R FAF KA
typedef void (*CallBackPtr) (int eventXLocation,
int eventYLocation,
void *dataToPassBack) ;
//window R, AR EFRE
//ZIAE BB BERE window ALK M
class CallBack {
public:
CallBack (CallBackPtr fPtr, void *dataToPassBack)
. func (fPtr), data(dataToPassBack) {}
void makeCallBack (int eventXLocation,

int eventYLocation) const throw();

private:
CallBackPtr func; // function to call when
// callback is made
void *data: // data to pass to callback
1 // function

/7N T SEBRIEIRE R AL, FRATT IR A R R
/S ERS 53 AR O iR S5
void CallBack: :makeCallBack (int eventXLocation,

int eventYLocation) const throw()

func (eventXLocation, eventYLocation, data);

X B makeCal1Back WiRH] func, ZEE i i MAE RS, PR CiEMIE £

P AT A B R
MWRLAEREFPAE CallBackPtr typedef HHR T B ™A% F0 5 0 BURS C g ke i) AL
typedef void (*CallBackPtr) (int eventXLocation,
int eventYLocation,

void *dataToPassBack) throw();

XFEE X typedef Ja, WEREM—NTTRESIE 574 ) callback RECREARIE:

[/ AT SRR R [ iR e K
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void callBackFcnl (int eventXLocation, int eventYLocation,
void *dataToPassBack) ;

void *callBackData;

CallBack cl(callBackFcnl, callBackData) ;
//5R ! callBackFenl 1] R
// S
/ /A SRR (R [ R K
void callBackFcn2(int eventXLocation,
int eventYLocation,
void *dataToPassBack) throw();
CallBack c2(callBackFcn2, callBackData) ;
// 1E#E, callBackFcn2
/BT S A%
e 338 R BT B AT IR S i A DR 1Y, 08 5 TR AR I T DA T BB AR 1) G 128
TASCRFXARRE . WA EAIASCRE, BAREEUR B SRR A REILIX P4 % o
W] unexpected [REE ANV R RGEARGIO I 0 o XL H R i H W
& bad_alloc, 4 PA74rBC I & 8% operator new Al operator new[J#lH (2 W44k M8).
W RARTE R BUEAL H new #AERF GEZS WA M), IR B figiB F bad alloc 7%
VELFHES
AR BB TR 9T (R BUEAT LRI B, (AT I A2 Tl A #fE
AT 25 5« I & Ui A I B AL BT unexpected S5 HLBT (& AT TR HY 207 80 . 4 fR 1
TEG 'S —NERAT, RERHAE ] T 55 A% AFR AR 250N B A7 A8 FH S 5 RS PR I v i
MREL, ZEB IR unexpected S RANBLSEIN, R IX i OB B AR .
BIRBT - unexpected S AL, (2 CH+ RVFUR LB AR ) S 4 R 0%
e unexpected S, PRAEWE R HIXANMREIE . 41 4R A7 B A 1K unexpected 5 #R B4 4
UnexpectedException X%, RAEIXAESm 540

class UnexpectedException {}; // BT ) unexpected S X L4
/ /I TP AN 5

void convertUnexpected () // WF—A> unexpected S %

{ /) P, IEAS RO R

throw UnexpectedException() ;

i3t A convertUnexpected PR B4 1) unexpected BREL, AT RIS IT 471217 . -
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set unexpected (convertUnexpected) ;

BPRIX AT LG, — unexpected i K& A convertUnexpected PR .
Unexpected 5% #—Ff UnexpectedException B R e, WA BEE [ ¥ 573 MRS o
7 UnexpectedException J#, WA 5 ALl Ak 4 B 25, i3 S W s B2 1S Bl 2 . (i
R MAS WA UnexpectedException, terminate JF#¢ A, BLEFRAREE A
unexpected —¥f)

73— MHE unexpected AR N4 KA T 102 B e unexpected BREL, EHETHTHL
HUEY RIS, PR RO ol bad_exception. RA]LXFEGN S :

void convertUnexpected () // WH—A unexpected 7 H

{ /7 XA BB
throw; // e R E T 2 i

} /]

set_unexpected (convertUnexpected) ;
// %% convertUnexpected
// 4 unexpected
/] AR
WX A, RN AZAE T AT B S 5 A% L% bad_exception (BUEHIAESE, PRk
exception). PREEALFHHHOUIRIES] unexpected FH & FEHALPIBT L 1L ATATAW
(1) 7 5 R F B 5 4 0y bad_exception, XA AR JGUR 1) e o g A it o
BIIAE ARV 12 P8 S 5 A B8 SSOK P JBR AL o 2 36 5 A AL 08 20 M ARG I e A ) A P 2
80 AP eI A A, — AEREENHIRESPOE &, I HAESRE ST
EATRE SN 2 PR & AT . BRI A — B2 EATTRE 3 unexpected B
fili ke, RUAE—A> high-level Y] HERALBIBEAN ) 78, ELan B IRIZXAS JLF—F A ZE M
K EH MG ML 1
class Session { // for modeling online
public: // sessions

“Session() ;

private:

static void logDestruction(Session *objAddr) throw();
I
Session:: Session()

{

try {
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logDestruction (this);

1
catch (...) { }

session [IHTHI RS logDestruction i3 % session M RPRELIIGEE, &
Ll SR LogDestruction Pt (KT AT 5% o {H2& LogDestruction [R5 A% R R HA
P HATA] S s IRAEAR Y LogDestruction P M EREH H T —A 7%, 1 logDestruction
B BTSSR AR S, (HIEWBRIIFIL, REZ A S S R i RS
RIS . MIEA Rl logDestruction 43 3K, unexpected ¥4I, AL T#
SERTLAPAT . XA EMIATH, (HIXJE session M sREM1ER JT a5 B IAT A
A0 AEE AR BT AT RE I S, T LU R AN R AN session T B HLIK catch SAhAT
LSRR 7 R logDestruction AT o HIAS, XMFEMA S KL (—Hpiik-
(72 IR (AR 4 unexpected).

DAATHI ¥ £ 5 2 B R S IO R AR B0 o e AT IR 1B 55 1) SR SR 138 B — A o 254
AR IR, JF KA SCE SO Y, ST im s R, RPEOLZal, Eig el
XA RIS R o MRS I e AT T — Bk, B UBAT R 2 2 B 22 b e o 1
HARATI 2 IE high-level S5 AbFE2S R AL unexpected S, RIH I M0 S5 Ab #4841 76 G
i 224

gr BPTIR, S RS & R AT R o AESE AT BRI s B 1, N
JEEATHT T AT R SR AR T A5 S IIAT A

5.7 Item M15: TfEFHEK ARG

AN TAEIBATIN A B, R ERO R KRN R . BRHAT R Ay, R # s
g UM Y QURAE IAR I 1 57 5 0, R ORI — 3 5 RRFP b UnIE & — A R
PAEA try BRAFIR Y TR —A> try S, AATHRL AR ER 5 FAOGH) cateh A1) LXK 48
catch TRJBEMSAIIR A3 2RI o IR E BIRE KA B A Ao AR DR 3 a2 5
PSR ZIZ AT B (runtime comparisons), i HL 24 54 4l i et AR A4 (6 T4
B TBAR S BN AL RCIERA ) catch i) EE S AL B2 A AR K, RIAE IR EA AL
try, throw o{ catch KRBT, IRFIFEAFAFH — LA

AEFRATSE AARAME T AEAn 57 55 Ak At A H (A QA RO o R 85 222 TS S i 4
RERER NS GO e 2MIE (constructed) (B MI0), FRULTFEE CPU I ) R FFIX L8
Kol SR AT EDRT o IXEETFAY AR, (R MIANSCRE 7 1 5 R g e R e — i L
SCFF S H NIRE I8 AT 1B SR 7 22 ) th B

RS b, ARAREXNXEACH BEATIE R SRWE CHH— B2, CHgiiFas LA R 5T
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o WAL, VR S AL BN URAN B UL G B 25 A ™ TV BRI 5 T TT A, AR —
FBCE Z AT A U H AR SCAE Cobject files) He, A —AN HFRSCHEAEAT S A BT
ANBEAR A H AR SO AT S Ab o iy FLEPASE R il $AT SRR B bR SO AT S
ReBE, IS XA EN TR RE P RN ? UL AR — M T 5, e i i
W o A7 MIAEIBAT IR AN T RESE O IE A IR 57 AL L

AL B, SEPs L ICHR I SCRF S IR G B 2B 1 AR SR VEIR B el B A AR A
AR LA B S R W I A IR R RTE AR R > AR AT BB 73 HEANVEH] try, throw BR
catch, Jf HARMEIE PSSR E MR AT EH] try, throw B¢ catch, AREEAT PR IASE
FESE W AL BRI Ty A T O 1, X ] UG NRE P IR ST AR R, A WAR A — AT 2
IRF PRI HACHY o B IR TR HERS , (0] SR AR B R PP R T hR AR A9 W 1, BT ARk
KB W ASRENL T, AEGEAREE H AT AT I AR DURE , WERAR 28 g AT (¥ 57 45
PEs WA RIS SCRE 4 1 5 90 B R 2 M RE AL I & BEE o [RIFEIXN R8T 57
H IR PP R U 2 — N EREVLAL IV I T IXREDRAIE ST AN o3 N i R e A S 0E R e 2
B, AR [ IR AR e 5 2 7 i R e T2 SORE PP P P A B R R AU BR 8, O HAS e iF
2 i o SCH R IR o 4

AR A B S AR A try B, BTN E, Wt MR Al R s i3k se
HINE, ASOREAF N AT A ARG RS S DL try BRIGTTIEANA, Py EAG B4 5 9 4
AR PR AN —FF o Al o, A SARAE I try S, ACRS I RSRERE I 5% —10% JF Hiz
A L A B8 o I BB R P B A R, FRX TR I SR AE R P G try
BRI T DI, R ZE ST try SR

G 1 4 O 5 RS A AR 5 EAT TN ey BB A RS — A2, T LS5 S —
fAeti s try Bt FEZHIRGIH . AHA 7 ARUIRIA 575 B g — s I 2, ARIAN
EMAS A ? BALF, BHEIRNAZ SEAT B A R T .

DUAE AR T W R D70, AR W T . F5¢ ERATA ARSI ]
AL U SRR W, IR R AR exceptional CSRHT, LA,
80—20 M (S WA MI6) 5 YR A AL (R A AN AR I PEREE B K IR o
{EZ FE PRAT |F f 7ar AR A R 3 B S AT 2 KITT4Y, B SR X AT e L
BRo 5N IEW I EOR PRI LE, T 575 A e B LR [0l r] B 18 =N R g, XA
TR R o AERASCA IR 5 I A S XA TTRS, — A Az HR IR AR ] 5 R
IR AN PO 3 FRDAR T » 9] 01 58 POt B0l 445 A PO g B TR — M 3A IR 0TS 07 T A%
1.

AR N, UR I B2 B A RE XL A AOWE 7 W RS R 50 R 1K 2 B 1 2K
VO —BOHT R, S SR AUEAN R PR 20 13 45 (0 S W D VB AN ], 8 FRAn (e e R e (A RS
K dE oK 5%-10%, &ML R LEBomts, m B A KR A g, R T e
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EHCRPNIRIENE ? B SR N — LB A — IR (benchmarks) (2 0L4
AR M23) o FESE KIS N ALHE G P e A 1 £ S 0 AL B T LB A A2, BT LU
TRA T S H A SR TTA AR E SR ) A R R

VTR GE RN A KT RGR DT BT T, (HRARITRAR ISR (HUE A E B3
BUEY e AR AL BRI AT 2 KA A gy HAT 20T IS A AT R 0o O T AR
(K15 A B/ ML, EERT REML BRI AN SR 3 (R 5 VA B R, JEAEH] try SRS
RURS BRABIEAR A S s 22Ty, IF H AR N 7% 0L T Cexceptional) A
SN o WERARAEPERE LAIINAT RS, SRS — N ORI B AIE LR E S 7 SRR A2 — Nl
I ER . WRsE, A IR R e g 2, REAE Coa W AR By T AT B iy SE B eR
INETIEST

6. FE

FBE— L NAE CHERAETF RN 53 5 EREAT R (0 EL TV KRG, I AT 4 48 2
R EANER, VFERRT RASRIK. (Scott Meyers ELHAER  PEHTE)

HY b, FERAAR IR RS . - NRRECKE R eIt R LR 2 45|
NIE HEA S A NAVIHESZ o« ARNAXIZHRE . A R B BAT T Lf 3 TAE, $isdTid
JENG A JE LI, B 32MB WNAFIRE I LU 2 16MB A AE IR P4, B ] 100MB
Bl 2 1e) (R R LA oy Y 50MB R 2 RN AR PP, IX T LR TEAE 2 R i RV AT 4%
FEFFAE A T REAT R AR AIE S A" by T 58 22 R I TR 2 ), (R TR 22 Ry R it K e 4%
T HERE R BT AN L PRI g R o

FEH] CH5 O RE 3> T, U IR CHA B 2568 5 R 8 21 A AR e PR RE_E ¥ 11
TR ERAE AR CHRERe, R 2E SERES s B L. K2 RIT R
N AR BRL T IZA G a2 f, TRIMBEMS AT TETT, AL #RAE (shift operation)
REMS IR, (L W R AR BT A P 1) i J2 S0 P FE SR AR, S 8Bt AN AT AR
NS T I AR 7738 ] Oy R T o — 3k 3o S A A
RO, LA SRR R BT R — A RO, B SR ARAT A I 1]
FHRERF

ASTE K] A I AN S S8 PR 253 (R T o 55— TR S AL ISR B, SIS LR REAEAT:
T AR AV o CHog e TR A TRe I S | N I SEBLIRAR DR h B0 B 2 (1 S
AEHLF AT BE S B4 (5555 R 45 R AR S SE B, [N #2 1a) AGRFFANAZ

SRR CHIEE A . mtEREMI A S B AT BRI, B SEBr g R AR
TS BUAHRRERES , Rt BRI S 2 o IESE F ISR R DA S U I AR 5 52
DR IR AR 3 RURE IO BN SRt PR IR IR R o 1 2 (1R B A3 RO BRI
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X FARBIRE PR RER ULt S A2 K L, AEREICE S AR 2R B R, 5t
I TR AL T o XA A EAE CHRE e AR 3, B FH DU A 26K 1 I 205 R L
KI, AEASEWRE A IE G PR L AL L SR e AT

FESL KR IR RAN S R P AR T R 2 A e AT 3 AR 1 A e — 2 Pk e e v
MR, BFERET ERIE RS SRR SEIL (implementations of language features).
E NI4T BB K

FE2E ] T AN R LU, MR B RETS SR RRE PP PERER LA U, X 28 ) vy L& A 1
VRBT S BAEAT R o RK S0 T T ] VS ML 97 Lk VR AR L BN SO0 5, JF Ho e
A R AT A AT AT A BB R I

18R UL H % G (forewarned is forearmed). T LA N THI () Py 28 AL A i 2 AT TR HE % o

6.1 Ttem M16: ZEig 80—20 #EM] (80—20 rule)

80—20 HENIL I KL 20 % FIAREDAE ] T 80% IFEF W IS; KL 20%H AL FEST] T K
2y 80% Fia AT ] K2y 20 % ARESAE T T 80% IINAT: KZ 20% IIARHEHAT 80% [¥1fik
BV 80% YE BN T KL 20% A [ W LG HLRE. ElE RGR N AR Y L
PRSI0 3K A% v D) L 28 0l P = LG AR RL . 80—20 HMENAS HUE — &AL BT, eHEE—4%
HRARGIEREMTR T, B2 IRE PR 52 4 S 56 SR

AR F] 80—20 HEMII, AT/ AAKCT A AN, — 2 U A 11 90— 10 HEM,
17 HLABAT SR I P SR e . ANE R 7R 2 D, AT AU R PR AT
YRS FARESALH (—/NEB43

UREF 5y B KA T PR REI . 80—20 MENEE R4k T R IR T4 M AE AR 1) TAE
ARFE AR, —J7 T 80— 20 HENIFR IR K 2 BNt I R e 6 4 55 P Re— M AR, B5 K 80 %6 I
(] HUX LA AR AN S M B HEA R G PE R, X 29D — LRI TAR K o 11 55— 7 1
TX AR U 7 T SRR PR Bt B T PR ) B, ARG T I — S AR A R AR AN 25
B G — N PARRD AL, S0 7 48 = e AT TR PR R o X ST 55 v i [N ¥
M— BB RGN FA B MAAR R AR T4 K2 EN A B/ E# 5
*o

KEBNFHIMS LA W8, B, Sl BRI, Lty
EROHIA Y, — AN AR 0 AR IE 2 B BB O B il A3 e 4Rk 21, TR A X 4% F) HiE
B, ANIEMIAAEEC, G iF 38 8H BT R0 (M0 e — Se o A 1 AR 20 A DG IR A 21 L
AT G T A1) o IX GVl A DA — o A W 5 A N IR 2R R At ke, T8 ok e 23
AT TS B AL R 11

R 2B P AR TR P PR REARFAE L 1) B0 O AR 1K, DR RE P Mk RRARFAE AT AR AN R S
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FURRAAE o« AR AP AR e A B R TABE TR BN g, EZ X R e R AR A T A
AW E R o a7 RE e BT Re 8 S5 MU THIR B N AR B AR B 454, (HE W R P
(1 BE R - 224E 1/0 | (1/0-bound) At 22l ARIMER] . KH] 1/0 MEREsREN A7
PEAE G R A8 A 5 B IR P B (S 40K M23), W R P I Pk e s 3= 2246 CPU |
(CPU-bound), P iEMA Lt A1EM .

FERXAG LN, W AT R 2 5 E L 2 WAFIIRR R, ARz i 2 80—20 #E
DR SOt e WL iR A AR BB AN AT e AR KT By o R P PERERFAEAEAE AN RESE
PR E , XTI R A TR H P REREAS AT i LS AL AR = — 3 0 R PP IR R X M T vk
USRI = N 7N e § R/ 2 B e

g5 R A RAG MR 20 % 15y Ao S EUR IR . IEFIR T2 profiler 27
PO N IRIREFP IR 20%6 3875 o AN ITAT I TAEHSLE profiler 2ef. ARAEAEE & HEE
HIN ARG A B . 1 an R K218, ARARAL profiler 5 YRARFEFF AR B0 #B
FEB T 2 /DI TA) o SRS VR SCTE S L8 JR) SRR RE B8 B IR O SR im0 7, X AR 2 AR K2
PRI R

profiler W FREESTE AJPAT T 2D IRES BN T 2 /K, K& —MERA R
T H . NFEEPEREIM ARG, A GO — KBl — R E i 7 2 /b k. iR
/38 B P sRE P P R AR AT T R 2 1B ) s ] TR 2 R R . W R L
P, BT NROA 2 /DIERPAHAT, WRFEFPIZATIENE, A AN KDENT 2 AMND. iy
TR R R AT DA, W AR IR P AT A5 A AT T 2 DO AR
ANid, FETE FPAT R O P AR, A IS REHS B URIR S B IAT Ao G 2R
PRIESL T 100 DMIEFRA IR G, 2 RIARIHZ R R 1E s 8T LTk XAME B JckE 2
AL R o 1T LT 0 R 511 T FH 20 e T 755 ) AR L AN B T DU 5 (R R AT A B
TR ARAN e LA 52245 AR IS S TS0 SR PN A7 73 TG BR EIORI P A7 8 R 501 T A3 A i
HHI . (g2, operators new, new[], delete, and deletel[]—=ZJL4c3Kk MS)

LR A e 4 (1) profiler &5z 3 AL BRI Bodls s mi o 4 SR FH ke = ARG 1) £ s
profile URINFESF, VRELAGEABAR profiler FERUACTEF IR 80 %6 (IS S, AT AS X
PP I8 (P Be AT AT A5 104E profiler {LHEME & YRIRAEIE— s 4T (BREJLIAEAT)
I —MREFFsAT IO, B L SRR AN BA AR R A s profile — MR, JRARPTEE
ITH) profile WRAARIEAL . A SOIXFEMAR T 58 3 BUR LA T AT Ay TR A
R AU, JUDR S A A PR R AH S CHIRICR TR )

By (b XA TERA I S5 3L, S 75 k& R AT RE 2 I8 profile IRIGHIE. BEAh, IR
IR R A A ) (/D R B R 2 ) B A A 0 O TR A AR . Tl
SREA R B RRE S 1), POV 2 % P F R AL R AR Bl 24T profile. B¢
SRRy T AT SR A A
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6.2 Ttem M17: %JE{fHlazy evaluation (HifEtTH&EE)

MECRIMRRE, SRR RS, TG, A an SRR A 2477
SR, AT AIEAEREFE FEAG AL INANARRD HEAT TH e 2 7 HA SRARAN 7 B4 T V55, T84t
A DA ZPHAT IX LA AT g 2

B ZE -

HACAF AT BRI S — LTI, ARISCRERARAE IR G310 o AR WU R I, 2 i “ 4
(1), SRIGAREAIR O3t . IRAS LB A CRp A FE7R O BB 55 () 3 HEAE T 8%
JE IR, S2br B E BRI WACRE N BT R E IR b3 )2 77 O RN, R4 200 B 1F
H IR s 1) B e PR PR P R AR 4 P, W AR IS, ARACBERT RE AN S KA A R 1) o5 0], T8
FERITE IR B RERRA A PS5 18] T

[P P SR S 38 T AT A Tl ) CHARP B3 1) TAF o fErtENLR ST, 34T
ERRIXFEREIR K lazy evaluation (PTG vHEIE). M- T lazy evaluation J5, X
R IR R HEIR v 5 TAE H B R ST R A R . R E R, A
TS, AR P FIARI SR —FE, AN A TR
VAR AR 0 R I X 2L B R R A A R . WVF 2 — AN ] LA B AR B AR . lazy
evaluation | VZJ&HI T &M N AU, BT LAFRAE 23 DUASEB 73 UFA o

il

o SIHVEK

class String { ... }; // —A> string 3§ (the standard
// string type may be implemented
// as described below, but it
// doesn’ t have to be)

String sl = “Hello”;

String s2 = sl: / I string ¥ DIMI I REL

W string ¥ VUG REGE 2 7 s1 WIAALIS, s1 1 s2 #AT H 7 Hello” #5011,
X DU I R 2 S R BOR TR, BN SEHIE sT A MPE UL, JFCEIRSS s2, IXIE W T
L) new $RAEFT 7 BCHE W AF (B IL4K 8) » W B strepy pREHE UL s1 WIEHE S s2, 1X
Je—> eager evaluation (FIETFED: KN F| string #5 VUMGE R4, 2R s1 EHIY
PE VUSRS s20 SRIMIX I s2 FEATEEXAMAMFE UL, PR s2 WA At H .

W BE kA2 > TAE . ARIZRES s2 —A s1 4B UL, il s2 5 s1 s —AME. AN
SR — Sl s ME A TE YEAE LA 4, shBe A B new FI¥E DUFRFR P4 . F3k b
sl Al s2 JLZ—AHR 5K, IXXT client SKRULZIFEWR, XFF NHEIKEI 7R, XEE
fraZ2h, R AT 2 S -
cout << sl; // B sl WfE
cout << sl + s2; // sl A s2 IE
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A IZEABIBA string MEBAE ST, FER—AMERINEA NGRS UUE
A string MM, TAZP RS, X — RO EZN . B X 415
s2. convertToUpperCase () ;

KRR OB, AUE K s2 (ME, TAEIE s1 i —Hzik.

N T XHEHATIEN), string 8 convertToUpperCase BRI ZHINE s2 I MEIL,
TEAE AT IX AN FAE AR ZS s2. 1F convertToUpperCase B, FRATAREFWNE 7. 40
Ay s2 GRZERD (EHIVERS WLAiE s2 AR .. 55— 07, WRAEH s2, FATA H HifE
EHOENE N, BRI EBIR TR . WRBIEEIE, 2 Aags, &
T OL T FAVACGE WA AR &L A FE SRS )T

P IL AT VAR SN CERR T RS 7E45aK M29 rh iR at, (H2 28 &
Mgk 2 lazy
evaluation: BRAFIRAASETTEE, AL NAEMARTGHIVERS Do FATROZ2 Wit K, N2 n] GEmt
SEEAF S RSN A, RE T T LUK A0
o [XAAFERMBA

BT B0 reference-counting string X %. KEHM T lazy evaluation 55
TR RBIXAE I
String s = “Homer’ s Iliad”; /) BBt —A

// reference—counted string

cout << s[3]; // A operator[] #HL s[3]
s[3] =7x"; // JH operator[] HA s[3]

BT operator [J IR string MIFAME, FEEE XM AZRECE N To8ms
B ATV AR X B Arist A S A, UM reference—counted string s2fR%
i, MTENIZEAS string WFEALES ANHTA 1% string M HIE—S8#5 DL,

FATAN T2 o O T RSN, T 2EAE operator [] HURHUANEI At CHRYE
Sl T 58 R IR A T L BR OE 2 O 1 58 S NRAE TR T Z B 80 . JA Tan SR A 1K
H operator[ (¥ context JEEHUERAEIE A2 5 NHRAEE ? TR K3 92 BA AT e k.
WRLEH] lazy evaluation MIZEEK M30 " AR proxy class, FAlTnl DAHEIR M JE ek
WG EAERPE, HBIFRATREHIET H ER 0% % .
® Lazy Fetching (HifE3EED)

H=A lazy evaluation [T, MRBARMFEFAEH T —2e &1 2 T BTN 4
IXEERT G (0 LA SR T R AT I, T DU EAT e A A i e 25 P L o B — R — A
ME— (R0 AR VARE, ISR MBS e v BT S RA R B
class LargeObject { [/ REFFAIS G
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public:

LargeObject (ObjectID id); /] WG S B
const string& fieldl() const; // field 1 HMH

int field2() const; // field 2 [FfH
double field3() const; /] ..

const string& field4() const;

const string& field5() const;

WA 8 — N AT K LargeObject HITTHS:
void restoreAndProcessObject (ObjectID id)
{
LargeObject object (id); /] REXNB

Ky LargeObject XS SEBIIR K, Ak I G3RIUIT A (5, icdls e 0 B A6 1) T 45
FEART R, e i SR NI R P v SR IO A A3 i 9 2% IR Bl S o AR XA B0 T
NGB A B . i, SR AT
void restoreAndProcessObject (ObjectID id)

{
LargeObject object (id) ;
if (object.field2() == 0) f{
cout << “Object ” << id << ”: null field2.\n”;

X HAAL TS filed2 B, BT RASRIBCHE 7 Bomi A i %5 ) #E TR 9%
Y LargeObject X G LI, AMEEEE Bt A 3, IXFEMIEEME I T XA 1)
e ARSI AOE —XHR “7e”, AT RN, XA B AN EE e P
[A]. 1XFP “demand—paged” XFGAIUHAI LI TT V22
class LargeObject {
public:
LargeObject (ObjectID id);
const string& fieldl() const;

int field2() const;
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double field3() const;

const string& field4() const;

private:

ObjectID oid;

mutable string *fieldlValue; e I RNIIEPS
mutable int *field2Value; // “mutable” 8

mutable double *field3Value;

mutable string *field4Value;

I
LargeObject: :LargeObject (ObjectID id)
: oid(id), fieldlValue(0), field2Value(0), field3Value(0), ...
{}
const string& LargeObject::fieldl () const
{
if (fieldlValue == 0) f{
MERZEh filed 1 SHCEHE, A
fieldlValue #& XM ;
}

return *fieldlValue;

XGRS B ] — AN 10 B B3R BT R 2R, LargeOb ject 143 s BN RET4)
IR 7 o IR S FR T ROR T BOR B B [ T B G . BEA LargeOb ject i A BEAE
Y7 1) BAREr B i) s 2 A 207 BOR R A HPIRES o WRIRET =, FEXHm AT £
AR Z i 250N ESCH 1 R B EBORT . ) B8040

SEH Lazy Fetching I, ARIETGAE — AN AEATAT 01 o 25U AT AT RE TS 2200 iR 1
FREHE AR ) SCSEREOE, AUHRAE const AR, #lln fieldl. SR 44RKIE7E const
J D3 BRBU A SR I, g P s o IR o R B VA W B ER ) mutable, JXEE
INAEATAT BB AT e e 2, A const B BREUE (S 0L Effective CH45k 21D,
XA AT AHE LargeObject BAMF B A W] 4 mutable.

KBEF mutalbe & —ANEUECH C++ HR0E, PTLURAT B S PE8s AT REANSCRFE . 2R 2
XA, AR EEARE] ) — TP Ak R RS SCVFIRAE const Jli 0t B BUHLAE el e 0t o — P 7 ik
mf “fake this” (£t this &%l , MREL—ME M non—const fiEl, RIS this
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Rt —HE . USSR AR, R “fake this” Vi) E:

class LargeObject {

public:
const string& fieldl() const; /] "AHEL
private:
string *fieldlValue; // AFEHL mutable
VARTS VB A E TAZ A N
I /] HFE

const string& LargeObject::fieldl() const

{
// FEWIREF, fakeThis, M5 this 7 1A RN 5
/) AR AT TR R B Rk
LargeObject * const fakeThis =
const cast<LargeObject* const>(this);
if (fieldlValue == 0) f{

fakeThis—>fieldlValue = // IXWRAE A E A,
the appropriate data // A4 fakeThis #8011
from the database: / /B A HE const
}

return *fieldlValue;

XABRHAE T const_cast (B WAk 2), LB T*this [ const J&PE. WIRARAI 9 1F
PANTLFF cosnt_cast, RATPMEHZZR C KA cast:
// A2 cast, KB mutable
const string& LargeObject::fieldl() const
{
LargeObject * const fakeThis = (LargeObject* const)this;

// as above

PR LargeObject HLAGFREN, WAHEIKEEIREAYILE N 2, RIA BEIAE AT E AT #8
WAAT I, XL NP i FLAR 5 3 B R R . SEIa i smart (RIY) $REF AT
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LB St 58 X Al 2, RARA AT AZ ML M28. WIRAE LargeObject HLEH] smart
REE, ARER AN 5 ZEH] mutalbe A EHTREF. X EUREFINT, N URSEIL smart F5H
R AR &2l #) mutalbe.
® Lazy Expression Evaluation (iR iA= 5

K lazy evaluation W) — M7 R A TH PR HIEIZAE AT

template<class T>

class Matrix { ... }; // for homogeneous matrices
Matrix<int> ml(1000, 1000); // —7~ 1000 * 1000 [FERE
Matrix<int> m2 (1000, 1000); // Ak

Matrix<int> m3 = ml + m2; // ml+m2

W H operator [ISZHIEH] eagar evaluation: {EXFMEWLT, ©a AR nl 5
m2 A XA TR AR 2K (1000000 KINEIZ D, MR RGN 2L AT RAT it IX 24

lazy evaluation JJVEULIXFHL LAERZ, FrLOC@AEELAM . 1T Nz — AN Eds
SRR 3 EE ml 5 m2 AR, 7R —AS enum R EAT IS IR fE . RETE, @
XABHEA I ml 5 w2 FINEERVE L, WRE T KRN AF.

BRI JE X ES 2 WA, AR w3 Z 07, A HATI T
Matrix<int> m4 (1000, 1000);

// TR md —Lefy
m3 = m4 * ml;

IAEFRATTAT LUS B m3 S ml b5 m2 (A0 CRUET 2 T UH R ITEY), 78X ERA TNl E
m3 J& md 5 ml BEMEER . AU, FATAHBHTIREIZHE . FOARAEWNER), 1079
%

XA L LA, R — AP IR RN IR SRR TS AN R (0 R
ANLHEN AR EERR EXAGE ELNIAMAE BRI TR AASIAT AT E I,
R P REF BB T P IR A, A3 ARG FH T SR A AT TR, Xt 2
WL o 38 I e AR T AR AT v R R SR LAY X Rl B R AR T RETE (S0
Effective C++4%3K 32), ANILIXAN BN /RA55R 25 HIK .

EE R 2 (] lazy evaluation ME—MRIRAL, FSHERAMELF T —AFH WL
P A BT U TF ZE S8 R —3B i o Bl B s FA 100 4R 4k m3 R ml T m2 1)
A1, AR5 BIXFEAL T m3:
cout << m3[4]; // FTED m3 (55 D47

IR, FRATARETWNE T, NiZHHE m3 DT E. HRRMBARREOE R, &
ATEAT B T w3 SEPUAT LMW S5 A s m3 AR RS 2 IH ORFF R vF SRR S T 2180 5 75 2L
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EATME. REis, JAT—HATFE.

TAVE AT RIZ AL ? FE R T AU 2256 s XA ] BEVEAR Ko SEBr I Tazy
evaluation HAfFfET APL ¥ 5. APL J2AE 1960 FFAUK LKA S, RV I THIFRI
AL S A EEE AT e M TSI IE S5 RE T30 BOA BLAE LB HL R Fr s, APL 2R HI
EREUS AT REAT R RO . e, LR RS PRI M S ORAEFEANBR | B B lazy
evaluation. XA HE AR, BB APL B N SR DURE B AN 2 Rk A A7)
ity LA R, TR AR EEH /N B . APL 1] lazy evaluation KL EA]
TS B D) - R T BB SR, AR R T BB . SKbs 1, IXAEST
VFHPHE — B IRAABESC K eager
evaluation HITFEHL EAZH A SRRV . DAETH AL BEAR bR, (HR B et
Ky P sEshZ Ly, B DAR 2 BRI R ZE RS AT IR T 1azy evaluation.

NIEMTE, WA R RI AR FEE ] m3:

cout << m3; // ATHY m3 A f{H
—UIH5E T, BATBIT S m3 (AT B . FIRE A 2 m3 Bk AT — AN, Tk
(DY TRvAT IR o
m3 = ml + m2; // e m3 2 ml 5 m2 A
//
ml = md; // BUAE m3 A m2 5 ml (IEAEZ
//

X IRATBA VLRI HER AR LS ml LUG A2 m3. 7E Matrix<int IR ERAE
FEIL, BATREWAESCE ml Z A3k m3 A, B AT LSS ml 1 THELHIAE — AN 45 DLik m3
WA F XA DUTHAT, AL AR B M % m1 I UG m3 IR RRANAE oSBT RS
8 TSR B2 F4) o 2500 0 200 FH IR 1 7 2 QA 2

DS R 5 APl P AME TR KOG R, HEAP PR MO R LR 2, SERURAERT
BIARAEF « 75 VL ERAVERUMIEERAE, FTLA lazy evaluation fE0AAURNY R Z . 5—TF
TS AT I e 8 1 48 K PR B ) R 2
o &

LA 3 PUAMG] 7R T lazy evaluation 7E#/NMIUSASE A N : BEBERATTE NN S
UL, BIEAEH operator [1DX4r HYBLARAR, MBS ANT ELI B PR LU, 8 AT 21
HOFAE . (R EIEAE R o U SR AR K A BE R KA AR 10 5 18], 84 Hi 2 4
D AU DRI LA SEbs b, W RARITH RO B2, lazy evaluation WJRESS
Pk N 3P 3G 0 I AF AR, BRI R T AT BT AV S LAAL, ARIE i ZR e P s 45 K41k Lazy
evaluation JEA[BEHILE S — B MNEAT . (ERLURG i N ZREAFEEAT IRk T LAk G i) vk 5
X lazy evaluation 4 & K.
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lazy evaluation X§ T C++RULE A H AR AR TE . XANHRBEBOE A T4 FiiE = 1L,
JURIE F W= 4 10 APL. dialects of Lisp (3¢ LT FIEHRAIET ) HHE Al AL
HTET AR SR R P BEVHE S R /& eager evaluation, CHHgiftiE
o At CHHERIEE A I 9B lazy evaluation, [RAE NS SR (K SRS AEAE B BLINN
lazy evaluation, [MARASANHLESEIAE & %NiE .

A F BT ARG B, RERBEAINE R eager i6 /& lazy evaluation, 7E
PR A A R ZE e X BRI LA B eager evaluation JjVERSEHL—
AN, AR IRARTIEL profiler P (S LA M16) o AL — AN REI SN,
il LU lazy evaluation FIZRSEIUREAE (I Effective CH453K 34). X FAT
FH S BT SO AR PE RE 4 iy CROBT S PR RVRE R ) o SRS & S I R A 25 =K
AR 56 A T LAk it 7 47 0o

6.3 Ttem M18: 4 HAMEILIAEN)HH

TEAHMLT v, JoAR I FREME A0 mi, P REHBHESE IR 1), I EL AR 1 B £y 42
EREF IS AT RO o AEIXA ST IR R — PR . X AW . SR
LR AL s LR R IR 22 2, 3 I I A 7 2R s R A (R PR g o IXAN SR A% L h 2
over—eager evaluation CidEERETHENE): (EERARME L GidE LLFT st 58 e AT Bl T
TSRS, FIRF ORI K B e 1) — ME G
template<{class NumericalType>
class DataCollection {
public:

NumericalType min() const;
NumericalType max() const;

NumericalType avg() const;

¥ min, max F1 ave p& 7 il iR [AIELAEIXAMES R ME, B RAEAFEME, A =MJ7
TESCIUIX =l k. I eager evaluation (BUETHAEL) . 4 min, max Fl avg pREHE I H
I, ARG A A T OB, RS IR A EE R . fiTH] lazy evaluation (it vt
B2 BV ST S R 3R 3 [V P AT 14 5K e 53R [ e SACAf o A s 5011 P it &t 4 o
il over—eager evaluation CiLJE#VHTHREIL), FRATMEIN ERER H AT 8 1R /ME, &K
A58, 3X A2 min, max BE ave BRI, FRATTRT DLAS HI vt S50 7. 0 30 [ 1 A ) £
W RIEA I min, max M avg, FAHCEREAES fR/AME L SRR BIE K TT89 70 7 2 B
XK A b, BRI ECR T PRI RS EL eager evaluation B lazy evaluation
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LN
FE5BL7E over—eager evaluation J& [l IS ARLZ URAR UK — N H SETR BAEREAT, AR5
AT RABE AN B8 45 1 e R A B U TH ST SR, SR T LB AR AR T S35 SR IS (R T4
K over-eager ffaj LKA caching (Z247) AL C a4 vH S R LUR IS A 7]
RETE M DIUNRG S T — DL, HISRIRBEA O DI A B, X L85 R o il 20 0 4 7 2
I i B2 PR 7 B ) Bt o BB ER A AE Sl 2 B, (R X - K2 M 2
K, iSRRI S HE AR, B A AN S AT . TR AR R 4
Holls PEE T E M 4, PTLAGR S — AR 4L findCubicleNumber, JHSRZZAE T4k 2104 .
PUG it 2 2R MU R 1) S5 1N, W BLFE cache HLERE, 1 ANFH 1) Hodhe J2E A A
LAUR 258 findCubicleNumber fR)—Ffik: EAEH] 7 ARMERNE (STL) B map Xt
% (HK STL Z WA M35).
int findCubicleNumber (const string& employeeName)
{
/) B XA map, 7 (employee name, cubicle number)
// pairs. XA~ map & local cache.
typedef map<string, int> CubicleMap;
static CubicleMap cubes;
// try to find an entry for employeeName in the cache;
// the STL iterator ”“it” will then point to the found
// entry, if there is one (see Item 35 for details)
CubicleMap::iterator it = cubes. find (employeeName) ;
// 7it” s value will be cubes.end() if no entry was
// found (this is standard STL behavior). If this is
// the case, consult the database for the cubicle
// number, then add it to the cache
if (it == cubes.end()) {
int cubicle =
the result of looking up employeeName s cubicle
number in the database;
cubes[employeeName] = cubicle; // add the pair
// (employeeName, cubicle)
// to the cache

return cubicle;
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else {
// 7it” points to the correct cache entry, which is a
// (employee name, cubicle number) pair. We want only
// the second component of this pair, and the member
// “second” will give it to us

return (*it). second;

ANFERAN STL AT SEBRAN Y B (FRi 5843k M35 LUG, RS bbiBs A8, Mazitid =
DA XA R S 17710 e IEANTTVEREAE ] Local cache, AN AN K (1 A7 75
B = AP R NI < i I T R CTIRE 2 N IV 1171 SO ¢
findCubicleNumber WAEHI 22 A7 25 /b3 [0l B 8] - 1R~ S5) T4

CRRACH AT DA FH MR, e — MBEARIIK R (it) . second, A2
WK it->seconds WATA? BZRIXIEN THESF STL (RN, Hi b, iterator &—
ARG, ASEIREL, FTUAASRELRUE” —>7 WEMN e B, Ak STL Bk~ .7 Fl” +”
fE iterator FIEAILM, FrLA (kit). second 7EIEE E AR LLRE B, (AR MRIEAEIZTT.)

catching &—Fh o MESIEE (ST RS0 )% . Prefetching (FRED &% —HFrik. K
A DA prefech R8G0S RS il 1 SRAS RIFT 411 o 9] dnn it 42 1) 2 N B e OB I, e
AT 2 BRI R Pl A g DX R, BIMETRE P A T 2E— NI o IXJ2 TRA — IR — Kk
B LEAEA TR Bf TR) S P AN B A /NSRBI BEAR . 1T B0 o i SRR A s ) 28
JUJAR AT B 7 B e S5 A o XA BAI SIS . IED RIS, R WA E A G B
e A RS A8 HI R4 cache FINAE cache, A #1484 prefetch.

PRUARA RO G TR CPU cache IXFHIRKIKIARTE . BA W)@, prefetch 7
g I FH LA A 4R % dynamic $CZ0 SEI— MR, dynamic & FFAGIT BAA — 2 1
JF, BUGWBLE S AL, LT e R 5 1 #E Ak

template<class T> // dynamic 24l
class DynArray { ... }; // KRR
DynArray<double> a; /) RN, A alo]

/] ERTENBH T H
al22] = 3.5; // a BT R

/) BAERG] 0—22
/] FEBIEN
al32] = 0; // B BEATYRE;
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// BUE al0]-al32] BATEM
—> DynArray X R UMATAETT LN BATY W ? — M E 8107 VE 2 o BTl A 1 A
1o UG
template<class T>
T& DynArray<T>::operator[] (int index)
{
if (index < 0) {
throw an exception; /] PRGN EE
}
if (index >4FTHEKHIRIUE) |
VA new 43 BC LB IEAN A7, DIEAS
EGIREer
}
RA index {7 & FIMEAICE;

R B I K I, IR VAR EE A new, {H/ZYH] new £filtk operator
new (Z WL M8) , operator new (F1 operator delete) IR B H ITAIIR K. e 1
SEURZHAE RGN, RS0 3R — R LR P o 50 T 1 T3 RS o DRI 3RAT Y 1%
R /DA RGO .
1§11 Over—eager evaluation Jy i, S0 PRI FRATTILAE DA 200 N4 i) RS LA 2R 5 4,
TR AR AL AL U FATA] BRI 2338 I B AT ATEAR BN § K e RG] h T
BEG AT RETTEAT 35 3k (PR ) A AESM T, FRATTIRAERS I DynArray (9 R LGREAE 1 &
VERSFEER, BATIAS ARSI R bl 6, & AE FRAT TSR A (VS L Py o B BT m] DU A 4 5
DynArray: :operator[]:
template<class T>
T& DynArray<T>::operator[] (int index)
{
if (index < 0) throw an exception;
if (index > MHIHKMERIIME) {
int diff = index - 4ETHKMIRTNE;
WH] new 2 BC 2 HIBSNNAE, 13 index+diff &iK%;
}
IR [H] index £ FRIEAH TG
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XA BB 3 BE IR N AE 2 BT T I N AE I A% o WU RAT T PR — R T & 21
TR, oy B DynArray 2L T —IRESE A, RIMEE 18 8 RS e T I I
DynArray<double> a; // AU al0] ik
al22] = 3.5; // W new ¥ &
// a WA T B %R 5] 44
// a WiBHRF
/] A&H 23

al32] = 0; // a W R
/] RESCR, Vi al32],
// ABRBEATIHH] new

MRTHRFEY o, HERMEMHTRIIAKNT 4, T RIFFRHA K.

WG L 2, AR T ST FEE Z N A7 . EREFSATIN IR i
AME BOKAEAIME, X TEAAMY R0, (R A . Cache IEH 45 L THEE 21
WAE, fHJE— ELRR AR AE N 45 R it e ek D 55 B AR UK 1) Prefeteh R 247 (R
B4 prefetch ARG, (FZEIRAD TV R AR . B T TR A R 1 4
W AREE LU R (] CORTATAS BURIXFE, Al IR0 S R NG & LN A7 8L cache
o AE—LEE DG BL T, AL N R BEARER A (R PERE DR 20 TOERAE IS I (P B A
RGP AL B, cache fy P g BAIG, B B #R RN R AR o o R LR I T X
FER ]I 2 YRS profile, profile, profile(ZW.4# M16) .

FEAR S TR I E L, BB over—eager J7 40 METRIILH S (I TF4Y, Bl caching
Ml prefething, XIHFAGRAESLHK MIT PEEH A K lazy evaluation BT E. 4
PRIAG SRS L VR T AN ST B 46 N, lazy evaluation A& 7EXR IS 548 H (4 F LASR 5
FEIF BRI o AR D6 0 S A S A 1T HL 45 LT B B T B AN 1 — R 75 2
over—eager JETEIXFI AL FH ¥ HI LARR i B2 P R I — R . e AT BT = A 1 BRI Pk g
P EIE IR IX Ty T AR LR ) & E A1

6.4 Item M19: FMRIEI TSI RIE

REF DL AT AZ R AT T8 A BTG 2N B T B A2 R A i B 22 o 510
£ N X B swap (S24) 4172 .«
template<class T>
void swap(T& objectl, T& object2)
{
T temp = objectl;

objectl = object2;
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object2 = temp;

WHEH temp MBI 5. Ak CHIME, temp MAARIGI AR, B &R
B JR R 4

75 CHH I IE MG R SR B AW, ST RIS o g7 — N 44
(FEHE (non—heap) X2 ARG R 5o XN A AT 4 KN GOBHE WIS R4 AT
A5 1R K08 Dy U P T AT 8 XSS 20 2 0 R e K500 [ % T o SRR i R Ay % J ST R B f
GOEARE LN, ORI RURETBCE AT T TR 0 TR 3 A 1 Bk U 45 AN T A 52

T 57 18 A A R S S T R P T S ST I X AR D o AR IR LS BRI R S S
RMIAVE LI 257 AR TP O o ) a0 — A R B & RV S — AN P RFAE 74T R b I TR
// R[] ch #F str WP LI AL
size t countChar (const string& str, char ch);
char buffer[MAX_STRING LEN];
char c;

/] ENB A TR LR, A setw
/) BEREAER A AT
cin > ¢ >> setw(MAX_STRING LEN) >> buffer;
cout << “There are ” << countChar (buffer, c)

<< ” occurrences of the character ” << ¢

<7 in 7 << buffer << endl;

& F countChar A H—MALE NS EUL FAFEEL, (HUZXT Y s IE 4 46 e
WS EIFE A const stringk. PCUTHBREBIAILES, A REMIIIHEATIZAN WA, RIS
PERRAR SR B, TV R S — A string BTN % o 35 BL buffer fih 2%
WA string MRS BECK AR X NG XS countChar (4L str B405E 7EIXAN IR I
(] string %% 1. 4 countChar IRIFIIN, I % H S B

PRI R B HAR D7 OSBRSS — 2 WAGK M5), H& BRI R, I i
string Xf G IR IE R BORAS LB TR . TBH AP LA RR e . — Rl FHi i
RIS, AR AKX R . IXP T IEAE 4K M T FE R b o S — i 7 il
R AT AN P 5 SR I e, 25 M21 Tk T an iy 254

PSR ALAE (by value) J7 AL G uliftid ¥ 55 H] (reference—to—const) Z4
I, A2 RARX BRI, Uik — N ER DI (reference—to-non—const) ZHN 4,
WA RA . HE— XA R
void uppercasify (string& str); /) str R

/] BERKRS
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TEFFFE R 7 1, e B DL 3% char 2021 3 countChar Hr, (HJ2 /53X BLKE A char
A upeercasify pREL, WAL RLD):
char subtleBookPlug[] = “Effective C++”;
uppercasify (subtleBookPlug) ; // AR

BT A AT D) iy AL s ISR 5, A A e ?

BN AR 5, AN G it 14 5] upeercasify o, B SO AN N
W%, B FERHSUR RS . HEN subtleBookPlug B8 HCH 1) B iF S 808 AT (FA0] $E01 5
UL EAE T I M subt1eBookPlug A2k string X% . TCAEXA LT T A5 221 B
Bi4E# subtleBookPlug 241 %| uppercasify BT, WEEIE subtleBookPlug IMEH . 4 F%
7 B ORI I X S0, XEEE S (references—to—non—const) AT IFR A
A HME DRI X B o XA AT 4 Crilr 548 1A HE R # 5 1 ] (reference—to—non—const)
PRI X % . XFEAEH B SIH (reference—to—non—const) ZHugh N4l $1)3%Ff n) 11

ST N0 G2 55 PR i bR R [P0 B o 5130 operator+ IR [ — MR %, L
FOREFIH N (S0 Effective C++ 453K 23). HlWIZh 2 — A2 Number, 1X
Rl B[] operator X FE 75 1 .
const Number operator+(const Number& lhs,

const Number& rhs);

XA R H IR IO I 1R, DA B lir 44 & PO BB R [ o PR b 2500 BRI
Wi H] operator+HA & AR EOX AN RMAS AR . (A7 8 AT AR [FME & const ITEARERE,
Z L Effective CH45ak 21)

T ARAARAT X FER RS . X T IX e s, AR AT LAY) 2] operator=, 1S A .
Sk M22 R AT T IX AL 4 1K 77 1 o ANId 0 TR 2 B0 [ R K s ok Ui, Jev D 31
ARV BRI, AT AT I T G b e OB TEGR M o 52 D AEE S EBOA Ik e . SR TR
AIILEE 2 (0] XS R Aty , AR, AT IR AR AR ik g IR (R0 G ek A DL
VIR PE R UUAG IR I 0 G o IX LSty S5 DRI A 2501 A2 1R MHE AL, X0 258K M20
N2

ZE PTG GO A R, B AR 120 0] Bt 25 B AT, SR S B 2 I 25
H OS] BEE AL Im I R A TT o AEAR I L2 W3 H 85I H] (reference—to—const)
SR, WAFAEEL I R AL S8 LR T REVE . AEAT AR I U AL 38 o 80K [0 4%,
WA — MG G (UGB . 54 T HRIXLENT G, VRAEAE &0 35 1 i
i g PR R T B A 0 2 S TN R BE

6.5 Item M20: BhBh5ERGR BIERLL
—ANIR[AI G R AR MEAE T = R8O ARAEIR (]2 3 B8 FH X S 08 R A8 18 AT ATT A
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BB (B WA ML), R T AR G i) o T RBUAR A 8 — AN BRI BB AN TR IE IR Y
AT R D BB AR AIK A e iR Bl T X5, A IMNEAE R P % e it
FX,

%18 rational (F7 BILEL) 28I B 54 BREI operator:
class Rational {
public:

Rational (int numerator = 0, int denominator = 1);

int numerator () const;

int denominator() const;

/] RALIRBUEZ const HIERE, 2 WA M6,
const Rational operator*(const Rational& lhs,
const Rational& rhs);

HRAHE operator AT, FRATHUAE & & IR — X5, B ek 2 N
MEBBCF TR AR XS AR RN . operator WM fEE 5 3780 SR ah
EATRTH RS R ? X RATTREN, FrLLe A AN R IR S . AN CHERFE AT
SRAE DO (R ) S AL U U7k, BB R ERARAEIR M X & (S W, Effective C++ 5%

K 23 FIZK 31D,

A TR RS, TS B PRSI A%
/) MAN G BRI RE G R R0 B0 T
const Rational * operator*(const Rational& lhs,

const Rational& rhs);

Rational a = 10;
Rational b(l, 2);
Rational ¢ = *(a * b); [/ RBEAFIEFEAR “IEH 7 A2

EART IR AN R R T S 2 B eR BRI G R BT 4?7 B Rl S R, JF
HAl# 2 2SI .

BRI IR G T XA R AR A2 R,
/R SE R iR CRIANIERD) T35, FIORE S dR [A] 0] 4
const Rational& operator*(const Rational& lhs,
const Rational& rhs);

Rational a = 10;
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Rational b(l, 2);

Rational ¢ = a * b; /) B EERGH
R R BER IE ARSI . — Bl ) 7 i X 1

/) Sy RSER 7L CRIANIERRI) J7ik, HIok

/ WE IR [E0] 5

const Rational& operator*(const Rational& lhs,

const Rational& rhs)

Rational result(lhs.numerator() * rhs.numerator (),

1hs. denominator () * rhs. denominator()) ;

return result;//WQ Nk REIR, HIBRMNZOERNFET

BRBOR I ST, AR N R CRAEAE T o BRI — AN ) J5 o %
result {151, 2 operators IR N result # F B IR [FIFE 7] SRS S5 1,
AR5 | L A RS o

MfER: —2e%L Coperatorsth /L) MINFIR[HIN G . XL EATRBAT 71k,
AZEHHXHT, A .

PRI BRAR AR [E] (R0 S 1055 T AN SR 3 — B R (R ik 4 o R WL RK R
PRAN N 120 R EGR BT R0 5, RN N AZ R B TR o R BT IV L R SR IR 5% )
G113 BRI IR B G TFRS ok, 1A LB SR G (FRAT T A TR B I 55k i
TR o WA 5IX L RAH G, HEIL 2 0G0 2 /D0 A e ?

DARER 7 1 [0 52, BB L B W AR I IR0 S PR A 5 XA 5 R 00000 5 S AR i ) o
IXFE I &R F] constructor argument TMANE BRI G, ARAT A FEL:

/) R RER I Tk, R SEIR
/AR A 5 ) e K
const Rational operator*(const Rational& lhs,

const Rational& rhs)

return Rational (1hs. numerator () * rhs. numerator (),

lhs. denominator () * rhs. denominator());

FAMEPERIPREN . EF EEFZRIEAAMA Rational HIRIERHE, SLhr BAfL
XA AR XA RIS XL — M ) Rational X%,

Rational (1hs. numerator () * rhs. numerator (),
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lhs. denominator () * rhs. denominator ()) ;

I HIZ DS, e EEEE P DL e 2R [0

I&[H] constructor argument MANHHLRIEIX 5, XFOITVEE SR RIRZ I, K
SAARAT TH 206 250 A3 A1 R E0PA W B 0) 5 P R e OB T A EE AR, AARATS I A 250 Ay B B8R [ 2 )
Ry FORE TR A H AR . (HRARCERAT T hrAb . CHIN ST VR g 3 5 D0 ALAS HH B R s P o)
% (temporary objects out of existence). KULWIRARIEL N IIALEE I operators:
Rational a = 10;
Rational b(l, 2);
Rational ¢ = a * b; // FEIXH A operator

G Pt 23 SCVEHBRAE operator PN ¥ I I A8 5 M1 operatorsl [Hl (Y Im N AR 5o BIAT]
RELER HAR ¢ 2B i) A7 SIS return FaR 208 LRI B o AR IR ) g PR 45 XA 2248,
M1 operator*Hyilm I G TR 2 % WA NIRRT 5o ARAAHT A2 W] — M I e
B— — 7 ¢ WA R IE R . i BARARELCIZ IS 4 1, KA ¢ dan SR s, dedaxt
SARERONR (S A M22) . ARLARie a] LLE I R EH BI04 inline SR ER operators
WIS R E LS W Effective CH 453K 33):
// the most efficient way to write a function returning
// an object
inline const Rational operator#*(const Rational& lhs,

const Rational& rhs)

return Rational (1hs. numerator () * rhs. numerator (),

1hs. denominator () * rhs. denominator()) ;

“UF, AEET, URWEEHLGE, AU, OGO PERR BRI 4 7 FRARSNIE EA AR S A T AT
2, Does any of this nonsense work with real compilers?” It does. IXF4FERHIL
W — — A e ) return A7 8 B LR R B F A7 B — AR EOREAD RIHER R
PO TR 5 — — 2 AT B AN PRIl SR o e RIS — AN 4 IRIEMEARE (return
value optimization) (WQ BWE: 7E CIRERZE C+-+MIHEAL) A7 8 2 HIEdNmUFA,
‘B2 J named return value optimization. {H{ER, IXFRLALIE M AR S 5T,
e AN RS P8 VUK e BORARIE IS AN E, e 8502 A IRTE ROERI AT T
AHEEFHRATTRE T Do b EIXFMEAGA B C 4 A G o] DURERE A A4 e ) iz H Al
o T4k CHgm iR A T 5L 2% ) B 45 B g 1R 2 15 A IR [RME AL Th B ot R — /N 45 e it
AT AN RATARTG? 7, AR E RS RS AA. W, BEA Y,
AMNARTAEN 1%L Z . GEARVEZ R, PEE R YA RN #E ) )
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B

SO BORAAT o TR, A LA, SR T, N T AS A, A
B b b S Je — B S SR
“Yeah, yeah,” you mutter, “optimization, schmoptimization. Who cares what compilers
can do? I want to know what they do do. Does any of this nonsense work with real
compilers?” It does. This particular optimization — eliminating a local temporary
by using a function’ s return location (and possibly replacing that with an object
at the function’ s call site) — is both well—known and commonly implemented. It even
has a name: the return value optimization. In fact, the existence of a name for this
optimization may explain why it’s so
widely available. Programmers looking for a C++ compiler can ask vendors whether
the return value optimization is implemented. If one vendor says yes and another
says “The what?,” the first vendor has a notable competitive advantage. Ah

capitalism. Sometimes you just gotta love it

6.6 Ttem M21: T ERIBE ALK A
PLUF A —BeARAS, WREH AT HRN, SLERARAART:

class UPInt { // unlimited precision
public: // integers 2
UPInt () ;

UPInt (int value) ;

b
/ /BTN AIRIPMER const HIfER:, 2L Effective C++ 453K 21
const UPInt operator+(const UPInt& lhs, const UPInt& rhs);

UPInt upil, upiZ2;

UPInt upi3 = upil + upi2;
KEEFEART AL A IAPG. upil Flupi2 #54& UPInt X4, BrLle1Z aAH i
W2 UPInts [ operator pA%Y.
AR 18R TR ) .

upil + 10;

upis3
upi3d = 10 + upi2;
IXETE AR BB AT o iR R I AT B N S AR AL 10 F 4l UPInts (S
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ZAM19),

Lh G PR 58 IR Tl S B R A SR AR T 3, (F SR ST R AT A e e T A
FERS R, 1 FATTAAE ARSI o 3 5K 22 BN R BORT IS B2 2 170 AN AR oAt — 4
R HL CHILT AT SEREAT B I O ST RS I B U B 3 o (R AE TS AU R R A AT
TRTING, FRATTUA EIX 4 A 2

IEFRATEGR 20, YARBITATH H A I EAT R e, Ti& M UPint A int
M ZHOM R operator+. Bax AL - 2 FISRIA 3] H NI FB, AR BT ERE FB
S HI. AR LU IhHEAT operator+KIRA 2R, & B KA R T R e 1
B WA A ZAE UPInt AT int XFGARDN, S 7 B an N LA s Eos 2IX A H Y,
N REAE AR SRR,

const UPInt operator+(const UPInt& lhs, // add UPInt
const UPInt& rhs); // and UPInt

const UPInt operator+(const UPInt& lhs, // add UPInt
int rhs); // and int

const UPInt operator+(int lhs, // add int and
const UPInt& rhs); // UPInt

UPInt upil, upiZ2;

UPInt upi3 = upil + upi2; // LA, B upil B upi2
/R X 5

upi3 = upil + 10; // 1Effi, %A upil or 10
// HE R IR 5

upi3 = 10 + upi2; //1EAf, WA 10 or upi2

/A I IR

— ELURIT 46 F oA R ORI BRI 3, IRt W] RS FE 75 B R, 8 A OB SE R
i
const UPInt operator+(int lhs, int rhs); /] R

AL GE . X UPInt A1 int 287, AR B vl RERI 4L A R AR
operator &L, bR H T =FERRE, ME—IRbEHa M int 241 operator,
JIT LABA AR L

HIEILA? AF Crip i — N —ANFERI operator UAHA —ANH F e LA
(user-defined type) Z 4. int At e SRR, JrAFRATAGE AL operator il h
DG A [int ) B SHUN R 4. (U R B X 4R, B DUR e T B4, XA
il H SR P I NTREL I i . Ll I FE 2 1R 1Y operator, M4 int ZEAUAH NN
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o)

R FH T AR G s P 2 1) 7 R B I AE operator A3 L. HLlfE K ZHRERE P, IR
MAVHEFTEREMEH] string XA, B—FErLMEH] chars, RZIRR. [FFEL0RA
IEAEAE ] numerical (BU7) 28, il complex (Z L4 M35) , #kAHiL int Al double iX
FEMIE AT LU FIAE numerical XRIMEMTHL 7. BIATATHH string. char*. complex
SRR EOT DR EE 307 2RI BRI e e

ARk, 2D 80—20 AU (2 WA MI6). BAT L ESLHUR R FER R, AR
A7 B E A A5 R A A e R DL S ORI AT B R

6.7 Ttem M22: HBMIEHAFHMELNK (op=) BAFLBMER (op)
K2 BRE Y GOA U R AT TR S AU

X =xty; X=X~y

JR A ATt e XA
X =y, X ==y,

WHR x Ay 2 L2 (user—defined type), FANRERAIGRIXFE. 3t CHokiit,
operator+., operator=#ll operator+=2 [AJ#RAIEM KA, KILIIRIRAELEX =4~ operator
[ AR TE AR IR 0GR, w2l 3 DB eAT. W3, operator —, %, /, 55550
—F.

1% operator MIR{EE R, (assignment version) (il operator+=) 5 —> operator
(FEMIE A (stand-alone) (U1 operator+ ) ZIAAF/EIE R KR, —MUF ik mE (47
operator+ BEHF) WIEHIE (I8 operator+= BFEFHIE) KL (ZWEAKME). XIEE
G
class Rational {

public:

Rational& operator+=(const Rational& rhs);

Rational& operator—=(const Rational& rhs);

// operator+ HR¥E operator+=5CH:

/R ARIEMETE const HIMERE,

//Z W, Effective C++453K 21 Al 109 BT (147 CSEILIA &AL
const Rational operator+(const Rational& lhs

const Rational& rhs)
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return Rational (1hs) += rhs;
}
// operator— fR#E operator —= EZI
const Rational operator-(const Rational& lhs,

const Rational& rhs)

return Rational (1hs) —= rhs;

FEXABI B, IWEIFERSZI operator+=Hl-=, [fij operator+ Fl operator— NI & ik
T TR R BRI B S Dhae. X R, HHYEY operator [MIRAETE Xk
77 o T HARAER B operator BB B AEER public #HH, XAk operator KM
MIE B AN A TG (S, Effective C++ 48K 19).
WERARAN EACHTH I operator HFMUIELAURAE 42 R 5L, T8l vl DU BB AR
FAOE SCH BR B i S -
template<class T>
const T operatort(const T& lhs, const T& rhs)
{
return T(lhs) += rhs: // SRR
}
template<class T>
const T operator—(const T& lhs, const T& rhs)
{
return T(lhs) —= rhs; [/ BT e

i X 2eAbitie, L EE operator WA{H B 2 LREMRAY, — H 752, HON W K] operator
BB 1 E 3R

KRG S SRS, AFE RN AT 1k, FRATEBRAT % ISR M, R e AR I
. AEIX FAELHHR R = AN RCR TR R . 55— BRI operator [MIRETE L
BB AR, PO SR AR ] AN F S, DL I I X6 S PR R s FIORE 8 A7 —
BETTAY (2 DL M19 N4 # M20, 64 Effective C++4%3K 23). operator FIIR{E JERIE
SR ERENMSEE, KA TE A G N 5K 790 operator (IR [FIME .

#5324t operator FIRAETE 2 At ZEER AL ICARUETE 2K, SRVFR IR 7 i (8 (5 )
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B3R MG Rk p . WA, B T ARE RIS -

Rational a, b, ¢, d, result;

result =a + b + ¢ + d; // FTREHT 3 ANImI XS %
// & operator+ M 1 4

I SERXMEG S -
result = a; ENILipIES
result += b; ENILEIRpES
result += c; / /AN I 5
result += d; ENILIRPIES

B & LA S90S« debug N4, FE HAE 80 % I a) BLE Pk fE 2 T DL 32 1) (&
WAHK M16). Ja# BA S a iR, ATt FIEgnis 5 P ok S 2, it
AR T %, AT DAL i N 53 S b B 13 1 B K operator SKIF R
debug AR5, [N B RCR H 1 operator TR IESUEAR MBI . i HARYE
operator MR SEIIL B, IXFEIRREMA LR 175 5 s N —Fi I D)4 81 75— P
I, FRAERTE T LR REANAE

B Ja— i, W] operator HMIE LI, FHF operator+ ML
template<class T>
const T operator+(const T& lhs, const T& rhs)

{ return T(lhs) += rhs; }

FIEA TAhe) T T 145 DURGE R el — A IER %, HAE5 1hs —ff. X
AN 0% H 2K 5 rhs — i H] operator+= , HEAERIZE BB operator+iR[al. XA
IHEAH SR AR . KRS AR ETLFA?
template<class T>
const T operator+(const T& lhs, const T& rhs)

{
T result(lhs); // ¥l 1hs #| result 1
return result += rhs; // rhs 5 AN IR [E] 2 R

AR L5 B AR AR ] (R EAT T Z AR A AE B R 22 o 55 MR E 5
A S, result. XA RERAEANGECE operator+ HATHIRFIELML (2
Zek M20). S5 — Bl SBT3 T LG ATR [FHEAL AL, BT DAg 13 s 4 JE AR D Ae ACRE F T g
RS PN

T R S AE AR AR
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return T(lhs) += rhs;

PR 22 B P68 A SEREAT IR0 [P DAL BE A2 0% o Lt B8 — A R B S I A7 T A P M B o5
ZIVES, B AR AL i 0 5 result TAERITTAS —FF. SRR A 44 O A D s LB
T 440 G Dy T B DRI 2 FRAT T TR 7 i 44 X6 GRS 06 G (R EAT R BNy, FH I I o) 5 5
G, CATRFER I A S LA BN R, R AT H E g Eas i, EIFEs
o

X BRIRI Air 40 5 R dir 440 G NG AL AR A BRIV, {H 2 21— 52 operator
MIR(EIEC Coperator+=) LLHIMIEI (operator+) RUR T Fy. M —APEREPBETHE, N
S EHGLE, WO AN IR RIIT R FELSE 5 FEVEREIN IR N 1% %5 8% F& H] operator
RAE T A B 5

6.8 Item M23: XRAEFETFE

FRIPEE v & — T I A o BRAR O RE P PR 2O /N L PR 3ok, R
WS AR EO . S . BT R SRR AR AR, X
WRALEAEN o A R R LT AT URAG IR PP P — AN RE R RS M . AT K D RE IR IR 7
PEAN S AT B o B A iR (RS P AR A VG B2 AT BRI SRSt S L, IR R AT
BEAFRVE, B

AR BT H AR X AT T AN AR e S AR T TIZE BTt At 7 AN [F) 9 45 G
DR b — M P AN A [R] Ty BRI 0 3 56 A AN [R] 1 PR REARFALE

Blln, %58 iostream Fl stdio FEJFHE, XFF CHFET G ULHI & # A& T LAEFH .
iostream FE/¥ L C ) stdio MELATJLAMLAL (B UL Effective C+H)o GIAIE R %L
A1) (type-safe), EIEn[H M. ARIMTERCE T, iostream F&/F S &AL stdio,
o stdio PRAEMIPATSCAE Y fostream ;= AR AT SCAFAR HL RS /NI HARAT LR

WS AT R 1) B . BEAHAEYR iostream A stdio Z MJFIMEREZER, — M7 VAR
e HIX AR P BERIZAT benchmark 2% o AN ARUZCAE benchmark 438t . A OARME
S — A1 H BE A AR AR Y BRI R A SR s, i ELA A S R U, BRAER TR
JHUEIT AR AR IR 2 7 i BT AR AR « AT benchmark 38 A2 R AT 7] — A ) 5 (0 AN 7] gt ¥
JRERF L s — 2845 B, B DU 58 2 KSE benchmark /& BRI, HJ2 2K EAT 1 2
BERM

AEFRATIR— AT benchmark F27, HIMRAEIEAN) 1/0 Thig. X AT MFsEs
NBEHL 30000 AN R8I SRS HE e AT LA I 5 Ff0 ks X5 BAR AR H R o g PRI TIAL BEAF 5 STDIO
P Sl stdio it iostreams QAR E X T RXFF5, Wit stdio, FMEHHAEH] iostream
PR o
#ifdef STDIO
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#include <stdio.h>
felse
#include <{iostream>
#tinclude <iomanip>
using namespace std;
gendif
const int VALUES = 30000; // # of values to read/write
int main()
{
double d;
for (int n = 1; n <= VALUES; ++n) {
#ifdef STDIO
scanf ("%1f”, &d);
printf ("%10. 57, d);

felse
cin >> d;
cout << setw(10) // WE field i
<< setprecision(5) /) VBN E
<< setiosflags (ios::showpoint) // keep trailing Os
<< setiosflags(ios::fixed) // AT H XL
<L d;
#endif

if (n%5==0) {
#ifdef STDIO
printf ("\n”) ;
felse
cout << '\n’;
fendif
}
}

return 0;

HACIEREI AR BRI R, E XA -
0.00000 0.69315 1.09861 1.38629  1.60944
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1.79176  1.94591  2.07944  2.19722  2.30259
2.39790  2.48491  2.56495  2.63906  2.70805
2.77259  2.83321  2.89037  2.94444  2.99573
3.04452  3.09104 3.13549 3.17805 3.21888

KR R B T AL iostreams M AEIXFPE AL 4 fixed—format 1/0. 44X,

cout << setw(10)

<< setprecision (5)

<< setiosflags (ios::showpoint)

< setiosflags(ios::fixed)

K d;
WA printf ("%10. 587, d); FATTE . (HRFAERFCBL@ KM %4 (type-safe) X H]
DAY R, ifi printf AN HATIXBIRPIL

B T LR SR BRAE RGN AR AR A S, AR BISATXARE, a5 P
USR] stdio MIRRFPZAT A B0 LA B AR — 28 (K& 20%), AR NIPRIR 2 (3%
T 200% ), (AR RN RGBT —F iostream FRISZHLAIE HA N stdio KISZIIEFT
HWE R Sioh, A stdio MIFRFIRTEE SAHN. M iostream MFRFEN CH I
SeMIZ) . O FRFISET RN, X R 238 T,

A% R E] stdio MR E 32 i SRR SEIL e ¥, BT LAk D llikid i R 40300
oK 1) S R B PR A AR T PR R GE I 2 i S ] BE R I fostream I stdio JFA W34
M5 HsE b, A MG S A iostream MRS SZILEL stdio BER, K4 iostream
TEGR PRI 1 8 E AT TR E BN E A, T stdio 1 eR U IS AT I TR U745 (format
string). iostream fl stdio Z [AJPEREMINS LA &AM 7, IXIFAEE, TEFEAY
FHF) D e A AN [F) R R 3 A M e RIS [F) AU 15 6, o DL — ELARFE B3 it G
HEAT profile ZWAAGK M16), ARIVIZ A &5 AT A8 I B A2 7 EER T BRI . Ll R
RIOREIFA 1/0 S, IRaTLA%EEF stdio ¥R iostream, WIHFEITLESNA > FLAIBE A
fr EAEH T OR RIS (8], AR m] DUARARR 547 HAB T operator new Hl operator delete [RJ5<HL
A (B W4 M8 Fl Effective CH45K 100, USRI IR FEIEAERCR . wl i bk, Bl
Py AN 2 R A — L85 B2 S A AN R R vk B, AR A 4 T RE S 2 H ER
FEFFEE, ARAT IS AT LUK B4 = A iR 280

6.9 Ttem M24: ERBIRE. BHA. BEEMRTTIHTFR KM

CHE AT T R S BLTE 35 AR — NIk o X SE SR A0 9 24 AR 02 4 s SR U 1Y
I BAN R R G B AT AN R R VR SR 5 1R ARG DU, IRAHI DG LI L3 . 48
T A7 LA P PR SIS 6 B R /INA I 8 0 PR B A T3 FE AT AR K R 5 BT LUK T 2k v A —
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ANFEARI TR, FIE g RS v REAE TS S A T St A, BURASAR FE R Ry P v g FE L 451
T RE R

L A AR BN, PR AT R AT 200 T ] B BN R S AR A — 2L R
I f G AR 5 | SR AR SR AN T 1) o G 1A% ST R 8 e RO AR S IX AT e ? K 2 Hid
PEREAEH] virtual table fll virtual table pointers. virtual table Fll virtual table
pointers M HH 4> MHFK R vibl Al vptr,

—A vtbl WS A REIREH A . (LB AT I RE RO A, (R SEATT
PR R ERE T AR RN EE S U] T s Bl gk R T RE R e B O vibl,
I HZR vibl BT H &4 1) fE R BO BRI R B B0, a0 FIXANEE X

class Cl {
public:
C10;
virtual “C10);
virtual void f10);
virtual int f2(char c) const;
virtual void f3(const string& s);

void f4() const;

b
Cl i virtual table FZLFEM KM T EFIR:

___» implementation of C1:~C1
Cl's E__+ implementation of C1:£1
vthl [3——= implementation of C1::£2
== implementation of C1::£3

AR R £4 AELRS, 1 H C1 ISR BB ANE . AR R (o iE s AL
EABPOE ORI B B C sEUIFEGSEIL, BT AT eI R AETE e EicAT
SR RZRIN e

W SRAT —A> C2 R4k CL, FFTE T B4k — 2Ll s %, JFIMA T8 H O 4
HE PR EL

class C2: public Cl {

public:
C20); // AFRE PR L
virtual ~C20); // L LR
virtual void f1(); // HE LR
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virtual void f5(char *str): // BTHIHE R

I
‘B virtual table I H ¥R 1A 5% GAHIE A 1A%, XL H AL TR 7 A B C2
SR CL R pR 4R %L

implementation of C2::~C2
implementation of C2:£1
implementationof C1::£2
implementation of C1:£3
implementation of C2::£5

C2's
vtbl

XANBIR G H T HE R BT 5 B 28— MR IR AU RN 5 R B B 2K virtual
talbe B A¥A]. 2811 vibl [ROR/N 53 rh A WK R ek B B BOE L CELFE SR 40K (1)
B . FANKENIZHEAE A virtual table, FTLA virtual table P MRS AKX,
R A ARARAT K S AR R A R R, IR IR vibl 25 by FLK R ¥ bk
[P

PR TERE T AN R HEE A vibl #5 U1, JIrLAGm B35 1 € 218 31— AT 14 ) 2L«
AR . K2 B AR 12 A object CHAR) SCAFEBEMAL, (HAEREAS object
AP TR AHAL I . WEAS object SUAFNAZAL 4G E SN vibl Wg? fRATBE S U AR
main AL object SCHFE, (HEFRFEEAT main, i HICR WA main (PSS
WRARZ FEE vibl (280 G RS WA 1T e 1 T B R A — A vibl W ?

WACRI M I7E, GiEas) R o B AP o 0 THRAEER BT R IR (B
R NERAR ) )R, MM Tk R N A BERR 2L vibl 1) object AT
HERe—AS vibl ¥ UL, SERRLFARE BRSNS UL, AR AR S (R AT AT SO BRI L A
B~ vibl R B —AN S

SRS R e vk 7 e R R R Ak e W object SCPFR AL 251K vibl . i
AR AL R AR object SCAFH AR — AN vibl, ZKiZ object SCfF
WEZIEME D AEN B, FR4iERLI R (non-inline non—pure virual function) %X
(AR ML) R 3k C1 361 vibl K BCE B4 5 C1::7C1 & XK object 3CAF
B O IRI R, C2 201 vibl BBCE B F C1::7C2 5€ LI object SUAFH CAREA
HERRHD o

SEBR M, IR R A BORAR G o AH2 U SRR I 43 X B ek A G RR L (2
W Effective C++4%3K 33D, W ALAESE IR A7 K2 R 250 9 P W IR ek B, R R ARk
SRWE, KRBT A R AL G e A BB object U AR B — AN 2K 11
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vtble AERMARGH, XL FBETFAEF—AKMEE ETA vibl #0011 K2 HOEfFX
Fi et e SN EVE G B B S A IR — 2 VR N T4 vibl B9, H 2 —Fl B4 i e st )
RO T30 7 e A0 R BRSO W IR R . R I IRAT K 3, A7 L8 SR DR 3 B 1) G P2
sl 2 R R R ) inline $84 .

Virtual table JUSZHL T AL EH 2 HLH], dn R A X EZ B . S A
TR A G R vibl I, S R . IX 2 virtual table pointer ¥ TAE,
EORELIX PR

FEAS T R R BN R AT, e N E AN EE 0L, R 1 Y 2R
virtual table. IXANEAILIIEHE B AABFRA votr, BEgmEa e S8, A8 HAG 4 %
PESRENTE . IR BUR, FRATTRT LA KB 55 A7 i R 50 5 (0 A1 SR A 3K R -

Data members
for the abject

Object’s vptr

S F 25 vpte BT SRR HE, (R AN BRI, R I 0 S T
WA, AR T, — AR vptr 263 WOSR B A T . A7 1 % 2k
(Multiple inheritance), SCHEE A2 HE A, S 2 LHATHHEE . TN 751 ¥
o KRBT T 05— AU e FEREAVEL 2 M BRI KA 08, A 00 SN S A
AL

IR RARA, B MR . H A AR 50T 34 S 4 EOR RO A M
AU vote S0 B ETEACNII— (% CRBEE votr SNk 4 HoAS) . 7672250 )
MRS, SRR TR 3 X R OB . BN AR IR R, Rtk
BLX 2 AP PERE DB KON ST TT AR A MZESEAE (cache) BREEHLA A7 50
(virtual memory page), BCHl M/ RS TUHRIER .

BTN AFIE, EE LA CL AT C2 X%, (% vptr ARIASATYHAR vibl
2% FR, LR IR LU 5 A
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1 Object

Data
Members

vptr

1 Object

Data
Members

wplr

— |[mplementations
[ 0f C1's virtual
— functions

o1 Object

Data
Members

wptr

2 Dbject
Data Czh'l.s
Memb
c2 Object | —°° v
Data i _....' Implementations

Members =2 Object —= 0f C2's virtual
vptr Data _"". functions
Members

vptr

% 1R BUX B R AR -

void makeACall (C1 s#pCl)

{

pC1->f10) ;

}

W FRER pCL P IR AL £1, AUEXBARED, AR A e i 284 £1
BREL——CL::f1 8L C2:: 1, B2k pCl wJLAFR I C1 MR LUFR ] C2 X5, VA5 it g ¢
FATIRTF N AE makeACall (1) £1 BRELIIIE AR BARES, & UL TEIR pCL FR A2 X%,
BRI R FH A o S AR AR IS S5 il T I B i

Lol S vptr FRBIZEM viblo X2 —ANEERRHRAE, DR RS AE N RN
MR REERE vptr CHETEE AN BERBCE e D PIIE AN L& —/ Mg i (L3
vptr) MI—MEEFIEES L (2] vtbD).

2. ARBIXTA vibl PR B H O FREE (FE Bl £ IXRAR T 1,
DRk G VRS 0 BEAS REBRBULE vibl WM T —NME— R 5| P AR U TE vibl 241N
(R —Mi % .

3. WA PR BNMISRE TR 10 1 BR L

W R FAME B X GAT A B s s vptr, 17 H. £1 78 vtbl R G1Hh 1,
I EA)

pC1->f1 () ;
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PR AR R X R

(#pCl->vptr[i]) (pCl); // AR vebl A 1 ARG
// TTEREL, 1 pCl->vptr
//¥G A vibl; pCl 4 ik
// this faEHEHRL AL

XJLT SRR R —FE . AERZHOTENL e 2 HUT TR — 2454, i
FH K B BT 35 (R AR AR b 5 0 T v 8 B R BRI R o R pR BSOAS 5 30 AN S PR R 1R
o

TESbRizAT Y, KRR AT R A S NIRRT G S B BB BE R IR . X
SEBRh NIRRT TR G 1R R P AR P 1 BRI AR B R AR s O R 4R 4, 7 (R R
SREL 7 AR C ELRISATIN A RE S B R AN B T SR R A A A R
(3R FH RS G R A A s R R R Re S D A A B A S WIBRZ R BN R - X2
JE R AT I =AM ARSERR FIBGY T R AL CHamid o SO A R AN,
FTLLRE IEE, AR K 2 00 R B0 0 0 G R R B RIS 1Y), T FH AN e A A 1
DR Ay s i R SRR R T 7 2, BT LR BR RS B AN R N IEE )

FUIAE A 1EFA T8 R VGG F T kR fl 2 4k, (R Z4RI5IN, M aL
MEME S (30 Effective CH4kak 43). X HPEANIISIAILANYT, (H2AEZ MR, fEXt
SN F4K vptr TTEAT I WS B S R AR RN R AT ZA vptr (RF—AMJk
FERN—ANDs B T RATC L 0HE I M A B R vibl BLAN, I8 45 0 28 A R R I vibl.
DRI o 7 A AN AR AN S G 1) R R B8O A oy PR 2 ] T ELSB AT BR8P B 5 PR ARt
oy —us,

Z YRR FEON R K B RIEE, R —MNRAERA AL TR
AR AT, BB B AW S BB — AN R ARSI R IR, kRS FE R (K B Ak AR A
AN DL 5L RN A SR AR ORI S, T AR s SOK RE RS I RT DAV B A A2 )
SR REREZRAR B 255 B AT B AR, DRIk ke BRI 0 S 28 A 4 1) RS I HR B HICR
BER I T B, — N ECE 2 R A R B

B2 & X IE R, REFHE N “RMif) 2 4k &ZEE” (the dreaded multiple

inheritance diamond)

class A { ... }; /\
class B: virtual public A { ...

class C: virtual publie A { ...

class D: public B, public € { ... \ /
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A AR, B BRI C IR T8 ] — S8 et Chedl 2 EBEE
G A% ), DG A A Ja «

B Data Members

Pointer to virtual base class

¢ Data Members

Pointer to virtual base class

D Data Members

A Data Members

]

BE (R B R B X B R R iy, X A A, R B AR IR AN, MR
] SEPL R G R 16 A e, e TR A M mT LA, I B S R B8 Un ] 5 06 % T B M
EFRORE S PERSIA BT DURAS N ZAE SEE I LA S A FTX IR ] . — 254 3% v] e In N5/ It 45
Bt AT Lo PR RS S A RO E AR A A I F S a5 GXRhgedt ik vptr 1 vibl
FALE DT

U R F A T IX 0 P 5 i R AT AT virtual table pointer B EINT% B H &
FrlEsR, BATAANRBNIRAE iR gk &k R LA A GATATRE B EL, W% D (KN AEA )
A IR
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B Data Members

vptr
Pointer to virtual base class

¢ Data Members

vptr
Pointer to virtual base class

D Data Members

A Data Members

vptr

XHEX R PR PR ARy, ROCLM T PR, ZXIRE AT, KA
AR5 5 AR BT8R 43 8] (R T AR L A1) i R rh Bl B v o 0T/, BN AR sk . xt
THEHEZHIRMIE, AR BEIMIAMEA KR, R EREREN.

AT — RAT IR 2 AR AEDU AN, (HE RIRIER A=A vptre HUBSmIRas 2K,
RIS vptr, HEEATCELS T CERILB A D B ILE—A vptr), K4
G PR A 23 R FHIX AL 23 Rl G 1 4 A (R A4 M A7 48

WAVIAE A B i R B RN R AR O, AR NG, o aillld £
A 7ECRI REBE AR S8 I IR

ERRAVEE I f5 — N, B AT SR AN (RTTDD.

RTTT BEibFRATAEIZAT I R BIN RIS AT R, T LAET 8 A 5 M7 (i 1 1K
SAETATA W) X5 BAEETEIR LN type info MG, IRAEEILEH] typeid #4E
FFYi Il —NJ80 type info X4,

TEREAN AT Z—A RTTL (W45 DL, AHJ& 20 IMER BT R R BUE B S
b E X RORFF A AR ER o 15 5 EIXREREA - FATTORUE AT LIRS — M R BARE A,
WMARZRIAT /DA FERRE XAEAT RTTL B AT 454 virtual function talbe (K
PR o BEANRIATA T EAE B — AU, BAVHEE—FIE AT R R E o %
HIRAFAE A5 B . X Ah RTTI A1 virtual function table 2 [A] AL A IEAS R TG4 RTTI
et W AEZR Y vibl FEak ESE.

B0, vibl Z4LIIRS] 0 AR LA — type_info X IFRES, X AN % T-1% vibl
FRT RIS Bk C1 281 vibl B R 250X H:
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Clstype info object
implementation of C1:~C1
implementation of C1::£1
implementation of C1::£2
implementation of C1::£3

Cl's
vthl

A X R SEHL %, RTTL AR 123 AR AE AR IR vib ] K B N A7
fifi type_info MR BALZEFE B virtual table JT by (1N A7 25 (A R AME AR &
—FE, RAKATRERA type info XSG OA/INIMT i £ ) &

MR RS A RERR AL 2K RBEEIELUL RTTT Brifs 22N (R B 4

Increases Increases Reduces
Feature Size of Objects Per—Class Data Inlining
Virtual Functions Yes Yes Yes
Multiple Inheritance Yes Yes No
Virtual Base Classes Often Sometimes No
RTTI No Yes No

TEENFRXARAG LS, SR, AT EAT “RIEENAZEH] €7 REF. HIETE
ICAEWERBATIXLAF PR BE I DI RE, AR 0T TR L. EZHHOL T, IR A TAR
PURT RE bl g s 2B A RS SR A, AU MR Z2 o IR (Y swi teh HER) R &1
if—then—else WHJBBLME AR, FO™ AL IO ACRS LU R pR R A 2222, i FLAGHS
IEATHE BTG . FAT, R E O CEREAN SRR, XA Sl e B Ok
TFR%: (type tag)e PIMLARANSIFRIE /NN S

B RE R AR BEHEE. RTTT Prifg A2 LR, (R QR R Ty X LT e,
AE R AFEIR TEARAS A N AT AR, PRI i B R J . AT IR s Ay — 28 5 3
Dt DA G 0ok G 1 8 A AR IR 55 BB KGR ) vpte AR i) REFESR IS 2 (4570 2odh 12 v
FEAd CHnf ks R B e A AR A N HE, I AR e Ay SR IR VA BRI e 1, fE
TN S 1 58 JIX AT 55 o AT BRI BT UK E Cgi 5 AU AT BEMAT b g 4% 2Rk
RIACRS B 4f

7. $iT5 (Techniques, X#RIdioms HiPattern)

ARASW B K 2 BN B i RE (15 S o XSl R FUE), (HR R DA
FEMENIA S o AT MR LTI R i “SER” (Felix the Cat) , FEFIAEICIE (I
WP, EHEEEMN trick . WERASREMOHMA A trick @, A CHEEF 5
UL NAZA T o R FASRARI trick WHKIRBNES.

YT CHARFI, Sl =S B LE Y NP AR LA 3 pR AU E B B3 pR 2
FAT RE VLR BTy 02 AR T B ) — S SR P S48 0 e 2 R e 7 LA ST R e ?
PRGN SCRERA PRIERT SRS AEHE R ? JLE— LSRR ot R BB A N AT Rl g
SEAN GBI E A TE R SR AR Y IR BELEAN R B0 S AR A A, T LR RE N
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I D EAT R — NI B S R#5 D2 AR 7 operator [T HJIERAF M S #AE? 1R
gL — AR KL HAT AR RO AN R S B SR R ?

PATIXEE i GRAHE ) AAEARTAGRIMRE, AEA T R BRUR A S CHRe e b1l i
RN, B A SRS T . FACIZ LI i m i Ty, AN e AT AR
AN (stylized fashion) VARSI, BT idiom M pattern. ANVEIRILERRM
o, AEARH S — H N FHATT A TAERE, F I L5 SRR 2t & ARG o
WRMAT 4, BATELH CHaRERUE

7.1 Ttem M25: ¥#9i& R EOMARR R R EUREI4L

MWFTHRE, Rie “BRMRIERED” WA E . UIAa—MeErekg I A, H2EAzEH
F8 N B FLI R AR AT AR, AR AT LA BP0l R AR 58 kR e R (type—specific) X
FIAT A o AUCHPRIEEAINE — NI GAE SR XA D) 508 AR 0 G R, R A2 1R
K18 PR Ao T JEAUIE) 38 bR BN AT IR A W 2

TRTRT PR RV R FUUAE) A R B R R AP e i S, e AT R RIS AL Cln RAR A
JA B SCANE A AL, B AR E SRR AR BE 22 et e 2 ) (R IACH ) B 2
P E BRI S T XA, 7%, XEHRE R RR TS, M. 5
T Piltn, BOERmE — MR, R RBEA T HGE ) TAE, B 48T R IE A S0+
s R A . URAT DO A T
class NLComponent { //HT newsletter components
public: // WG IR
. /) b — A2l R A
I
class TextBlock: public NLComponent {
public:
. [/ AL G R AL
b

class Graphic: public NLComponent {

public:
/] AL Al R A
I
class NewsLetter { // — newsletter X%
public: // H NLComponent X%
[/ BVEER A R
private:

1ist<NLComponent*> components;
I
FKZ AR R K

NewsLetter
object

NLCompaonent

pointer

public
inheritance

TextBlock
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7t NewsLetter I 1ist & —MFRUEBIRE (STL), STL s&br#fE CHIASFZE ) —6
4y (B U Effective CH4ak 49 MR M35). 1ist KA G147 A ERIE AT L6 5 W) 4,
JRUE e AT LLIX 7 ke S B . %% NewLetter ANigATIN s S fEEAEmEE: o S T Beigimit
P FREEL AR R 57 Newsletter X%, il NewLetter (A4 BRECHAT istream 42
— PR TR TV e eI R T S A O I B S RN, e AR A
class NewsLetter {
public:

NewsLetter (istream& str);

};...
A 1 BRI O AR S XA 1) :
NewsLetter: :NewsLetter (istream& str)
{
while (str) {
M str B2HU R —4 component X% ;
X ZE AR newsletter B components o % SR A 2=
}
}
B3, FEIXFRETS T AN R B R B A readComponent, 1R i
class NewsLetter {
public:

private:
// AEENEF—A> NLComponent X% M str {52 H i,
// ST component FEIR[Al—AMEET.

static NLComponent * readComponent (istream& str);

NewsLetter: :NewsLetter (istream& str)
{
while (str) {
// & readComponent i [A|[FJFREF SN2 components FER M & )5
// "push back” —AMERMI N BREL, FHARAERER B TR AR
components. push back (readComponent (str)) ;
}
}

#% &1 readComponent P TAE. EARME Pt OB T — D%, 8l
TextBlock B/& Graphic. PAEREHENLFN S, ©MAT A5G mEARLL, 1 HIE b e he
NIRRT G, BATTRR A R FUAA I pR 2. AU 3 bR B FR BRI AR S N 25 0 I 3L
P AN [T ST AN RIS B (P 5 o SERU G BB IR 239 & R R AL, IR (Bl it
WY 231z, B MG LD SO0 g5 B R L g — N H . (WQ iy : readComponent ()
PSRRI Al THE C+ + ZafEp )

AT — MR IR A S IR R AU 3 R B — — FEAULPE DAL IE BR o — — A T T2 I H & o 240
P UUA I8 R EL R [H] MR AL, Fi ) TR R 2 R B BB DL R X AT A e, iU
$E DRI pRELIP) 44 F-— M ER S copySelf, cloneSelf sl &% N IHIXFEH YA clone., R
A RERE LUK 4 N 7 S e
class NLComponent {
public:

// declaration of virtual copy constructor
virtual NLComponent * clone() const = 0;
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} .

class TextBlock: public NLComponent {

public:
virtual TextBlock * clone() const // virtual copy
{ return new TextBlock (xthis); } // constructor

};...

class Graphic: public NLComponent {

public:
virtual Graphic * clone() const // virtual copy
{ return new Graphic (*this); } // constructor

I

IEMIRATTE B, S0 A% VIR I pR B R R e AT BT IE 48 DU s 5. DRtk “ 9%
D7 () X5 B IE 45 DR eR O ] o SRECIE ()4 DUR) 3 oR 50U T 7 SR i 0L, R4
JEFUAHE DURE I oA B0 AR 7 B )95 DL o T SR B AE 145 DUA s s AN T AT 5 UL, IR A B U
DURe 32 bR Hi AR TRT )45 DL o T R L IE ()48 DURA) & ek B0 — S AR 0 4, 0| v 20k
copy-on-write (Z WA M29), M4 REHUMLIE R BHIX A 5883, KT

TR BB (R SEEA T S5 A 5 R M PR A 506 28 FR) o A0k o 50 [ 2R RN 4 U A
JRHL U RE AU R BN F A0 20 5 RS 1) R 0L bR B0 B AT — R 3 (R S 1Y o 2R o 5 )l [ ] 26 28
MR FERIFRE (S5, IBAIREIS IR AT LLUR [R5 [ FER R A 2K
PFRER (BRI XAR CHREAS A s, & 15 n] g 75 B S0 R i pR 20X
FERT R X5 /& AT 4 TextBlock [ clone BRARENS IR [F] TextBlock*Hll Graphic ff) clone
HEM% IR 7] Graphic*f]JR K, BEl{# NLComponent [t clone iR [R[{E 2574 >4 NLComponents,

7£ NLComponent H [ iz 46145 DLRA) it bR £ B8 L1 SR NewLe t ter (19 (IEH 1) #5 DR i pR £
1R )«
class NewsLetter {
public:

NewsLetter (const NewsLetter& rhs);

private:

1ist<NLComponent*> components;
I
NewsLetter: :NewsLetter (const NewsLetter& rhs)
{

// WPIEEAS rhs BER, AT FAEAS ST ER I REAUHE VUK I pR KL

// FETCEE XA component B3,

// AR N HAS WY s AT I EN TS O, 155 WA M35.

for (list<NLComponent*>::const iterator it =

rhs. components. begin() ;
it != rhs. components. end () ;
++it) |

// 7it” #8In] rhs. components 24 FicE, WHIGEN clone KL,

[/ AFENZICEN AN DL, IR DS )

/) ZEAKGI component FEK i o

components. push back ((*it)->clone());

}

}
WERAR AR HERIR . (STL) AZAE, IXBACHS i) BeAT 264 N o, AN I PRAR ) .

i 119 4% DU NewsLetter X H HEAS component 53, i FHAER A REASJC TSI B
385 PRV AT LT B — AN R AU I PR 2, PROA R P A5 45 1) NLComponent X4 145
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i, AH SR TRAT AN SR — MR EFAN SRR W) TextBlock X%k s& 4R W) Graphic X %. LiR'E
FRmE, FRATEARSAT IE06 00%5 VAT, RIS s Re g Tl MR A,
REFUAL AR B 3 pR £
A I BR AN BETL I A REFL R —HF, AR R DR BRI AN B BOh S IE Y R R 2 (=

UL Effective C++ 453K 1900 ARTM, REAR—NeRELRE NS F4)d HE AN [ SR 2R R8T ) S 2 vl DA B
(15 A2 [FIAE A AR IXAE I AR B D2 R R, o] DURREE 2 Z AN [R) 8h 228 Y 1 A7 A e e AN [A] o
fhn, R HA TextBlock Ml Graphic X G S —AN A RT o ST 2 WKy 7730 2 fE 40
IXAN R RT . HER S ERAERT & operator<<, BREH ostream&fiih & A2 S 4L

(left-hand argument) (RIEETHAERESEYIRII /AT PR, XA AT BeAd 1 R £
A TextBlock BX Graphic Ak 5 ERZ.

OXFEf L, A E—B SR A
class NLComponent {
public:

/[ R ERE R IO AN 5 TR R

virtual ostream& operator<<(ostream& str) const = 0;

I
class TextBlock: public NLComponent {
public:
// A R E AT (RN THH)
virtual ostream& operator<<{(ostream& str) const;
I
class Graphic: public NLComponent {
public:
/) AU HARAERT GEAS S5
virtual ostream& operator<<(ostream& str) const;
I
TextBlock t;

Graphic g;

t << cout; // B virtual operator<<
//38 t FTENE] cout H,
/] AN BB

g << cout; //i8id virtual operator<<
//48 g #FTERF cout .
/AT TR

KA B 134 stream MR BCFF 54, X HEAER—RIWH KA. Hh
T HERS IR HTETE Lok, AT operator<<# i TextBlock Fl Graphic 2§, {HJ&
IR TIXAEA, A RE AT E A P 7D

TP T R S B — AN ERUR 2 (BT print) 08 € XAE TextBlock #l
Graphic ZEHL . (H 20 HiX#E, FTED TextBlock F1 Graphic %% BIiE vt 5% F operator<<
WO i B ERF I B R A2 T, IXEEAR T EIANR A N E . AT TAREE 1) 2
— A operator<<IJHE A AL, HEASR print BILREIIAT A RE. A OCTRATARE
A A SE B DR BT an i 15 2 e R HiIA . FATTE X operator<< fl print %L, il
HIERE RS
class NLComponent {
public:

virtual ostream& print(ostream& s) const = 0;

I
class TextBlock: public NLComponent {
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public:
virtual ostream& print (ostream& s) const;

b
class Graphic: public NLComponent {
public:
virtual ostream& print(ostream& s) const;

I
inline
ostream& operator<<(ostream& s, const NLComponent& c)

{

return c.print(s):

}

BATBAT R R R 03 bR BR f 5 o R S — SRR B e i T AR, ARE S —ME
REFARREL, E AT A AU 2 8 B IX AN BB 3L R E R T 38 G X AN F0VE AR 5 R R B0 FH R4
R8RS AN R LR £ (S0 Effective C++ 453K 33D

IRAEAR G0 W ARE AT — A S E b AR R BRI, PR ] BE AR NI 2 15 ) B ik
AR — AL B SEUR ML ? nTLL, (HREAZRAEY . G2 WHER? S 4R M3 B
BT TS IRIZAN )

7.2 Ttem M26: PRAIZFEANRPTRE=ERINSEE

PRI T X5, AH A IR AR AR IIRIE . B aRTE R WA — 4T EIML,
T DARAE I S A 7 AT FTENHLAN S8 H BRE 2 — A~ s ARAAURAT 16 AT 73 A H 25 13T
PERERFT, B DL A R SCAFRER A5 X0 RAFAE B H A REREL 16 Ao ARG e BEfg fi )X 8
W2 iy 2 BRI 5 1 2 i 2

WX A A A NEEAT UE ], AR AN n=1 JFIRUERT, AR5 A H At e L O
BAEY] . SEIERERX A MEMAE —NEG. 1 n=0 JHGERA R A, Brildk
TRAIZELIT UG o ARAnAT RERS A E R B R Sk (instantiate) We?
RVFREFEAN ARG

RERSEBIAE — DRGSR DI AN TE — R R — M3 s 2. 5 SE A
SERXAE, BHIREESZIEA RN G, 555 5 I 77 1Rl & A8 2R (R R 3 R B0 W 12K private
15
class CantBelnstantiated f{
private:

CantBelnstantiated() ;

CantBelnstantiated (const CantBelnstantiated&)

AL, BN NHBA BTSN B, TRATREAT MR TARA XA BRI 1 G
RACHFTEINLRE LIS, (2 BT BATRAT DX AT I, AT INAEET L el e
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FE—NRREA,  DMELESEAS AHSREVS IRl $TENHL, A AT — DN TENHLN R A 57
class PrintJob; // forward 75 HH
// Z W Effective C++45ik 34
class Printer {
public:
void submitJob(const PrintJob& job):
void reset();

void performSelfTest() ;

friend Printer& thePrinter();
private:
Printer () ;

Printer (const Printer& rhs);

I
Printer& thePrinter()
{
static Printer p; [/ BAFTEIHLA S

return p;

A B AR, . Printer KGR EUE private. XFEAEFH 12T
X% % ARk EL thePrinter # AW KM A T, ik thePrinter S AA A F4 it B 5
AEHIBRE. BeE thePrinter A& —AMFEA Printer X%, KRS A — M ST,
2 P A TR T N 2 RGN ENHLEEATAS B s ], BB EATH] thePrinter pR%L:
class PrintJob {
public:

PrintJob(const string& whatToPrint) ;

b
string buffer;
//YE buffer
thePrinter (). reset () ;
thePrinter (). submitJob (buffer) ;
LIRPRIE S thePrinter fEH AT A B2 E 2RI “RM” , IREUL, “42JRHK
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HERKS )RR, (HESRZREL gauche CRALNY) , TAIEITH 53T EIAT L ThHEHE
JE Printer KH” 4FHK, RAAEMHIS gauche XA A G+ (Lippman [1)— 5
KAER), SRR, AR Prihter 289 A ] thePrinter N A%, AR5 S AL VR AU
AL E . SAFHEAICHERT . SRS, W iR:

class Printer {

public:

static Printer& thePrinter():

private:
Printer () ;

Printer (const Printer& rhs);

I
Printer& Printer::thePrinter ()
{

static Printer p;

return p;

M AEH] printer I A 8%
Printer::thePrinter (). reset();
Printer::thePrinter (). submitJob (buffer) ;

Ty BIJEEAE thePrinter B8 H 4Rk, I namespace (fr 4 42[H)) (UL Effective
CH4RK 28) 0 1y 44 25 ()2 CH+— NGB IR o AT ] B A 4 JR I8P W 2R G A, i 4 iy 4 25 ) R
Pl WHRE. Ziky. B AR MR, typedef F55 . JTEATRAN & 22 W I FA I E
MIAT R, AT B BT 170 A ) iy 44 2% R B ) s R A= g 44 0 58 . 8 Printer 28F0
thePrinter BREUIN —Adr 42310, FATA OB A2/ Printer 1 thePrinter
Yy AR IR B 1y 44 e o

g4 A AL FoRFEATEEG R, (HaE B AT public, protected B¢ private . JTfy
#IE publice I RFTAR, A Printer. thePrinter BN PrintingStuff [y 444
[HEE®

namespace PrintingStuff {

class Printer { // 4
public: // PrintingStuff P

void submitJob(const PrintJob& job):
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void reset();

void performSelfTest() ;

friend Printer& thePrinter();
private:
Printer() ;

Printer (const Printer& rhs):

I
Printer& thePrinter () [/ IXA R AE i 45 A TR) L
{

static Printer p;

return p;

// w4 ) B A5 R
i FHIXAN i S 25 0 5, % 7 i ] UBEEE A fully—qualified name (584 BRHIFF44) (R
(EEGEA R R
PrintingStuff::thePrinter (). reset () ;
PrintingStuff::thePrinter (). submitJob (buffer) ;
2T DME A using AW, DAIAGBERL S -
using PrintingStuff::thePrinter; // M43 8] PrintingStuft”
//FIN T thePrinter”
/) AEILECR i
thePrinter (). reset () ; // BAER] LLG AT ] JRy i fir 44
thePrinter (). submitJob (buffer);  // —#f, {f[f] thePrinter
1t thePrinter JSEIL EAPIANMEPIIATI N H T, ERENE—F. B, W
—H) Pritner XFGEAr T BB HIERAS A AR AER T I ER SR, AR IR B
e TESRPERASRT RS bR FEERIE (RO, BMEAER IS SR, R
P IRPAT BRI, A e LR ECT IERS X S, I LA SR BT R R, AN S BN 4.
CANIEARAS R BEAT AT, B3 ] R BN A A T A B B ) A7 G+
W SR RARANTT AVRA ARV, R, JEZRLT Printer SXAERIN S E O
AR R EFXAE I ER . AR 0] BRI RFIX AP IR
5= AR EE, 4 Printer A FFS 2 IEA — MRS, B4
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A TRIANE o FRATT RE A HE fffy H 601 T R ER PR s ) DA T A IR B A6 4K “ AR5 — IR AT
SE S A DI BB o TR E S A R S B AW IR AL IR (] o G0 — A
translation unit CBEUEA KA object SCAFIIPRARIDIIME D) PIIGFE S A VI LGH 1L
I SRA R RAE, (BN THEARTF translation unit A RIS 53 IR 46 L0 U A7
XA RIE (W Effective CH+45K 47). ESERRMEMT, XomIRATHRVFZ AR 2
H A B BENS W FRATT )5 22N, FRAT TRt R S X SE RO, AR L 5 L, BEAR IR
gl i, AT AAHEWR?

BTAMIML AL NI RN SN R KR B F thePrinter MAERE 0 pRI%L
i
Printer& thePrinter ()
{

static Printer p;

return p;

B TS IR BT A BN (WIS p D, LR E — A AT R
Hi “return p;” —Z%iERAL. XA BREUBOE A 8Ok IR B o SRTTIE A B A
Wk AT ale? TER—RE, Kt A RBERR G W A e 2 38 DRk R FURELZ N %
B—NE DL, IAEFRHIE “ NI EIRE Al ? WS Bk, & maE g 1638 T R B0
ARZ BRI A — AN, AN R R EOEA I 8, JE i 5 R BRI e 1 . Bk
BME internal linkage (NFFEERL).

WAL, RAHEIRERE S LA NRRI AR, AT OE R “Han
PR I RO RETERR T A B (B BRI H AR (object) AR e & — LR
[ A 4 B ARSI A2 TR A0 458 bR SO (RS N 5 7 S RN 2 SRR S — A
B JRRER AR G AR A B, IRV S MR T IS S8 DU — A BT DA ST
AL R R A 1 0 R L

AFR AR TT BE A A AL bR IR IR [ —AN BT G i 5 L, S B A0S S 1 i 14 75 26 A
BRI WVFRIA A N TR R H, — BRERZ NS, il R
WP W NN, KPS printer X4,

class Printer {

public:
class TooManyObjects {} ; AE=F 2D SUEAT]
/] AT FIEA R
Printer () ;

“Printer() ;
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private:

static size t numObjects;

Printer (const Printer& rhs); // XH HEER — printer,

// FTEAAS fuvF$ DL
¥ // (B Effective C++ 45K 27)
IR A O FEARUR 2 A ) numOb jects BRER Pritner MR AFERISCR . N, &

(B 0, BB, et D . A EIE L 2 1) Printer P4, giasPbh—A
TooManyOb jects S [ S
// Obligatory definition of the class static
size t Printer::numObjects = 0;
Printer::Printer ()
{

if (numObjects >= 1) {

throw TooManyObjects() ;

}

Ak BEIEAT I R I R 2L

++numOb jects;
}
Printer:: Printer ()
{

HEAT 15 BRI pR B AR P

——numOb jects;

RXRHBR AL S B H I AT AR G NI . — MR E R N, R NARRE
B HE. 55— AR ESHE T ERHE, TLAVFE N R R 2 MR AE —, Mk
e KT8y
o EVNRHIIE

RFIERA A BT ARERIITEINL, R EITEIHL. IXFHTETYISEA
VFZ T 5B AT EDHLRARTE, BT EABRATM I AT BSR4k K oK

class ColorPrinter: public Printer {
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PUHEBBLATR G — BT DL — SR AT ENHL:

Printer p;
ColorPrinter cp;

RWASE X2 D Pritner MHR? FEEND: — DN p, — M cpo FEIBITH,
i cp IR, 2Pl TooManyObjects S o X TVFZ LT UK UL, XA A A
T S o GBI EE S M E 1 conerete 284K concrete 28, AN S I BIXFf n)
Ao BT MARTE ML 4K M33) .

BHERNZREE Printer MR, 2R AERIFER )

class CPFMachine { [/ —FHLEs, TBAKED, $TE)
private: /] RAEF
Printer p; // BHITEIRE
FaxMachine f; // BAEERE
CopyMachine c; // HEERE
&
CPFMachine ml; // BATIEH
CPFMachine m2; // #hH TooManyObjects 7

iU Printer X B BEAAE T =FA KL . RGeS AR RN
I BURALEE KIS G B o AR IR LA RIS IR T BRER “AFAEXT R INECH 7 15
S U HA B “XRRIOAEAE” 105 L i A 2.

M HARAL LT SEVERT R A B A AE (R DU R, R A SRR X R 544 (instantiation)
M. W RARAE T I Printer JORBINITE, MRS S TZASE], P Printer
HIE PR BOE private, (RAEFE friend AU private #438 pRBIRANREN: W HESEAE
WAGERABIL XS G o RANBEMTT A private fE AU RIRAE BT, XA~ Hsr T
PR T AR YR AR AIE HI Ui, IR R AN TR AN BRI S S R K T kA
B, A FSA, FR—A finite state automata (RS AZIHL) o CXFHLASHE
MTARZIE S, e P S, IR R VF AT B AR N 5, (FR IRARAR I
M ESAIRAE VIS . CRAEMU— AR R WIAE FSA AFEARRENTRI s £ Effective C++
Gk 14 R T AT A BRI 3 T BB AT BRI ASAI AR M24 fRE T A 8047 ke R AL
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IZEEE IR A R B AT R R USRI O I R TR, IXREBETE FSA AT DL AR A I Y A 7 K -
class FSA {
public:

// Pk R £

static FSA * makeFSA() ;

static FSA * makeFSA(const FSA& rhs) ;

private:
FSAQ) ;
FSA (const FSA& rhs) ;

I
FSA * FSA: :makeFSA ()
{ return new FSAQ); }
FSA * FSA::makeFSA (const FSA& rhs)
{ return new FSA(rhs); }
AG thePrinter BEUEZ IR —AX GG GRS R REER)D), 54 makeFSA
(3 Bl R i R IR B — AN ) SRR CFR ) R SR — 1R, AR . i
VLA VF AL ) FSA S A0 BeAT IR
HRGf s ANIEBEAS PR R ZCH R T new XSS SEIR I I L AUCAE T delete. 7ML
SR RIS o T L A BER R AR AR A RN delete S35 HBNIHL, flimT LA makeFSA
R AEAEAE auto ptr H (B MO); 4EA1 A B EF ANy, KR %6
1 BB AT 48 1] AR 5
// TR P B4R FSA K3k b 250
auto_ptr<FSA> pfsal (FSA: :makeFSA()) ;
// indirectly call FSA copy constructor
auto_ptr<FSA> pfsa2 (FSA: :makeFSA (+pfsal)) ;
// GIEFaE—FEEH pfsal #l pfsa2,
/AN RO MR E AT

o AVNFZREAHMH
FATI A g BT R SV L — A LIRSS, BATTRNTE BRERR S SR SR AR A 2

IR0, PR R AE =R AS 6] PR ERE B T e R FH 0 % KA e BR K, R 14030 W et & v S b iR
LI G 10 7 1 oA 3 s B s WA private. T o — AU IRA 1R 1 thePrinter
PR B R0 BN S 1 1), LU Printer WP HUBCRBEEI A —A, XL R 2l
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WA ERE— KIS AT RIS L AEAE ] —A Printer %, SEIRANTANBEIX LG 5
@57 Printer X% pl;
f#H] pl;
B pl;
@57 Printer X4 p2;
f#H p2;
B p2;

AP VFE R — I 0] & A SEB i 2 A Printer XJ %, M ERR P FRRB A T4
[ Printer X%, RAVFIXFEGGH ARG, T RATEA BRI GEFE—A printer
WA B INEATE AR A?
IR o JATL IS AL 00 S B AR L5 WA 2 Dy R it R B & O FAE—
i
class Printer {
public:
class TooManyObjects{};
// ke it ek K
static Printer * makePrinter () ;
“Printer() ;
void submitJob(const PrintJob& job) ;
void reset();

void performSelfTest();

private:

static size_t numObjects;

Printer () ;

Printer (const Printer& rhs) ; [/ BATIASIE SUXA e 3L
b JIRNA St

//BEATHE DL
// (B M Effective C++4%aK 27)

// Obligatory definition of class static
size t Printer::numObjects = 0;
Printer::Printer ()

{
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if (numObjects >= 1) {
throw TooManyObjects() ;
}
AR BB AT I R A R L
++numOb jects;
}
Printer * Printer::makePrinter ()
{ return new Printer; }
LN R 2N, SRR, SRR X R T G IR B ¢ unreasonably
harsh, PRA]LALEDy A4 B BOR 0] —AN 905 28R P FEA8 ] 2 A I 2 AT R
B T e 20 IO AL 3 RS, AN 2 BLIE AOALIE B 2 Ah, EATMEH] Printer K%
A A — K

Printer pl; // BRSPS private
Printer #p2 =

Printer: :makePrinter () ; // BT, TR SR A pR £
Printer p3 = %p2; // D $E DURE RO private
p2->performSel fTest () ; // BT I e B T LA
p2->reset () ; // EH
delete p2; // RN, TR

// p2 jE—A> auto_ptr,

/] AN X
XR AR Dy ) B RGN SRR o FATHTEAE hard-wired H8EH 1 54

MRAE A M R, RS EREE DI RN ZR. Ban, R X A2 B Ul Printer
RIS, % SLVF 10 4 Printer X RAFTE:
class Printer {
public:

class TooManyObjects{};

// Pk I R KL

static Printer * makePrinter () ;

static Printer * makePrinter (const Printer& rhs);

private:

static size t numObjects;
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static const size t maxObjects = 10; // LR HfERE
Printer () ;
Printer (const Printer& rhs);
b
// Obligatory definitions of class statics
size t Printer::numObjects = 0;
const size_t Printer::maxObjects;
Printer::Printer ()
{
if (numObjects >= maxObjects) {

throw TooManyObjects() ;

}
Printer::Printer (const Printer& rhs)
{

if (numObjects >= maxObjects) {

throw TooManyObjects() ;

}
Printer * Printer::makePrinter ()
{ return new Printer; }
Printer * Printer::makePrinter (const Printer& rhs)
{ return new Printer (rhs); }

TR AR P A% AN RES 1F IR R Printer: :maxObjects MU W], XL ZWMAG . Ky
Ol e I AR T 25, 2 s AN BB G PEAES 10 AHCA WIE IR 5 XM AR R IX 45T 1) . 45 static const
B bt (4R int, char, enum 8555) B WME A DI L HRAE A IMAZ] CHHE], i bL—454
PEAR IO VPR IR 'S o W BB M B S B R M w4, 1l LA maxObjects I E—A
private P EE M ESRM B FIMES LR,
class Printer {
private:

enum { maxObjects = 10 }; // FERA,

// maxObjects A & 10
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I

i % non—const static i —FEVILRIL static =
class Printer {

private:

static const size t maxObjects; // AW

I
/] TEAE— AR LB S
const size_ t Printer::maxObjects = 10;

Ja XA TTVE S ORI T A — R ROR, (H 2 W sl 8 WM RE L AL e D 4 5
PRI . AURI G0 5 38 SRRSO RS const static BRAME M TRERT, VRN iZ AT fE
H A XA Dy e

o N EANZITBINREMER
VIR S R AE— DAY, BRI A R A AR SETE — R, B —Tr

eI WRBATTHA RKEB Printer 7522 PRI SEBIHE 2, R0 50— i X — ki i
G’ HEMARIS, BRI E IR KA RN IRA . NAZA — TPV RE H B A2
XL o HMETE A T EAE A T ) AR B e e AN 2R B 2
TAVMRE S MBS I 'S — A B A LB BRI EESE, /5% Printer IXFERIZEMNZ

BERakR, T HIRA TR S 4 o FRA VIR — MO vE B R 2 v B e, AMBE R s
BITH A e 2, T HAR RS T R A S o CHIRATAE SR M29 TRl I vHEON, 4%
G B ZFRER B A RIX A IIAZE 1T, 2 WIS counting objects. )Printer
KT EFAL R nunObjects, FRATNIZIAR B IHAN TG THESE o AR 75 2 Ok
FEANTEAT S T U 2R AT — A LR B R T s o A0 T TR BCERASERRORT L 8 3 A e 2
Hrvt g, BB IRATTRELL THE s e PSR b 2B B DS R A 1
template<{class BeingCounted>
class Counted {
public:

class TooManyObjects {} ; /)RR

static int objectCount() { return numObjects; }
protected:

Counted () ;

Counted (const Counted& rhs) ;

“Counted() { ——numObjects; }

private:
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static int numObjects;

static const size t maxObjects;

void init(); // R 3 R R
b // RIBES
template<class BeingCounted>
Counted<BeingCounted>: :Counted ()
{ init(O; }
template<class BeingCounted>
Counted<BeingCounted>: :Counted(const Counted<BeingCounted>&)
{ init(O; }
template<class BeingCounted>
void Counted<BeingCounted>::init ()
{

if (numObjects >= maxObjects) throw TooManyObjects() ;

++numOb jects;

M IXAN R B AR AN AN B 4 8k BE AT T, DR b g s o SR A7 A4 R e 75 ) R
protected. JF & private A G KEL init FEEGR P Counted )it BB E A B ,
WAEIRATREME Y Printer 28, XFEAE Counted AR :
class Printer: private Counted<Printer> {
public:
// Pk i ek K
static Printer * makePrinter();
static Printer * makePrinter(const Printer& rhs);
“"Printer() :
void submitJob(const PrintJob& job):
void reset () ;

void performSelfTest();

using Counted<Printer>::objectCount; // SRR

using Counted<Printer>::TooManyObjects; // Z W TR
private:

Printer();

Printer (const Printer& rhs);
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Printer ff{ /] T Counter B RIREZAFAEZ /D Printer X%, HIRHLUL, BRT Printer
Mg EE, A ANKOLREAFE. SRS YRS private, Xl A4 ix BAH]
private #kA& I (2 Effective C++453K 42). 5P ik &4 Printer Hl
counted<Printer>Z [Affi[f] public 47Kk, (FIZIRATLIML Counted F&—ANEFIATIY R EL
(W A Nidsd Counted<Printer>s g5t MR —A Printer X%, TATRA FENZAT
KA TERIR R ——2 W, Effective CH45K 14.) 4ok M24 & A3 EM A T, £ Counted
TAFALERE RS, LT 1552 52 A Counted 4k I R AR B I A/ INFIA Jaj o FRATAAR 5] N i 4
WANMAOAAE, BT H] private 4k &G IX L6 140

Counted It X4 TAEXT T Printer (9 SR A/ By, HJ&X 28]/ n] B4R
FUENTE A 41T 2 /b Printer ST5AE7E. Counted BiBHRAL T objectCount BR%L, FHK4RALIX
PR, HEPRATRAMEH private 4k7K, IXANBREE Printer 88K T private. AT
PRI Z R public ViR, FRAEH] using 750

class Printer: private Counted<Printer> {

public:

using Counted<Printer>::objectCount; // ibiXRECHT Printer

// % public

IXFEE A VE VR, AH R U AR I 2 13 28 A SRR 2 25 0], g 28 A FOVFIXFE
Mo W HIXAE UG, AR NAT & U7 i) BSOS BT
class Printer: private Counted<Printer> {

public:

Counted<Printer>::objectCount; // il objectCount

// {F Printer F& public

XM AL G (1R VE S uning 75 W) R AT AR R A S0 H R FRATT AN B LIX R AR
TooManyOb jects &M AN H [FEIFE 77 AORACEE, BRI Printer [R)%% ) di 4n S £l FRIX A
SR, AT BE S5 1] TooManyOb jects. 24 Printer 4k& Counted<Printer>f,
EABURICH KN B F - 905 Printer KN HRAA T AT St 5, shiF 5 Hofh
NS ETH—FE. Printer (ks B&HTT L IXRER
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Printer: :Printer ()

{
AT IE S (V3 p6 Moz 1T

X BRATEBIAS R PT WBI ARV, T2 VR E AN B AR VG o AT 5 1 £ 5t 15 R o
BB, PATEMER B E B A AN R W H . A XA
Counted<Printer>[fHJit B HR AL B, P24 Counted<Printer>/& Printer 3L, Fofi14n
i Counted<Printer> [V #Ji B BB #E Printer [KIFTH M. Wi a it £ x4,
Counted<Printer> {44k s HLat 2ol th S, ELR#EAT VI Printer MIHIGE K%L

RJGIH— AT EF R, WAE X Counted WHIERA A DL BT numOb jects Kk, X
RS —— AT FEAE Counted FISZHLSCLE HL5E SCE RIT
template<class BeingCounted> // 5 X numOb jects
int Counted<BeingCounted>: :numObjects; // BEHEENIGHA 0

KT maxObjects Kyt WA L6415, FATRAZICEHIMEW A AN ? W AR IR R
T It R AT ) s VE o AL 160 S SC PR R R R &, AT Y % BT 4R b
Counted<Printer>: :maxObjects & 16. FI|JEI i%E A ME?

{7 BEL (R 7 VA A AN . FRATASKT maxOb ject HEATHIEAML o T A& ik AR % P 4
PEAIE IV . Printer FIVEE AHEIX 48 AD I B — AN S0 SCPE HL
const size t Counted<Printer>::maxObjects = 10;

[AJFf FileDescriptor MAEF WA MK 4B
const size t Counted<FileDescriptor>::maxObjects = 16;

WX BRI T X maxObjects BATHIUAM, SR ANGHINE? IR 4R 2
RAHGR, BIY maxObjects VAR E o WIRFATHAL T 70 43 ST Counted 2 7 i i3t
BT R, AT [al 2 n B IEAS AR T AR .

7.3 Item M27: BRERZEILFEHEPF=ENS

A I ARAZ R PR 5, BRSO S AR A BT, M2 REY “delete
this”e ARMILIXANE BT 75 2R R G T BOAEHE P o T e — LS AR AR AT —
PRERE: ANFEHER MO G, T ORUESCFP AL RS2 R A A » 7 ERARAE IR A U
g8 ETAR, WA rTREIBRIZME O, RAAERA ARG LB AR R 2R ™ R, e
AR AR 01 A BCH W RGN S5 AR ok SR sl A5 B AE HEvh 2 A2 4 Cheap-based
object) We? MW LAK, ALIXMACIE LA “on the heap” MIMESHIT LLAR K+
JIT ALK R o
® EURTEHEHEIXNR

RFATSE MR A T ST BRI AR B o A T AT XA, ARD6 0 ) — b VL A%
IEAH “new” DIAMAH G FBAE NS . XIRESME]. JEHEXN S (non—heap object)
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FEE e I T 8 A RIE, FEARAT I ) g R I E S gl Re e, i LU (A B R A i
PR ECRIBTHE) R KR, agh ] LA S A BR A o
X L1 FH AR A ANV I — P B4 0 7 9 A2 A 3 R BRI AT #4) R SR B O private.
EFEAEIE R R K. WA B LR IX A BR AT & private. SUFiEATHIRES N private,
R BB public. APERIFE S 45K 26 AL, ARl LAS|3E—AN & b HT R e 5,
SRV ) FLAE BT A BRE . 25 v 1 FH DA AT ) R BORE TECAAT T S P S e (WQ v TR,
A A B SR T AT AE AR P S AT R R S 20 R g AT D
filtan, AR PATANA AL HE P 5740 unlimited precision numbers (JGPRKGHA Sk
T OIS, Al LUAX A
class UPNumber {
public:
UPNumber () ;
UPNumber (int initValue) ;
UPNumber (double initValue);
UPNumber (const UPNumber& rhs) ;
[/ TR EL (—A> const DARREL,  RIOH
// BMfJ& const X4 RERREIL. )
void destroy() const { delete this; }

private:
“UPNumber () ;

b

SR G X AT AR P UL

UPNumber n; /)R (EXEAVE, HiE
[/ IR AL R O e o
[/ AR, HAEGET)

UPNumber *p = new UPNumber: //1EHf

delete p; // BRI
// private Hriyedl

p—>destroy () ; // 1M

B —Fh 5 R A AR A pR BB FE B private. IXFPOTVAMRER SR AN RE WA VE
ZRIE R, RIEE BN A I A private. 75 10 HEIX 28 pR K00 25 H g T i
AR, R PR EELEEEE DIRE R, TS MG R nieas AR U R R 2 public

(Z W, Effecitve C++ 453K 450, BRIMAAN A WIMT A R private AR L1, By REA
EHA M R

A 3k R 1077 1) AN SR A A bR £ ml e AL bR SR BH L 7 AR HERT B, HRAESRAK 26
B, XMEEEE L T AR (containment):

class UPNumber { ... }; // P BT R R B R i bR £

// N private
class NonNegativeUPNumber:
public UPNumber { ... }; /) EER BT R ek
/ /RE it R AUAN e G
class Asset {
private:
UPNumber value;
// Rt Mk ek ek
/ /K638 BRECAS R g 1

I

IX LR A EABE RN o I I HEUPNumber T 4 B 25 75 BH Kyprotected C[RIES & HIH
1 RHCE R FFpublic) wha] LA PRk A& IR ) {1, 75 240 75 UPNumber X % IR 28 1) LIME SO 0. 75
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$5 [0 UPNumber 4584t

class UPNumber { ... }: // FEEMTR RS protected
class NonNegativeUPNumber:
public UPNumber { ... }; /) BAEIERE T IRAER

// R
// protected H& 1
class Asset {
public:
Asset (int initValue);
“Asset () ;

private:
UPNumber *value;
b
Asset::Asset (int initValue)
: value (new UPNumber (initValue)) // 1EHf
{...}
Asset:: Asset()
{ value—>destroy(); |} // WIEHf
o AU —IMNRREHET
WERBATRIPOX TN T775, FRATLIEFra A —F “Aedirh” XA . FIRKRE )
KE XM — A AEHE I NonNegat i veUPNumber X 4 & &2 1 -
NonNegat iveUPNumber n; // 1T
A4 B AFNonNegativeUPNumber ¥ Zn [{JUPNumber 58 /0 tANAEHE T, IXEELAT 4 2 B EK
B R B RN ST A0 1510 2, AE LR AT U BOXAE B AT 1T, JrA UPNumber X5 —
RIS A2 A H e YR AR SR 22—t D 20/ ME o FRATT A AeT f i Hl PR A T3 b 249 SR Wi 2
B T L) 703 UPNumber ()44 385 BRI EICAS T B8 ) W7 HR e 2 15 A5 E 6T S 1) 258 1 4 1
o a2 BT T-UPNumber [ F4) i bR E K U8 VAT T A0t DN 17T T A e A 85 (1) X 31«
NonNegativeUPNumber #*nl =
new NonNegativeUPNumber:; // {EHEh
NonNegativeUPNumber n2; // A FEHEF
AR REAAE TR . WIFIRAIRAESLE new E21/ESF. operator new Al new #AEFRFIA
FH (A8 3 bR E5 (A A R B gl /MR (2 AR M8) o RI BEAR A AR ELABATTARER B, ] LA
XFEE S UPNumber, 417 R I
class UPNumber {
public:
/) WERES —ANEHEN S, Pl —AN R
class HeapConstraintViolation {};
static void * operator new(size t size);

UPNumber () ;
private:
static bool onTheHeap; //TEMIE RN, FRom
/] KNI BRI
// HEE

b

// obligatory definition of class static
bool UPNumber::onTheHeap = false;

void *UPNumber: :operator new(size t size)
{

onTheHeap = true;
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return ::operator new(size);

}

UPNumber: : UPNumber ()

{

if (lonTheHeap) f{
throw HeapConstraintViolation() ;
}
proceed with normal construction here,
onTheleap = false; /] AR

}

WERAFIRAN R T 2, SIASKIA A85R . XM AR T IR — A8 “ 97
HE o e x4, £ operator new k/rHicraw memory”, operator newik B onTheHeap
Mtrue, TEPIERREER LK MonTheHeap, FHX % raw memory &1 #foperator newfii4;
Bl WA, — AR HHeapConstraintViolationfF i gt . 75 Wk 38 pR B chn i@
HISEEARSEIE AT, MG BB RIS, onTheHeap i ¥ B Aifalse, KRG ARIE N —/ A%
PG AE.

KIE— N ER I, (HREARRIZIT. WHE— FRXM A REM ) i

UPNumber *numberArray = new UPNumber[100];

Al B B S LN A7) /2 operator new[], 1A operator new, AiL (fif
R PERR SCRFED) IRBER WS operator new —HER SIS operator new[] K. &
KR [) f2& numberArray 47 100 /NJE, FrLAs i 100 RIGIE BREL. (FE RA— IR EH
AR, BBk 100 /M ids ek b A 58— O R A IS BR ZCHTHE onTheHeap WEA trues
MU T AMIE R, SN R, RIEE .

RIfEAHZAL, bit-setting FAEH SR, HIBIXL&TEN:

UPNumber *pn = new UPNumber (new UPNumber) ;

X HEIRATESE P S UPNumber, ik pn $R 1) — 05 XA S 7 — A5
PHEHAT IR o XA — AL, FA156 2 X AN, XA R T i ix 4%
B MEL, PATE ISR A2 FE

new UPNumber (#new UPNumber)

R new HAEFFIIPIUAA, PULZLRHIPIIK operator new FIH MK UPNumber
FIIE AL (S WK 8) 0 FEIF 03— M BRI 2 pR F LA R 40T =

P —/ N5 operator new

W 58— AN G IR )k oA 2K

TR A% 1) operator new

W Z8 AN G IR L) pR 2K

EE CHHil 5 WA PR UE IR B A T FH I o — LS g i3 3% LA S ol L2 o e 5008 F =

P —/ N7 operator new

WS AN %1 operator new

W FH B — X S 1 pR £

W B8 AN G IR R bR 2K

Y1 E X AR 22 Z AR, (HZAE operator new H' set—a-bit HIHE I LIELIX
Phgmeas—EAMH . BEVESE —PRH 2w ER bit, 3= 0P giEkr, BAEH LM
X BRSBTS U GAN R, RIS & SE e .

XL PR ME AT 1 LR RIS BB M this F8E R AEHEF XA T IERZ OB, B
fIIAUER AL MIZE operator new (8] operator new[]) B[ bit set A& —ANATEEM AW s
o TRATVTE B 10 7 VAT KT

WERARBAN T WL EE 2, AR AT BES R VR dEAN P RS AR I A0k L o 4] dn R e s ) —
TEARZ R4 FAFAEM 8L, FEPP (P bk 2 ()R Ak e Mt 457 B, R PR e DAtk =2 1) ) Tt
A YR, MEMIME S A B R
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. High
Stack Addresses
(Grows Down)
Programs’s
Address
Space <
{Incomplete
Picture)
Heap
(Grows Up) | Low
— Addresses

TELNE RO E HRT NN RA R (RZ2 REHME, (HEEARZARXE, fxnf
Reos AR AR AT F T 3K BR HOK AT B AN o (P bk A e

[/ AIEMIR AR, KA b 2 A 7e e

bool onHeap(const void *address)

{

char onTheStack; /] JRRAR AR
return address < &onTheStack;

}

XA PR 5 1 AR A R . 7E onHeap BRZXH onTheSatck & — MRl &E. BILETE
Herk b o 2438 onHeap I, ERIARIELE (stack frame) (i EEff activation record)
B TAERE PR ) Tty , DR AR AR 4500 F& ) T4 G& Ktk ), onTheStack Mk
S LEAT A R TR AR s Bl S (Pl /s o Gn SRS 40 address [l onTheStack [FHhhL,
AR L, WA e R L

BIHFCNIE, XFOZEARIER, HEABIRN . SRR R BUE X 5 n] A BefE =4
77, MAREBEA . 2, AR AN S, RIS TEEN S . §haX el
TEFEFIBAT AN BBV LR AL — IR I G o SR G ATE BRHL S BN static XS,
WAFELEAR A 4 S RS (IR A7) IR A TR L )7, TiixLehh
J7 BEAS SR A M

EATTHIAL B MK RG], AHAE{EIR 2R AMEA T R R G, A T HER S
Uity o ST N AF I R BIURR R S8, i HOE R 2 REMEAT S, HERAEFK
X R GAnsl, i EFSA s, XEE W .
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~ High
Stack Addresses
{Grows Down)

Programs’s
Address
Space '<
(Complete
Picture)
Heap
(Grows Up)
Static Low

\_ Objects Addresses

onHeap Mg TAEM R RS ZIR ARG 2E T, ABEH HEXT S 5 0T S X ) :
void allocateSomeObjects ()
{
char *pc = new char; // HEXIH: onHeap (pc)
// ¥R true
char c; // F&eXf%: onHeap (&c)
// ¥4Ik false
static char sc; // ER&X S onHeap (&sc)
// FEIR[A] true

}

IRAEAR PTG AN — D - H X 20 HEX G O B T A0 L S o s IS VR AR AT RS A
AT ERE, (ARSI AINE P T — DA GRS IEM A RIS 47 AR A s A
TE YR AR LA FHXFP AR 15 NAFDR AN I FEM “ Mtk bex” 17

L NGO RAMN A — P B T2k IR S e ME b, 1 HLIZE A7 22 2] TR
I TARR) “YERT A" WA EA o WRARSEAE AR D ATH W — A b2 A 7E HE B, AR
WA I e AN AR I 7, HESEIRO T R H], R BRIXFE 1 o PRI RS 1 BB ik
THURIVERAY, DR AT DLANTS EEAI o 2 e HE

U RAR AN, 1 SR R o) G A AR HE T IX A [ JT IR, AT BE AR D DT A R AR i T )
SGoe T ReE L Lt A delete. IXFIINERZH K “delete this” IXFh A BIAREE 120,
Ak “ R TmRe e MR NMeE 7 5 R IE AR RS R I T ST AN
—FE, PUAA 2 A AEHE T (YA Re b 22 A 1 delete. TR B L7 UPNumber XF 411 Asset
X4

class Asset {

private:

UPNumber value;

b

Asset *pa = new Asset;

TR Wxpa CBLFEE IR value) 7EHE b [RIFEIR A R AEFR W) pa—>value ] delete
RAGAR], BUMEIRE A ZEYE new R[MIH.

FIEHE “HIW R RER MR —ANEE” Lb “RIWr—ANREMR R I SH R A HE 7
Ko UM TR BATAFGE A operator new R [AIFHbEEES . FEATRNIEBEA COWE
operator new PREL (Z UL Effective C++453K 8—4%aK 10), P EIEFE—MEGIRE S
WINPrR, BATTEFEMRRIEA ] 85«
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void *operator new(size t size)

{
void *p = getMemory (size) ; /R R A B N AT
/ /AL BE N AF AN R 17 00
HI p A BT 87 A 5
return p;
}
void operator delete(void *ptr)
{
releaseMemory (ptr) ; // return memory to

// free store
MBI IFE S B ptr;

}

bool isSafeToDelete(const void *address)

{

1&[F] address A2 757 # A LA HIZE 4

1

AR L, operator new {EHLHE /S ELAEA AN —ANJCE, operator delete ARG
¥ £IiH, isSafeToDelete {EAEG HH A FRIFHC FA I 2 AL G P W operator new
A1 operator delete FREEA Rt , EHieEH T A 280, a2 Nk,

ESERR 2, A AR = 2GR X R T A o B R T I AN S A 4 R
€ SATAT AR VY, 5 0] e D22 HATHEAD 5 LR e 48, % operator new F operator delete.
IEERAT A, WA — A ak, A —Fp B AT IE R e 20 (B2 S 5K 8D [ operator
new fll operator delete (£%aK 9)o IXFEMSAHIFIRATHIEAF S e S22 R i A 11
operator new Fll operator delete [RIEA (MR 22 TH M) X R B0 E R G) ANFEA

BAIHREREE A F R R A AT EIXLE, Ry fh A0 2 0 R IR [A] i ki
SARESN P TS Ve ?

I — T REA Ly, (RREEL, S isSafeToDelete il'e BBEMS IFH TAE 24
AIREMT . MR 2 AR R R SR I 2R Bk K B IR R AT 2 ANk, B DLURVA R IEfR 45
isSafeToDelete [Ptk 5 operator new iR Ml HiEARIE], RIS SAEHEF . A o407
2 WA M24 F4%8 M3 1

Pl 1A B X 0 pR A R X S D R I RE 0 ANT5 e A Ry iy 24 S H), AR TR, WA IE
BRI . SEIE 1) CHHE I — M4 mixin BRI T HRATIIFE

Fh G EEFIE A BERE SEFI A 6, e 2 /b BT — A2l s A0 2528 cmixin (“mix in”)
FAe R IhRe, JF DA QORI e DhRe M A (S W Effective CH+4%
KD o EMRLFA S KIIRATRREAT HIN RIS (nixin) FEREGIRAESSFEMLA)
Wrda B4 0] I N A7 & 75 i operator new Z3RCHIBE o 1ZZRANF FioR:

class HeapTracked { /) IREI; ERER
public: // M operator new IZ[A[[f) ptr
class MissingAddress{}; // SIS, N A

virtual “HeapTracked() = 0;
static void *operator new(size t size);
static void operator delete (void *ptr);
bool isOnHeap() const;
private:
typedef const void* RawAddress;
static list<RawAddress> addresses;
b
XANRA T list (BER) HAR A HERER M operator new IR[FI T A $a%r, list b
W CHIE—FB%r (W Effective CH453k 49 MIAR 43K 35). operator new FREL TN
A hEIn NS 1ist J'; operator delete HISRBEMANAZIEM 1ist il ot &,
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isOnHeap HWr— XSS HEHE S BAE 1ist Ho

HeapTracked ZE[{ S IR 11 5., I 4= JRI operator new Fll operator delete EREIK5E
IRNAF R BC SR ist R RBIEATI AR ERMBRERAE, JRIHT B ) i A iR
YE. LA N2 HeapTracked [H4sHESC Il :

// mandatory definition of static class member

list<RawAddress> HeapTracked: :addresses;

// HeapTracked [IHTH BRECE AR BREL, (AL AIGA.

// (B Effective CH+453K 14). AR HTAL R HLAL 2045 e S,

[/ ARRATMS T — e e

HeapTracked: : “HeapTracked() {}

void * HeapTracked::operator new(size t size)

{
void *memPtr = ::operator new(size); // 3KREWNALE
addresses. push_front (memPtr) ; // FEHWHEICE] 1ist IR b
return memPtr;

}

void HeapTracked::operator delete(void *ptr)

{

[/ 2= “iterator”, MR list JTCHRATM ptr;
/B RANT S WA 35
list<{RawAddress>::iterator it =

find (addresses. begin(), addresses.end(), ptr);

if (it != addresses.end()) { /) MR KR —ATTER
addresses. erase (it) ; / /WA R 1% G 25
::operator delete(ptr); // BERNAT
} else { // A
throw MissingAddress(); // ptr BtAZEH operator new
} [/ PBCEY, BTCARE AN R

}

bool HeapTracked::isOnHeap() const

{

/) BB —ANEE, FRRxthis 80N AEAS B R IG AL,
[/ RS LR e
const void *rawAddress = dynamic cast{const void#*> (this);
// 1F operator new JR[F|f{jHbAE 1ist & RNFREN
list<RawAddress>::iterator it =

find (addresses. begin(), addresses. end(), rawAddress):
return it != addresses.end(); // R it BT HIE

}

JVEPRATREXS 1ist SEAARAE CH+EERILE M AR AT, RIEILZIR—H TR, &K
M35 K AAREIX HE AR AR AR 0, AN I ACHS HEL PR R O & R AR R X 01 1 2 T as AT /Y

HA— AT Re ik RIS R 2, & X ANES] (fF isOnHeap pRECT)

const void *rawAddress = dynamic cast{const void#*> (this);

T LA 2 AR R IR R SFG LA, X FH S 2R R
isSafeToDelete ¥R . XA AL isOnHeap TR LB S, (HAEPh isOnHeap fXAX
H T HeapTracked X %rh, FATHEAEH dynamic cast #RAERT (S WA M2) 1 — TR BRI
BRI BRIX A ) 8, T T AN dynamic cast, 8—AMEEl dynamic cast B voids
A (8Y const void*Ek volatile void¥ coooo ), AERPARERIE R ) “ JREREH R I R A
77 TG AL . {22 dynamic_cast HAEH T “Fam 2/ B —MERIREIIN %7 FIFRE
Fo AL isSafeToDelete PRELAT L T4 AR SR AW 454%E, PrLl dynamic cast
WAGEH W o isOnHeap BT HATEFNE (e HGEMNATE ) HeapTracked Xf R IW4REN), Frlk
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AEFE this 8% dynamic cast i const void¥, ZBJN—AME W) 4 a7xF SLas bk $8%5r.
A HeapTracked::operator new K 4 ff X} % 4 B N 7 , X A~ 8 # @t 2
HeapTracked: :operator new IR[AIfFREN . WIAARAIGR1ESS SZFF dynamic cast #4ERF, X
AN R TE A I o

{EREANS, BT R I R A o] AR o N BRERME P 4R E R Dhfg . ABATT DT
B HOE LARATTIZE M HeapTracked 4k7& k. Bl anFRATARAIWT Assert Xf R IGEHR T
SETTAEMEX S

class Asset: public HeapTracked {

private:

UPNumber value;

};...
FRATBENS IXAE R 1) Assert+38Er, W R

void inventoryAsset (const Asset *ap)

{
if (ap—>isOnHeap()) {
ap 1s a heap-based asset — Inventory It as such;
}
else {
ap 1s a non—heap—based asset — record it that way;
}
}

% HeapTracked XFEITRGIA A, EARHTWNEES, KR int Al char
IXAE I RIIARE LR A B LB R AN A S HeapTracked [ 52 DA — A0 A2 T2 R T A2 5 7] DA
WH “delete this” , MRANFIREAEN R BIAE, B NERINE this #RE.

o ZLMENR

H Wk G2 A LEHE MR B IR AE 45 R T o 55 B e Al 2 “ 2% 1 e i b gl T 0
Z7o ME BN IXRE AR DL AR ERELAI s X BARCR YR AE 2R ) B A4k
K BEYPARN B EX RN o FA VNP Hv e e

L P HAR AT ZAR TR, U B R new SREESZIX RIS, IRAEESEE L 7
PH new. FRANGEFM new FEAERFIIATHME GXEWIRTIES 1D, (HRZIRAESFIH new #
PEFRF 2T operator new BRI (ZWAK M8), Kk H|H . /AT LLH B IXAS
PREG T HARAT AR E S A private. Bilan, A RARAEAARLE P ERE 37 UPNumber
X%, RA] LX) -

class UPNumber {

private:

static void *operator new(size t size):
static void operator delete (void *ptr);

};...

AE ] PAA ] DAV e A AR ) 1

UPNumber nl; // okay

static UPNumber n2; // also okay

UPNumber #*p = new UPNumber; // error! attempt to call

// private operator new
8 operator new FHI N private #EW T, {HZH operator new FEH] N private, 1l
ft8 iperator delete FHIA public, XA LR, BT LABRIEA 4075 2 IR, 50
ANEEANVTF R, B UFESR I —AN o A e . SRR ARZE 1L UPNumber HEXT %
B, nfLAY operator new[]Fl operator deletel] (ZIL45iEk M8) W EHAN private.
(operator new fll operator delete Z MR R KZ BN R I EmRG L, HREAN]
Z 1B R ZR R NN —101, T A2 LRI 3L counting objects HLf¥) sidebar #45.)
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HilR 2, € operator new FE N private £ 2=FHFS UPNumber %8k — AN T-HE
HHRIRAE AT G B Sk . PRI operator new F operator delete x& HB)4kzKk 1),
WH operator new Fl operator delete WHZEIRAR T H AN public GHITHNE,
overwrite), ‘EAIIELE AL F private A, WIFFrs:

class UPNumber { ... }; // TFE
class NonNegativeUPNumber: //BEIXAN

public UPNumber { / /A 7 B operator new
b
NonNegativeUPNumber nl; // 1EH
static NonNegativeUPNumber n2; // WIEH
NonNegativeUPNumber *p = // R R A

new NonNegativeUPNumber; // private operator new

WRIRAZRFE e H U1 operator new, “7EHEH 0 BCIRAEXS G0, i 1A F XA R 2L
TR —FhAS IR ) 542k B7 1 UPNumber JE28 1K) i i) . UPNumber [¥] operator new
J& private IX—xl, AN UPNumber i 5 X % IR0 S 14 23 T P A AT AR 57 1«

class Asset {

public:

Asset (int initValue) :

private:
UPNumber value;
b
Asset *pa = new Asset (100) ; // 1ERG, A

// Asset::operator new Y

// ::operator new, A

// UPNumber: :operator new

Sebr b, FATRE] TS ) R, B “an St UPNumber X SR #b G AEHET, 3R

FITARY A S 7 MARIK IR IR )2 “ W R AR e, FRATTARY S 7 IEAR AT
B ) T2k AWl 2 S A HE b —FF, A BRI 7 v A W 2 A AR ME T, P LA
BAVRAEE, A2 AR, Wi R RATREH A A b ZEHE L, FRATTE AR AE
HEMH AN HIEATEHE o AR TRA A A A BEHE I H K

7.4 Ttem M28: R7T5 (smart) ¥4l

RIGFREE—FhANANAT A # BT E S YRR ARSI N G, ANid & BESRAIL T 22 (1)
iRE. ENE 2N AR, ORERESE (S04 M9, M10. M25 FI M31) FIFEEAL
AT F it (0L MLT R M29).
MRAE R IR EH AR CHIO N A 5T (AL dumb pointer) , YRERAESEHI T X LE
J3 TR E AT N -
® AT o R AT LAk E HE ST R IR AT ISV 1% 8 A il T8 H RS R TR EH A E 0,
T B2 NS ARG I FRED o 238 ) 5 — X R 10 g5 — A R I FR B R il
B, HEEE R I FRE W T A SRR EATTHR TR R S o S REAROR B 1 8 Yt s R A
W
® 5 UUFIE . VRAEXTHE VLR IGFREr oAy R IFRENZ 5 A B E A T30 . 6 T3
G 1) R TG FRET KL, IR AT A 3045 DUE A1 R ) 1% G sl P X L) 5
AT R34, 24T deep copy GRIZHE VL) o X T HE B)—28 R T3R5 K,
A DR A G s FR ST AT IR B - 1B — 320 B F 1) R I FREARA AN 72
VPR EeHAE . TEIRARIN A A W] 24, R IFREH G 22 IR )45 o

® Dereferencing (MUHFREN e RPUMI N A o M 5B R T Frda Xl 4,
DR ARG ? ARAT LA AT HRE o 9 AR mT U R I F 5T S04 M1T 231 1)
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lazy fetching Kk,
RIGFREF B AR R, RN L5 Y EEFREF R, 22 strongly typed (B887H) [1);
TR S HUf e R I SR . RZHR TR BIRE R AR IX M template<class T>
/] RITFRER X GABAR

class SmartPtr {

public:
SmartPtr (T* realPtr = 0); [/ LA RIFRE
// 3810 dumb pointer FT¥gH]
[/ W% RYIHHHITRE
// #AMEA 0 (null)
SmartPtr (const SmartPtr& rhs); /] BN —ARIFRE
“SmartPtr () ; // REMR I ¥a %

// make an assignment to a smart ptr
SmartPtr& operator=(const SmartPtr& rhs):

T+ operator—>() const; // dereference —A>RIGFRE!
// LAV ) B4 0 G0 1
T& operator*() const; // dereference RIGfg4l
private:
T *pointee; [/ RYGFRE PR I %

b

5 DUAL 8 R R A B VR AT AR g IR X B o X T RIG¥REH Ik UG, ANRE Vi T+ )L
FRAEERAE, BN IZ AN private (Z 0L Effective CH453K 27). P dereference
BRAERTRE A A const, /2[R dereference — /MR IGFREF AL B Sl T2 M UL
A LMEMERE T FR I %) (XK, const B R IGHRENA 1] LA HIX P MEVERT ) o )5
BRI T XSRS —ANE M T 1) dumb pointer. iX> dumb pointer Fi ] (%)
ZA e RIGFREHE ) [ EIEXT S

HENRIGFREF S 405 200, NAXBEST— F P Wil fd R o445 . HI&—T, 1745
ARG (R BTG — S fE AR, —SefEefe) . ATV Mm%, Ui AR
HIRF G0 S AT R SO R, RO GE RV 1) 7 AR FE R (RPC), B — 2Lk
BRI BV ENLI 715 X T SRR I - K, SR AN R 1 732593 i A B A s o %2
i G — RGN Sl o kT N S E RS T — N ST . R I FRE
A LR P SRR A A

template<class T> // FRIAL T A= DB CHR )
class DBPtr { /) OB R PRE R
public: //

DBPtr (T #realPtr = 0); /) LR IFREE, 4R

// H— AU dumb pointer
// 4 DB X%
DBPtr (DataBaseID id); // BT RITTREL,
// FRI—/> DB X%,
// BAME—H) DB IR BIFF
[/ Hew RIGFRE R 2L
¥ //lAE

class Tuple { // BAEEE TSR
public:
void displayEditDialog() ; /] BIR— A TE X EHE,

// SRVFH P iR o .
// user to edit the tuple
bool isValid() const; // iREl*this /AL T
b /] AEMERAE
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[/ EANREMH TR T X% 47 H &Sl
[/ RIS DL T BUA :

template<class T>

class LogEntry {

public:
LogEntry(const T& objectToBeModified) ;
"LogEntry () ;
b
void editTuple (DBPtr<Tuple>& pt)
{
LogEntry<Tuple> entry (*pt) ; [/ IR YRR E Sl H &

// RGN WL 1 1 A
// B WRGEAEHE, HREME T AR
do {
pt—>displayEditDialog() ;
} while (pt—>isValid() == false);

}

7t editTuple Wi 4w ) ALY Lol IAL T AR v DAAZ T2, (HE%wS
editTuple FIFEF A OGLIX e il . RIGIREF R T KRG MK LT 1. AR 51 o8
LTINS, Wl R IFRE R BT U R T, B T W] S AT IA AN, HAT A S —
NI EFEE

R At editTuple "' LogEntry XJ % (W VL. — Mo 4L 48 1) v ot &2 76 H
displayEditDialog FiFF4f H&wdx, WHEE R H &k, X BRI %2 ik
LogEntry MM AU ) H &l sk, Frid g il il s, IE W4k MO Prd@Refr), 41
X I, X% B SRR ES R H 0 5 bR /s o e 50nT DAL e B Adok . i HL gk
S~ LogEntry X% LU RRRAR A H T 4 10 s 4 O sk pR B 25 2 o

IEWARPTE 2, A R I3EE 5] dump pointer WAIR KM ZEN] . IXEW] T 343
AR AR . RIGFREIH P v A% AR dumb pointer —FEAdH R I5Fe%E . 1EanFRATK
BRI, AN IEMEASEIE .

o RIGIREHEIME. WEMFTH

RIGFRE I PR3 3 AR T P FRBNFR I AT % (— M R IR Mt s BN S50y
H, bR ITFRE RN EE dumb pointer FRE . AR AERBIN G, N EHIREEN 0
R A RE S (TRERE — AN ).

RIGEREHE DU pR 2 RS VE AT R BRI A R ) SE B T O FR AT 5209 B A
()R] AP AT 26 55 % o iR — A R IGEREHIA IR M AT 5, 24 e R T 20201 47 B A B ix
AN G X B R TTFRE 4R ) 0 SR B AR o XM AR R I FR e TR o2 WL (7
M e XM B A TLSE R TV, S WA M2T) .

B FhsifE CHPET auto ptr BB, X4 M9 Frfil ke, —A> auto ptr Xf %2
—NMBRIHEN G R T4, B2 auto_ptr #OREH. auto_ptr (KA R4 eR M BR ILHE ) 6
Gl SR AFENE? auto ptr B ASZELMT R

template<class T>

class auto ptr {

public:

auto ptr(T *ptr = 0): pointee(ptr) {}
“auto ptr() { delete pointee; }

private:
T *pointee;
b
i auto_ptr AN G, ERILLERIEIT. H22 auto_ptr #i# DUSBIRERN, &
KA AN UG 2
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auto ptr<TreeNode> ptnl(new TreeNode);

auto ptr<TreeNode> ptn2 = ptnl; // ¥ UL R i R 8
[/ KR A DL?

auto ptr<{TreeNode> ptn3;

ptn3 = ptn2; // JH operator=;

/] SREAATEDL?

WRFRATAFE VLN ERY dumb pointer, £ FENA auto ptr fi5 [l —MHFEX . X
T ANIME, RSB quto ptr A auto ptr FA MG SN ITIE RIS % . X ERE —
A GG TATTI R P I o STl P95 ) 5% P 225 SRR S AN ] 0N Py O 5 2 OMEPE 1) D o

F Pkl W new, S —ANITERXN ST L. XA T ASEVFZ SR W (A
—MRBI auto ptr, (ARG (LUSIRMFREOD i R4 il A B2 I PEReiFE. I
HIRATTA 18 2 A 2 28R %, IR auto ptr<TOXF AN DA 2045 [0 2881 4 T (% 4%,
BARATLAR ) T FYRA RIS . IR IE pR 2L (2 WA M25) AT B3 B FRAT TAE pRax A )
B, ARE I RA R EATHAE auto_ptr IXFEHIEH LS.

Wi quto ptr A5 1545 DURIRAE, i v] AV BRIXAN 8, (HU2 R “2 auto ptr ##% N
FHRAEL I, XS G AT AR 2 Wi AE 8 ” (53, Je— NS K RG24

template<class T>

class auto ptr {

public:
auto ptr(auto ptr<T>& rhs); // ¥ IR R 2K
auto ptr<TO& // TRAE
operator=~(auto ptr<T>& rhs); /] BEVERF

s
template<class T>

auto ptr<T>::auto ptr(auto ptr<T>& rhs)

{
pointee = rhs.pointee; // Hkpointee M
// fEE#R| *this
rhs. pointee = 0; // rhs ANHA
} // AT ZR P

template<class T>
auto ptr<T>& auto ptr<T>::operator=(auto ptr<T>& rhs)

{
if (this == &rhs) /) IREAKT G A A
return *this; /] A ABAS LAY
delete pointee; // MERELAE A 6 5
pointee = rhs. pointee; // #*pointee [FIHTH
rhs. pointee = 0; // M rhs fEER] *this

return *this;

}

T B R R AR R AR R 52 00 G 18 A B LA DA 20U B SR IR 5 o I AN IR,
JERAAT H AR KA MR o AE, BR T auto ptr X%, WA ANIA auto ptr Fi5H)
IIPSE

K2 auto ptr BI#5 DU BREET, ST S RIFT AL 2, Frblsst e {E )y
A fEid auto ptr X G —/MERRER ik, KA

/) IEAN R BOE T o TR A

void printTreeNode (ostream& s, auto ptr<TreeNode> p)

{ s <Csp; }

int main()
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{

auto ptr<TreeNode> ptn(new TreeNode) ;
printTreeNode (cout, ptn); /B ARAE T AL auto_ptr

1

4 printTreeNode (24 p BeWIUGALI (AT auto ptr (W35 DIAIEBRED, ptn F XS
G T BRALE RIS T po 2 printTreeNode L5 WRBUTIE, p BIF TAERE, &I
FOM e 48 10 R 5 G2 5K ptr 38 1 XTS5 2R1M ptr CANFHE AR 5 CE 1 dumb
pointer /& null), LA printTreeNode LLJGAEfaliak &l 48 F e ()38 AR AR 7 AR A U
AT 0 o RATE VR S ARFE T S 0 P BUAR 3 2 — NI I ) R B S 400, A Read i A% (8 7 A%
6 auto_ptro XFPHHLIR DL,

EAEVARABEauto ptrffch S5k id, X EWHE ARt -HAL(E 77725 il id const
5| L% (Pass—by-reference—to—const) [ J7VEEIXFEN:

[/ XA BREAT R S R L

void printTreeNode (ostream& s,

const auto ptr<{TreeNode>& p)

{ s <p; }

TERRECEL, p 22— 5, AR ARG, BT DA DU S R e 4e pe 24
ptn #% 4% 3 2| b IX > printTreeNode I, '‘C iR & FIfEA Z WA, HH
printTreeNode LLJFitn] DL HAEH ptn. JrLLETE const 5% auto_ptr n] DL S f%
PP BRI . C “g AR AR “AR(E” I JE S0 Ef fective CH4&3K 22).

TEHE DURIAE X SR AT AN —A RIGFREHAL IS R 7 — N 25, X Rl ARIRAT R,
T AR AT B8 O3 = 2048 DU R SRR VR A5 AN 1) = 1 75 B 5 R R R AR AR AT R« X 28
BRI S EO0 2 A const, HJE IR EE A NE A o SEBR_LAERS DURRAE iR ix £
RR B AR AE O T IR L 240, R U, R auto ptr XTSRS VBN (A 454 1 2
W, B auto ptr XA !

S, HUEIERE . CHHE W R IEBELERIXAE M, TR GF 1o Wil 5 22k 48 UMy
I PR BRI BV EFF L2 AT const B8, IRLIEM S const JEME (S UL Effective
CH+4ck 21) B A v ESE BT A B 6 o HERfIILE: 2445 D1 — /X BB AN Gy
WA B IR, S IESOXT S XV REATLEA M, (R E MR, HEN, EXM
B AR T

WIERAR I FUXEE auto_ptr B REIRA IR, R ReA BE R ML, 75 291
LA 294 U BA GRIAB IR, 78 RARMEEE 2, {ebsil CHEET auto ptr Btk HX
HLPT IR 1R 5 R 5 DR 3 R ORI A E AT o AEARHE CHHZEr, I8 R B 1 D4 R A5
B AN HUR s 3 RR B (FEAR SR ) T2 VRS ot 573 B BSOREAR » i mT LA 132 Ef fective CH+
K 25),

RITHREF (PR ) pR 0 B X FE I -

template<class T>

SmartPtr<T>:: SmartPtr ()

{

if (*this owns *pointee) {
delete pointee;

}

}

17 BB AN T B HEA TSR, I andeE— auto ptr BUEIE CIRFIIAIZE . S
—ReEE, WSS —MEH T 5T (S I4N29) R Iy FRE Wb 25 e HI W &
AR R TR ST A S T EUE . 2RI — 2 R 154851 % dumb pointer —#f, 4
CATTHEMIBRES, X PR ST AT 52
® 5P Dereference HRIERF

PR B 0] R T3R5 %088 73, operatorsHMloperator—> BREL. HI & [H] iy
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R4, #Hig b, XIRM .
template<class T>
T& SmartPtr<T>::operator*() const
{
perform “smart pointer” processing;
return *pointee;

1

T 56, IR REU A 4 , AT FR 5T 8T pointee G20, W AH A lazy fetch
(ZIAEHMLT), BREINA pointee BN — X% . —H pointee &7 T, operatork
PR ESU A (R L P FE R ) — A5 H

HERORMEEALE AT W FINT S, R Gt VPR A, Hv] fe 8RN
Ja e WA Z 4 pointee A AR T RANT S, B AT LR T HIURAER .
WRAEIXFIE DL T operators R EUR A& T RS G AR IRAERN G051, IR R 2L
SEFr _EIR PR — MRS P 5 (X E—A slicing (PJED )@, 2L Effective C++
Sk 22 ALK 13.) ERMIMEM R LA EMEE, AatiksS (R BFrfaxt
Z RIS KA IR SEBR Ll SR 1 R I FREF AN RE S Fr B SR 5, ZIXAE TR
R IGWEA M. 1R Bl—A5 | HIERets LA H B 8cE (ATRERE— IR ATSR, 20
A M19) o BEME SHe I L A 1 5 ROR R e — Rl 3.

WARARE A 2ETFRIN, IR Re AR — 2 A 7E null RI5R%EF EA operators,
Wt U R 5354 ) dumb pointer & null. A, FE{EMAT A#HETT. dereference — /%
FREF I A e A ), P LA BER B A SRR A o A — AN A2 mrLL, flHee, A7
WM abort BEL (NTREHE assert FERMUN D 2 LF i, PRI, AR Iy 9 AE4E R4S 71
AR RARAE H 5 256 B4 ? 2SR AT DL BB AR A AT A G Ab, (a5 A B =,
PR5E4 72 H H I

operator—>M1E UL operators e[ 1), (HIETE/HT operator—> 2 7, iLFATSEMIZ
— FIXAN R B S ARAF S o P51 editTuple sREL, HATH—ANE T Tuple Xf 4%
R I 4EE

void editTuple (DBPtr<Tuple>& pt)

{

LogEntry<Tuple> entry (¥pt) ;
do {
pt—>displayEditDialog() ;
} while (pt—>isValid() == false);
}
A
pt—>displayEditDialog() ;
e Gt 1 A RE A -

(pt. operator—>())—>displayEditDialog() ;

X RE AN operator—> iR [FIAT 4, ‘B AAER 45 FAE R member—selection
operator (M UEFIAERT) (=)o Kk operator—>{XREIR [MIPHFI AR VY : — AN [l HEXT L
dumb pointer EUY A RIGFRE . ZEEHLE, ARAREANEE dumb pointer. fEULHY
DR, RIXFESEEL operator—>

template<class T>

T* SmartPtr<T>::operator—>() const

{

perform “smart pointer” processing;
return pointee;

}

XAEIEAT R o O IZ R BOR B — AN EE, T3 operator—>if I RSt %, AT h R
e IERI .

MFAIRZ R R UL, IXHUR IR 2 TR R IGHRE iR 0h . 40k M29 15 I vH ey
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HEAXEEZ P IRE. (HE W RARER AN T i R I Fa 5, AR ZUANE S 2 1A K
dumb pointer FJZIPRIR FFREH Wi G A BRI ATAA dumb pointer. WIHRARMKEL 02
“Most people stop at the Z-but not me (ZE AL 1L, (HIRAREIXFE) 7, Tk
IR TR PN 25 1E TS AR
o KR I5HE4 R A NULL

HEO 1L FRAT e R B Re L FRATTEE . . B, #5 01, TWRMH. dereference RIG¥E%Ef .
A — RN MA R s 2 O RILR I5Fa% 9 NULL”:

SmartPtr<{TreeNode> ptn;

if (ptn = 0) ... // error!

if (ptn) ... // error!
if (!ptn) ... // error!

AN )RR

ERIFREFEE A —A isNull b sk E0e —HRA 5 8, HE WA v 4 S
NULL I R IGFEEF AT 0 5 dumb pointer AAHALI R, 5y —Fh 5 V22 S fit o xUS Y e 44
YERE, Savrgmie Bl it — M i 73X Bl B RSB 4400 2 voidx -

template<class T>

class SmartPtr {

public:
operator void(): /) MR R IHEE null,
// IRML0, A5 R[]

b // dE 0.

SmartPtr<TreeNode> ptn;

if.(ptn =0) ... // IRAE IE A

if (ptn) ... // WIEHE

if (Iptn) ... // 1EH

XY iostream KRR ALK A AR, it LUAT BUXFE 2 5D :

ifstream inputFile(“datafile. dat”);

if (inputFile) ... // MR inputFile &1 OV &8k

[/ RIIHFT IF o

ST R BV R B —FF, Ef — B Y500 T BAR R 2 H0E) Y i A e i
FHRIGE, AH I R KR S e 8 B D T (S A MB) . Rl & R vF R T5daEh 5 e As
[F] (R 2 2 TA)IEAT LU AL s

SmartPtr<Apple> pa;

SmartPtr<Orange> po;

if (pa == po) ... // IXBERE G ) G |

R {#i fFSmartPtr<Apple> F1 SmartPtr<Orange>Z [A]¥&fioperator= R, WHEWS L,
K K R IR B b e 4 voi dsFir B, xS T P s FREF SR st i LL AR sk 4. X Fhadk
TR AR R W AT R AR SE RS o CREIRIE — T 45 35RMb, 2 J e 5252 i e 152, A2 - 24 i
IE)

16 vold« RV T I, WAL, AT E K2 const void*[ZRAL 4,
AT — LR UL 3] bool [ ¥k, X LEARLYHR AT T BV A I 20 e i) i) A8

H—MP A2 AT DA H IR nul 1 EREEE,  [FIRHEAS RSB R I 485
Z T AT LER R mT eI B B AR o X2 AE R TG FREH R 4K operator!, M HAUY R g
R —ANSI8 5N, operator!iR[A] true:

template<class T>

class SmartPtr {

public:
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Bégl operator! () const; // P HACH R IFRE E
// ZE, R[F true,
b

M PRI T frs:
SmartPtr<{TreeNode> ptn;
if (Iptn) { // 1EHf

// ptn &MY
}
else {

// ptn AJETFH
}
{HEIXFERASIES T -
if (ptn == 0) ... /] AR R
if (ptn) ... // WIHTR

AAEIX RGO N SAFAEA ST 2 (A AT LA -
SmartPtr<Apple> pa;
SmartPtr<Orange> po;

if (!pa == !po) ... // REW g ik
FUFET AASEH XG5S . AERAZE, lostream FERISEHLER T 4L voidxBaat
(PRI A, AT operator! pR%L, ANihiX AN & 08 5 WA FURSAT AR . (FE C++
KPEFRUHET (S Effective Ct+ 453K 49 FIA T M35), voidkfa B 4 C &4k
bool S HIHEH AL, operator bool M EiR[F 5 operator! & HI{H. )
o R IGIREI AR AL dumb FRET
HIRELE— NP el O dumb FrEHARF RN IR D Fa 4. B, FRE5
A R RS R A S A, B DAnT g — 2822 X 2 sk O A A R T %
class Tuple { ... }: // TA_E
void normalize (Tuple *pt) ; // fxpt BN
// e R
// J& dumb $5%F
&, WRARAE AR Tuple MR IGIREAES M normalize, &I AN
O
DBPtr<Tuple> pt;

normalize (pt) : // !

R AN GE 4015, R ASBEIEDBPtr<Tuple>iE#e i Tuple*., YRA] LLIXFEML, M
AL SN S

normalize (&#pt) ; // BB, HAE

AN IR T RIX TR

5 RSTHREF R R T 9 dunb 6O BRIERT, T LLLEDL R
H R IIZEAT

template<class T> // Ak

class DBPtr {

public:

operator T*() { return pointee; }

b
DBPtr<Tuple> pt;
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ok N

normalize (pt); // ReIsAT
I ELIXAS Bt 9 o 17 00X A ) R

if (pt ==0) ... // IEH, 8 pt HARE
// Tuplex

if (pt) ... // Ak

if (pt) ... // [ L (reprise)

SRTT, EAA R R BT A s UL BURIXFE, B M. ESH 6e
WEIRAE Sy B 40 1) dumb $5%F, £ T “FHR%E (pointer—like)” MR ftn) “ R 15”7
R :

void processTuple (DBPtr<Tuple>& pt)

{

Tuple *rawTuplePtr = pt: // {8 DBPtr<Tuple> ¥4k
// Tuplex
i raw TuplePtr 1£2¢ tuple;

}

T, RIGFREMRALR «“ RI57 A7 R R v 1 = B s 4y, B A Se v P i
dumb $5EH FEIMENER R Fltn, 4R DBPtr SEIL 14K M29 RSl - ThRg, Ao
VE P i ELRENT dumb $REFBEATERAEIR PTREAIR “ ST RITHE0” Bl ghim, e 80s | -2
o

T RE RS fE— A R IGHREF 2] dumb FREF B R HERERT, RIJIREH AR IE
WA 5 dumb FREF B . R MR IGHRERF) dumb FREFIFE SIS “F P SRR, 1(F
(] Isf ) 2 PR A A T X R e 4 (1 IR B AN R I — UKo B A AT — N RO T RE A% U7 ) 3 —
JCA IR

class TupleAccessors {

public:

TupleAccessors (const Tuple *pt); // pt identifies the
// tuple whose accessors

b // we care about

1%, TupleAccessorsf) B2 Huk) it bl B0t v] LLVE 4 M Tuplex3|TupleAccessorsfr 2R
HAPRAERT (S WAHME) . A IE— T T-AIEM N TupleAccessors X % N AE B R 4L :

TupleAccessors merge (const TupleAccessors& tal,

const TupleAccessors& ta2);

K2k — Tuplexn] A a5 ¥ 4 TupleAccessors, P dumb Tuplexifi ] merge
B, W DAIE R IBAT:

Tuple *ptl, *pt2;

merge (ptl, pt2); // IEHE, PIANTREM MR A
// TupleAccessors objects

W R 5484 DBPtr<Tuple > BT, Wiemiss

DBPtr<Tuple> ptl, pt2;

merge (ptl, pt2); // ERRIUARERE ptl A
// pt2 #EHFR TupleAccessors X4

[A 24 MADBPtr<Tuple>#|TupleAccessors [ 4 L H W X FH 7 o SR B4 (— R
DBPtr<Tuple>#|Tuple*, — X MTuple*xF|TupleAccessors), ZPEasANariEAT XM R4 115
i

AL dumb R I B AR R 3 1) R I a5 R 2R T — M EW A E Mbug. HEXA

A0

DBPtr<Tuple> pt = new Tuple;
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delete pt;

XA NOX AR G e, pt ARTRER, B DR, IRAREMIGR— 0% . KA
A ReRMIBR, XFA?

RN T o AHGE[RIAR— TN AR M5 G AT B xR AL e ke S ] B A pR £5 1 FH B 2 5
FRERR— N4 M8: i delete <X HMTHIPRELHN operator delete, W HBZRREL. i
BERA TITAE delete pt WA HLIOPAN R EUR TR A, 4 pt FaaQkd o Tuplex, SR
PR (AKERIREHE TAM, MIAENGwmEEL T, ) KR SBIRRIIFLT .

Wi pt PHETRM IS, SN ESBEMERIR, — XA delete B, 55 —IRAE pt
PIATR R AR RIS o 24 pt AP XS, R e NSRS, W S04 2 R 5 SR pt
(IR DR LT, AR WA H A TSR pt BN, AT RATIORFE DU 38 23 PR OO B 15068
B0 ANV AT I T PTIR B DU A2 B o 7 T DR 2 S 30— AN S M BRIk, IX A 2
AEASRETORI S 2R

XA bug AT, PR BRGEAE R T Fa £ 5 T () 43 AR & L E AT S AEAMI ik
JELEAT B A dumb FREHS AT REHIAHACL. AR XA EAL, AR P T B s
IEAEAT R IR an A s ] T IR R I 4e4Er, B e 2 7E T new 2 J5 1 H delete,
CABT 1R WY, e SR o7 A5 A AT TR A X W 2

JERZEARTRI e BRAEE — N NAET A5 AR S DR 2o PR, 5 W 46t AN LR A3 46 3] dumb
FREF BB AR T L R AERT
®  RIGIREFM4R AR RIFR AR

B FATH A public 4h7K)ZIREEH, LISERAL & oK 5 S AR 7 e

MusicProduct

Cassette

class MusicProduct f{

public:
MusicProduct (const string& title);
virtual void play() const = 0;
virtual void displayTitle() const = 0;

b
class Cassette: public MusicProduct {
public:
Cassette(const string& title);
virtual void play() const;
virtual void displayTitle() const;

b
class CD: public MusicProduct {
public:

CD(const string& title):

virtual void play() const;

virtual void displayTitle() const;

}s
AR, BATE DR, 48— MusicProduct X%, EREE/RZMmA, ik
e :
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void displayAndPlay (const MusicProduct* pmp, int numTimes)
{
for (int i = 1; i <= numTimes; ++i) {
pmp—>displayTitle();
pmp—>play () ;
}
1
XA PR IXFEAT -
Cassette *funMusic = new Cassette(“Alapalooza”);
CD *nightmareMusic = new CD(”"Disco Hits of the 70s”);
displayAndPlay (funMusic, 10);
displayAndPlay (nightmareMusic, 0):
RXIBA 2EF V2RV, A2 M FRATTH R I FREHHAR dumb $545F, S & AAT A
void displayAndPlay(const SmartPtr<{MusicProduct>& pmp,
int numTimes) ;
SmartPtr<Cassette> funMusic (new Cassette("Alapalooza”)) ;
SmartPtr<CD> nightmareMusic (new CD("Disco Hits of the 70s”));
displayAndPlay (funMusic, 10): // BFR!
displayAndPlay (nightmareMusic, 0); /) EER)
BEAR R IGHRE X AR, AT A AN Bed PEIX LeAXAE e 2
AN BE BEAT g0 B 1 R R R A BE I SmartPtr<CD> Bk SmartPtr<{Cassette> # #t i
SmartPtr{MusicProduct>. MZIEAs I AUCKE, X2 BT R N Admitds
2 31X FE N b M 2 5% SmartPtr<{CD> &Y  SmartPtr<{Cassette> AN J& M
SmartPtr{MusicProduct> kALK, XKLL 7 (M BA YA FR, TATA T REE R I 1R 4530
— PG GEREARFRD 5 —FhRRI %
FIBWIE, A IMEETFIZ PR E], XF TR O AR AR SRR ) IR X T
A LA T B U 4 i A R T R4 R AR I — AN R SR B B R R (S 455D . 14l
W fE music 2 72 IR N, 1E Cassette F1 CD (1) R 5 48 £ & A 4% nJ LL N A operator
SmartPtr<MusicProduct> K% :
class SmartPtr<Cassette> {
public:
operator SmartPtr<{MusicProduct> ()
{ return SmartPtr<{MusicProduct> (pointee); }

private:
Cassette *pointee;
b
class SmartPtr<CD> {
public:
operator SmartPtr{MusicProduct> ()
{ return SmartPtr{MusicProduct)> (pointee); }

private:

CD *pointee;
b
XA A A B, IR R L (specialize) SmartPtr 28, Jy AR
NBEA SR R AR R AR T SRR rd F ko 2R =, RV REL SIS IV 2 KB40 4
BRI A ki v (R0 5 RT A T4 2K 2 0 AR R IR AL, R 20 Ay T 4 il TR e b A FR) s — AN S
PRpt A RAEHAT . CUERARUCHARBERS se IRIZ AN T, 7022 A R e e 3] e 2Ry
PRt — B ASRAEHAT, I 205 PR AOX AT 2 7 DR e a5 [R) — IS TR) 3 FH P e X
AL bR B ) BN BRI — I, EANIANBEAEAR 1) T (R T4REH3 4510 T B MAEIEE
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KR IR, BRAER 2 PR,

UERARRE L2 158 2 b Uk 55 T AT (RS A e B, X R R I I o SRR i 5
PRE, AARBERSHLE], XY REREA W] (AEKE) R b R BB G At i A B3 AR (member
template)), PRAEMIHERA MR IR R FL e KL, T

template<class T> // BRSE, FRm T
class SmartPtr { // RIGFREF
public:

SmartPtr (T* realPtr = 0);
T* operator—>() const;
T& operator*() const;

template<class newType> /) RERROR I PR AL
operator SmartPtr<newType> () J/ T LIRSS A AL

{

return SmartPtr<newType> (pointee) ;

}

b

AR RE R, XA E AR A WRBIE T EAR . EW RN R. (T
TN AR B RE TUA AR, EAERSE, — LRSS — 1. TROEIRE
SE G, SUAERS EIR A BRI BE N AR T o) g 1ESs AT — MBI T A0 R I5He4E,
BN RIS SR ) T 3R R TRER . gieds /e RE SmartPtr<T>H2R0E
X, BHAEA RS, R eRA A XA 76 L BaRsf
PRV HAT ) G ds AR oA B AR N D eR SR, I ] DA S0 Ak e T 3
R BRI T — MNIXAERIER. P TR ZS 4 newType), FrLAEHE newType
A58 T AL RN SEAG AT o T IS, M P I i S48 ) ol % R B30 R e 55 e O 15«
f&i (dumb) $5%F pointee 2RI “T FIHER” MR TFRE MG KA, WITEVER . $5%T
pointee Jefiglnl T KA, HUEHARMIRINHIEZE (public 8L protected) X ZRIFRE L
SRIEEVEN, DR AR AR R RE S e i 1, mT LA HBAER 17) T 1) R T 455 Ba Ut 2R 4
HeAohiam ‘T R R IFRE

25— B . ikFRATIIEI 3 CDs. cassettes. music FEamIRI4kR)Z IR FR. T
eI O nIE N X B A e g 5, DAA 2 s AN BEAETR 0] CD 1 R Iy dR4t 5 45
i) music /=5 ) R I8 E

void displayAndPlay(const SmartPtr<MusicProduct>& pmp,

int howMany) ;
SmartPtr<Cassette> funMusic (new Cassette("Alapalooza”));
SmartPtr<CD> nightmareMusic (new CD("Disco Hits of the 70s”)):

displayAndPlay (funMusic, 10); // ARG MR
displayAndPlay (nightmareMusic, 0); // CAHT MR

BT RIGFRENSS, A& T R U S 5/ 75 1 B 03 eR BB LU 5 IX AN 3 ] LA
RIEAT T . FEW R, BE AR BT

displayAndPlay (funMusic, 10);

funMusic Xf % [f] 25 7 2 SmartPtr<Cassette> . PR # displayAndPlay #§ 28 [ & $ 2
SmartPtr{MusicProduct> X} %o ZwiEas il 2R AAPCHL, T2 F- A FunMusic 4 4 ik
SmartPtr{MusicProduct> ¥ % 1 /7 % o ‘& £F SmartPtr{MusicProduct> 2% B JF £ W 7
SmartPtr<{Cassette> B SHIN S HMIE KA (S WMD), HARA K] REEA]
NGRSO R B, DS = A X FE I e 4. AT 17ESmartPtr<Casset te> KL T AAR,
ftnewType4 & FMusicProduct b, AER T TG MR E. SEHIML R EL, AR OXRE AR RS :

SmartPtr<{Cassette>:: operator SmartPtr<{MusicProduct> ()

{

return SmartPtr{MusicProduct)> (pointee) ;

}
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e gw 12 X AT AR 4 2 s Br b oax B ARt 2 H pointee i D = i M
SmartPtr{MusicProduct> I id B %L, BT LB IE /) ) B2 e T — 1 Casset texdig bt fa it —
A~SmartPtriMusicProduct> ¥ % . HLAE FATN dumbFR 41 2B 2 TR B LSRR T,
CassettexREME A% 1 45 75 BiMusicProduc t*¥5 5 1M 77 o Kt SmartPtr<MusicProduct>f4)if
PR USR], FFESmartPtr<Cassette>®] SmartPtr{MusicProduct> [H] {2 AY%E ik
WRER AT . KEET, SEILT RIGFREF 2 M IR He, AT A4 LK T R 4 2

Ak, A HEIIREA ? ANERIXAMI T3 T, IR R v seH T FRE fE 4k
AZE R ) AT R R . X B ] U S ] TR AT AR R B R B A 4 . i SRR
dumb FEEE TI#F1 7 —Fh dumb $54 T2+, 1 HAUYIRAERRUHAE TIx4400y T2, /REEHE
Kb M) T1 R IR EF R AL 4 A 4R n) T2 1 R I Fa 58T,

KRR B TAT LT A AR AT ARtk . BRI — 828 CasSingle k¥ 7
MusicProduct 282K, HKF IR cassette singles. BHEHREIRE L KRS IXF::

MusicProduct

AL B IX BACHS :
template<class T> // AL, BFEAE R
class SmartPtr { ... }; /) AR 1 R AR

void displayAndPlay (const SmartPtr<{MusicProduct>& pmp,

int howMany) ;

void displayAndPlay (const SmartPtr<{Cassette>& pc,

int howMany) ;

SmartPtr<CasSingle> dumbMusic (new CasSingle (“Achy Breaky Heart”));

displayAndPlay (dumbMusic, 1); /] HER!

XM T H, displayAndPlay#f B4, — PERECH T SmartPtr<Cassette> X% &4,
B R 2 3k SmartPtr<CasSingle> , A1 #H 2 il FH SmartPtr<Cassette>, A
CasSingle/f& Hi% MCassette B4k N RAY, 1M H)FE4% & EMusicProduct. 48RiX & dumb}g
BRI TAE . BT RIGFRE AKX A Ry, TR 2 5 iR, X CH0
VRS T » IT A AL e Ve 157 & R A AL () o [ tkd i splayAndPlay R H A7 — Sk, A
A M SmartPtr<CasSingle> Z| SmartPtr<Cassette> [f] & #¢ #: # JF A b #
SmartPtr{MusicProduct> 2T EEHpl 4 .

TH s B B AR R ST R I FREF PSR T A W AN B . B, SCRERCRBEAR (1) e 1 A
B, P LK PR B R . UG IS0 PO, (HEd A NaniEix &5 24
I o 55—, IXFP VA TAEREANR B T, BB 0 20 2 SR N B A ek K000 ) 1R 240
VERE, BasXo A s i, AR R 5 e o S A 0 s 2 pR BIORERR o AT 878 7 5 DART MR
BB FPEL Ty, AN R AR R T X R AR, FRECZ AR AT X PR I
SURTIWE, X AR HE T, (A TR R — i g

ANEHPEHMA T, HE T Y, AT EIRIIE 1R LR GRS 0 LR AT R I 4 )y
I, FATWTRERS LE R I53REH AT 8 S dumb FRE—FEWE? 2SR 5. AN . IEW Daniel
Edelson Jrifi, RIGFREFMEISR RS, (HAEFREr . Bl 5 152 A8 Al o3 AR A2 S 7R e e
PRE, FESTAAE T M R ] casts CGREVE, S WA N2 XA 58k
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P72, At CERAE T, 8200 N 55 2B = S, I AR 5 R e EH et R
A T REAH LB A EAS 1
® RIFFREHM const

XFF dumb $REFKUE, const BERTLAEFXTHRENFTHR M40, B r] LR FHREFA L, 5%
BHAWHEE L (W, Effective CH45aK 21):

CD goodCD ("Flood”) ;

const CD *p; // p &> non—const fREf
//38 0] const CD X%
CD * const p = &good(D; // p = const ¥RE

// $81) non—const CD X4
// WK p A const, &
/] IR A
const CD * const p = &goodCD; // p 7= const FHEl
// f8I—A> const CD X%
BAT AR ELLE R IR HA A R 0EPE . ANEMe HREE— M5 iCE const, JIF
BB FRE A S RAER, TARRE X T e X %

const SmartPtr<CD> p = // p s&—A const RIGFREl
&goodCD; // F§ non—const CD X%
UG — RPN, e, — M8 cosnt CD (IR TG FR%E!:
SmartPtr<const CD> p = // p A& non-const RIFFg4E}
&g00odCD; // ¥8In) const CD X%
IAEFRATTAT LA ST, const A1 non—const X R ARSI PURHAS [F] 2 55«
SmartPtr<CD> p; // non—const X%
// non—-const fg%"
SmartPtr<const CD> p; // const Xt%,
// non—const 8%t
const SmartPtr<CD> p = &goodCD; // non—const Xf%

// const 5%t

const SmartPtr<const CD> p = &goodCD; // const X%

// const ¥Rl

RSP ALK, FH dumb F5EFFATHE® ] non—const 85 WILAML const Fa%F, Tk
frI e 5 ) non—cosnt X R FREWIUHILIR ) const MR FREr; BT IR —FF . 1
1

CD *pCD = new CD(”Famous Movie Themes”) ;

const CD * pConstCD = pCD; // 1FEHf

{RE R FRATK B X RO AE R T3R5 b, tEdls B ArEle?

SmartPtr<CD> pCD = new CD(”Famous Movie Themes”):

SmartPtr<const CD> pConstCD = pCD; // 1EffaA?

SmartPtr<CD> YjSmartPtr<{const CD>&5E AR, EdgmiEMER, CIEZEAN
AT, BT LABEE L AR e SRS A 0. B H AT IEIX SN E T, eI %
Mt AL e 2% 1) ME — 7 95 02 R 0 20 B AL R K, FH R SmartPtr<CD> 28 Y (1) %) 5 % 4 i
SmartPtr<{const CD>ZEAY o U FEARAL FH B 20 B 2% SCHF B DA, gl ] AR R i o o b P 45 15
H 2 A2 R 5 22 Ba R A R e g A . (TR, SO0 W 1K) dumb 454 REEAT 2R AL e,
RIGFREI Bt RE AT I 4t , TR IKIWIRAT] o i const SR FL 4t 5 AT In) . ) W SRAR
WA IXAE i e s PR 200 i S K1) IR A o

17 const FJFRBEEHIE B [F]: M non—const #| const A& 41, HaEM const
#| non—const WIAJEZ 2. 1 HH const Fa%T R Fi4, H non—const Fa%I thaEAL, (H
FE M non—const FREFEREMILE — Loty (B, WEEIE. [FFE, F$E1M const X4
FREF REA AT S0, HFE M) non—const X MFREH AR, (22817 non—const Xf %
(PFRET BERE 58— 2545 1] const MR IFREF T A RE e FtE (lan, RATHAED.

XU FE K S public QEARKIFIMAZRML (Effective C++ 453K 35). IREEMIE—A
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IRAEIEN G RIEIERT B, AR [ Z WA I, ARR FE S A AR A AT i R A2 2Rt g
filt, (HZIEREXS IR Ty Hh— Lo Fi G o FATREME A X — RORSEIUR T dadt, wlg vt vl bh
AERENR IR T R IGHREE public IRAZH — X R  const=T AR IHREK:

Smart
pointer-to-const-T

Smart
pointer-to-non-const-<T

template<class T // &I const X411
class SmartPtrToConst { // RIG¥&%E
[/ RIGFRE
// AR

protected:
union {
const T* constPointee; // ik SmartPtrToConst U]
T* pointee: // ik SmartPtr Vil
I
b
template<class T> // F81n] non—const X%
class SmartPtr: // B RIFREE

public SmartPtrToConst<T> {
.. /) B R

b

X PP T 77, $8 Mnon—const—TX % 1 R I 4H AL & — A5 W] cons t—T ¥ dumb &
Bty Femconst-TINR I¥aE T B8 & — MR M cosnt-TH dumbfi £l fe /i 8 (1) 5 ik 2 0 R 1)
const-THdumbFF 5T IR AEIEIE AL, 245 inon—const-TH dumb$55H AL IR A S L, SR TTIX AL AL
A EEyR P, P4 SmartPtrX G4 & AN dumbFE £ : — AN & MSmartPtrToCons t 4k &K 1), —
SESmartPtr H Wi

—FRAECTH S ) 22 s v AR PoX AN ) 1, 3k &union, ‘B AECHH [AIFEA M - Union
fEprotected H1, B LLP AN KA AT BL UG i) &, B AL M AN 0 25 1) dumb Fi5 £ KR,
SmartPtrToConst<T>X} % FH constPointeedi4l, SmartPtr{T>X % FHpointeetssl. KL
BATOT LAAEA S FLAA B M SO R, AP 1 FREE (2 WEffective CH4K 10
A=A X unionSERN LT o AR PIAN 11 B DL ek B AL AT AN
DS TR ER . X2 FHunioniT B B .

R R VT, BATTREME SRAT I ZE AT R«

SmartPtr<CD> pCD = new CD(”“Famous Movie Themes”) ;

SmartPtrToConst<CD> pConstCD = pCD; // 1M
o T

XA TR T, ERIIBIFEAFIL AT, M R, 25
BEF W B BRI, A, R a0 SRR (1) G PR T = SCRE A I pR BB N

ML A . U A 2255 BB T 25 N2 o 693 AL FCRS. i L
AT B AR, R VTR — R BB, IR,
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dumb F5EF ARSI LIS WA G 17 const AIFRENAISCRE. [N RIGIREAOSZE0. FRAE
ANYEY 5 BRI A RIS HE (A th B A ] dumb FiEEH (A CAS IR AE.
W YRt AT EBETE Rl A H I R I, RERE AN dumb 54T

BB FERERACRSROR, SR RIGIRE (. RIVIREI ORISR, ANEEA C+RE
J7 R A e RIVEAT TS H .

7.5 Ttem M29: FIFTI%

FUHTH RS R — A, B A2 M FEE RN GO XAME RSB . XA ETY
AP TFE RSB 55— AR B IR R R e — B0 i new 4 43-1ic
oK, R AU I XA XS, POV & — — I E R T & — — oo
ARG delete. (HAE, PrABATLABMN—DRIGALIER] T3 4h—Ax % (il aniEid 1%
BIRE S HD, PrPREE — DRI BUE IR NAER . % auto_ptr (L Ttem M9) IXFf
(2R AT LA Y FRAT], (R 250 Wl 40 B i AN BE IE AT B AR 1028 o 51 I THECRT LA S B
PREEN AR T, POV S EUE, R A A D, SR AR ER,
EACHIMSREC. B, 51 BORA S RS A R

BABHE BT AR R IR WUIRIR 2 N R AR, R XAMEAAE 2 2
IRTCINE o SELFH I NZE AT A BN SR XAME S . X AAVMEST B A7, T Hal A
AR P IsAT S, PR AN S 3 M R XA 75 DL

MURES > BRI T4, XASIHARAT A i R an =y, /e b2
—AMERSEIL S BUR R o ETHRESIITAN R/, AR IRA ISR — SRl — AN R SR
F T FAT TR ] BE AT IE B 2 A RA MR . X)L

class String { // the standard string type may

public: // employ the techniques in this

// Ttem, but that is not required
String(const char #value = ””);

String& operator=(const String& rhs);

private:

char *data;

I

String a, b, ¢, d, e;

a=b=c=d=e="Hello”;

K, R aF e HAMFMME “Hello”. HALMLEIAT String FE B AL
(K1, AESE R A SEOLRREAS string M ZAT—NXAMENEE U B, String MIRMEERAE fE
SR I FE

String& String::operator=(const String& rhs)
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—

if (this == &rhs) return *this;

delete [] data;

data = new char[strlen(rhs.data) + 1];

strcpy (data, rhs. data);

return *this;

——

AR IXA S, FATAT LU, 3X 5 AR R K& HAGW T

M

Hello

OICIOICIO.

KHL, HAHE T A “Hello” I35 UL, FrAT HATILAEIN String X ILZILSCHL.

PR F, SCBUXAS FERGEAATREN, DA FA 5 R ER 2 DR S A [/ — AN
R ETRIXTR a K T “Hello” LIAMKIIIAN—AME, TATAREHREAE “Hello”, K4k
AWUANEHLEE . J3—Jri, WRAH —DNEA “Hello” XAME, HGH H A A7 45 W]
I, BTG EATIXAME T FATL6Z0U BX AR LUIRE G B8 Yt s o

DRAF 3L /5 TRl — AME R G880 H IR 5 SRR JRAT T R 7k 1l i 2508 T — >

B (BIHTED:

: ::::: I::l—l- Hello
@—b Hello
@—b Hello

LR AR £ DBARR IS, AT 2R B SO X
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5 &= Hello

@EOE®®

(A7 L8 K HLAE use count, HIEARH T —. CHARZE A CKFE, 57
B — AN LM AT IR Z Fr o)

o SIS
QI — ST TR String ZEIFANRIAE, (HFEVERE —LL4075, PrLARA TR IS A IX

FE—AN SRR 53 F B R B S . SR, FEFFAR 0T, IATRE] “ TATHFH LTk
APAEIX AT EUE R AR T XA T AN BEAE String X598, BN TFZ R RAS String
fE— AV, A REEA String W51V RS String 15T
[l XK ER, FTEAFRATTR G AR AARAE 5 I O BRI IO o FRAT T I AN 2
StringValue, SCIRA & ME— M ALt & F B RATSEBL String 38, FT LAIRAH & iR EALE
String BMFAAXN. H4h, W THET Sting KIFTAE O B HOE UL EE X, RATK
StringValue H1B} struct. FFEANTEMIE: B> struct WIRAERPIFAEX N, fefET
AR AT B 5LV 1) IXAN G548, BB T H e AR AT & Mvi ) CA%R, BT A0,
ARV EIXFEN

class String {

public:
// the usual String member
// functions go here
private:
struct StringValue { ... }; // holds a reference count
// and a string value
StringValue *value; // value of this String

I

BATAT AL XA KEADHE 4 F (g RCString) LISRRe T T 51 %, (H2K005z2
IUAZAE IS 2O I AR T, B P QORI A 0 3175 51800 String
R S GHVHEUR IR, S48 1 58 AR TR, BT LA A2 B 28I 44 SR 3 ) 45 YV ?
TN 2 ARRATBAT IR A A
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XL StringValue HSEZHR:
class String {
private:
struct StringValue {
int refCount;
char *data;
StringValue(const char *initValue);

“StringValue () ;

b
String::StringValue: :StringValue(const char *initValue)

. refCount (1)

data = new char[strlen(initValue) + 1];
strepy(data, initValue) ;

}

String::StringValue:: StringValue()

{

delete [] data;

}

KR HPA RV, IRERE, XALLSEBA ST String 28, — N, WA+
IS R EORAEIE S (L Ttem E1D; Z, B RIS refCount #RAE. 4R, A
MIhEers i1 String J&feflt. StringValue fYEZH K SEA NS R — ARl R ME A1 3L
ZIERIX B E H BRI K. StringValue 45 T RATIXAS, XHLHE T,

BATRAETT IR AL R String RO BRE . B 56203 pR 2L

class String {

public:

String(const char *initValue = 77);

String(const String& rhs);

b
AR R LIS R AT RE TR R . FRATTHIAE AT char * P RF R QI T — 80
StringValue X%, ¥ IATIEARIER string X548 XN A ) StringValue:
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String: :String(const char *initValue)
: value (new StringValue (initValue))
{}

XFEH AR

String s("More Effective C++”);

PE B R SR R IR I -

(s) -—@ = More Effective C++

String X BRI AIER), AT RGN ZIEAICZEdE, Prel, IXPEmH
(R CH

String sl ("More Effective C++7);

String s2 ("More Effective C++7):

7RI (1 K S A -

@ --@ &= More Effective C++
@ >® =1 More Effective C++

MR IX A B A S AT RER . dl T ik String (BY StringValue) X% PR i% CAFAE )
StringValue X5, Jf KA A 83 A GUEEHT AN B o AHGXRE IR SO A7 2o 0w 25 H Az T2,
TR e b )RR 4

String 45 VUM AR S8 B String %55 4 LI G 3k 2 ) 1
StringValue X%

String: :String(const String& rhs)

: value (rhs. value)

++value->refCount;

}

XA AAAD -

String sl ("More Effective C++”);
String s2 = sl;

A RE R B 25
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Q)
€2

X E LR I ORS00 string @8, IR FEE B LR string
HATBCNAE S RN AE LA N8 DN IR A7 o BIAE, BATT AN 248 DT — R4 E
BN T — g T

String ZEIHTH R BRIRE A 2 S, DR A 15 00 B B A A7 ST il . 5]
FIVHEEA S 0, Bt/ 2 AT —A String XWHAEAIXAME, XAMEHA T LA # %, 2
A e R B TR T (a2 ST EHEBE NG 208 1 16D, String MK
A StringValue XF%::

class String {

2 More Effective C++

public:

“String() :

b

String:: String()

{

if (——value—>refCount == 0) delete value;

}

MIEA ST ICA U — N R . IBFERI R LR T delete, RS —MHY
FEEE RS AT T AR o BAESRBEY String RRATTSERR EAA I BAAH R, x4
SEHLAE IO I UG S — T 5 T EOT S 0 34T UL

I RAEXA ) {5 VO A SR I K, AR ANTT ST = )

XHAE String RIAEFIBTRY, FRATIUAEFE B £ 4 -

class String {

public:

String& operator=(const String& rhs);

b

M P R IXAE AR
sl = s2; // sl and s2 are both String objects

HEAER RN % s1 M s2 35 M AHFEIN StringValue %o S %005 FTHEON 1% 46 AR I
wEn. JFH, sl JEoRFEM ) StringValue X% M5 HTHEN Z0D, A s1 AP HAIX
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MET o« W s B BRIMERME—XT S, XAMEN R 5. 78 C++rh, LA
KAB XA :
String& String::operator=(const String& rhs)

{

if (value == rhs.value) { // do nothing if the values
return *this; // are already the same; this
} // subsumes the usual test of

// this against &rhs (see Item E17)

if (—value—>refCount == 0) { // destroy *this’s value if
delete value; // no one else is using it

}

value = rhs. value; // have *this share rhs’s

++value—>refCount; // value

return *this;

}

o SN
FZE AT 5 T String 28, HR&— M st (LD, eRiFrr st

(BN PR 1l
class String {
public:
const char&
operator[] (int index) const: // for const Strings

char& operator[] (int index) ; // for non—const Strings

I
XA BRE const ARISEIR A 5, BB R A EHR4E, String MEHMEAR
FALE
const char& String::operator[] (int index) const
{
return value—>datalindex];
}
(EADBREEL T CHAEGEE LR I ARR G HRARAS UL “ A7) aR RN L2
iy, XREIEHEASN )
3k const [ operator [JHCA R & A8 A F MR T o Bl R i 7 oRE—A4
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T, WATREROR I TR — 74T

String s;
cout << s[3]; // this is a read
s[5] = "x'; // this is a write

AN B U7 XA B LS o R EHRAE, ATRUH S const [ operator[128
AR T7 2SI, TS A 20 58 A AN R 7 R SE TR

HBEMNEBCA String MRIMEN, BAUVNLEEES T e dt= 4114 StringValue
MG IIE String MR AEIL, CH4n BB M5 VR AT T—MRF 2 1 operator [
S HEBIE 251, FrLAIRA T gt sy i “ i ” HIAE const operator [JH4T 4
#HARHR T 5EAE. (Proxy FKn] IHBIIRATX /3326 25, W Ttem M30.)

Hh T A SRR const 1) operator [, FRATTL TR A I String M RAEILFEIX
ANTTREPAE U StringValue XF . M 5L, MFATRF] StringValue XERH I —ATHF
PG, D2 RX A StringValue FI5 I HTHEUE 10 1% JLZFRATHI LI

char& String::operator[] (int index)

{

// if we' re sharing a value with other String objects,
// break off a separate copy of the value for ourselves
if (value—>refCount > 1) {
—value—>refCount; // decrement current value’s
// refCount, because we won t
// be using that value any more
value = // make a copy of the
new StringValue (value—>data) ; // value for ourselves
}
// return a reference to a character inside our
// unshared StringValue object
return value—>datalindex];

}

XA “HHAE N I AME H B SERAE A I A S D7 AR LR
o T AMZE AR T, JTHEERE RS T SR AF I HSEAIEA C
5 P8 DU B B A ke XA, LR T 447 SE I RS
R —ATE ik — —Lazy U —— FI4Ep1 .

o Jhit. FIHEENEN
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KHEBAEOLT,  H 5 VAT LA I GRAE R ANE ST . AT —MEZ AL M RE. &
— RIS

String sl = “Hello”;

char *p = &s1[1];

Bl SR 2 IXFE

@ r-@ | Hello

AR 45150
String s2 = sl;
String ¥ VUG s EUAT1S s2 L2 s1 1) StringValue X%, B DL 45 f s it «

2 (2) H?Iln

P

I T (R T A AT AN SZ WG R 2 2R

#p = 'x; // modifies both sl and s2!

String ¥ VUK IE o8 B0 A BRI X AL a) 7, DO EANFIE TR 1) s1 1A
StringValue Xf R IFREHHIAFAE. IFH, XA REARR TR SRR TAANRAE T
—~ String J9E const operator [] IR [PME 5 IS .

A ZMTTRNA XA A . B AR, B AL XS G
THEU) String R & N e I B WL e e SRARAT 5 T V30 String 28, i —F
I, BRI o RV URAS R E IR ERAE (1) 2 7 2 5 -V B0 String 28,
WU NAZIR — FIXAME 1o BT 338, ARATReAE A T —AMIXFE R AN A A 40,

ANJZ FIT LA SBT3 A ) o R Al L 8 1) g v A2 B A U B e TR A e . Tl NG
BNICRS, w2 s i) X A WARARRE A T, APROARE X TEiR iR AR
TRZ M T FEHETeE), JHORITE RN, ATaRE: “4r T, FATE R R
XA o7 XA SEIAE F AR 7 8, AR EAT ] T T BN TR,

S AN TNEEHERIEA W EAHESEIL,  E R PR MBS TR SR AR
A FUE IR : EREA StringValue X R RGN —MFRE LR 2 5 0 WAL= . 7
] CFGa i) K bR IF, #E9E const I operator [J# H BPR & M. — Hix
HBRBN false, ERIKEARFFAEXARE GF 10D,
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RGN T LR B HE SR
class String {
private:
struct StringValue {
int refCount;
bool shareable; // add this
char *data;
StringValue (const char *initValue):

“StringValue() ;

I

String: :StringValue::StringValue (const char *initValue)
refCount (1),
shareable (true) // add this

data = new char[strlen(initValue) + 1];
strcpy (data, initValue);
}
String: :StringValue:: StringValue()
{
delete [] data;
}
WARFT I, FEATTERZ ISE: 2B SIPAT AR . 244X, String [T R
Kt 25T i o AR FRIX AN LS bR A o X B8 DU 3 o 25011 SR
String::String(const String& rhs)
{
if (rhs.value—>shareable) {
value = rhs. value;
++value—>refCount;

}

else {

value = new StringValue (rhs. value—>data) ;
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}
P AT 8 PR R R St S 20 AR ABA ) 7 A B XA 3L 2R & F const 1) operator []
JRAS S ME—H ILERRE BN false HIHLTT
char& String::operator[] (int index)
{
if (value—>refCount > 1) {
——value—>refCount;
value = new StringValue (value—>data) ;
}
value—>shareable = false; // add this
return value—>datalindex];
}
WAL ] Ttem M30 H i) proxy 245 LAX Jp i 548 4E, AR T LARRAIG L6 20 5 A
AAJIEEZR] StringValue X2 H »

® 5 HER
I EA R AE 7T R L, RZLE 2 A G AT R R SR T LG 51 v 2

S AN R UASRAS S L TR SR CAE, MR AT C 2 AT K CAE T ZAL T o XA AL G
LR BATH 5T AR S i S8 AT BT TE ORI, I ReAE R I E B e 2R 12 4
RARGF . ARSEIE, A ANTPERTRLSEILE (RS8R T 245 RHR 2 20 ) AR .

H DI ESE RCObject, ARMHTE G HITHEURZRAR LI E 487K . RCOb ject
BT IV RE, A A > S TR R A e T B IXAME AN FEAR T S
SO S IARES (25 TR 0 ). Ba, Bas T — A FBULRESXAME N G2
B, JRRAEE X AMEFE SN false MRS, A I EFsE %l true
B, PR ITAT ER BB T S 1o W B ), — AN R AR R T AN R,
W BAT IR A TR A AT AL

RCOb ject (15 L UWlF:

class RCObject {

public:

RCObject () ;

RCObject (const RCObject& rhs);

RCOb ject& operator=(const RCObject& rhs) ;
virtual “RCObject() = 0;

void addReference () ;

void removeReference();
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void markUnshareable () ;
bool isShareable() const;
bool isShared() const;
private:
int refCount;
bool shareable;
I
RCObjcet FILABEAIE (AR AIRAZSSIIESRA 43 ) FIbrh s AT LA 5 | A L if LA
KRBT AT e n] DA i DA b AT DR S S S = 7. X
USSP AL DR . 5 T AR ST ESE, XS 2 AT E A AR T . 1
EHEATRIRR AL, B WIRR XA R B TR (UL Ttem E14). [R]INEEVT R0
TR BRBOE AR, e IR W XA R R 2R A .
RCOject MISEHLARAD:
RCObject: :RCObject ()
. refCount (0), shareable(true) {}
RCObject: :RCObject (const RCObject&)
: refCount (0), shareable(true) {}
>RCObject& RCObject: :operator=(const RCObject&)
{ return *this; }
RCObject:: RCObject ) {} // virtual dtors must always
// be implemented, even if
// they are pure virtual
// and do nothing (see also
// Ttem M33 and Item E14)
void RCObject::addReference() { ++refCount; }
void RCObject::removeReference ()
{ if (—refCount == 0) delete this; }
void RCObject::markUnshareable ()
{ shareable = false; }
bool RCObject::isShareable() const
{ return shareable; }
bool RCObject::isShared() const
{ return refCount > 1; }

FBEARFT RS, BATHEITAT R bR K P AR refCount BN T 0. IXH KIS K ELE -
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5, b, IEIXAS RCObject X RIR G LI HIE ! fEEMIET, H AR S X %
Mkt refCount ¥y 1 AT BA T, Fr AFRATTBAT KX AN AN RCOb ject P IX A3 2%
ARG L R AR T A

Ty ANEFREZ AL SR VUM s BB 8 refCount ¥k 0, T AN M2 DLIK RCOb ject X5
[¥) refCount IR o 33X DK R FRATTIEAEAG I B IR G, TX AT DG S 2 A Bl AL 2 11,
A e G # I - M-Ik, WIEE 5378 refCount Bk IEAAIKI{E .

RCObject MMAMEIZ SA AR e A PRkl BT MUEAT I . XA B ECR KT e
W HIM . RCObject s3T5 I THECKILZ B RIS, BN — DRSS 40—,
T Y 12 AT IX B R S N — AR S o5 A — Ao AEFRATTIXAS kB, RATA
StringValue Xf S M —ANRES F3 50—, FAVHEAEREL R h AT String W R4W K.
fE String ZHMMEIEA)YP, StringValue MMEEA KA, JUREKSITTF A%
T.

A, WTRARRG, IR ERAT S R IR AR R KR TR A RCOb ject YRAEHIK, A
AV BRI Ttem M23 F1 Ttem E16). WIHXAFERITE, RCObject (KR
EARAE A A A A, TS TERA ) 0 A A A ARV 4 T 2 Rk 1A &
FUVFAE StringValue XA « X F45 2 1 StringValue X4 svl fl sv2, e R,
AT S Bl R AT A2

svl = sv2; // how are svl’s and sv2 s reference

// counts affected?

FEMMEZ |, O&H — 5 H M String X381 svle EAMEAE AL AR s A Bk
A, PR HGE syl ERESCR T . mIRER, — e H 1 String X RAEME 2 & 77 v2,
TEMMA S, FFEECH B0 4810 sv2. sv2 51 TR AT 0 . 24 RCOb ject 7EMR{EILE
FER B NS, 45 17 & B B A EH B 2560, AT RCOb ject : operator=ANNiZiAe 5]
MVHEUE. B sEIR ER . B ER? AR, (RS2 IR,

RCObject: :removeReference ARG AH G 5798/ X B 1) refCount fH, 4T
refCount E %] 0 W HHN % . JF# 2L delete this HSLHLN, W Ttem M27 HREREI,
KA NI xthis E—MERNGRE A 24, BARXANEIER, AT IR RCObject
SUBEME AR HE T o S — RS VA DL Ttem M27, HFRATTIX VR — AR50l 1 77 1%,
RO AEA S B R T8

HTAEFHBATI S 5 HTEEES, BATE StringValue B4 J& I\ RCOb ject 4k M
192051 TS Ren

class String {

private:

struct StringValue: public RCObject {
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char *data;
StringValue (const char *initValue):

“StringValue() ;

b
String::StringValue::StringValue (const char *initValue)
{
data = new char[strlen(initValue) + 1];
strepy(data, initValue) ;
}
String: :StringValue:: StringValue ()
{
delete [] data;
}
XARAK) StringValue FFTTHTA)JLT-—H4F, ME—SARRIHUE StringValue ARG B
HORTEALFE refCount “F-Bt. RCObject PLAEHEE T IXA T A
ASHRSEAE B, W RARE B 2k 28 (StringValue) N—AMH5HEHK (String) &
KIS (RCObject) RARTIRITE. E5H —IRE LEEAEEPE, HEaEH. REIMIL
EREFEMER, FrlER B HNE SRR ICE R A BUS, RAHIEE RS IX
FREEARR T

o HIIKITI T HLE
RCObject R4y T AT AMEAt 5 | TSy, R34t 78 oy ek g AT T34 51 T3

B, AR HBX LR B B EE L T DI e 2R . ISR T EELE String MFE DI IE pR
BORIR A2 5L Bh i T StringValue [ addReference Fll removeReference Fi%. IXIR%
filte AV XL H BN A BRI, DAE String IXFERISEIIES A H R4
O T AERTAN Y o BRI ? C+ SRR IR F e 2

8o WA /NI K 2ok B A 5 VB0 I LA AR A IR h g ik (HA7—A
JFEAT UMK R 32 o K2y TAERS ke (FE—383rh, fRAT LSRR TA 5| 40 i
FACRS, (HIRATIM String BARH P2 —o A7 AR EFIR 71X, RAEIR
T, ERBAIER K AE const A operator [T. B b, FATERZHIR TX K 1K)

> String MRAE —AMEEHE StringValue X4

class String {

private:
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struct StringValue: public RCObject { ... };

StringValue *value; // value of this String

I
A1 HAE StringValue XA refCount FBE, W EATMIHEAT — AN & (1 F6 4T
5 ERA TAERAH R E . “HBROE W DR Siasr A Sseast. Wik
AR TR E B CARINX LEFH AT A B HAT XS refCount AR L AHRAE, A FATH
BT . ANERE, FaEtThREIRSS, WALMT SRR IIFAF th s N e AN TTRER . 30,
AN INFRIG IR EAT: AT AR ERE B R BACEAT, ISR MR 2 TR T .
IXFER G0 R R4, R AFE Ttem M28 IXG 2'E I SE 2 4015 . SFRA 11X LI &,
SUBANEIX S 208 1. RIPIREIRN GSCFF0 LS (=) RS Go XM ERIERT,
R ELIFRE —FF, JFAIANEFRE— R BRI IRABERE — 81 T IR IR 1 —
MET RBEINZ
X)L HE S | O AT HT ) R P FR BT R -
// template class for smart pointers—to-T objects. T must
// support the RCObject interface, typically by inheriting
// from RCObject
template<class T>
class RCPtr {
public:
RCPtr (T realPtr = 0);
RCPtr (const RCPtr& rhs);
"RCPtr () ;

RCPtr& operator=(const RCPtr& rhs):

T* operator—>() const; // see ITtem 28

T& operator*() const; // see Ttem 28
private:

T *pointee; // dumb pointer this

// object is emulating
void init(); // common initialization
b
XANBR L R TG FREE R AR IfE s . W TR R A dE . X s R AT,
X Gn] LU H S P AT IEA I ERAE R AL B EA 148 17 (0 R ¥ refCount F-EX.
filtan, 24—~ RCPtr MR, ‘e N S L NG | vl . AR AT SRR T 5
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FLALBIX AN T, KA RCPtr MUMIE R A A AL RS . PIAME3E s 2O LPARIRD, bR T H)
AR LA, T AEWE, FATEERAN—"40 init IFAE UL R At =%
WHI:
template<class T>
RCPtr<T>: :RCPtr (T* realPtr): pointee (realPtr)
{
init(;
}
template<class T>
RCPtr<T>: :RCPtr (const RCPtr& rhs): pointee (rhs. pointee)
{
init(Q;
}
template<class T>
void RCPtr<T>::init ()
{

if (pointee == 0) { // if the dumb pointer is
return; // null, so is the smart one
}
if (pointee—>isShareable() == false) { // if the value
pointee = new T (*pointee) : // isn’ t shareable,
} // copy it
pointee—>addReference () ; // note that there is now a
} // new reference to the value

F M R AR RS ANV W1 i ¢ SXFE KN R SO AR 1S 2007 14, (B e BLAE RS IR O,
PURTESRAL, XA R BUAT AN TE

[ B IEAN: 2 init FFEAIHE value I—ANHTHE DU CRA CAATE 1 #5 DLAL T AN AT 3t
IR, EHAT T AR

pointee = new T (*pointee) ;

pointee [FIZRALESR I T MFeEN, FrLX —iBAE T80 T X%, JFH# IR
PBRECHEAT T R4 . BT RCPtr /27E String ZEAHE, T K String::StringValue, TLLE
1 ) TE AR String: :StringValue 11985 DUR I pR H . FRAT AT haX A28 B 5 DU 3 e
B, BT UAGR AR R B AR A o IEAN A 5 DUAL I R BIOE SF CH+I1 [ B A s DU i
BRI, ¥ UUT StringValue % pointer, TEATH VIR char 54 H
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AERAT AR LPARATIE CIASGZ IV #RKAE, X2 AT AR BAZ TR A
A G FRE IR PL A DR s CRIRMEIZ S 245 (W Ttem E1D1).
RCPtr<T>BAR M IEHAT AT T &A IEHR I HE DTN Clniss DD 1R45 DR i o
o A TLIAE StringValue B NI AE R — AN it o 5
class String {
private:
struct StringValue: public RCObject {

StringValue(const StringValue& rhs):

I

String: :StringValue::StringValue (const StringValue& rhs)

{

data = new char[strlen(rhs. data) + 17;
strepy(data, rhs. data);

}

IRFE DU AL I R BRI A7 AR AN A RCPLr<T> I ME— R o ‘B IE 23K T A RCObject gk, B4,
24T RCObject MIFTHRULI %L, F5¢ F T RCPtr X HU@ bk it T 481 5| H 14
XY, EAMEEIHAL . Ak, XA B 5 N SR

RCPtr<T> 1 dg i — MEBOE E PR KX GSR A To IXAF2 AR 5T, pointee
RPN T fH pointee WJRESERS B4R T (—MNIRAEZR. Fltn, R REATH A
25 SpecialStringValue f& M String: :StringValue 27K 1.

class String {

private:
struct StringValue: public RCObject { ... };
struct SpecialStringValue: public StringValue { ... };

b
TR LA Bl String, B2 RCPtr<{StringValue>fg i —> SpecialStringValue
XS JZI, FAFFE init FIXA):
pointee = new T (*pointee) ; // T is StringValue, but
// pointee really points to

// a SpecialStringValue
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VI SpecialStringValue H#5 DU BEL, 1AM StringValue 45 DA IE B2
FRATAT LASR A8 ] R DR B B (D0 Ttem M25) SRSZHLX— . X T3 String 2K,
AT StringValue JRAET2, BT ATRATT 201X A ) .

XA T7 BT RCPtr HUMIE BT, A s B IAH IR R . T 3 AR ]
WT, BEAR T EENNATEN R PSR R AR A T . SR, R A
LAEBAVNIE RGN init BRECP AL T o JATTH] LAFEPR I LA 2

template<class T>

RCPtr<T>& RCPtr<T>::operator=(const RCPtr& rhs)

{

if (pointee != rhs.pointee) { // skip assignments
// where the value

// doesn’ t change

if (pointee) {

pointee—>removeReference() ; // remove reference to
1 // current value
pointee = rhs. pointee; // point to new value
init(Q; // if possible, share it
} // else make own copy

return *this;

}

IR R BUR A 5 o A RCPtr BEATRIIT, e B TR 5 Mok eoxd 5 | v 0o S5 1
BbR:

template<class T>

RCPtr<T>: : "RCPtr ()

{

if (pointee)pointee—>removeReference();

}

WARIXA RCPtr R )i — NG HEMXN S, XA ZRAE RCObject 1)K b1 bR £k
removeReference M H . [KI, RCPtr X% 077 SOV S e A 148 1] AL 1 i) FL o

BJri, RCPtr HIBHUIRE AIHRAEAUE VRTE Ttem M28 P B ) R It (4> -

template<class T>

T# RCPtr<T>::operator->() const { return pointee; }

template<class T>

T& RCPtr<T>::operator*() const { return *pointee; }
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° &
i 11588 Ve BATR A0 e it M3t — ANl FAT A RCObject AT RCPtr

FAr oI FIvH 80 String Ko 80V, ARIEEA B FATHIEA H Az
AN GV Sting X SRS LA ICHT: (1) K0 45 4 -

RCObject
class

public
inheritance

pointer o i:;‘lg::: e pointer L)oo D

I E X
template<class T> // template class for smart
class RCPtr { // pointers—to-T objects; T
public: // must inherit from RCObject

RCPtr (T* realPtr = 0);

RCPtr (const RCPtr& rhs);

"RCPtr () ;

RCPtr& operator=(const RCPtr& rhs) ;

T* operator—>() const;

T& operator*() const;
private:

T *pointee;

void init();
I
class RCObject { // base class for reference-
public: // counted objects

void addReference() ;
void removeReference() ;

void markUnshareable() ;
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bool isShareable() const;
bool isShared() const;
protected:
RCObject () ;
RCObject (const RCObject& rhs) ;
RCObject& operator=(const RCObject& rhs);
virtual "RCObject() = 0;
private:
int refCount;
bool shareable;
b
class String { // class to be used by
public: // application developers
String(const char *value = 77);
const char& operator[] (int index) const;
char& operator[] (int index) ;
private:
// class representing string values
struct StringValue: public RCObject {
char *data;
StringValue (const char *initValue):
StringValue(const StringValue& rhs) ;
void init(const char *initValue) ;
“StringValue () ;
I
RCPtr<StringValue> value;
b
7 KPRy A AT T S AR B RET, AT AR R Ak AF a5 R, FRATIHE
String::StringValue 4N 7 —A init s%, H, AT FIHCKEE 208, S H KA RCPtr
AR TR R AL A e 2P A A
XA —AEREIAFE: XA String FEAJAA I NS T FATIE I FRA A
[f)o $5 VUKD R BOAE R L 2 MBS SRR L 2 B A e B/ MR L 2 3 ) L) AT )
Sebr b, B B TARRRE . WRIRRE M4, FTEESE C+ T (prepare

yourself for a C++ epiphany).
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WAV ZACLE R AL T ! 452, String STGMEE DR BESCRE, JFH, XA IUK
TR AL B 5 7 5 T PRI 5 L% StringValue 3%, {H String BATHEE Rk —1T4¢
Mkl e kA A BEds R String H3IAE RIS VUL IE B 20K B 3l HH RCPtr J8 5 1)
Vo VUM s 25, T I AN 5 DU 3 o 45058 O 2RI R StringValue S IHEAE, (GBI
IRV RCPtr 2 — AR IGHREE, FrllI e ef e i) TAE. e RIFEAL B FIBT A, BT
PA String SERFEATE ES HIX LR 5. AT BT H K2R A n] 3 5 1 RS AT
ITACE K String KPR E|— N HIs T RE IR b DLMT AL B A H] . BIAE, FkAlD
S8 T X i (I RCObject 1 RCPtr PANE), JT LA & SARIF IR AR I 50 ar o e ARk
N RE TAE M .

K P LLRPEIBE 2, 3X)L/2 RCObject [¥)SEH:

RCOb ject: :RCObject ()

: refCount (0), shareable(true) {}

RCObject: :RCObject (const RCObject&)

. refCount (0), shareable(true) {}

RCOb ject& RCObject::operator=(const RCObject&)

{ return *this; }

RCOb ject:: RCObject () {}

void RCObject::addReference() { ++refCount; }

void RCObject: :removeReference ()

{ if (——refCount == 0) delete this; }

void RCObject: :markUnshareable ()

{ shareable = false; }

bool RCObject::isShareable() const

{ return shareable; }

bool RCObject::isShared() const

{ return refCount > 1; }

IXJE RCPtr [HySZH:

template<class T>

void RCPtr<T>::init()

{

if (pointee == 0) return;
if (pointee—>isShareable() == false) f

pointee = new T (*pointee) ;
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pointee—>addReference () ;
}
template<class T>
RCPtr<T>::RCPtr (T* realPtr)
: pointee (realPtr)
{ initQ; }
template<class T>
RCPtr<T>: :RCPtr (const RCPtr& rhs)
: pointee (rhs. pointee)
{ init(O; }
template<class T»
RCPtr<T>:: RCPtr ()
{ if (pointee)pointee—>removeReference(); }
template<class T»
RCPtr<T>& RCPtr<T>::operator=(const RCPtr& rhs)
{
if (pointee != rhs.pointee) {
if (pointee) pointee—>removeReference()
pointee = rhs. pointee;
init();
}
return *this;
}
template<class T>
T* RCPtr<T>::operator—>() const { return pointee; }
template<class T»
T& RCPtr<T>::operator*() const { return *pointee; }
X4 String: :StringValue HSZHR:
void String::StringValue::init(const char *initValue)
{
data = new char[strlen(initValue) + 17;
strcpy (data, initValue);

}

String: :StringValue: :StringValue (const char *initValue)
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{ init(initValue): }
String: :StringValue::StringValue (const StringValue& rhs)
{ init (rhs. data); }
String: :StringValue:: StringValue()
{ delete [] data; }
), V1453 String, ERISEHLE:
String: :String(const char *initValue)
: value (new StringValue (initValue)) {}
const char& String::operator[](int index) const
{ return value—>datalindex]; }
char& String::operator[] (int index)
{

if (value->isShared()) {

value = new StringValue (value—>data);
}
value—>markUnshareable () ;

return value—>data[index];

}

W RARARE EFNIRATH N B FRET B R SRAAH B, IR 2 B Ri4Td. 56—, A
AR Z Bk o P24 RCPtr SERE T K& LAHITAE String 58O AL B 5 HIvHEUR4E 1
B, NI LR AR RIGIRE O I T W ERER . SEBR b, ME— AR TE
operator [1ML, FATHIHH] isShared pEUEE T HILAK A refCount MM, JFHIRIIIRET
RCPtr X G BR T 5 I 4% VLN = 440 5 | v HfE i A

X GRAEHARE e o WERE SO D AR 2 WERE B B 266 2 KM, XA 4208 1Y
String AL H P b Ml & i SEIRan =y, XA R B IER DG AL WA AT A0
SIE I B AE, EA G R B N E . String MRS AR Y AT N T 51 T
FATIGIN T FRICHEA String RAEAN AR ILZRGE ST, AP ETDRER AN — 2K,
FATHG I T RIGFEE K A sh 3G IV, (HH AT AR EA T 2B 2. 4R, ATk
Y String KEE X, P FFEFEFrgn L, (A1 B OAS B #Ese s T
SRR RE R T2 B MR AR T .

o TEILMFR EXINGI M
BIPLAE N 1E, BATHTIHE AR B AT RENE VT R A7 SRR RS o (H W R FRA T LE —A

RS HR T TSGR SSRGS I TH B A AbWe 2 ANPTRELEE AT I RCOb ject Zk7KH],
PrelBAGERT AT M R P dEE RCPtr. FATHE AL ?
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AR B RATR BT RN NIIES, BATE AT LS VO BT 28 |-

HEH BRI RCObject GkA I, FA BTG R K AT AR ERXFMESL T,
HATFTZERG In—A~2 ROWidget LA S AEH, 170 BT 0315 #5 A1 String/StringValue (¥4
T—FE, RCWidget M String A, Widget M StringValue AH[Fl. B AL

RCObject
class

public
inheritance

CountHolder
object

pointer

BATIAE AT LN X A 55 s VSR 27 (1 4R350 40 1) AR T L@ it 388 i — Ao )
JEURKSR I FRATTBEIN—AN 72 CountHolder LAALHE S HITIEL, & M RCObject 4kzk. il
il: CountHolder 335 —ANEEHE M Widget. SR )5 AT R I548%5H RCIPter B4R RCPLY
IR, ‘BE%NIE CountHolder RIAFLE. (KB “1” FoxHE: “indirect”.) BMJEHE
iR

RCObject
class

pub lic
inheritance

RCWidget
object

RCIPtr
object

CountHolder

pointer object pointer

& StringValue —#f, CountHolder XIS, & RCWidget MR . SEfn b,
‘Bl RCIPtr HSEIRA Y, PrClEikE/EX AN, RCIPtr (ST -

template<class T>
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class RCIPtr {
public:
RCIPtr (T* realPtr = 0);
RCIPtr (const RCIPtr& rhs) ;
“RCIPtr () ;
RCIPtr& operator=(const RCIPtr& rhs) ;
const T* operator—>() const;
T* operator—>() ;
const T& operator*() const;
T& operator* () ;
private:
struct CountHolder: public RCObject {
“CountHolder () { delete pointee; }
T s*pointee;
I
CountHolder *counter;
void init();
void makeCopy () ;
I
template<class T>
void RCIPtr<T>::init ()
{

if (counter—>isShareable() == false) {

T *oldValue = counter—>pointee;
counter = new CountHolder;
counter—>pointee = new T (xoldValue);

}

counter—>addReference () ;

}

template<class T>
RCIPtr<T>::RCIPtr (T* realPtr)

: counter (new CountHolder)

counter—>pointee = realPtr;

// see below for an
// explanation of why
// these functions are

// declared this way

// see below
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init();
}
template<class T>
RCIPtr<T>::RCIPtr (const RCIPtr& rhs)
: counter (rhs. counter)
{ initQ; }
template<class T>
RCIPtr<T>:: RCIPtr()
{ counter—>removeReference(): }

template<class T»

RCIPtr<T>& RCIPtr<T>::operator=(const RCIPtr& rhs)

{
if (counter != rhs.counter) {
counter—>removeReference () ;
counter = rhs. counter;
init();
}
return *this;
}
template<class T>
void RCIPtr<T>: :makeCopy ()
{
if (counter->isShared()) {
T *oldValue = counter—>pointee;
counter—>removeReference () ;

counter = new CountHolder;

counter—>pointee = new T (xoldValue);

counter—>addReference () ;

}

template<class T>

const T* RCIPtr<T>::operator—>() const
{ return counter—>pointee; }

template<class T>

// implement the copy
// part of copy—-on-
// write (COW)

// const access;

// no COW needed

// non—const
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T* RCIPtr<T>::operator—> () // access; COW

{ makeCopy () ; return counter—>pointee; } // needed
template<class T> // const access;
const T& RCIPtr<T>::operator*() const // no COW needed

{ return *(counter—>pointee):; }
template<class T> // non—const
T& RCIPtr<T>::operator*() // access; do the
{ makeCopy () ; return *(counter—>pointee); } // COW thing
RCIPtr 5 RCPtr HPALANIA . 55—, RCPtr W R HHEARMMEA S, 1fi RCIptr % 4t
18] ] CountHolder X% 35 MIEN % . 5H ., RCIPtr E# T operator—>Fl operators,
AR M SR const [ERVERS, EHHE DL A BB AT
A7 RCIPtr, fRAZ S RCWidget, B4 RCWidget HIEEAS R HCHS LK b HI AL i 45
RCIPtr LAAE Widget X 5. 28017, WK Widget SEIXAFH:
class Widget {
public:
Widget (int size);
Widget (const Widget& rhs);
“Widget () ;
Widget& operator=(const Widget& rhs):
void doThis();
int showThat () const;
I
JE RCWidget Kife g XN IXFE:
class RCWidget {
public:
RCWidget (int size): value(new Widget(size)) {}
void doThis() { value—>doThis(); }
int showThat () const { return value—>showThat(); }
private:
RCIPtr<Widget> value;
b
TR RCWidget (W43 BRSO B A e NI ZEOM ] Widget MRgIE 21 G
new BAEST, M. Item M8); RCWidget [ doThis /&AM Widget ] doThis PREL; DA
RCWidget ) showThat /-4 JR[A Widget ff) showThat FIIR[FMEN . [AIFEEHER RCVidget ¥
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A7 H P DU I e EOFR A R e B, AT R 2. Ul String 2R—FF, EATREX
BepR K, ST RCIPtr MIAT A, RCWidget FRIERIANR ASHKE 58 B IE M (1 s o

SN K A2 RCWidget HIAT AARMUBR, ‘&M% AT, IBAMRER1 . AHES /N
FEF B2 Widget IXFERIZRIMTHI Y RCWidget IXFEMIZE. WIRRE T ANXFEMIFLRE, ik
FHNIE .
o it

iEFRATTM Widget. String. fH. RIGFREFFIGIHUMEER TG — T SAHLE R
— N, RS N A O EORMEREER, FRATT DA S b BN B R
) 8, A AT A A 5 T4

SIS VRO 2B A A o RSB RIE—AN STV, O e A
LUV 2R A BRAE S IV R IE TR L 2N AE, T3 AR B AN 75 2540
T2 ARG, SeAh, SRR, g T BRI R0 B A B LU AN I RRUAS e ¥
ALY String KRR T A C, MRMNBER String FUUREAT =AM 4DK
(StringValue. RCObject I RCPtr) Wi GVAMEM . s, FRATXASHE L AH v vt i IRAEAH
PSR ST i R B T ERER N AR FR 2, S T 0 I AR R S ) vy
FAVE. H, XPYANRBIE ok Pk SORE. Fgided, LA REmE M 21T
fE. BIMi B AR A X s

SR VHEOR R 10 G i S SR [ A R S B S (S, TtemM18) . W LA %
AL, 51 IV B i VA0 58 2 (0 NAFFI AT SE 2 AR . 53—, iR
PRI G 52 A BAAAH FE RT3, 82 5 | FH VHH0RE [ B 28 I TR) A0 2 ) o L2 R qE BT o A
FROR, RN R B H 2, 58 1A G R S AME AR BROR
RAMRHEEZ . Bz, 5 HTHEE TP F 4 s 8o i M

B REAR R B IR G 52 o SR 10 o e a4 P Ot 5 A R DA i R A
XS /AE R LAy, O B 5 L T

PG IE BN S AR IR s B, BE AT KRN A ISR PR, WAt 2
A GICERFE, ST BR A TR 217G

HAE =D INERM N LKA R AL, XA EA S SE B AR E % (W Ttem
M16)o XAV profiler B S THAKMT. MM, IR URILZ 504
FNE A AT A 2RO, IFREAF N B /BRI L] . RA 9T 1A T X e8ds, R4
REAT 2 A5 T T 25 A5 380 (R 4 A Jek Ll o5

R B 4 2 1, AER SRR AT R R AN G & . A28l 454 (AT 1)
BD ¥ T 80E I HEIRE  IXFE 4518 v B P 2L A 5 %, A0
AL, LT VB AN 25 B 21 2 o BRI A AN TG FH 1 5 40 i R 56 48 ) 445 4 v ) &2
ARG R o AR PR 3R AT 4 A 2 A0 FH AR ) ) AR R A XA PR 5 ) T B AT D,
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B FRATTIAE AL (R XA T B0 5 | o AR A R I A B S8 AR XA T RE .

RIAE R AN E 2, 51T EAARAR I ST e i RARAN B HE Y 2 2 0 T N B 3))
Y, B GIHIVHEOE A X AR 457 15« AR FERE 53 - R XA R R A 5 T o
.

ERATHBUG — B EE HHE . 24 RCObject: :removeReference #/b X% 1151 F it
Hork, R EH S R 0. WL, removeReference MMt delete this 44Eext %,
AR R AR Gl W H] new AR A2 4, Y DARRATIRE 22577 LA £ RCOb ject
HAE Rk A

Bkl AT BTV R AR e RCOb ject BBt Ay SUVERE 5 1 VBB G LA
F, IR AR X B 8 % S R IS HRER RCPer 51 o BeAh, (X5 1% g & LB o)
GRIAIA; TATA BB T 1 A o AR TR, EX SR A2 StringValue,
FAE e Y String FIAAA PR HIILAEH o A String W LA StringValue X%,
FTLL String FRAIMEE MAZA R IX LB X S A0 LW I new BAE = BT

T, AP RCObject HAEAEHE L OIEE 17 it 48 — 2 X AN R 2., JF
PR A X BB RCObject X5, HIPATTRELEM (Bl =) H—FAS Uiy
A4 RCObject X 5. FATBRE] T GU 4 51 FIvHEO SR, 4 RATAE XA BT I
23T B EL R 5 A A il A S SR ) PR A5

® 10
FrufE C+HBATEET I string K8 (WL Ttem E49 F1 Ttem M35) [RIBHMER] T /73 2 fJ7

% 3. MIE const 1] operator [ JHIR[AI) 5 E 2N — R I A BEE EGX AN string 1R ELIT
W IEER AR . k2 G, XS (e R7ERr), Ha A L. XFE
e SOVF T . string MR bR AR vl A5 24 string (0 BRI BUR 15l true.

7.6 Ttem M30: ALTEK

HARVRRIR ISR K ] R A AT [ — M A, (g T o, W AR . ]
R, CHIEBEATNREIXAF, £, e BA e fe LU 2% .
FORTRAN. BASIC 42 /& COBOL H, RAJLAGI 4k, =44 n 4E404] (0K, FORTRAN HEEf!
% T S, R TWRESRBEN) . (HAE Crrfig? SURA IR, i Bt SR SRR R
JE L.

KA

int datal10][20]; // 2D array: 10 by 20

A [ £ 95 A Gt A T AR S VR AE (0 /N, A2 AN ] BATR

void processInput (int diml, int dim2)

{
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int datal[diml] [dim2]; // error! array dimensions
// must be known during
}
FL&, FEMEFCI# A GV :
int *data =

new int[diml][dim2]; // error!

87t ¢
ZYEAAAE CH AP (AT TR BERUFLE T8 S AR, BT AR B DB SRS A R R 2

(Ko W IRER CHAR IR E % TN ORSEBLIRAIBTR Z 0 CHik 5 PB4t
IRV DAL, BRATTR] RARE SC— S SRARAROR S B — 4454«

template<class T>

class Array2D {

public:

Array2D(int diml, int dim2);

b
AR, FATABLE SCRAT s S A4 T
Array2D<int> data(10, 20); // fine
Array2D<float> *data =

new Array2D<float> (10, 20): // fine
void processInput(int diml, int dim2)
{

Array2D<int> data(diml, dim2): // fine

}

SR, Al HIX S array M RIFAERE T 2. iRYE CH Cr+rp ik I, ATV iR
I [k 51 54 -

cout << data[3][6];

{HIRATIAE Array2D 2 NEAZEAE BT N AR ER A U4 3RA TR] LLX A7

FA VA DBl AT g A2 W] —> operator [1[]eaiL:

template<class T>

class Array2D {

public:

// declarations that won’ t compile
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T& operator[][] (int indexl, int index2);

const T& operator[][](int indexl, int index2) const;

b
SR, AT MR POt 2 1 bX M hs)), P EAT operator [1 [1XMZRPE, Al BRI
PEAR OIS . O AT LR RIS SEAT W Ttem M7.) JRATIAS St
WRARREAR DA BEIEE, IR Re P L EE S O KRR DI BA . X o, AT
H 4}, operator () :
template<class T>
class Array2D {
public:
// declarations that will compile
T& operator () (int indexl, int index2);

const T& operator () (int indexl, int index2) const;

b

FH P I A8 FH A

cout << data(3, 6);

XARAE G I, IHRE G BUE R 2 AR . S SRR Array2D YR E KA
PHREC — A G . SEbr b, BTGl e 2 (3, 6) M ER A Sk sk 250

WRARAE L LE U5 ) 504147 0 B K 5 A FORTRAN 8 bk i, 0K P vk 2> 248 [
k. HARBCH operator [T[1, {HE N X RIS E AL :

int data[10][20];

cout << data[3][6]; // fine

Y] T A A2

Vi, A data ARECER) 4RO, B A 10 JOERM 454l Kb —oe
2RI A 20 JCEIEAL, FTLlkIER data[3][6]5Lkr At (data[3]) [6], tilte data
RS PUATCRXAEAIES 7 AcHk. FimEe, B—A T[RRI A, 58 —AN ]
MOEA IR B ) 4 v P L — N Ie 3R

BATAT LA I 3K Array2D 2511 operator [1RBLFEIFE K. Array2D ) operator[]
R [E—ANHR Array 1D (XS . 5 HEE ArraylD i) operator [ R [T 75 1) — 442
{opve

template<class T>
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class Array2D {
public:
class ArraylD {
public:
T& operator[] (int index);

const T& operator[] (int index) const;

b
ArraylD operator[] (int index) ;

const ArraylD operator[] (int index) const;

I
WAE, 8T
Array2D<{float> data(10, 20);

cout << data[3][6]; // fine

XH, data[3]iR[H[—A> Arrayld X%, EXDMNS L operator [J#E/FIR 0] — 4541
(3, 6) A B EITT A

Array2D [P IFANTEZEAN0E Array 1D BIAFAAE . XA G “—4EE4l” XIS
kA, AR Array2D R ITAELE R o S G ik SAb Al T 2E 48 JTAE I — 4R 4K
Hl—FFo AT Array2D FEMH P PO BAA R X D T CHIMRETLR, XEX5
WIRAETETE B T H P T2 o — A 4R — A e 4.

A ArraylD X GENEHIE—AN— 454, XA — AL A ] Array2D fIFE
Jo it H I o B RRT G R0 GOl RO AR B . AEIXAMEI T, ArraylD s —MRBEK.
B S () — NEME S EAEAER — 4], CRIER BN S (proxy object) FIfY
K (proxy classs) MAEGEM; XA G A MU surrogates)

® [XriEid operator[|HHAT K2 LR & HHAE
A AR B SR S 00 2 4E 0l 2 AR I H i i 7 v, (HARFR IR i AN (EixX 26, il l1, Ttem

M5 s T ARBRSE ) DU FEHTR B B 2550 Hay s o 2Ol iR H D AR e e p K. AEARBESE
R ik, Bl ar a2 A B X 43 il operator [TEAT (K2 BRHRAEIE 2 5 #AE o

18— Al 5 VO SRR operator [T string JRM . XFERSEIIATT LT Ttem
M29o WIERARIEAS T 5 | ALK Ja b, A A BUHEm 25 245 Ttem M29 PV N 7R 24N 4f
FE.

¥ operator [JH) string X, fuVEH P FIChEROAUTY:
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String sl, s2; // a string-like class; the
// use of proxies keeps this
// class from conforming to
// the standard string

// interface

cout << sl1[5]; // read sl
s2[5] =% // write s2
s1[3] = s2[8]; // write sl, read s2

R, operator [Juf IFEPIFIAFRIEOL RN : 8NP esE e rr. B
AE AR TR OXNAFRE TS, AENIEREETEN AL, H1HE
HMEEIR e F AL 8, B — DT E WA B RERE S, oA TR
U ENEE N2 T

BATRX 3K operator [ GILRAE, P, XA 5T EUn Em ity , o
BAR AR T LI N TS B E A . W0 Ttem M29 ERRIV, o FHTHECN BN S 14 S5
BB AR P DL, AT 2, R R [ — M. ASERYJE, £ operator[]W
i, BATIRERE E R B AR, AT 7 e R e (2 A

“AH, SRS, 7 ARIIE, “IRAIATE . FATITAEET const JEIPEE A operator[], X
FES AT A MBI AT T o7 Aihiit, AR AT A g o i) .

class String {

public:
const char& operator[] (int index) const; // for reads
char& operator[] (int index) ; // for writes

b
IR, IXARE TAE. YniEas R Pn v A Bl 2 sR A XS B0 const B PR IEFE b Bk 2 pR 0 1)
const FIE const A, TAZE IR ERE ., K.

String sl, s2;

cout << sl[5];: // calls non—const operator![],

// because sl isn’t const

I
xv

s2[5]

// also calls non—const
// operator[]: s2 isn’t const
s1[3] = s2[8]; // both calls are to non—const

// operator[], because both sl

bbs.theithome.conl


http://bbs.theithome.com

// and s2 are non—const objects

T, F3 operator [J & AEX AL &S .

75 TtemM29 th, FATE A TIXFIARL NG IPRA, FRRSE BRI ITH 1K) operator []
TR GEAE. XK, BOIASXAESBEH. WVFARTTREAE operator [14A1#IX 4 A
HIESEAEERAE, (AFATTRAX e o FRBATE 23Rk, Wik R H i
A REE BT, AR AR AT A AR ?

BV TTEEFE T XA WIFA A RELE operator [ N HBIX 43 ZE(HIE & A4 ERAE, H
TRAT AT AR B8 DX 0T A L A RS B A, G BEBRATTH A T S0 2 5 TR AT b R B AT ] S
operator [J ¥ 45 B 78 A A0 FH 2 5 (0 o BATTIT T B2 (0 A2 AT — AN D7 0oRs 1528805 1) 4 4R 21
operator [JIR[MIZ J5. GX/Z& lazy J70 (UL Ttem M17) BJ—AMl+)

proxy ] LIEBARBITATITR ZAIHL, B BATA LMES operator [1ik ek [H]
A RELERFID proxy SRIMARLERFAL . FATT UL FHIXA proxy BABAA.
B, AT LAKE operator [JMHAIE Bz, Wk eds, ALK operator(]
(R FH AL A 5

WA S FoRBE AR, A e ZHAR A ML proxy 2. 1 proxy 28 F IR —fF 5.

o G, haRIRE EIEIA T

® CEEE NI EREN F AR, XA LR AT LUK E B A AR S I i A L

RFER AL, proxy ZEHs 02 218 .

o B ARATE . XN, ACHEINE AT .

R AN SV string JETIME proxy JRELIX 73 operator [T/ AF e ik 2 4
(B 81

class String { // reference—counted strings;
public: // see Item 29 for details
class CharProxy { // proxies for string chars
public:
CharProxy (String& str, int index); // creation
CharProxy& operator=(const CharProxy& rhs); // lvalue
CharProxy& operator=(char c); // uses
operator char() const; // rvalue
// use
private:
String& theString; // string this proxy pertains to
int charIndex; // char within that string

// this proxy stands for
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I
// continuation of String class
const CharProxy
operator[] (int index) const; // for const Strings

CharProxy operator[] (int index); // for non—const Strings

friend class CharProxy;
private:
RCPtr<StringValue> value;

I

B T HE N CharProxy 28 (FATKAE FIUHE) 4b, XA String K5 Ttem M29 )
I AAHLE, ME—ANR] Z bl BT A (¥ operator [1 R AIAEIR M ¥ & CharProxy X4,
SR, String FEHYM T AT LLZMEIX —5i, I 294 operator [1R[BI AR LI H B ) 7175

(BRI, W Ttem M) SRfe:
String sl, s2; // reference—counted strings

// using proxies

cout << sl1[5]: // still legal, still works
s2[5] =% ; // also legal, also works
s1[3] = s2[8]; // of course it’s legal,

// of course it works

AR LR T, e hfhameTE.

FBXSKEN]:

cout << s1[5];

ik s1[5]IR A2 — CharProxy X% AT RIXFERINS G S b sRAE, Frbhdw
PSS T A R R B LUAE AT operator LY (L Ttem M5). B 14kE]
—/>: 1 CahrProxy ZEWHEHHI] T — M3 char IO#AE. T2 B30 I
B, SR CharProxy PN A FATHAT ENT Y 1 X CharProxy # char HJFe4E Py
A RTINS GAEA A I R A2 B ST AT 2

VEAAEIS AL B A —FE T o 55

s2[5] ='x";

FHRTTH—HF, RIS s2[51IRFIH) & —> CharProxy XJ %, (HIX K & ZMRAEERAE I H AR
HI T BE (1) H F5 2 CharProxy 28, JrEAHHI K2 CharProxy 2R I IRE#RAE . X R OCHE L,
I ALE CharProxy HMRAERAEH, FRATHENTERIAAA 1) CharProxy %G /E A B A HI 1 - AL,
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FAVHNTE proxy G ) FRFRAE AR, D TRAT — LE 0 B3R AE USSR A5 1K Ao
BAE
[, 1A
s1[3] = s2[81;
WHAER TP CharProxy X R #RAE, FESERAENES, BATRTE /27D —A>
VEZeAl, Hi—MELE.
CUEF, W, RV RIGE, “PRGIRE .V 0K, XA String [ opertator []pREIACHD
const String::CharProxy String::operator[](int index) const
{
return CharProxy(const cast<{String&> (*this), index);
}
String: :CharProxy String::operator[] (int index)
{
return CharProxy (*this, index);
}
BEAS BB B MIIR [A]—A> proxy X GRAE AT o MRASBAT RIS PRV EATAT 45 2
TAVH B HEIR 3 B 3 FoAT 1 03l 2 SRR 2 SR AT
7 &, operator[] i) const hR A iR [B] — 4~ const M proxy Xf % . A
CharProxy: :operator=s&/F const [ B 51 R, KAL) proxy X R ANBEVEWE 1) H AR H] .
PG, ANE M operator [T const AR [FI proxy X%, i &Iy 74 # A GE
VEAEAEAT ] o ARTT AW, & E a2 RATTAREE ) const JRAH operator [1HI4T 4
[FIFE2LE AL const ) operator [JIR[MIMEIHE CharProxy X%, Xf*this I
const_cast (ML Ttem M2), IXfFAF e T CharProxy RINMIE AN T E, SIS R
BOAFE% A const 1) String 38, A H ZWMAA 2K, (HEHAL, operator![]
& [AIf¥) CharProxy X4 [ CL A& const I, T EAAHIHHL String WESI £ 7] BE#GE L proxy
RKWAEKL.
JE 3t operator [JIR[HI[1) proxy A Z sk T e & T B> string X5 LUK B 473 1R 7445 (1)
T
String: :CharProxy: :CharProxy (String& str, int index)
: theString(str), charIndex(index) {}
¥ proxy X GAEAEAT IS AR 7 B — — LT 3R [ & I fm i i) A At el B T
String: :CharProxy: :operator char() const

{

return theString. value->datalcharIndex];
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}
WROELE T string XHRH value B NIE IR data B KIOCRRIEE, 15 [A—
T Ttem M29 LAME5RiCtZ. PUOARARECR A T — DN FAFHME, I HICEDY CH+ PR g X eI
BR[0T SRV EAEAT T, T LI AN B 45t o B0 B8 L IR A (B R A
[0k #7F CahrProxy MIMRMEHERAEAISEIL, I TLAALE proxy X G PTHME 1) 515
VERAE I H AR CEDZEARD) A7 o FRATTAT LAKS CharProxy (IRE #RAE ST
String: :CharProxy&
String: :CharProxy: :operator=(const CharProxy& rhs)
{
// if the string is sharing a value with other String objects
// break off a separate copy of the value for this string only
if (theString. value—>isShared()) {
theString. value = new StringValue (theString. value—>data) ;
}
// now make the assignment: assign the value of the char
// represented by rhs to the char represented by *this
theString. value—>data[charIndex] =
rhs. theString. value—>datalrhs. charIndex];
return *this;
}
ALY TtemM29 FHHE const [ String: :operator [JHEATLLEL, TRFFH FIEAIRIAH
Ble XAWRLZ . {E Ttem M29 1, FRATEM MBI FTH IR const [ operator [T H]
R EEAE, PrUASEI XA BIAE, BATK SHRAERSEIA N CharProxy BT EAE
TR LA const [ operator [ SR AEA N Br 24 K B 1RAE A . Bl
—f), EARBHE LY string MAAEIMT value, X ZHTHHE CharProxy HIHN
string MIACTCIJEUAL .
55 A CharProxy B ERAE LA -
String: :CharProxy& String::CharProxy::operator=(char c)
{
if (theString. value—>isShared()) {
theString. value = new StringValue (theString. value—>data) ;
}
theString. value—>data[charIndex] = c;

return *this;
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}
VRN — A BER AT TR, AR IRN A% BRIZ PN A P AR A, ks
EATEN N RAT K G RO I = IRAR XA A 2

o JEfRME
811 proxy FEEAMX ) operator [ME LB A B HIHF 5%, (HEAEBA B A .

AR EAK proxy XG0 FEFTHHE KA G T8, (HIXARAES I XN, HEAR
S BRI IZ S UL, B, proxy XFSRAT BRI SEZBR IR AR50 T .

HE—TRET Ttem M29 (AR, DAEMFAT AT 2 054 StringValue X5 n—
AR Wk String: toperator [JA& A CharProxy IMiA& char & N IS
ANBEG 1 -

String sl = "Hello”;

char #p = &s1[1]; // error!

FikAX s1[1]RFI—A CharProxy, Tt “=” (A7l —A CharProxy *. %A M
CharProxy *| char *f4 ek %, Fril p AR REgR PRI T . T, B proxy X4
Mok A 5 S B R i O B AR A 2 iR L, JLSRAUR AN .

TEHBRIXANA, IR EER CharProxy KM HHIEIZ 5

class String {

public:

class CharProxy {

public:

char * operator&():

const char * operator&() const;

b
XL PR BAR S 5 S . const MRASIR [PIFLHHE W FA4F 1) const B FE4E!:
const char * String::CharProxy::operator&() const

{

return &(theString. value—>datalcharIndex]) ;

}
JE const A 2 —Ledi A, DA e IR P FREHFR DU 77 il AR AE 24, &A1 Ttem M29
FEE const [ String: :operator [J47 A AHML, SCILBIREIG
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char * String::CharProxy: :operator&()
{
// make sure the character to which this function returns
// a pointer isn’t shared by any other String objects
if (theString. value—>isShared()) {
theString. value = new StringValue (theString. value—>data) ;
}
// we don’ t know how long the pointer this function
// returns will be kept by clients, so the StringValue
// object can never be shared
theString. value—>markUnshareable () ;
return &(theString. value—>data[charIndex]) ;
}
FUARRSFN CharProxy FYHE R BB R ZAHIE, T AFRAEARRHE S AT A —A A
A 1A R
char MRHLE [ CharProxy 5 —ANANRIZ AL H B 5 1] v H A B R bt R 3RAT]
MU proxy ZERIX 733 operator [J4E Ac(H I 2 A7 {H I :

template<class T> // reference—counted array
class Array { // using proxies
public:

class Proxy {

public:
Proxy (Array<T>& array, int index);
Proxy& operator=(const T& rhs) ;

operator T() const;

b
const Proxy operator[](int index) const;

Proxy operator[] (int index);

I
F— FIXNEA T e EREAE -

Array<int> intArray;
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intArray[5] = 22; // fine

intArray[5] += 5; // error!

++intArray[5]; // error!

WMIRATPTEL, 2 operator [IE & fif B (A #RAE I H AR, S HGEII, H 257 HI 3
operator+=fll operator++{{I M, KT . KA operator [JiR[A]—4 proxy X%, i
WA operator+=Hl1 operator++#{E. [FIFEMIIGHAAAE T H B EAME K BRIES, Wil
operator*=, operator<<=, operator——4%5%%, UIHLIRALIX LA AR A I FE operator (] |,
WK Arrar<T>: :Proxy K& SUITATIRLE R A e — MR EI TAE, TRA]TREA R 248
o ASEME, IREARMOXLETAE, BLABRATIXLEARIE, AREM 4.

AN RACNRY ) LA . 3L proxy KGR TS BRA S IR BE b pR A . ARRETT B2 A
AIREM . i, RBIRATH AT SRS b PR AT B BT 1K L — Rational 28,
SR AL FH AT A 2 Array A

class Rational {

public:

Rational (int numerator = 0, int denominator = 1);
int numerator () const;

int denominator() const;

I

Array<Rational> array;

XA TATHT I AL T 72, (HIRA TR

cout << array[4]. numerator () ; // error!

int denom = array[22]. denominator () ; // error!

WA, ANFZAARTERE T operator [JIR[A]—A proxy X4 A 5L PRI Rational X}
%o fH 5 B4 numerator () Fl denominator () RAF#EF Rational %1% I, MiAZI proxy
5. Bk, URAIPERS A T IR . BAERT proxy X R AAT A M ENTHTH0E (0 R —5,
PR 25U EE B AT A F T SE Bt B i B — A R B

A proxy X GREAL bR G ARWHIEDLEAE AR const 5 HIAL4: B4

void swap(char& a, char& b); // swaps the value of a and
b

String s = "+C+”; // oops, should be "C++”

swap (s[0], s[1]); // this should fix the

// problem, but it won’ t

// compile
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String: :operator [JiR[H]—A> CharProxy X%, {H swap () BRECE R E TS EUE char &
R, —> CharProxy X G Al LAEN AU 4 — A char, (HECH A4 char &Ik 4.
116 AT BEFE 4 ) char FFANRECA swap [#) char &S5, [ IXA char & — MRS X% CE
J2& operator char () (ERIFMED, HRE Ttem M19 [UMRFE, JELHF IR 590 5E A E const (1)
SRS A EE.

IR J5 Tl proxy XA GETCAE AR SEBR X BN DL B U A e . 2 proxy X5
T4 R Iy K S B N, AN e O e s B T . i, A
CharProxy %% 0] DL Ky & ¥y 1) char, i8] operator char () Bi%t. 1 Ttem M5 fi#
BRI, s (0 1 T B BOTKS S 4G4 o SR BT B AU, U — AN A e S
Bk 8. T2, IR AT REAE R B0 I, A& SRt Gt O mif% proxy %5t R . #lln,
A 47—~ TVStation ZEA—A %L watchTV () »

class TVStation f{

public:

TVStation(int channel) ;

I
void watchTV(const TVStation& station, float hoursToWatch) ;
T int 2] TVStation HYERACRMEH (I Ttem M5), FAiTrl LA A
watchTV (10, 2.5); // watch channel 10 for
// 2.5 hours
SR, 2448 AN proxy 281X 43 operator [T/ ZE A (1 (415 51 T TS i B AR I
BATHARRIX 2T
Array<int> intArray;
intArray[4] = 10;
watchTV (intArray[4], 2.5); // error! no conversion
// from Proxy<int> to
// TVStation
1T 1) R AR AE B AR A e b, EARMERR D . SEBp b, BEAFH v % B U] E
Pt e BN explicit, DMERRS— AT watchTV O BI4T A #RG0 3 M. ST Kast 2R ik
2015 F 1 explicit ATULITRZME W, Ttem M5,
o tid
Proxy Z8A LASE s Se 30 e VAR ML AN TT RESCILNAT o YR & — M1, 70
[ S A, IR AR e (W Ttem M5) J225 =1,
[, proxy KWAAH . EAREGRIMIE, proxy ME 2% (W Item19), &
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TR IE R o XA G 9 1, BRI REM R 2% T X B 5 1R ) LA 2 1
M o Proxy X B RAFAESG I T AT KIS AR L, DR BRSO M N (R S A8 75 A S vl Sl
R FIYED o

eJa s AN AN BR RIS BIAL B proxy X B INREH K& TRMEX, K
4 proxy X G R B 14T 4 5 SR SAT SR K DO . AN, XA R BT RGN TG
TRIEFAE I proxy X5, AR FRDA AT 2K proxy MR BEE M. i, R
A P BT 4R AL 7 P ) Array 1D SFG I, A E A W AR N RGN
% (L Ttem M5) 1ESHtess — MWRITE R E. ERZHLT, proxy MRATLITE
TSR R o 2 ENTAT AR, S8 e B H e AR 5 O

7.7 Ttem M31: ibRREURHE—AN L LSRR E B4 B

A, 5T Jacqueline Susann fiffi: —UUR MK BIAWRAE —OHEA .
S AL FEHOKKIEF 0 TAE, & Redmond, Wshington )— D248 A w —— 244K,
WU RATFRE . h TRBISH TR, RUfRERS 1 video game. JERKIIE 5
SERAEAERZE, AT M RS AT AL

FEARKIE R FE b 52 i RO R R/ MT AL, eI e AR . A5 e LR
2

® R KA ()l DA R A, KRR R s e I, AR I BT AT

BuY5-3E0F /787
® WIR KM WA, m el o R A LA, 2 BT I L TR T 1 4
W

o LIRUMIES WITEEE R, MBSO WM ERRECR, e
27 ) L B

®  WURPIAS/MYTIRAAE, KRR S NR/MT A, IR AT IS

RGO TIR HAERATNS T a2y 1, HIE— N EAAL C+AUS
AL BRI AR [R] (R 3

BATIIHT Wl RS RV MT R RIS R EIT a6 . B0, ell#ieiess, b —
AR R IX AN EE) . Tl BRMARM B — DR, e T ULk K . S
b b, EFERZILT BRI REEE, IFH, WERIRE D IRAE Ttem M33 Fp R, KEIREE
B . BTEL, QRARM R IR
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GameObject

SpaceStation

SpaceShip

class GameObject { ... };

class SpaceShip: public GameObject { ... };

class SpaceStation: public GameObject { ... };

class Asteroid: public GameObject { ... };

IAE, RBARTFEE AT NS, AT AR AN b B AR ) (R Al . PR o 38 HH XY
— AR

void checkForCollision (GameObject& objectl,

GameOb ject& object?2)

if (theyJustCollided(objectl, object2)) {
processCollision(objectl, object?);

}

else {

}

)RR T o MR processCollision () I, FRAIIE objectl Fl object2 IFUfAHT,
H H AR &0 K A 45 A B T object 1 Al object2 (R ELSEM , (HfR H NG il H L sz
PRATFITE T KA E A 1A GameObject X5 W SLREHHE A AL BT PR LT object] IIZ)ZS
% M, fk A L #  processCollision() #& & M W ¥ ., JF W
objectl. processColliion (object2) . WA NIRRT object2 MIBNALAY, ] LLFFEALEBE .
EIAE, BTN RIENSRAL. BRER R G E L IS S B, EA R Rk
i) 75

PR L & — B EIE 2 AN G B R CHr G HR X s B AT 2, IR0
TS LT EK . BRAE B A TR ?

— R R O+, MR e . o, ARATEAH CLOS (Common Lisp Object
System)o CLOS SCRFEA K43 T )Xo % 1) bR KO AR R BB 1 4P multi-method.
multi-method 2EATFE 2 WS E LI R4, I H CLOS ST — B Il T Azl “
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FAL multi-method KUl " (b

EPAUR Y, R C++3230, BT LA B — AN VRSB O AR Ny« —
(double dispatch)” [, (X447 AT object-oriented programming community,
LE AR R RO IR IE /& “message dispatch”, T3NS EUR B @ “double
dispatch” SZBRM, M2, EEZASHEREREM “nultiple dispatch”) LA
THET UL IS o ARG R WA R 21, XA ZAR. G B “double
dispatch”, BTLAMRAZE C56 g 1F 45 78 SEILE R A0 BT A (W Ttem M24). f1
RO, WATATREAT 28 O T, FEM CIET ML 7. TATEA, 1 HIRATH AR,
JTLLR BRI 224, A DNRET .

® %N RITI
BRI T — AR, X PR TRk PR S TRA SRR R L

BT AFRATTAE GameOb ject HH HIBH—ANE BRI EL collideo IX/NpREHE IR AR LU 1 L FE
class GameObject {
public:

virtual void collide(GameObject& otherObject) = 0;

I
class SpaceShip: public GameObject {
public:

virtual void collide (GameObject& otherObject) ;

b

WAEIX LS TIYRA:2K SpaceShip (UL, SpaceStation fl Asteroid B e 4 —FF
1

SIEEI R A PR R LR A N R BRI R AR AR A . then. .. else . 7EIX
FORIER AR T, RO/ K otherOb ject [UECSZRAY, SR G MAHTA 1Al g

// if we collide with an object of unknown type, we

// throw an exception of this type:

class CollisionWithUnknownObject {

public:

CollisionWithUnknownObject (GameObject& whatWeHit) ;

I

void SpaceShip::collide (GameObject& otherObject)

bbs.theithome.conl


http://bbs.theithome.com

const type info& objectType = typeid(otherObject) ;

if (objectType == typeid(SpaceShip)) {
SpaceShip& ss = static cast<SpaceShip&> (otherObject) ;
process a SpaceShip-SpaceShip collision;

}

else if (objectType == typeid(SpaceStation)) {
SpaceStation& ss =

static cast<{SpaceStation&> (otherObject) ;

process a SpaceShip-SpaceStation collision;

}

else if (objectType == typeid(Asteroid)) {
Asteroid& a = static cast<{Asteroid&> (otherObject) ;
process a SpaceShip—Asteroid collision;

}

else {

throw CollisionWithUnknownObject (otherObject) ;

}

W, AT SR — DG IRAL. F—AE*this, B HE R AR
FIr o FRATIAEALL T SpaceShip ML, Prllxthis € & —1> SpaceShip X%,
HEFATH T otherObject fIZEAL,

X)L — A . EARA S . WARA S e TAE. RITI AT — 1A AR
2 EHRARERLH. LhRMERRE THRE A else iBh), EIXJUT —RH.

AT L LTIk FE T 335, EAREAS collide pRECHR2AZ0 KIE AT DL A 28
MRRA . JU 2, BB — AN B 2R, FRATT 2 AT R — AN JE T RTTI 1Y
if...then...else % LICBIIXANBIEAL, BE HUERR T —4b, FFHISAE— bug, 1fi H.
B IR o G PR B I B BATRS A X M 2L, DRk B AT AR AR AN J 1 AT AR AT A (2
W Ttem E39),

XMRBARMFLTE CIEFSTEAMRA—BIL T, MEAMBME, XFEMRFA
J B TR . B A R I B AN TR o KA TN R A R A
W 7= A R EG ST AE G 1 bR O FH (A E RS L 4 e o MRAT T RTTT S8 —
FERE, BATIER [ ZE 2% s H

XML I IS E C B S BT R, BN CHE B AR B R IAMRBIIRAT A
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CESE, FRAIAE collide BTN L T I )a (AR else THA), LAALBEAIERIE R —A R0
IR, IR UL N EBRAN T RE AR, ABAEFRATPOE ] RTTT I S A RER? AR
2R T IR PR AR WG FURHAT AR, (HBCH — D AR R . R B, Bl
HPE T — N, (VARG A X XA R AL BERERS LLIRATT4r 2 2D, DDA 3RATT3E
BT A BAIAFE AR AR

o U H He ok H
JCSEAT N0 UKEFH RTTL S TR0 2 7 DS e B B AIGH, ANId P e 2 ik 3k

A — IS M o R A e — TR U 1) il XA U 3200 RTTT kAT I R AR (RS A A 2L
collide PR I RE, JFRFTATIRAESREE X, Beoh, Eib iR ER, A EEL
B AMYRAZRIY:

class SpaceShip; // forward declarations

class SpaceStation;

class Asteroid;

class GameObject {

public:
virtual void collide(GameObject& otherObject) =
virtual void collide(SpaceShip& otherObject) =

virtual void collide(SpaceStation& otherObject)

oSO o o O

virtual void collide(Asteroid& otherobject)

b

class SpaceShip: public GameObject {

public:
virtual void collide(GameObject& otherObject) ;
virtual void collide(SpaceShip& otherObject) ;
virtual void collide (SpaceStation& otherObject) ;
virtual void collide (Asteroid& otherobject) ;

b

LA J U e 2 FH PR A B — IR R S U B, AR Ut A VR A 0 ) R R 5
P IRYGERE DI RINBERE, B IRPOE R AN RS RM . g+, 5
SRR B FH AT (1) 52 GameOb ject R[S 4. HALIIE A A NZ fot Hh fif 5L

void SpaceShip::collide (GameObject& otherObject)

{
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otherObject. collide (kthis);

}

H—F, ERKIESEOFPEATIEA A, W2 IR otherObject A8 T ¥ H]
A BRI B, Tikthis BT E S E HFAFAE— P, SARIGIR R RENIE L,
O VRS R 2 B S 2R B st IR — 2R s T 1R — AN o ZEIX)L, A PYAANIE collide
BT AR, (AR« this IEASSRARE h b A ITEMFESRALEM A2 By
JE7E SpaceShip MIEK s Ed, Frlhxthis 15 % & SpaceShip K., MW &=
SpaceShip ZH] collide PRHEL, 1MAJEH GameOjbect ZRASHI collide REL,

P collide B %H & g B8 8, FITLAZE SpaceShip: :collide Hiff FH fi 42 otherOb ject
FLIRAIP ST collide fUA . FEIXAMERA Y, PN A F SR AUAR B 1, /ol
Jtxthis CEILEA ARSI, A5 1R G ELSE A 2 SpaceShip (HIBAITE 240,

% T SpaceShip K HE collide HYSCEL, METEZE T -

void SpaceShip::collide (SpaceShip& otherObject)

{

process a SpaceShip—SpaceShip collision;

}

void SpaceShip::collide (SpaceStation& otherObject)

{

process a SpaceShip-SpaceStation collision;

}

void SpaceShip::collide (Asteroid& otherObject)

{

process a SpaceShip-Asteroid collision;

}

WEET, — AL, AR, B RTTL, ABASTE R R 2 A0 5 20 i
S ANSAERLZ MR, XA R R B A SiBr b, i R AN B A
BT, e At ST U R I ) 0 S R T

XAERBE L, FIATIG 2000 RTTL J5vE—FE: REAN AL AUE T F . 8
I, AT (AR H 0 0 S o ANik, SR VAR AN — . 5, 47 if. .. then. .. else
BB, AR T RS RAE T EEIIN—SE R SAEIN A R AR e 1Y
In—AN8r 26 Satellite (k7T GameObjcet), YRUZUNBEAIAFIHEIN—A collide MEL.

BRI RE T R RNN . Helnn, IRARAESHAWER, JURTETE R FHELE T
(A8, PRI BECAUE B GameOb ject 2Rk M2 W IMAESEE . BRI, 880m— AN K
SRR AL CRIVEASE 1), #REANTTREN . ki, RIS AT T g8 o 2 AL
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B, (HS2bs B3AT. TS, R T Nitendo, {ffH—MUE GameObject FIILE T %
RIZEIBAT ERAT i o 8RN E AR — N AT XA, 4wl #0R e 8l T BRI AR
SEAEVRI ARG T N — AN BT AU, A R 0 e S E M e SRy, ) 4 1 A
DB, ARG TA T IXAN R AR KR T o (S, Ttem M34, DL T /5
BT G AR B I B B AR IR I8 AT )

At WURRTR I TR, Sl I IR A s T ARG 1A
WA 6, MR B VAL RTTL W7 a4, HE IR T IR IRR P I ml bl (L
RTARREBH BB . 55— J710, RITT 7R SE g, (HlW &S8R L
e, A O !

o IR KER
AR PE . AT LLEIBT Ttem M24, %P6 a8 3 QI RE AR HUHEEH e

(vtbl) SRSEHLMERRAEL, T M o& BB I I AR XA B D BT TR &R 51 AT vibl, %
PEARBES 7L if. .. then. .. else B, JFRELETAT I HE R EU M7 A2 BRI REARIS 4
FEIERA vibl TR, SRJGWH vibl IXAMLE EAEE TR E TR ) 1 R 4k

B BURAREIX A WX AT, AMEAEHUREE T RTTT AU 3 B ACR CRbx
REUMBAEERE T 5 HEH LL if. .. then. .. else M2 FAAERARESt /D), FAEK RTTT
(A P R A4k ARV R i B A T o S0, B T THT A 2 i e Ak
— MR C T should mention that the meek may inherit the earth, but the meek of
heart may wish to take a few deep breaths before reading what follows).

Xf GameOb jeet Ak AR 45 i bR £/ — 2218 14

class GameObject {

public:

virtual void collide (GameObject& otherObject) = 0;

b

class SpaceShip: public GameObject {

public:
virtual void collide(GameObject& otherObject) ;
virtual void hitSpaceShip (SpaceShip& otherObject) ;
virtual void hitSpaceStation(SpaceStation& otherObject);

virtual void hitAsteroid(Asteroid& otherobject);

I

void SpaceShip::hitSpaceShip(SpaceShip& otherObject)
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process a SpaceShip—-SpaceShip collision;

}

void SpaceShip: :hitSpaceStation (SpaceStation& otherObject)

{

process a SpaceShip-SpaceStation collision;

}

void SpaceShip::hitAsteroid(Asteroid& otherObject)

{

process a SpaceShip-Asteroid collision;

}

FTFAE I AE F 2L T RTTT (77 3EAHAEL, GameOb jeet ZE A — AN b FEREHE () R B, & 52
25 R BER AR — o S R AE T 6 ek B IR ARAL, R R AR LR B
BOCH, AEARFERR, XK, X BAAERF RS T, AR collide. HFHEH
AR, PRI E BN R, Bk, AT A ITE R ENARTE, BT R
A5 Spaceship::collide (I AN [F] AL 45 o 25045 U FH I 7D o RTRART—#F, SKEL T
SpaceShip 2§, SpaceStation 24 Asteroid 25tk ok T .

{t SpaceShip: :collide 1, T2 — UK Z 4L otherObject Kz 3|
— N R BRE (R ) —ANE S IR AL BE RO . — AN LI VR B AR,
Y E IS X A 2 R B A SRR B . BB A T — AN XA WU ok 52 collide JETIAT
Ry, AEGn B n— A (] B 8 Lookup I, KSR AF PR . lookup BR(3%—> GameObject
SR, IR VI 0 BR ER AT

X4 Lookup [ HH

class SpaceShip: public GameObject f{

private:

typedef void (SpaceShip::*HitFunctionPtr) (GameObject&) ;

static HitFunctionPtr lookup(const GameObject& whatWeHit) ;

b
PRERE EIEAN B AMSE, M R B E st 2 T, AR ME T — AR &

HESRE T lookup, collide HISZERAN R :
void SpaceShip::collide (GameObject& otherObject)
{
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HitFunctionPtr hfp =

lookup (otherObject) ; // find the function to call
if (hfp) { // if a function was found
(this=>*hfp) (otherObject) ; // call it
}
else {

throw CollisionWithUnknownObject (otherObject) ;

}

UERFRATRE DRFF WL R AN GameOb ject AIZRAJZ IR 2, Tookup il ik HE K 2 AR 5
XTI R B . ANATUURN, A, BRI B NI KRR BAT A
A Tookup MR [FIME HFAE L RSO 4l 5 3 (1 A

T BEE S B Tookup 1o 4R T NN I IR b1 pf HHR AT I BRAT LR, Tookup
FORA S S, HAIE . WIAR A RIHT R XA WS 22 A i S R 1) e

XHE AU N AR E A BT IE A Ia AL, FRAEA T ZE AT A o BRATTmT BLAEH]
new fl delete KT TRIEAMME, (HIXIEARIEAEGILA L LLRT AL HINE? SEAF K fif
YT EAREL G S BB AE Tookup HHEIRXNEALH W NI ATLL T o XFE, B
— K Tookup HIMIEAIYILALL, 7€ main IR S RN 2088 A Zh#rky (W Ttem E4T).

1M7L, AT LA R AR HERAR e B2 A1 1) map RO SBT3, RN IS map (2

puniipg
o

class SpaceShip: public GameObject {
private:
typedef void (SpaceShip::*HitFunctionPtr) (GameObject&) ;

typedef map<{string, HitFunctionPtr> HitMap;

b
SpaceShip: :HitFunctionPtr
SpaceShip: : lookup (const GameObject& whatWeHit)

{

static HitMap collisionMap;

1
EAL, collisionMap Wi /2 AT K. EWH KLY (—A string X% F]—A
Spaceship Ik B R EFEE . Kk map<string, HitFunctionPtr> XK#¥I17T, FMIHT —4
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FMFEE . TP, W— FAH HitMap A1 HitFunctionPtr IXPHPIRMEE SOR'E
collisionMap [ FIH. K AANSARER — KD
Z3 T collisionMap Jii, lookup FSKHLA LEpR kIR . YR TAF & map SEH AL
FRRO#AE, JF HIRATE typeid O IR [RIGE R LR wT LUK CRIBSAER)D — Aol s B2
name () CATLAAfiE (VF 11D, BRI RSIERBK LT, ToE, LI lookup, XA
WRYEIEZ I BHAZERAE collisionMap HHR B & X I
lookup AJCABARM AL, AHURAPEFRHERAR R T (XS I Ttem M35), A<
BAMRT o G, TR IR T 52D AEMU T 4
SpaceShip: :HitFunctionPtr
SpaceShip: : lookup (const GameObject& whatWeHit)
{
static HitMap collisionMap; // we’ 11 see how to
// initialize this below
// look up the collision—processing function for the type
// of whatWeHit. The value returned is a pointer—like
// object called an “iterator” (see Item 35).
HitMap::iterator mapEntry=
collisionMap. find (typeid (whatWeHit). name()) :
// mapEntry == collisionMap. end() if the lookup failed;
// this is standard map behavior. Again, see Item 35.
if (mapEntry == collisionMap. end()) return O:
// If we get here, the search succeeded. mapEntry
// points to a complete map entry, which is a
// (string, HitFunctionPtr) pair. We want only the
// second part of the pair, so that’s what we return.
return (*mapEntry). second;
}
)G 0] return (*mapEntry). second TMiAE M E¥) mapEntry—>second LA /&
STL T REAT Ao FARIGA UL Ttem M18.,

® WIIALARIURE B Bk
BUHERT collisionMap IFIMATL . FRATRAX A4

// An incorrect implementation
SpaceShip: :HitFunctionPtr

SpaceShip: : lookup (const GameObject& whatWeHit)
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static HitMap collisionMap;
collisionMap[”SpaceShip”] = &hitSpaceShip;
collisionMap[”SpaceStation”] = &hitSpaceStation;

collisionMap[”Asteroid”] = &hitAsteroid;

}

{H, RAERF U Tookup I #CKE 51 R AR ET A T collisionMap, X /&AM ZEH
T T HEA R EEE, AR EHE R A .

FA T B PO 0 B ERET N collisionMap —K, 7F collisionMap FJHEHY .
RARE S e BAVAHS — DA EFS AL initializeCollisionMap A& AIA)
AEBATII S, AR5 R [RIEORAIARAE collisionMap:

class SpaceShip: public GameObject {

private:

static HitMap initializeCollisionMap ()

b
SpaceShip: :HitFunctionPtr
SpaceShip: : lookup (const GameObject& whatWeHit)

{

static HitMap collisionMap = initializeCollisionMap() ;

}

AN I A BATTVEAT o DUBRAE AR (L Ttem M19 1 M20) . FATTAAIX A M. 4
R initializeCollisionMap ) IR [FIFEEFTE, FRATHAN TG ZAT XA, AHXFER 2
PLOFREN R 17 (1) map X R AT RELENE A I AT T .

SEUf, AR . AT LI collisionMap i —AN R 15464 (W Ttem M28)
ERAE E ORI delete FToRIM BN %o 3B b, Ardk C+HB AT AR HE MBI auto ptr,
ERRXAE AR FREE (W Ttem M9). I H lookup H'[#) collisionMap W] static
f¥] auto_ptr, FATATLLLE initializeCollisionMap i [ —AN& FIHIEAAL T (K] map %4145
T, AHPHAEOEWEMRE T collisionMap F5 1) map X GUKAE collisinMap H CUHT
R BT T2

class SpaceShip: public GameObject f{

private:
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static HitMap * initializeCollisionMap();

b
SpaceShip: :HitFunctionPtr

SpaceShip: : lookup (const GameObject& whatWeHit)
{

static auto_ptr<HitMap>

collisionMap (initializeCollisionMap()) ;

}
S initializeCollisionMap B M) 7 V7 D SR I A 1
SpaceShip: :HitMap * SpaceShip::initializeCollisionMap ()
{

HitMap *phm = new HitMap;

(kphm) [”SpaceShip”] = &hitSpaceShip;

(kphm) [”SpaceStation”] = &hitSpaceStation;

(kphm) [“Asteroid”] = &hitAsteroid;

return phm;

}

(HFNIRAERT AR 0 —FF, XAREgmEE Lt . R4 HitMap # HY BH A 25— HEFR 1) B A
PREFREE, AT R S EEE N, it GameObject. {H, hitSpaceShip )& —
A~ spaceShip Z%{, hitSpaceStation [ & SpaceStation, hitAsteroid Hy /2 Asteroid,
H 4R SpaceShip. SpaceStation fll Asteroid ey a1 &y GameOb ject, (HI]Hi X%
BRI R TR BT P B IR R R HOR R

N THEPARIG RS, IRATRERUEH] reinterpret casts (WL Ttem M2), T'E7EMAL
T B TR IS Y A it v T A 1)

// A bad idea...

SpaceShip: :HitMap * SpaceShip::initializeCollisionMap ()

{

HitMap *phm = new HitMap;
(kphm) [”SpaceShip”] =

reinterpret cast<HitFunctionPtr> (&hitSpaceShip) ;
(kphm) [”SpaceStation”] =

reinterpret cast<HitFunctionPtr> (&hitSpaceStation) ;
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(+phm) [“Asteroid”] =
reinterpret cast<HitFunctionPtr> (&hitAsteroid);
return phm;

}

RFERT LA Pl ERANA R E A IRERE LR A X UR K2 1 A
Brit. SUFgmi32y, hitSpaceShip. hitSpaceStation Al hitAsteroid #iEE—> GameOb ject
RAMSH, TFHEARIXFEN . hitSpaceShip 1% —> SpaceShip, hitSpaceStation
BH—/) SpaceStation, hitAsteroid ¥{#—/> Asteroid. IX¥% cast Uil &I E R, EA]
e 7

AFREE TN, ZJUEATER . g A SR, el xigdims, €
MaF 2 —MRER k. XKLL, EAMRAT el o P AR R A R AR AR, Rl
i sphm JH] B H, AR GameObject HIYR AR AL 2 B4R AR B B R HE RN . 2R
SpaceStation. SpaceShip i Asteroid f T GameObject SMEH LG, Rl fEsKINY
PR FIARAEIX ) LIS 2R 2 A AL BE & HOS, FAT A 0 R %

FFE—F Ttem M24 IR 1K) A—B—C—D IZRARAR R LK D KX B A7 AT R o

B Data Members

vptr
Pointer to virtual base class

A
/ \ C Data Members
vptr
B c -

Pointer to virtual base class

\ / D Data Members
D

A Data Members

vptr

D RPN ER 7y, AL ARANR] o IXAREEEL, (A4 EARAREE AN G | AT A JF AN TR
(I Ttem ML), Ziifas)™ A AOAUHE il oS R R SEL T . T2, ARSI
TRALFREERIIL . 24— DA ZADEIRAN SR (D FX 5 AE5IHIN,  e d2 (Rt fe 2
P B3 TE A K bk — — DS 40 o8 SR I TR 2 28R A
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AEL Gt SR AR AR P 20 0 5 0V DR 1) R 50T 23— GameOb ject 17 S5 Fr b 2 (1) & — A
SpaceShip B{—A> SpaceStation I, KRAAFA? GikdiG LA R IHEL, SBusiTM
i o 1T FLA AR HE DL e 7 A 12 10 i R o A AR 20 AR (1 8 U ) A A AN S LA FH 2 R e 4
Ktz —,

OK, AL FH 2SR 4. (0 R PR AT R AUAS T L 1 34 B it AT — AN I BT 1) o
AN 152 GameOb ject %Y

class GameObject { // this is unchanged

public:

virtual void collide (GameObject& otherObject) = 0;

b

class SpaceShip: public GameObject {

public:
virtual void collide(GameObject& otherObject) ;
// these functions now all take a GameObject parameter
virtual void hitSpaceShip (GameObject& spaceShip) ;
virtual void hitSpaceStation(GameObject& spaceStation) ;

virtual void hitAsteroid(GameObject& asteroid):

I
FRAI T R o B e — R B ) L D7k, BT Y collide MURREL. BAAE, FRAT
B A 3K ) LAT BEFP AT T — 4 03 R R BT o AT IO $3E A 3 o B AT A5 AR TR 1) 2
A, FrA b B BT R 44 7
WAE, FATATLLBLRAT]— H IR 7 5 0KS initializeCollisionMap PR T -
SpaceShip: :HitMap * SpaceShip::initializeCollisionMap ()
{
HitMap *phm = new HitMap;
(kphm) [“SpaceShip”] = &hitSpaceShip;
(*phm) [“SpaceStation”] = &hitSpaceStation;
(kphm) [“Asteroid”] = &hitAsteroid;
return phm;
}
RADR, FAT ] 0L AE R RO AT A 3 (1) 02— A BEREAC T CameOb ject ST AN HIEE )
TRARIAL, FAG R BRAIFTI RN ZR VG, DA RS o BT 4R 40K dynamic cast
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(W Ttem M2):
void SpaceShip::hitSpaceShip (GameObject& spaceShip)
{
SpaceShip& otherShip=
dynamic cast<SpaceShip&> (spaceShip) ;
process a SpaceShip-SpaceShip collision;
}
void SpaceShip::hitSpaceStation (GameObject& spaceStation)
{
SpaceStation& station=
dynamic cast<{SpaceStation&> (spaceStation) ;
process a SpaceShip-SpaceStation collision;
}
void SpaceShip::hitAsteroid(GameObject& asteroid)
{
Asteroid& theAsteroid =
dynamic cast<{Asteroid&> (asteroid) ;

process a SpaceShip—Asteroid collision;

}
R R, dynamic_cast & —4> bad_cast . 2R, EAINAS KM,
Sl pR B AN — AR SRR . g, EH SR AT

® (i FHIIE R A R E AR 2 BR 4
BATIAERNE T 203G ARl vibl (WU R DS — B0l K 28—, I H3K

ATBANE T /5245 WL 2 1 SELAN T 2R 7E Tookup BAELHF . TRRIX 5K AL 35 12 45 17 A B2
MRELFRER, BTLAAESS T GameOb ject 28I TIAR T BB SR M e L, X I JE kA T
A7 NHB IR e, BT AT AR A AN S0 XA BT IR R A 0, RS T A Satellite
KA, TATATFALE SpaceShip FEP I II—MAEPE SpaceShip Fl Satellite X% [FAlfE e
. BT SpaceShip [ ARG AEH G %k, RIEMATRAANLET Satellite WAL
XA ] A T BTRAN 7 e ST R RR BOR S TS, R TV U U N B
R SR 2 v LB R R 1) AR R R R R, IS A B g PR T i H, R BE
J A AR AL B R HORE LR FRAT T AL — > — B B ek BT, w2, N e 2R
AL RN TR 2R (R BRI ARG 2 ZERT IR BE Ty, WURAS & 1 RN 4 2 flidE, i IEXIR 4 1
s processCollision HIZEIARIZHL, MR AEXT S 1 BOSRPAL IR, QRN 2 1Y) Aeid
M4, REHEERAEN S 2 S A B . IXMTREI 2 SO 2 AN IX RS, SR A
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HIZEAL B BN ) LS NAZBEANLE A TP ANTE B AR B, 1A P 25 2 AN REAS o 57 1) 1 7
AbFE?
I Rl AL B R BONR LA ok, JRATIHESS FH P SR B2 U Sk SR, AN L
AT R A P o B o FRATT AT LK S LA A0 B R B ) S SR
#include ”SpaceShip.h”
#include ”SpaceStation.h”
#tinclude “Asteroid.h”
namespace { // unnamed namespace — see below
// primary collision—processing functions
void shipAsteroid(GameObject& spaceShip,
GameObject& asteroid);
void shipStation (GameObject& spaceShip,
GameObject& spaceStation) ;
void asteroidStation(GameObject& asteroid

GameOb ject& spaceStation);

// secondary collision—processing functions that just
// implement symmetry: swap the parameters and call a
// primary function
void asteroidShip (GameObject& asteroid,
GameOb ject& spaceShip)

{ shipAsteroid(spaceShip, asteroid); }
void stationShip(GameObject& spaceStation,

GameOb ject& spaceShip)
{ shipStation(spaceShip, spaceStation); }
void stationAsteroid(GameObject& spaceStation,

GameOb ject& asteroid)

{ asteroidStation(asteroid, spaceStation); }

// see below for a description of these types/functions
typedef void (*¥HitFunctionPtr) (GameObject&, GameObject&) ;
typedef map< pair<string, string>, HitFunctionPtr > HitMap;
pair<string, string> makeStringPair (const char *sl,

const char *s2);
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HitMap * initializeCollisionMap() ;
HitFunctionPtr lookup(const string& classl,
const string& class2):
} // end namespace
void processCollision(GameObject& objectl,

GameOb ject& object?2)

HitFunctionPtr phf = lookup(typeid (objectl). name (),
typeid(object2).name()) ;

if (phf) phf(objectl, object2);

else throw UnknownCollision(objectl, object2);

}

TR, T o441 i 44 % Rk A 15 S AL i Ak 34 R 50T 7 2 () R B . o 44 i 44 % [B)
(AR P AT gm B s (LSER AT SO A1 — — IR G R A SCAE N static
MR . 1 TG, SCIEE NN static DRI T, RNVIZREA
O BT TG4 R fir 44 78 R) OB SRR .

Mg L, XA SELAE R B ek E A S AR R, R LA BRI . 5,
HitFunctionPtr BLAE& — A8 AR R BB FR R g B e o 28—, BRI M
CollisionWithUnknownObject #&Y UnknownCollision, =, HMiEHRETFEHINS
EZHMAHTZE —NT . IWERERNOIBFE=AWNE T WKL, —4
HitFunctionPtr,

PRUERT map 2R 58 SO HARBEFAME R FATAT DL A8 FHARAE R pair BEBORAR HIX
A, pair ATLAAEIRATR AT LG H — A5 (5B makeStringPair HIFEH),
initializeCollisionMap [FI=ZHL4n

// we use this function to create pair<{string, string>

// objects from two char* literals. It’s used in

// initializeCollisionMap below. Note how this function

// enables the return value optimization (see Item 20).

namespace { // unnamed namespace again — see below

pair<string, string> makeStringPair (const char *sl,
const char *s2)
{ return pair<string, string>(sl, s2); }
} // end namespace

namespace { // still the unnamed namespace — see below
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HitMap * initializeCollisionMap ()
{
HitMap *phm = new HitMap;
(kphm) [makeStringPair ("SpaceShip”, “Asteroid”)] =
&shipAsteroid;
(*phm) [makeStringPair ("SpaceShip”, ”“SpaceStation”)] =

&shipStation;

return phm;

}
} // end namespace
lookup PR LB AIPME S UL B pairdstring, stringdXf 5, JRREEM WL R ML
4
namespace { // 1 explain this below — trust me
HitFunctionPtr lookup(const string& classl,

const string& class2)

static auto ptr<HitMap>
collisionMap (initializeCollisionMap()) ;
// see below for a description of make pair
HitMap::iterator mapEntry=
collisionMap—>find (make pair(classl, class2));
if (mapEntry == collisionMap—>end()) return 0;
return (*mapEntry).second;
}
} // end namespace
XFIFATEAHT S AR LT o ME— RS FMEA R X AMEH] T make _pair pRE
A
HitMap::iterator mapEntry=
collisionMap—>find (make pair(classl, class?2));
make pair FUSPRAEIZATEE P AR (B0 (WL Ttem E49 F1 Ttem M35), ‘&
A ERA T3 S T AERYIE pair X GRIN TS H ISR BRI, FRATTASREEIXFE S 1
HitMap::iterator mapEntry=

collisionMap—>find (pair<string, string> (classl, class2)):
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XS WRE L2, M HA pair FPIRAUE 2RI CEATZ class] Al class2
[12A0), FiLh make pair (FTEEEH ..

[A5 makeStringPair. initializeCollisionMap Fll lookup #S+2& H HHAE T4 ) iy &4 55
[, BT SE AR AL A0 [ — i 44 25 TR o o S 2 A A 36 oy B30 SE IR AL TR 5 A
T A A A AR R CRRATREAT ) B AR — i P S oc ) KRR AR A RE I
R e AT e S (BB 5 e AT T R B DGR K

TAVERLIL B T AT E o an R 3G 751 GaemOb ject 138, IAFRATE LB
ik (BRAREATHE 7B, %A T RITL MIRELFT if. .. then. .. else AT 4Ed . 14N
—ANE R T AR E LT B REE S {E initializeCollisionMap Hn—A~aiZ A~
B X 2R, £ processCollision JITE MG 44 ) fir 44 0 18] H B ] — AN R AL 42 Ak 2 o 450
BAE TIR KA LR 2, (HRDL )R EAN . &2 &2

ENZRUCHS

o A SEMEREE
BABEA I Ja — A AT EAL R (R, SRR AT P A a2, Ay

WIRBI A R RRBUAR R IAHEE O AT — DIk CARAIR G, KB A T 2R
FH A A 2 R 5 TR T ) SIS LR (0 288 B i BV AT TR R TR 3K AN AR S B 1) 0 25X 4
Fo MR A G, AR kAR AR RAE W B, ARYE Ttem M33 RN, A sEqAK
CommercialShip Fl MilitaryShip M5 SpaceShip 4kiK.

GameObject

SpaceStation SpaceShip

Commercial
Ship

¥ 5 Z KA R e R T AT A B TR, FRATTIEE T LU AR
[F PO RIE A B R 45 CE SR I P 28 ATt A AN ) JEHZ, 7E—AS MilitaryShip X %Al
—A™ Asteroid X GAEER, FATHIEE I
void shipAsteroid(GameObject& spaceShip,
GameOb ject& asteroid);
EASARITM. 2Pk, #7 —A UnknownCollision (5% . B2k lookup 7EHEHE
K4 “MilitaryShip” Ml “Asteroid” 7E collisionMap HH#%#k B BN A 5. BR
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MilitaryShip Af LA #6#He — SpaceShip, fH lookup HIANFIIX — 5.

MH, BABA N RKINERE I . WURIRTEESEI —HEIHE, JF 2L
1) SRR, AR L BER A AT T i~ 18 ) R e B0 Y i 70 (TR It 5 358 n
I, BT NS AT Hr 16 ) o
® WIHKRBBRER (FXITE)

KAt oS T THEIR P UL, (HA, AR 2Ok 4 RO NMRAM BR
(fro Bk, iRFRATTHBER WAL collisionMap FIBFI 7L R LG I .

HHAEOORSE, FATHIBCT 58 a2 WS 1. BERIRATEN LR PR 2, FeAiT
ARG A MRS RIS AT R G0 I B A 5l i b ¥ e B, RS
AFE? AL

R AT DU o JRATTT ORI BN — A28, JF i e 3R AL 8 A1 U S 58 &R 1
J DA R

class CollisionMap {

public:

typedef void (*HitFunctionPtr) (GameObject&, GameObject&) ;
void addEntry(const string& typel,

const string& type2,

HitFunctionPtr collisionFunction,

bool symmetric = true): // see below
void removeEntry (const string& typel,

const string& type2) ;
HitFunctionPtr lookup(const string& typel,
const string& type2):

// this function returns a reference to the one and only
// map — see Item 26
static CollisionMap& theCollisionMap () ;

private:

// these functions are private to prevent the creation
// of multiple maps — see Item 26

CollisionMap () ;

CollisionMap (const CollisionMap&) ;

¥

XA ACVFIRATAE WS 2 R BB AT G DA BR B 4, AR AR I S 0 424 00 758 SR AR I Pl 2
AbER R E. EBAEH] T Ttem B26 HHUFIIHITI KR CollisionMap X5 IANECH 1, IR
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IR ARG AT — DR . CHESZRIURT 22 5k R 2 /T AR Z R O &5, E R
VERRATT 7 A A0 SRS 2 R S8 IR AR R O RERE. (st ie e, 2R2Y T1 I Sdiiehy T2 X% T2
xt g T1 R, HAGGEMER ) KR, & B3R m e R, HE
addEntry #8722 symmetric #E%K trues
Hh T CollisionMap 28, AR IS O A M P ] LLE HX A4
void shipAsteroid(GameObject& spaceShip,
GameOb ject& asteroid);
CollisionMap::theCollisionMap().addEntry (”"SpaceShip”,
“Asteroid”,
&shipAsteroid) ;
void shipStation(GameObject& spaceShip,
GameOb ject& spaceStation);
CollisionMap::theCollisionMap (). addEntry ("SpaceShip”,
”SpaceStation”,
&shipStation) ;
void asteroidStation(GameObject& asteroid,
GameOb ject& spaceStation);
CollisionMap::theCollisionMap().addEntry ("Asteroid”,
”SpaceStation”,

&asteroidStation) ;

W2 DRAE B T RS WA SR AR I T W — ANk 2 ik GameOb ject f)7-28
FERLIE BB P AT A IR S BHEBAT I — SN PERETT 8 . S35 — ik e ald —
A~ RegisterCollisionFunction Z&:

class RegisterCollisionFunction {

public:

RegisterCollisionFunction (
const string& typel,
const string& type2,
CollisionMap: :HitFunctionPtr collisionFunction,

bool symmetric = true)

CollisionMap::theCollisionMap (). addEntry (typel, type2,

collisionFunction,
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symmetric) ;
}
b
FHP T2 ] AT FH SRR B IR A4 Ja ol G0k 11 80y iy A7 ] 75 22 1) R 4
RegisterCollisionFunction cfl(”SpaceShip”, “Asteroid”,
&shipAsteroid) ;
RegisterCollisionFunction cf2(”SpaceShip”, ”SpaceStation”,
&shipStation) ;
RegisterCollisionFunction cf3 (“Asteroid”, ”SpaceStation”,

&asteroidStation) ;

int main(int argc, char * argv[])

{

}
DA A 1X W64 JRp 0 B AE main A T RUAAE T, e ATIAE R 3 o Hi v U B0 R B A main
BV HR AR L T o i R PUE I T —ANRAEE
class Satellite: public GameObject { ... };
DA K — A B 2 A il A Ak 3 R K
void satelliteShip (GameObject& satellite,
GameOb ject& spaceShip) ;
void satelliteAsteroid(GameObject& satellite
GameOb ject& asteroid);
XL R A RT DL [RIAE 75 35 0 N BRSNS SO AFARAD -
RegisterCollisionFunction cf4(”Satellite”, ”SpaceShip”,
&satelliteShip) ;
RegisterCollisionFunction cf5(”Satellite”, “Asteroid”,
&satelliteAsteroid) ;
XA AR S I 22 T B AT 58 SRR LR TR IR 5 o AR B AR A 2 SR AR 45 T map
RISEEL, S SR RATTIA Jhy S S I e 2 1 AT T ) 5 )

o ii 11.
TR L, ARIBA T EEME N« CHARMEFF A UE type_info: :name IR [FI{H,

ANFIFISEIE, HAT M SE X, (g, %FF2K Spaceship, type_info::name [f]—SEHLIR
[f] “class SpaceShip”.) HHUFAIE VIR & T JCHLH type info X AIHLAE T 45—
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K, PUNBEA SRR type_info X4 1 e A . HitMap & N iZ 4% H B 4 map<cont

type info *, HitFunctionPtr>.

8. ZRIW

TATIAER) T BR8I35 T, X YRR I & — LA 8 T 5 AT — 35 1o e 5 R ) o
FHRPAIE KT CHIRPEF RN, Rl & B & ARG R GE . T )X % 10— ANk 2 b
SECRFRA, IX PSSR A IR LA A0 R SR (K R X AR A RSB R

WRIG, BAV M EALE R —FEF BT C Rl CHHR A e . XK FEE [BIE 522 A
(K300, AR CH+AFAE T Bttt Fer, i DAAT I AT 06 20 T 3X b =15

WG, MR C++iE SHRMEZE (The Annotated C++ Reference Manual ) HEJG &
AR UL, BN S ASEEAT T R AT KR (0 Ttem E49) . WHRAREA
SIRFRE I R, B2 T RRIRNZ s — — IR Z AR A AR TF O

8.1 Item M32: FERXRMNE T RER

HYHEAL

TERAEIT RN G, BATBVFRIERAZ , HEAFE TS . BA TR L 2R
B AR AN, XA AR, U AR, R kg, HIEATRIE: )
W#R AL

UF IR RE GG N AR . EARIEHTRAE, G N EIHTRT G, B R, AL BE
RN o BAFIRGEE S e WEEPEASROR B TS ERREF RATFER AL T BLAE I
SRIF R TR PT BE S Vvt FISE I H SR o SXFERIARAT (B2 /NS IR 2 IR SEAE R
KIS P IFRAEFP NS ORI

BAERRIN NIT AR, WL Y o kA2, IR THES . XA
R BT R ECRE B I 1 e B2 R, B BOR A, TR A W ) e K
TR SR BB S IMA G RZ U BHEIIR AR A LUR IR, I o e v
Fos NG HUET N A, BRECK BT RS AT NG N AL, BN SRR & b
IBATIER R RI4ES N SUE R AR R T AN, I 28 05 2 T 00 N B
Yy Fd 7.

XA — P ot HY CH+if 5 A COREIR B EIARGAE, A2 AR R B0 .«
B, AR — AR AP, AL ISR, ) CHTER
BHIEZEZK; Ttem M26 Whon TIXANHEET. QAR AR B P afadt /e ih, AZE
MR T4 —f), H Ttem M27 (520K omIBIX— mio WIARFE NIRRT EL 0T — 2802
B R, I FEAT A RELIEIX S AE (UL Ttem E27). CHHEft T a8 KA IIRE
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RAGRERGIE Sy o HITE 5 AL 10X SeRp M ok i B P A 5 Bt

K4 T o 8 A, 5 REZR S 3R A A S ok R o R L B (26« i 46 “ demand—paged”
(WQ: “HI /" SERAL” 2 2RI ) TR RE R, SEAT A ARASBEAT 5 R R B80T L 307 AR
SR AR S R RE PR 7 AR —AN BRI R, DURCERIRAE SR R A
Mo WEEAE S, AT, RS ASLRVE E e WA MG, AR
R I HANEAELUE b T8 T 50 5 50 A O B S ) 4N 2R (K38 AT PR F S T 7 1 il
ZARAREXM (W Item E36),

AL BRAFAN S IR AEL AN 3% DURIE R4S, B N NIRREAE e ARATTIRAE B AT I A i
ANEREMATLG A 2 (W Ttem E18). W FX LR HUE X LUSEIL, A el
FAAT o IXHE, AT N G B A2 B I BRUARSAS I A = G 7R BRI N4 DR it bR 2
& RA, W Item E11),

BT R MBI 85 IR 12, e AT IR B O B AR IR TR R LI T
Mo FOA B RIAT N ORFE—3: A E R R, Ui int kAl

TkIN: HEDRRE MY, S NIX 4t (WQ: ZAREND. b s: <M A
O H CIRME ;s BT A AT A A 5 b S T A (s S Rl i
ANPHEECEE. — RIS, AR IR, A NS Al il AN ECKRST
Wl E A AL A M AR o ZE2R A P AT RS, BT ARG AR I S B v A3 T BABIT 1k Sl Bl
EIEIX SRR (7 W Ttem M33 I Item E46).

BTG SR ARIE IR LA TR AR RZ, HATEEREN)
L T RN AT B A I G5 M AR ATEU (L Ttem M16D o BRSO Syt s (R0 B T (KR )7
WA, BN SEJUEN S MR T TR A AR A 1 1
FESE VG SRR S, 3 RAORI T 2ERE, WU R T OE 6 o X AR RIS T 5 R
NN RS EATIE LS (8

AR ACRS Vvt A9 24 77 AR AN, SEmR SR AR . ST et e K SEILAn T B ] ok
A (7 W Ttem E200. JLEERTRE, A JC 44 H i 44 20 [ R0 S A A i 2800 B alpki 0 (O
Item E31). A FEURILRMI BT, BIWX PR FERFAIRA R HEA MG e — — B
e YR B2 (WL Ttem M4 FI Ttem E43). M4 % RTTI M it, &%
if...then...else BRUFIREAMEH (FHRS W Ttem M31, SRJ5FH Item E39 LINIFIT). 4t
W KIBAZUAZ T, S if. .. then. .. else AT ZHH, WRREH T4, K
A NG AT BT 15

Rt A IS LR R 8 AR R AR e BR LA EL (e
FEHEBS RASE, UF2EEHIXAD:

WA LGP IR E, HEH N delete — LRI D HI B *.

X, B, DRILURAR, HAihul, XAMEE R, WARIRR AR R L IX
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FEIF, JEANTTEL B AT HEHT L) oR 4L

class B { ... }; // no virtual dtor needed

class D: public B { ... };

B *pb = new D;

AR, BARIIANIX A — i, IHHURAR T -

delete pb; // NOW you need the virtual

// destructor in B

XERA, AP AT — AN — — 3T A delete iff) — —SEr L 32
BUEM B B o WAXRAE TG, IrE B I AR B g . SRAN T IXAMEH Y
i, — 2R BIE IKs S EOC AU M B P R e . XA AR vt

i — T, S MEEEE:

YR AT REDTIIEREC FT T HIIR A FETE TN 173 - EC A AN D % 17 B 9 2 2

WL, X R

class string { // from the standard C++ library
public:
“string();
I
class B { ... }: // no data members with dtors

// no virtual dtor needed
I B 4hk—ANER G, FEHAE T
class D: public B {
string name; // NOW "B needs to be virtual

I

=k, —AKRT B BN GBI T — AN 1) bR EUR) B0
M GBIRAEZS) WRET EOC R M S gm M BB . (HAE RS, /MR Z A /N
Mo XAV AEIX AN MY .

[f—fE#H5 T

UYIREFLRIR KRG IFZPTFIGE BN TETEAIL 2 Z R DT r 2

X ses| Y, ARSI AT IS I E S . H P IR B AR IRE ? iRt 4
JAAT TR R AR AR R GE TP AT A B TR R 2

KK E G TR o AN AR ERE A, M m XA R st
HEALAE . AKINERFE RN Wk A RPB WAE—ADNIERAE ] (RMEBLAEIE
BARIX AT, BN T KA (WL Ttem E14). IXFEIISEAEINAL LKL RAR
1T 00EH, JF HZHRWEA RN IEA I E R . (B, ENEA RN, |
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FIHATHI R ERAL ] . R TR E R AAME S, He P2 5.

AR (FE CHAsHEBATEEH W] string VAR Q8 T MN&A AT B £
string K. HAE R R

N TG EHIEDTIIEREE, KBNS string BH vibl. BNTEHZ LG
— I string # AL 1 Bl TG X L AT/ LT A -

AT N A 7% L8 2 AR I S 2% 18 2

MR, vbtl AAABAR LR (W Ttem M24 Al Ttem E14), K#B4 string ZR(1SCBL
AR RN EAT—A char 5%, FrLldgn—A vptr EEAS string FEHA/MIITE .
JTCART LB A AT AN E S8, JCHAEX T string XAESE I m % LA 026 . 1XFE
(W22 JE T2 W RE e PERE IS 20% K562 (O Ttem M16).

AT, A string X RMEENAE— — & B S0 BRI IR 7EHE I 57— — Tl
K TARAF—A char sREFHI /N AT, 4 vptr HEINEIAE 2 I A28 4 B %
o Ant, AR ENEER . (I, ISO/ANST FrifEZs i &P X 244811 brifE
string ZRBAT—ANHEMR AT R £

SEAT ) AU AR A R “ AT R AIBEAT — A string *, T EUXANECA )87
XA REAE IR, HABATRXAS string &SR ALEE LT IC M TT AN S48 HT B2 e i — 6
Iye HIMEMIT RN G, BN CHIEARREEEAAN, B AR 07 1A AN o
XU NHR T il string VAT REATTR RREIK o R 2 A8 R A A AT K 2% ) SR AT RE AT ) R
Hort, Hl string #3541 delete X RIS AT BE TAEA IR, 75 string M4REHFIG ] FAEH] RTTI
BAE TR B AN IERAE RS ? XA 5 T IEm Al I AN 2 RS g ey 2

AN i N A SR A WA ) SO LA A A string SRS AT R4k K I, (H 40
RREF OB R BN BOR BE B B XA SO I 2 kAT A ?

—ANA[EE TR Cr+ H EORFH 4k K . Ttem M26 #iik T /B A BRHIX % K A % T4,
AL H] auto_ptr XFGRERMEHET I G M3 string RZIE LA S GMA T,
i EE X

auto ptr<{String> ps(String::makeString ("Future tense C++”));

// treat ps as a pointer to
// a String object, but don’t
// worry about deleting it

RAEF XA

String s(“Future tense C++7);

B, Z2F, N TS AEFR2RAT A2 A AT REER . (8 string 28,
RDRGE, HEXFH e, KPS HE B2 ERN )

AR, BATIN AR B T o URTF R AT L AHEIAE R P as T TAE: ARAS
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HEAS 21 L 2 T A SR ME (R i) SEIL T o "B ZRE LA SCHF A B AT, b dil
TEARBIH CA W CREED BE N TR (RARRIRIE R TR G CH SR E B . &
AR SR A T B2 I VERE s ARVEEUE 5 SN SEAR R PP S8 AR S W E T ) o T2
VR A0 R HEH, W KA O T (which often means some time in the
recent past). IXLEHEEERA NG RAREZEE EA ]
AR I ZS (1) 7% f HR b g i T LU AAP L O
o RALERMIE (W ItemE18), HMFILLLE NI A WAL . WA T HT
Kk, ARAH BN Sk 28T

®  CERURIEE BV HAE T W BRI B 1L AT IR (W, Ttem E46). 1328758 5 -
fFERITAS S . B, B DRI RURE A, W R e D XA A = X
(G (UL Ttem E27). Btk tfE (W, Ttem M33).

® LR FRHIRASREE FH AL ARG ARES, S ARG E . B, an SRR S )ik g
Bk, 2 8N el A4S R LAAL BEAT A n) AN A &

RARITAIIE EIG I T AR P S Pk AT gEd k. ot rE, O RAEIRE R AR
RN G TAE . &G AT N A AR AR AT AT IR o R 2 R DU H O TR I
B, RIS T AR KRR . RS AR, R BEEHER, fEAR KN
NIRRT

8.2 Item M33: ¥R hIMFE A

BB IEE NG ADNEAEIH , Y. XL, KU WREsh %5
AEH AL, HPIFF B — — WG AN — — T 2R A B AR, TGN XS 5 B R Kk
ARIEIXFEIN:

S AEE TS S AT R TG 2R RN XS 2R Ak Sl 28 LA F X I R sh 40 1)
FrAT M.

IR EN R E X

class Animal {

public:

Animal& operator=(const Animal& rhs) ;
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b
class Lizard: public Animal {
public:

Lizard& operator=(const Lizard& rhs) ;

b
class Chicken: public Animal {
public:

Chicken& operator=(const Chicken& rhs);

b
EHE G TS R, HOSERAMC T T . BRI
Lizard 1izl;

Lizard 1iz2;

Animal *pAnimall = &lizl;

Animal *pAnimal2 = &liz2;

*pAnimall = *pAnimal2;

KHEAA B 5, e ATRBEIE F RS Animal 281, BN G
AR Lizard. &8, HA lizl B Animal FEHE 0. K2R WM. AWM, 1izl
(K] Animal SO TR A 1iz2 BIME, (AX Lizard o3 S g4z

S5 AN A R EL A R D AEACE 5 XA . R R G BIRE A DI, Rl 2
HREEXS C A7 4= 1 Ll S A 21 CHIRE I B BT LA, BATT R U e VT 49 BE S PR . 2 Teem
M32 5 i1, FATTIRISRN %A 5 B E G F 1o AN S B, 10 B TR AN = UG 5 5 ]
o

—AMRPRTTVE R WA IS S A B R . Wi Animal : s operator=/E M R4, A
B AR Lizard ROMRMELERAE ONOZBORITRIARAD . SR10, FH— N B E e kA
fHa:

class Animal {

public:

virtual Animal& operator=(const Animal& rhs) ;

I

class Lizard: public Animal {
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public:

virtual Lizard& operator=(const Animal& rhs);

b
class Chicken: public Animal {
public:

virtual Chicken& operator=(const Animal& rhs);

I

BT CHHils 5 Bl VRt B S FATRT LB SOk [MIHE SR8 (TR BRI [n] 1E A IR 26
RIS THD, AH CHRRE N FATT F BAH R (K S8R . XGRS Lizard 28H1 Chicken 251K
TR B A I Z0THE 5 R S AE RS Y Andmal X5 W@l JXRARAE BATL 20 I 1A ()
F R AR

Lizard liz;

Chicken chick;

Animal *pAnimall = &liz:

&chick;

Animal *pAnimal?2

*pAnimall = *pAnimalZ; // assign a chicken to
// a lizard!

K —AMBE R : AolE—A Lizard, fii/é—A Chickeno VRE& A LE
CH+rp Il A 8, BNy CH s R LR PP s e AT . SR, 385 Andimal FRNR{E
BAEBOR R, FAVFTIT TR G R ERAERIT ]

RAFAFIRA AL AR A o BT I % SO VRIS SR BT WEAT [ 2RI AR, o 4% 1 o [R) R R i
FRIEATIR G IR . e fihivd, FATREAVFIZHE:

&lizl;

Animal *pAnimall

Animal *pAnimal2 = &liz2;

*pAnimall = *pAnimal2; // assign a lizard to a lizard
AR [ IXAE

Animal *pAnimall = &liz;

Animal *pAnimal?2 = &chick;

*pAnimall = *pAnimal2; // assign a chicken to a lizard
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HEe BT X e, B K*pAnimal 2 T4 *pAnimal 1 H 2 1EATT, B A,
BT REBAN T SRS AT IR R (P PR Fd s U, FRATT 5 AR TR A R A I 5 1
TE operator=WN# &4 TG, TIRBUAH RIS,  FRATTIHEE $2 30 5 1) 07 X 58 A

AT LI dynamic cast (WL Ttem M2) K5S¢, RFIHZE A Lizard IR {EzE:

B

(=
Lizard& Lizard::operator=(const Animal& rhs)
{
// make sure rhs is really a lizard
const Lizard& rhs liz = dynamic cast<const Lizard&> (rhs);
proceed with a normal assignment of rhs liz to *this;
}
XA BREUAE rhs 15542 Lizard JERIE 2R 4hkthis. MWW rhs A& Lizard 287,
B L Y dynamic_cast BRGNP bad_cast R SEH . (LB b, SR HIRIYE
std::bad_cast, PINARAEISAT PRI, AR ENIIH SR, #0 Tar 220 std
o X TARHEIZAT I (LR, UL Ttem E49 A1 Ttem M35).
MMEAE T AW, ZARECE R Bl E R B %M 55 5t — —dynamic_cast (A%
SIH—A type_info 458: M Ttem M24— — B M B 5 M0 N #EZ— Lizard 3G 5 —
A

Lizard lizl, 1liz2;

lizl = liz2; // no need to perform a
// dynamic cast: this
// assignment must be valid
FRATTRT LAAR BRI A5 0 11 TG o 185 N 52 2% i 2% dynamic_cast, HEEAE Lizard "0
AN T A PR
class Lizard: public Animal {
public:
virtual Lizard& operator=(const Animal& rhs);

Lizard& operator=(const Lizard& rhs); // add this

I
Lizard lizl, 1liz2;

lizl = 1iz2; // calls operator= taking
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// a const Lizard&
Animal *pAnimall = &lizl;

&liz2;

Animal *pAnimal2

spAnimall = *pAnimal2; // calls operator= taking
// a const Animal&
Sebr b, 4T RN operator=, WAL T & K52 :
Lizard& Lizard::operator=(const Animal& rhs)
{
return operator

}

IAEIEA R BOR B rhs #4hy—AS Lizard. W83 8T, 308 MG E M A
M, —4 bad_cast S

YL, EIEATHMEN dynamic cast HATRIATI, X AAREK . A4 AFHEA R,
e PRI IR AT SCRE dynamic_cast, FTUME S AN EAR S ERAT ISR TR, SE
b EAS—5E . HHEERE, EERAH Lizard Al Chicken K1 o 25 AE A U AR 45 VF IR0
HER U IR bad cast S IEAEAHN AR R . G SRAMAT AT X A M), TR AANTH 2 A4 3
(L b 1l e ) T %6

fi th T IEAS T R B A ) NARS AN R PR IS , AE ST i i 77 308 B 2E LA
TR B — AT VERBE R 5 AT o) R IR AE T ) S AT 0 B o G SR IR R ABL T 1) 75 G
FIWEEL, JATRA L ET IR H T .

BB ITAEAE Animal H0¥F operator="%8 4 private. &, Lizard %% n] LURAY
45 Lizard %%, Chicken X% A LA{E S Chicken %F%:, (HFBA> B4 SR 25 1 |-

class Animal {

private:

Animal& operator=(const Animal& rhs); // this is now
// private

I

class Lizard: public Animal {

public:

Lizard& operator=(const Lizard& rhs) ;

&

class Chicken: public Animal {
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public:

Chicken& operator=(const Chicken& rhs);

I

Lizard lizl, 1iz2;

lizl = 1iz2;

Chicken chickl, chick2;

chickl = chick2;
Animal *pAnimall = &lizl;

Animal *pAnimal2 = &chickl;

*pAnimall = *pAnimal2;

Animal : :operator=

// fine

// also fine

// error! attempt to call

// private

ANSEIIE, Animal W2 SEARSE, IXANTFIEIRIIN K Animal X5 8] IR F & A AL T

Animal animall, animal2;

animall = animal2;

Animal : :operator=

// error! attempt to call

// private

M H, ERMERAT R IEH LI Lizard 1 Chicken ZEMIIREHRAE, RAIRAE IR E

AR SR BT T AT L2 1 T 1 R
Lizard& Lizard::operator=(const Lizard& rhs)

{
if (this == &rhs) return *this;

Animal: :operator=(rhs) ;

}

// error! attempt to call
// private function. But
// Lizard::operator= must
// call this function to
// assign the Animal parts

// of *this!

Je T IXAS 0] @ v UOE K Animal: :operator=HI B}y protected SKffH, {H “ foifF
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Animal %% ) (IR T BELIE Lizard F1 Chicken X%t Animal FIFEEFHEAT B0 WAE " 10
PIAE i) EATISRAEAE . FRIF B A T8?

IR Ty I AR Animal YRR KoK, HEA 2 KSR T2 % Animal %
W% NS, Animal ANEERESEHIL, FrUABtdA T Animal %% IRV 5
KT HER, IXFET AR, KA TRATEAI B LY Animal X R W
MRE DR TT 0 A Animal BOAHIZE, FATEQ— AP ——M AbstractAnimal
——kA% Animal. Lizard. Chikcen F3EATJEME, JFCEBONHIGIE. RIGHHEA LA
M AbstractAnimal 4k7K. &S R4k AR F L IXAE I :

Abstractinimal

I E X
class AbstractAnimal {
protected:
AbstractAnimal& operator=(const AbstractAnimal& rhs);
public:

virtual ~AbstractAnimal () = 0: // see below

b
class Animal: public AbstractAnimal {
public:

Animal& operator=(const Animal& rhs):

b
class Lizard: public AbstractAnimal {
public:

Lizard& operator=(const Lizard& rhs);

I
class Chicken: public AbstractAnimal {
public:

Chicken& operator=(const Chicken& rhs);
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b

XA AR T LAR TG B AR P o [ S 2 R] (R B A AV, 308 20 TR A [ SR 28 ] 17
WAL 275 1 IR A= IS (R TR R 2 R 80T AR B 2R P T AP B0 A R B0 L, A3 I Andaml
Lizard B Chicken KRG A T A K, KAHXLERTREE, HATHE5IA
AbstractAnimal FUERFF T 5. HE, XM TEEEHMIE, HXRL WA “WHiR T 9
B (IR T AU TR AT A 2 L E A I TOAT b vl B AN TE A (IR AE 15 FU AN e g L 7 i A+ HH PR AR
NARA

PAFFFIX— V) TAE, AbstractAnimal RUAUEHBR K — — B VAR DH AR R
RIBAEOLT 5 Al — IR RO B ) U, AR D WIS BL T, R RN 20—
Uy AbstractAnimal IXFEZE, BATMEAN 0L REOE BARINAERE KA. U, AL 057524
AT A) bR 5 H B DAy Al R R 5 XA TR . A T SCRE 2 A, FEIS T R AT AL bR (L
Ttem 14), &7 2 SR SUME (1 E— BRGURE J2 A7 E SR IR s L2 AMScBles (97 L P195,
Ttem M29).

Chn RSB — ANl s B AR b TR, AR IR AR TT I . H B — AN ROk 1§
HARUWAE AR, EERE:

® YRR Z

®  (TAT ML IYRA: (1 SRS DA JI0Ke L bR B IO —AS “ Al B RE R (B2

ANBEHE “= 07

ST, SRS AR R BT S, AR SRR BT R R B AR AT 20 SN,
DR A BT TR A= T ) o 5 o IR e 1R o i HL, eI s B AT AT 55, i ke
BN (L Ttem M) BRIV R . SEIRAUHE s A AVE WL, (A2l R 8, e AR
SEH I, e

PRTT B T 401 3 20K B 10 1Rl i B S i B AT TR A 179 o 0t i TR e S A28
Animal) F7EHRR 0L AR EAIRA BRI, Rl Redath, MamASHRE, A4
HO (0 SRR A T 1 S ARSI 22 A

TCBE AT LA SRS I IR PRI A] R ke, BOE e mTReAT B e b, B
EASREAT o« WA R R T REAT B 01, ARBLAEAS) H o R e U e A (380 080 i A
MmN, VREEFFEABEKIE (B0 Ttem M32). WXL B ASHEIEK R, A
I ZE IS, WA N SR 2 AL ?

Fln AbstractAnimal JXFERAH G AU Animal KB SEARTES, JLUFAbIE LL 3
IS operator=[AT 5 T T . EWmeb T ORI B4 2 81w 6e, XMTA
(R34 AANNG PRI J5 AR T~ Ttem M3o SRIMT, SXAMBELIGI KNI IF AL R AR B R b, B
A I TP A iR S AR WA M AT AT R AR B R SRAT N R SEAAR . A U, AR AR A AT Y
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(concept) @ig BT AIINERIE, BUAEIRIFAFIEE XA K SR A AEAE
WRARA AT CL R C2 F HAREW C2 A E 4k B CL, RN 12085 1 28 4k 2
R = AR R R, G B SR IE A JFERE CL AT C2 HNE 4R /K

) (A)
&) CORNC)

Your inital idea Your transformed hierarchy

ROP G 51 T E S A URRR E B B2 AL IRIE 4, CL AT C2 A7 360k, X w2 4
EAVH A AR AR IJEE (W Ttem E35). BMUG, VR & X Lotk B 2 A
S0 T H, ARBATH CH+ISER X LEILME N SOk, BRI A TR BMIANE MR T, 3k
T—AMMGRBL IR, AR E SO ek ORI 5 SO T S

XU e NI . BB, RIS T R i, AT
IV AZAE K AR AR 2 B3 S SR ET R BRSNS RN A 0 (to
embody the abstract part of the abstraction) , —AMESEAAERERITG AR (to
embody the object—generation part of the abstraction)) ? ANi%. G1BRIXAM T,
K ATAFAARAR R P AT R Z I IXFE AR AR FIEAE DLREAR IR, ECAED 1, Zwier) MR
5t e XA )0 R H A

JLHIE: A%, Jraiaei] O ERAEND BN SRR 4.
EEAMNG SR HEFE T 2 BAER KA YA ] ? i RE HUR AR R 2 A4 1
ATk ?

LT, RAHE AT AN R AR FROR AL, (AFRENTE — 1. 7 — DT
LG AT RE HU2 53 1, (A 2 A ) T B GOl 2 R N B4, A I G 20
Lo 2 AT E IS o MR U, BATAR S TR eA A O S 2 I (b,
ARXMRB G AERD, I H eI T — DA IRA RS H R b .

TE— AR — RN, A TVEUE W RN GiE — MR Cy TIRARAD A
NSRS O TR AU I ) R, HEE RN, AT RE X A MU
(1o PABRIE R A8 57 P S T 3X AN AR, I HLAE I A AR e v sl v H o AR 7 04
TR B I A 5, BIMSEAAT AN i S A P I B 2 o 3k A 0 % o 743 At 1A D TR A1
1T RIREE Sy

EIRATE — N R 7o BRBURIEAE S i — R DUAR BRI L ot AL ] F)
o) (e Ik, TR A o HH s L AR SR U AT A i . FRATTIA A BZ ] Sk TR IX 8
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FEER AL, JIF XS a2 R P A% L .
RBARKEBE K A — B, B R — M. VRT3 T e b SUR s 2
RUMAEAE, (B AR SCREEAT, WA AT VI AR AR SR e A o RS M EdiE L (for the
concept that a packet represents) WEBUF— MK, N Bvh—MRSZPRE 8L
W2 IRARIZ AT AT LATE LU 385 D005 1R 20 0 1A FH o3 328 o T AR AR B8 i 14
B (ST N AR P AN B B e 2 o AR R BT EEPI A28, TARILAE R AR 28— CREXE TR
PAEAE R R RO A28 A o IR AEAF, N T M R AL LA AR VR e ek, T 7
I REMAN AR ?
X)LEAEEEMFE R, R TR HIATEARTES TR R 75 2L
FRATRER o WA BT TR, REARIEE EM, JTHREIRMER HR
BT Ml — PR B 08 AU 2 14, VA AEBevh HE I S RE R A ok I 2 N e b T AN T3 ZE e 4B
FATES, IRA BE AER I S P AR I i . (R E R EPAE S PRATR A B
BT A S SR AR, RS BT AT U b oD
BRI BT — AN RIS BT, BRARRRE I 45 R 40 40 1) X 31
PAECEATTAH R A RS . S AR IRIMZ S, FREA T e 5, 253 LUG 75 BN
PRI GE A 0
TP UL R AN IR B R B R R 5, (AR k. B IRZ
TSI s YRR T W S AT (0P 48 Bl X7k, ORI SRS SRR
H A=A SRR, XA EME— TSI SR T . AE B AT, A
A R AR AN TR R AL SR, T RN R E— %Rk,
P BLE AT W, FTEAS R T AT 58 =07 1 CH28 PRI, 1 R IR
i 2 R P R SR IR AR — AN B SR, XA R R R, fREE 442
PRANBEAS R LI — D FT 22, Fr DR IR BRI A B 1R TR
o  NCAETEMSEARRIRA AR SR, IR ZTRATIEAR Ttem FFAG I 3 2 1R AR ]
B, R R Ttem M3 rhijod R84 1) .

®  LUKITE ISP (K Ak AR 1) B e b R B — AN S8 B TR R IO A D Re i 528, A
CHHTAR K. 2488, AIRERAT GG MYS; RIS, RATREAEA RIS C4qr
AR IR SRR S T 478

o ARGk A& 2RI I ok LRI B2 (I Ttem E40 Al Ttem E42). ] F
1, ARRE—AN IR R SR G A R, LRI E ST 4 1«

class Window { // this is the library class

public:

virtual void resize(int newWidth, int newHeight);

virtual void repaint() const;
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int width() const;
int height() const;
b
class SpecialWindow { // this is the class you
public: // wanted to have inherit
// from Window
// pass—through implementations of nonvirtual functions
int width() const { return w.width(); }
int height() const { return w.height(); }
// new implementations of “inherited” virtual functions
virtual void resize(int newWidth, int newHeight);
virtual void repaint() const;
private:

Window w;

X5 1 EARAE SRR T B HOR IR B DR BT BRI HE X
FRPEH ISR HE BB BE ST, RO AR T AN 2 4K
o iR EHIREEPRZE, TR AR B SRR B EAIANRE M . AR5
PRI DI RE. ORLEARREUMAIA R BAT MBI . 45K, PR AU fx
PO AR T S WYy TR, (HEAE SR T RITHR TR
IXIEIEFEAA S AWGIN, FTEMRAGAME AW RS B 85 25 . XA B2,
EAEAH N UL SRR E & GIEATHEN) &L, K miaa R
PR R . FEls T CBLECOREI T BB, BEIN TR A3, AL vt w] el cicidt o
e, BMNE: ARRIRRNIZE BRI . AEALFEAMR SRR, fRn] g 2E1d
LS WU P (20 o i 4% el DR AV P G RS Y o0 T 18 G AN 23 o AT 5 ST
RS

8.3 Item M34: WNf[7E[F—F2EFHRA#HCHRIC

VPR, AR BRI I — 5 ) CH+— AR EH] €, mtin [FIE 48 C 2
PR R A 224> G0 1 e oK A R e FF o INEZ i PEas AR, BRARAS R B 9 7 4%
FE5 SEBURSC IR (i int A1 double (PR, 4620550 EAIIE. (HIXA A
AR AL R s 1, B AME [ 2 i Pt B8 8 1A A R AR e AT IR R AT CHp
C A I LA, P AESUAR S MAERT, FIORURI CHEiEas Al C g iEasiit

w

o
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WIS, A VIR A . AR, §AYILa, WAFEIASI, Hikgs
Pz o
o ZA%H

B, e CramiE R PP R BB — M —E & . RO, EARE
FATEN, POIEAREER, BT CHEFEA RAEE S (B, JasqT s f
BT JLANWUA ) operator<<Hl operator>>). HAEANMAE T4 I, B FEHRE
Jr AU O 0 R R 44 R RR B 44 A R B P 1R 2 bl B P T I R 042 A0 2500
—

WRIALE CHHEHN, ZARRA IR WRARIRAT — DY drawline T4 e
el xyzzy, B4 drawline, ASVEERITEEH obj XTI xyzzy
i

WA drawLine A7F CIBATFES, M2 — AR BIHEE T o AR CHESC 5 1 2k
SCAFA R

void drawLine(int x1, int yl, int x2, int y2);

AR 38 1 2 ] drawLine o AN IXAE AR FH A0 i 13 b e 450 1 P 42 AR 485 1)
PG FTLUE R R

drawLine(a, b, ¢, d); // call to unmangled function name
obj SCAEH IR R A
xyzzy(a, b, ¢, d); // call to mangled function mame

{HAn AR drawLine j&—A> C %L, obj SUMF (B BRI Z RIS &
Gn k)il drawLine B ELARIY drawLine; oA #4248k . MR obj SO EER: MR
FE, BEAF 2 — MR, BUNBERRE AL T xyzzy (IR AT XA & AP 7

PR PIXAN ) 0, R B P 7 RA F CHd 1 s R AL IXAN SR B AT B A5 e A
NI eV 5 S R O AT 448 4, 4 Cy Y14 Fortran, LISP. Forth s, O
[y, X g e WAz LS COBOL, (HARIN /R 15 2414 2 (Yes, what-have-you would include
COBOL, but then what would you have? )) &2, WRRIAH —~N4F N drawLine 1) C
A, e Rt drawLine, RA obj SCIFNAZEEXFER — A5, TAZ ST HEAT
T AR A

AR, fEH CH extern * C FRIR:

// declare a function called drawLine; don’t mangle

// its name

extern “C”

void drawLine(int x1, int yl, int x2, int y2);

ANBELLAH A extern 'C, AN ZFFEA 4 extern Pascal’ Fll extern
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"FORTRAN' o 327, ZDAE CrbafE P B . AZEKG extern ” C B HIIXA AL C
BEEH, WAZEE PUEA BN 20 SRR C B — AT R . (R ARIE B
s&, extern’ C EEERXNREA C i, HXNEERIELAENEATGEW . NMEWmT, &
SEWHE g AR T D

Blhn, WURAER DS — AR, AR LS extern * C

// this function is in assembler — don’ t mangle its name

extern “C” void twiddleBits (unsigned char bits);

PRECETTPAAE CHERE L H B extern’ C o IXAERH CHE —ANELSM A EESHE
JUEFIIS A o S A8 X8 CH+pR AR 44 A i, URIR 25 7 i) DA IR AR T B
245, AN A FH R 0 G 198242 ol PR AR 45 /5 1R 44

// the following C++ function is designed for use outside

// C++ and should not have its name mangled

extern “C” void simulate(int iterations);

g, AR T A A, BN RREORIN extern” O 2T . SR,
XE B, extern T C AT LIRS —A R EAERL, B EATBIAN X KFE5 .

extern "C” { // disable name mangling for

// all the following functions
void drawLine(int x1, int yl, int x2, int y2):
void twiddleBits (unsigned char bits);

void simulate(int iterations);

}

AT extern ” C fajfl T 4E OIS LL AR R I C++A10 C A3 AT A9 SK SO A AR . 4]
CHPEIN, RBIAZM extern " C, (A C ik, APOZXAE. #id HAE CHEieds Mg
X% cplusplus, RATEAKE K SCAF A ZUFIXAE

#ifdef cplusplus

extern "C” {

ftendif

void drawLine(int x1, int y1, int x2, int y2);
void twiddleBits (unsigned char bits);

void simulate(int iterations);

#ifdef  cplusplus
}
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fendif

MASE B — ", B BRvE ) A4 At N o AN ] AR i 14 T AR A8 T AS [ ) A2 77 5K
11172552 _EANTR] (10 2 18 i 2 I A M) o 3T PRI 2 AR ITAT [0 G0 96 25 A5 P R £ A2
W, AR R ENE RIS Z A . BE, QURIESBERCR B T ARSI obj
SCAF, BRI REAS BN AZBERAE R, DUAZRHUS (42 T AL . XM IR 7R T, fRATREIE AT
FUE AR R, FR B L U SRS

o MR
FEHEAR T A5, URTG B A CHh S 7 main SATRTATHAT 5 #T KR AR

TBEIAT . JCHZ, BTSN GAE A4 R i 44 20 8] o R s S A R R S0 5 1A
1 PRI AE main BEHAT RO o XA RSP (S0 Ttem E47), IXA
AT C++F1 C RPN VU S, Bl ] HAE main SERFIOANH . FIFE, s
WIEEA A B0 A SR R AT AL A b U T AT A R IR I R 6 & A4 main SR
BATZ )G

N T A main O NAZE e T, T BT EEAE main O ST F R R 3 PR Y A ) e
VFZ G AE main O B ITIRAEN T — MR R AL ek s S yIiat. [RIFE,
G e main O) G5 RALIEN T — D BRECKIT I FRSR R o 77 R AR E B R R XA

int main(int argc, char *argvl[])

{

performStaticlnitialization(); // generated by the
// implementation

the statements you put in main go here;

performStaticDestruction() ; // generated by the
// implementation

}

AN OE TR Y F . K E performStaticInitialization() H
performStaticDestruction ()i H & H A MII44 7, H a2 WERRRE CXINFEARIK obj ST
O R BIX LR O . BLAUE: WA CHER 1A R X R 7 SR R A R A A X
%, BRAE main O 2 M Cr+5 1, XX Gk NB AR AT o KA IX R A6 AL A AT A4 i
AN BRI TTE A M, SRR P BUE R L CHE, AR M%) C++'5 main () B EL.

AINEERM CE main (O BA R X —— EAIE PR 7322 C 1, CHliar g — A3
o R, XA CH+ER MR S AR AN % (MMEILER A, UG RS —— 2 W Tten
M32), FTUAH C++5 main O AR AMF T EIFARMWE IR L ESIRM) C Afd. HZ0k
C 5 main () 4N realMain O, RJE M CHIEAK main ) M realMain () :

extern "C” // implement this
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int realMain(int argc, char *argv[]); // function in C

int main(int arge, char *argv[]) // write this in C++

{

return realMain(arge, argv) ;

}

XA, Sl bR R SR AR S A

WERAGEH] C++'5 main O, UREEATBRIGU T, TRIA AT H & T Ml DR AT 52 1 A
WA SRR T o ARVER T, FUR AR LR BRI — 18, G deas 27 Bl | x4
), JLP R AL T — MBI R R KR S ER SR AR A TR A R o 0 T R 1) G
PR A SCELN, 4298 S I BEL SORY BB R AR 7 R

® &N
IAESE BB A W A7 BC o AT HEAR 7 B C++3870 A8 new Al delete (Z M, Ttem M8),

C #4HHH malloc (BRILARTE) I free. HZE new SN delete BEJS, malloc
SICHKINAEH free B8, MA@, H free B new SFFCHINAFEH] delete FEIK
malloc Z}RCIINAE, HAT HEA E L. WA, MEZLAERHE: BRI new Al delete &5
mallco Fl free FEAT A% KA ES .

YA Sy o B — FIXAME ((HARTTED 1 strdup B3, BIFALE C Al CHrift (iz
ITEE) h, HYRE L

char * strdup(const char *ps): // return a copy of the

// string pointed to by ps

LRABAT AP, strdup I L ATREIBAE strdup O MBI AR (HIX N AFIX
2RI ? H delete? M free? WIRARIAI strdup 2k H T C sREZES, A RJG#H . Wik
R CHER, BARMARTE . A strdup 5T EMIGERAE, EANEEAE RS
IANE, AEANFI g e NN o R D XA Ay RS R ) R, T BE R G IS SE R AN
WHEZITES (S0 Ttem E49 Rl Ttem M35) B A [ (ERZHHENTE T 1
o HURGHKIFRAN

5 — /N U AE CHF C 2 [ AL s 4t . AN rTRgil C IR SR T CH+IRE k1), el
MRS HAA R R SEAE C A RIS Lo DRI, ARVE R, WA AT RS AR I T VE R A o0 B 5id% 8
P R R PR BUIRET 45 C SRS, B, C THESIEIREN, FrAVEREIRI CHAl C g i
A A IR, PR S TR %) RR AIORT L2 A b S i 1) 6 SR HR AT R 1) AR ) R A ER
FIAS LD R BURFRET . FIARME, S9N EERAY (1 int. char 48) MRS W] [ i,

B CHrp ) struct MURLNGHE T C TR, AR “AEP g ieas g S [R—45
Ry R4 [ 0 07 AT Ab 37 24 r) . IXFER) SR AT LUFE C++0 C W2z ok [l .
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RARAE CHRARCA TN T AR s, LA A3 se, Bl JAARR R B 4k (5L

IO X BT EANE C AR ARRCA (g SO 35 T I 2815 55 pR 201 FTD o 8900

2 PR HSCRE 5 AR O O SR — AR AP E5 R (S Ttem M24) . MILE S

(HZ) HEATAR R G5, T8 BRI A AA 45, PTUATEESR I A I ANRE S C pECC T

BRSNS, G18E: (E CHAl C Z[RNX A LA 8 Bl 4 M) 2 42 ) — — A C++

A C R PRALFRIFEIR 5 SORIEATS 1% o AE CHRRAS - N1 B2 3 pR BV P AN e e i, (H
JLT-HE K SRR R WS o

o L4
AR R — R FIR S C++5 C gwfs, idAE NS .

® iR C++A C gideds ™ LA obj 3.

FEAEPIANE T AL R BT WY extern " C .

HERE, M C++5 main() .

] delete BEJH new ) HEHINAT: KU free B malloc 3T ) N AT«

WA PR T 5 T A2 328 10 2R V8 BRI C 2 3 P 50l 45 R RS Rl A 5 TR B 254 1) C++
FEASPT LA 25 A R R 5% R K

8.4 Item M35: it H X IRERAIRUECHIES

[ 1990 4E R LAk, (The Annotated C++ Reference Manual ) (JLJ5H5 P285, Fffsk:
WAL & BRI S 2% F- ISR A A AT A2 CHE ITAT A4 . e RS
(FIXLEAER, C++F) ISO/ANST ARt L R AE T KRNV T (EELRY 7). MRS
Fht, BOEANTEHT .
75 CARMY ZJi5 CH+R A MR H W 15 MR P AL RFERE . BRI, W) 50
AR, 2% CrbruE I (ARMY i (1 SC B MR [R) 2 AR )
ISO/ANST CH++pifiat | 1 S PR NI B IR, ARSI B A 2204,
SERET BUANAERS CH+ R AEBE ] I FH R GBI 1. 78 CARMY 2 J5 R AR i) dee AR A 2
LUR 4
® AN TOHAEE: RTTI. 42500, bool, J&HET mutable fl explicit, XfH(%¢
MEHEEAE, TSN E CTHIIRML const static R

®  BINH R T IR RVE T BRI T RGBS A TR, AR e A
RVFLRMSE, BT LR EAT A CIE AR S 4.

® i ALIRALANAL T S RS AR G P R EAT S RS AL A, unexpected ()
PR BOILAE P LA — AN bad_exception X% T

O NAENEREBMMNE T MINT operator new[] 1 operator deletel]pR%Y,

operator new/new [ 175 4743 e R MCRREAIN H — AN, A —NREDY 0 CARH
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S WA MEERE. (W Effective C++ Ttem 7)

o MINTHMEMEH LA static cast. dynamic cast. const cast,

reinterpret cast.

® IEFEMINBET T HE X o AR, R PMEAR e A UL T Cn

FJFOR IR I B2 G b Fr B 5T | F, IRAE S AT LR [FIR A 2 56 5 Fi b sl D,
I o %of 52 () A A S EAT TR ff M S
Y KA ER R T (The Design and Evolution of C++ ) (JLJE15 P285, Kfs%:
HEFFELYD) o BUAER) CHERFE RS T 1994 4ELUG DD NIZWEEE T e, ik
IEAEAT, AT D Thh, ABAE T Lol Fok s AR XL frRe . A%
A, HERIIE.
CH R IX LA AT AR HEIZAT PE (AL T T A BE SR R A0 Ak, FRUEISAT EEIRBE AR A5
EEAS X E L. #l, (The Design and Evolution of C++) JLFRH M brifkis
ITHE . WHEIBATEEM P EE A L i, DOAISATETE 1994 )5 KA T 4R BRI .
FRAEIZAT R TIRE T R A5 (0L Effective C++ Item 49) :
®  SUFFbRUE CIsATE. AL, CHMRICAE IR . HEAT T SR i 2,
fUiAF CH A CIBAT MR, T C++E0 P i IR ARG A, (AILThRERIR, 1E C iz
TTPER TS AR, AE CHTIE B AR

® I string KA. brdfl CHHB AT ESEILALIG AE A W) Mike Vilot 2 A0 “ Wik
H—AFAER string A, ARG T4 CHE A Wb#sh ) Fi—T,
OB = FIAR IR — —hrdE CHHEATIHEA T string A,

®  SCREARMUL . AR SCHA AR FREEE, USRS HIRS (] e 455 5
i 3 B AR - - SEAF I A AR A 215 o AR AEIS AT 0 A AR 10 SCRFATE T I [
PEASTR SCAHE DA FH I FE P

®  SCEF I/0 #rAE . WBAT R B DR B AR CHebrtfErh, (HARUEZR D12 T /N
kb o HARIBA W ERR T B2 iostram FI fstram), F#4F 254 T (4,
PL string HFEREAT stringstream 28554t T LA char* &l strstream 28, UAE
OB strstream 8T, HARMER IS IIEA DR &M T LAHT IS ILMEE A
e

& URRHUFIES. BHL CHEURTLRINARTE, BAMANT IHEEATIE. Jish, 18
ITEEAL S THReEII AR (valarray) DLGIRIE . IXSSHUZ LE o g 2 20 (1 25 4
AHELFITERE, TUHAEZ CPU RE . 847 PERIRAE 156235 A3s 55 68 B
AR o

® SUFFIA A ARANBE . bRk CrHsAT EAY T A BRI B 2, BRI AR AERSTAR
JE (STL)o STL fEhsifk C+Hiz AT e i S PE 1 43 o KR N e & ek
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FEN4 STL R, MZUSERERRAE CH+IB AT e KPR

Py BT I LPART AR P AR . AEATS R, BRARPILIEATEH Y string
XK, b EEATIXFERSE . S, A MERARSENY basic_string KANIEFRIPA, EHER
AN FRERB N SHOR G I P, XA ERER R char #i. wide char 3. Unicode char

>

H R4S

AT H AN string 28& M basic string<char>SZiAk IR o FH T 1 F 43 4 i
Iz, BREBAT AR T AN RANE X

typedef basic_string<char> string;

XH AR TR 2 4075, A basic string B A5G BT 8 ANIMEH
TRNSHL. EAMEMR string B, DI IXANREMTI 1) basic string:

template<class charT,

class traits = string char traits<{charT>,
class Allocator = allocator>
class basic_string;

A string B ATTEE T AN T 7 30, BB AP & R IAT R AN S L
WK AR T EE HIAFN string MIFRFAR, BOBOX L FRFRIAT A, slidHl ALy string
MIPAE, XA basic_string BRASAELE IR SE BEX L,

Wit string 28R R LT 1L — — AN AT ARG HET AR — — e bril C+HiB AT
JE]Z R 10stream? EATRAEM: — MRS EUE TIZATMFHIE . ZH? W2
—ANBBIBEE T T EAREEA# . Valarray? Kb — DS HRM] T 5041 1L 1
TH Ao WRARARN BB, IAEIE A BB MLFHLSS

AT EANIE R S BREEAT R LT T AR S A 4 R std pe SEARAT
bRUEISAT PR FRL IR AR V8 1T G R R R WS AT B A4 R, AR nT LU using feunsiffi H] (BE7
fH1K)) using HW] (B0 Effective C++ Ttem 28). SEi&(f4E, XA EE T/ fk#include
22 10 Sk SO B BT
® FRAEIEIR

BRAE CHH AT B S5 R R T & STL, ARdERRRZE . (R G AT B 1) J L AT 2R
VEFR RN, XA STL A E AW T o Ak, BT s EE Ry, a7
TP IR, ROEIAERRI TIX 4 )

STL R VT EREMIR 2 — — MR LK 2 H— —C+HIS TR 450, T DLRAR & B AR JR
HRREER, EAIEARMERRR, STL JT = MIEAMS: % (container). EFF T

(iterator) FHIE (algorithms). WA EWAANRIE LR EETEIIREMNS
LA BE W R ] FiE R4 Y i 2R T B2 — FERAE STL IS s SV 0 (A aR HEAT A 3
(RIRRE, A TR P 1RSI
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AR —"F C++ CRIC) PRI, oK 2 B STL BOANE T o JUR e 2] i —
e ANR AL FR BT AT DLIE A 4 H O AT e 2R s 90 I HH A L TR AN T ER
WRAR A TORASEEE TR, ek KBS TVE R S AR T AT sk U R T
B, HER A AR E Lo

FRATTAT LUR X 4 FN R SEBAE S T A 4k — MR E B R R — MR, o
HOrT Be R IXFE 2

int * find(int *begin, int *end, int value)

{

while (begin != end && *begin != value) ++begin;

return begin;

}

IXANPRBULE begin 5 end 2 1] CRALHE end— —end $& n) WINIEE HEECALVE GG 3 &
& value, R[BIZE—AMEN value FTCEK; WREA T, EiR[H end.

R A] end KRR BART], FrilKA LTS, IR A 0 (NULL F55F) AE A ? iy 5 NULL
BHRRTE AR, AEFFARRATE “4F 7. find O BRI PR 5ol AR HR BB K W] A R R
FU IS, end $8%5F5 NULL 55 RCRA A . A2, W3RATK ZF 211, end FRET(EHE) 2
e WA BRI L NULL 54 4f

29, XAREAEARSEIL Find O BREINITTEL, EEAZADILESN, &R PR
Ufo H5E NIHIT, AR 42 STL 184,

PRATLZ 248 £ind O pREL

int values[50];

int *firstFive = find(values, // search the range
values+50, // values[0] — values[49]
5); // for the value 5
if (firstFive != values+50) { // did the search succeed?
// yes
}
else {

// no, the search failed

}
PRASAT DL A R B R0
int *firstFive = find(values, // search the range

values+10, // values[0] - values[9]
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5); // for the value 5

int age = 36;

int *firstValue = find(values+10,  // search the range

values+20, // values[10] - values[19]
age) ; // for the value in age

find () BRECA R IFBAT RIS S AEXT int BB, BTLLe al A Bs g — A

template<class T>

T % find(T *begin, T *end, const T& value)

{

while (begin != end && *begin != value) ++begin;
return begin;

}

TR RS, TERRA T A8 SO T “A% const BUGIH] 7o UM EIAE AT LAL FIAT:
BRAT, FTAIAGAFBAALRAAN T o FERF IR T, B S A f ik
BRECRIAT A R B T o AL 51 CEAN TR ERIERITIAE I 5D, FAT T 4 T X AT
B (B0 Effective C++ Item 22),

IXAMBARARIEL RS, HIE T LA 9 g ee . 71 7E begin Ml end FRHEME. R “A
ST LS. B BT AB (B0 More Effective C++ Ttem M6). % U1 (i B Bk [F]
fHHEATH), S 0. More Bffective C++ Ttem M19). Xl 2FeA 1 MBI Attt Frlh
A BRE] find O HEEAEHAREINE? A A4 R vr H e SRR S ER AR X S e 2 X FE— Kt
ALK find O AR FRET P g ok . ildn,  FeAiTmT LU —ANEESR 52 — KR 4T
X%, FCATSE A BRI A IR I BER T — A n R .

Xt STL L T IO . P Tt e gl Bt W HRAE STL A AR I RIRE X 4
EAE Ttem M28 th b R IGFREHI) 5 I, HOR R DhRe Tt K. HNEARMER,
AT SEBUE N T R .

A TAENRIRE W RIS T IO, FATRT LU £ AU find O PFRE. 505
JEI find O LT

template<class Iterator, class T>

Iterator find(Iterator begin, Iterator end, const T& value)

{

while (begin != end & *begin != value) ++begin;

return begin;
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AV RIE TS T FRUEBRR ZE I — 50 73 o STL Al TR 248 H A 254 I8 7 1 4
%, find(O2HHZ—.

STL PRI A4S H bitsety vector. list. deque. queue. priority-queue. stack.
set flmap, PROJUAAEILHAR—2R2 AT £ind O, #40:

list<char> charList; // create STL list object

// for holding chars

// find the first occurrence of ’x’ in charList
list<{char>::iterator it = find(charList.begin(),
charList. end (),
X))
U7, BT BIRCNY XN AT B )RR SRR i, (R
—FEs AR EUZAASNIE find O WA 25N

L0 Tist XfRWH] find O, IRLAHRBE—AFE1 Tist RIS —NICRMIERE 7R —
AL Tist FEJE—PNICEMER 1. WIR 1ist RRAERBY, SOBATSexE, RN IR
RNIE list 2B AN . 24f, list CRIHEHA STL AR ) ot dhmiim
# begin O Fl end () o XU 51 bR HOR IR BT 75 ZLIAERE 7, ARFE4SS £ind O H.

N find O PATTER, EIREl AR R G AR B TR (RTTR A 5
charList. end () CAUREA ) BUGIRAHIE 1ist 2B A LB, BT IekamiE 1ist
WL BT B ASEI . T2, REAKIE find ORMETAREN SR ? s A
STL MU ds—FE, Llist FRREE T St T PR EE X, iterator jijet list
YA R R 287 . BESR charList f&—/MU%¥ char ) list, ‘& PEFIRERET2HAY
it list<char>::iterator (Mm@ B MHlF P KD . (RiA> STL R4 2K 505 biE
T AR A, iterator Al const iterator.{f—NRIFMIGE, 5 AN%IE M const
X IR

FIFEM T EAR e G T STL U ds . thabh, CHIRErt & STL R+, PrLl, i
W ECA 1))y~ g iE H] STL 1 find O BREK:

int values[50];

int *firstFive = find(values, valuest+50, 5); // fine, calls
// STL find
STL FLscAR R g oo & WA 1 SR A RN D) PR SISO o BSOS o STL FROS ALt
il begin )M end O IXAEMIRREL, IXLERRHOR [FIRAY E CAEBLIRN L FE 7 X R . STL IS
R LR TR R AKX LSS, STL [k $E TREL TR X2 STL [ 4it. e
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PRI ARARZ U, BEAT R KL I MO o B, S e AT s < X R

XFET HA—AKBL: STL A H . ARATEALE STL KR I B A ds, &
TARGESE T o RVEARIESY STL (RN, STL P s vl LAME IR L, IRI A s b
WRIER] STL ML 28R, ARIIBRA SO ARTE CHHatr I 2, (HEN T RIFE
(RIREISR G i, S RIEH]

CHHIgAT PRI AT B 2 AT S R I ZR P . FEURBE MR FHISAT T, AR 2tk t 3k
FERXJLEFAE 22 2 IR fEURBES H O STL FeABHT, IRBLAERE LM STL
TN bt CHHsATELE CIsATEREERRZE T, AL R K R EAH (S UL Ttem E49).,
BEAh, IR BHSATER RN GEM . iy 7E. mEd mak. ATRERD Mo EA .
5 SIhRUE CHIBAT I, ARASGHK T A RANE A A 2 BUS AT A A SRR, R tor 2 2]
AR B R R ] CH+ ke, e ST BE v S A A 2

9. Hix

9.1 #EEIEY

FREVRRAT CH+ AR BE I AR BRI R ML . L, 22— 2192, BUNAIH I
C+ BERT BRI HERE o BARA LRI, 2SR TN . AL BRI U k.
B, R LR
o ffE

C+ PR TR T BT IISE 43 IR AR IN N R ah 2 e BOFARE LT IX
SRS, franbd s AR AR 2, EERNARE, HPANARRL, AR ARAL

NHETFHOR A ORI A OAE CH BT A A 18 21 1) U ) e 5o Al
MR, HRERR A O, BT AT LS

MR T EAS ] BTG, N2 M Rl BRAMRAER e FIX B S H Iy
FRUESCAF 2 T8 () — Lo fulZe 5, A BRI B E AN -

® The Annotated C++ Reference Manual, Margaret A. Ellis andBjarne

Stroustrup, Addison-Wesley, 1990, ISBN 0-201-51459-1.
® The Design and Evolution of C++, Bjarne Stroustrup, Addison—Wesley,
1994, ISBN 0-201-54330-3.

XA A A PO TE S A R, AR T A Bt 2 N A S —.
SR INE TR E S P3RS A P . The Annotated C++ Reference Manual #1448
AT CEHRZAR, CH SO T —28h SR E— WA 35), METTHi 4,
{HE AT AR IETE S 2071l (BB HE templates Fl exceptions) [ fES % 1548 . The Annotated

C++ Reference Manual Jgtilsi) 88, K4 bt The Design and Evolution of C++ 2
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1, MEM/RER Standard Template Library (W4%3K 35) MIifit. XELERARA L ) F0
BEB, CAES% 05, HERA T XL BEE TR AT, SLENREYEEIE T
CHto

R Ct i E MARUERE T ) — S 2% 5, B b G+ S el i
B

® The C++ Programming Language (Third Edition), BjarneStroustrup,

Addison-Wesley, 1997, ISBN 0-201-88954-4.

M CH T F UG, Stroustrup fFed M HBEE, SR BT BLAARHE(L . Ab%NTE
R LEAT AT AR N A Z o Mot C++ B SHRFEMIRIR, TERL T IX A B ) . %1
BRI, PORSERAZ . BhS CH BRSNS ERE, #05T c+ E
TR — RIS

WRARRDRE S s 5 AL, S AW REE A C++, ATLAE ISR 5 — A+

® Effective C++, Second Edition: 50 Specific Ways to Improve YourPrograms

andDesigns, Scott Meyers, Addison-Wesley, 1998, ISBN0-201-92488-9.

UL LR R RAA S, HIR T A CAT BB AL 18 .

A AP RFE ML Effective CH ZEAZ, HIfM - BAR.

® (++ Strategies and Tactics, Robert Murray, Addison-Wesley, 1993, ISBN

0-201-56382-7

Murray 4575 template AHSCUUHITIIHRE M2, f/EX BlioTRk 7. 59—
BYER TN C IIFRITAER C+ IJFR ] XAEEBH . X} reference counting (ZH]
WL 45K 29) ITHRIRIELL C++ Strategies and Tactics MIANAR A FEAl .

U SRR I B N I R rp 2 SRR RGN, XA A

® (++ Programming Style, Tom Cargill, Addison-Wesley, 1992, ISBN

0-201-56365-7

PR RE—5, — TR LR L A TFRATI C+ AR BT, ZRyaan o] IR HEAT 5
B, SRR Cargill JHIGMRHI— WEMMEEI— REARE, AT RE UGBTI AL A
RIGBHEHE, W ASAEYE . LIRS AT R EE . SRR MBS RN, W
BRASLesk . iy iit, FRARD AR E LY AR INEAS B, B
REAR R LSRR R ARA] C++ R DL, el 0 I e A [ ) ARSI, Bl g o
O AT PR

C++ Programming Style WA THEN AN T2 exceptions. Cargill AR THF
FrVEATR SR DD RE M IRAEAE DL R 3=k, 20 IR3RAT], At A5 [T exception 4K
R4 (il exception—safe) | HIRET, FLIRMEEE HEORFB G e O3 BT 17 At 10 S 1R e -

“Exception Handling: A False Sense of Security,” C++ Report, Volume 6, Number9,
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November—-December 1994, pages 21-24.

WIRARERL exceptions WIEM, BT A ERCH.

— HARKE T C++ JEAT, AERTTURRORG AR 20l B O

® Advanced C++: Programming Styles and Idioms, James

Coplien, Addison—Wesley, 1992, ISBN 0-201-54855-0.

FHFRUE TR " the LSD book” (#%iF: Lysergic Acid Diethylamide J&—Fhik&4)Z),
Py A SO E T, 1 HE SRR D AIZIK . Coplien iink Jodt H LM IR R AL, (H
AL IE R AR AR 5 URR AN AR CH+ TR ASERIMRAS LUK BE A A 2 1R =1

MER AR IR 5 — A2 B 2l YRR S i AR B [n] g ik 20 R ) A 56
(strong typing) M ? LSRN Ir vk MEAEFE AT N classes fi bR pg =00 ?
b R ARERE QAT EA T o BB I, R R SR A 2 A T ROA I HORFTRE, IS b b, {2
A I I LS AN G w] AP AR T b AT 1 e 9 25

WA, Eimgs T Cr W LUET AR GG . XA TSRz, ) BEAE AR
R, AHEAIREE Y, A SR UL —FE s G+ T

WRARFT RS C++ U, JwE LT 48, HBevidfr 5 ik

® Designing and Coding Reusable C++, Martin D. Carroll andMargaret A.

Ellis, Addison-Wesley, 1995, ISBN 0-201-51284-X.

Carroll M Ellis & TR VT FISEAE LAOVF 2 SEHIJT ), SXE877 1) 3 A A
Ang . w2 R AR BS TR, (L template HIMALIN A AR &
W IR, T HARME . WA AN AR IA B FIRRETUEK, I DR ST T
Designing and Coding Reusable C++ BUFIXLEHLA, JFARALILSCIGE, & VRIRUMTIE
PRPTIEFERT H A5 o

ARARE VR AT AR Z BT, RN %G B IR A D

® Scientific and Engineering C++, John J. Barton and Lee R.Nackman,

Addison—Wesley, 1994, ISBN 0-201-53393-6.

G ASEE — 4 4 FORTRAN 2 O3 iR C++ CIX AR AHEAF R Z TR, (HE M8
WG AL IE AT 43 . %) templates ) VZigH, TR EAR 3 dr; X8k
Vi BT ke gb N A, 3G — HARE IS X AR DL templates S8/ w78, AR
AN UCA P templates RN S macros #F— s AIBLE Lo

Bl A2 A5 ) AR TT AL R patterns YIIZR (UL pl123). JXAN F IR 2 :

® Design Patterns: Elements of Reusable Object-Oriented Software, Erich

Gamma, Richard Helm, Ralph Johnson, and John Vlissides, Addison—Wesley, 1995,
ISBN 0-201-63361-2.
XARBXTA patterns WRMM S, ST 000, B BETTBRE AN A B R AR 2
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U2 23 NEA patterns, ML SRR, AR NBIBIIXAD 72 H ok, JLT—E T L4k 2l
— MR G Z B R FAT R W pattern. T[RRI LT — & 2 R B T 1 I TR
RGBT A BT patterns ZFK, L CL ST i B S AR HERHL . 2R
AFHEIX A FR, TR BRI I () S 2 1174 8 L RS Lo e Joll TR AR L 2% G e
BOAISEAE, A OB AR IS N (L% 32 AT 33D

Design Patterns LA CD-ROM A L

Design Patterns CD: Elements of Reusable Object-OrientedSoftware, Erich
Gamma, Richard Helm, Ralph Johnson, and JohnVlissides, Addison-Wesley, 1998, ISBN
0-201-63498-8.

o ZRETIY
B CH+ BEHBHERMI AT, A P I P 20 o e — (1 S

® (C++ Report, SIGS Publications, New York, NY.

AT T — AETERRE I JOE, JBEE7CH only” B A bR R n 5 %F
JE WURAIE € 2R GEAT RIS BETE 38, JF HARASARGS P DARIAE C++ 5 i (R AUM /R TRE
JEANIG IR ], BT S T RARAT I

WRAREAR C FLJh O+, BURWRARARIL C++ Report MM A, BLVFAT ATEIX A
TIPS —LERF 5 B ORI S

® (/C++ Users Journal, Miller Freeman, Inc., Lawrence, KS.

WILAFRPT7R AT DSeE C M CH+o Jerf Cr+ SCEN A R LAY 2K, B C++ Report
PITESR G BEAN, GBI A AR ES, P LA R R SCRE AR PR it 31X AT B iR
REUEFAEBIA SR RS, A X BR S TARIIER 2] T80 ] SRl .

® WA AE (Usenet Newsgroups)
A=A Usenet BHERFLETA CH XASKIM . —MUER . AHA#nT LB is it

J& comp. lang. ct+o IXANIGITRAT 2T Ty, MNsB R BRI A it 18, 205036 \iE o)
RSO CHEVEVE S0 C++ phi,  EUEEDS IR C++ iR, 214 AR B AR Kb e B -
RAEME ), #A Y XAISHE LB AR RZ T o BRARRAEANN I A I, 3
RR 2318 P DB RS R B R0t oD IR /2 o 3 —ANF UL I DB AR, KRR 22 W |

1995 4 11 H, —AFH X AT K comp. lang. e+ HEAE T . XA N
comp. lang. c++. moderated [RIUTIRHE, W Cr+ RIAHC M —BiTie, HEFEA
SRR E T & LR BRI Ze B# W 4R Con—line FAQ, #7154 Frequently
Asked Questions) TLMEEMIMEE. HAKM CRERN T2 UG C++ FEATF K
B IR AN B R F 15 R

— MU A TR RS comp. std. e+, BRI CH+ FRERAR IS . TE T T
LR Z BRI RE T o A SRR B SR C++ ) B E A e I — H ¥ AR,
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SRR, XHRR I LT o XA THERET R, TEL TR/ 2] T
W ARASAERX R UL MRS E.

9.2 —Aauto_ptrHSEILEH]

Ttems M9, M10. E26. E31 M1 E32 W] T auto_ptr K HER S5 VER] . AR
&, HAMR DA g Edsbdett 74 “IEH” 1Bl GF Do Ttems M9 A1 M28 KEHIA T
REAH OIS, AR NFSZBRIH WA AN VRS RRCA R AT T .

NP auot_ptr (RS, H MR SCRIAL T SR D IR SR s SCPR ST 5B
TIAT IR BA RE o 5 AN RCASHE BT AT 10 RS % R OB S IAE 3 SR T SR B, A
SKIAINEE —A, BN EEA LM DI &k, (3, auto ptr Hg—/MRjH
s, BrAss —ASSEELEEE — NS S 2 .

KR LT M auto ptr KRR

template<class T>

class auto ptr {

public:
explicit auto ptr(T *p = 0): // Ttem M5 f “explicitfor”
// WA
template<class U> // ¥ VUK I R R AR
auto ptr(auto ptr<U>& rhs): // (W Ttem M28):

/) RS AR
// auto ptr X%
// BIHAE—AN B auto_ptr X4

“auto ptr();

template<class U> [/ WRAE B A R AR
auto ptr<T& // (UL Ttem M28):
operator=(auto_ptr<U>& rhs); /] AR
// auto_ptr X %45 TR
T& operator*() const; // W Item M28
T* operator—>() const; // W Ttem M28
T* get () const; // R FRE
// HHHE
T* release(); /] TSR
/] FTERL

// FFRIIL RS
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void reset (T *p = 0); // MERL AR5,
// IRIFFEER p BIFTA AL

private:

T *pointee;
template<class U> // LA auto_ptr 28
friend class auto ptr<U>; // AR TG

I
template<class T>
inline auto ptr<T>::auto ptr (T *p)
: pointee (p)
{}
template<class T>
inline auto ptr<T>::auto ptr(auto ptr<U>& rhs)
: pointee (rhs. release())
{}
template<class T»
inline auto ptr<T>:: auto ptr()
{ delete pointee; }
template<class T>
template<class U>
inline auto ptr<T>& auto ptr<T>::operator=(auto ptr<U>& rhs)
{
if (this != &rhs) reset (rhs.release());
return *this;
}
template<class T»
inline T& auto ptr<T>::operator*() const
{ return *pointee; }
template<class T»
inline T* auto ptr<T>::operator->() const
{ return pointee; }
template<class T»
inline T* auto ptr<T>::get() const

{ return pointee; }
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template<class T»
inline T* auto ptr<T>::release()
{
T *o0ldPointee = pointee;
pointee = 0;
return oldPointee;
}
template<class T>
inline void auto ptr<T>::reset (T *p)
{
if (pointee != p) {
delete pointee;

pointee = p;

T2 AT BRESE AR UK 1) auto_ptr Bib. WifRpr L, eASHRELN
template<class T>
class auto ptr {
public:
explicit auto ptr(T *p = 0): pointee(p) {}
template<class U>
auto ptr(auto ptr<U>& rhs): pointee(rhs.release()) {}
“auto ptr() { delete pointee; }
template<class U>
auto ptr<T>& operator=(auto ptr<U>& rhs)
{
if (this != &rhs) reset(rhs.release());
return *this;
}
T& operator*() const { return *pointee; }
T* operator—>() const { return pointee; }
T* get() const { return pointee; }
T* release ()

{
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T *oldPointee = pointee;
pointee = 0;
return oldPointee;
}
void reset (T *p = 0)
{
if (pointee != p) {
delete pointee;

pointee = p;

}

private:

T s*pointee;
template<class U> friend class auto ptr<U>;
b

U SRR TP F 4 Bk B AN ST 4 “explicit”, W] LAZe4 i fl#define I & HIAEALE

#define explicit

XA K auto_ptr AR DIRERSS, (HPBURMK Z2MEmIg. 1FI Ttem M5,

D SRR B G P A AN SRR R RS, AR T LU R AFACAR ) auto_ptr 5 DURL 3 bR 250N (L
B CRGERALE Ttem M28). BOBFIE AR auto ptr 84 H]_EAT S8/ NN A8, (HEA I
EITVERER] B GBARAT iR I R AR (S P e R D) R AR R
L H YRR P A SR o B B RO R SR, SR B R R R M S BL AT
® Fl:

X FHIE Y auto_ptr MIFRHERAER —HBRAME . R ARBHRA T 1997 4F 11
He LW SHEARBMET, HE, AN auto ptr BARTESEIL G E A AT E B AR 40
RN SEBR E auto_ptr A7 T A F A std (WL Ttem M35) I HH 8 51 i 2K
AR APOAT A 7

9.3 &£ C++ Ti+EWHEAE (Objects Counting in C+) #FH: BB

fE CH 1, XTHAS class Frf=AEHIRIG objects LREFIEHIMIVIEL 2IMS R0, R
AEAR TN — LRI 1o

EfEA . AR (R ) J%& 2001/08 ML, EENNg, HoRWER . AEH
MRk seAd s (BRI 2& 058 N¥ e AR o, Jeaddi i, DRSS, AR i, K
BRSO A e N IR, AR N 20K e SRR

PR ACRRHIW C++ Standard k& HIPE, H3XHWNWEERFG C++ Standard.
PR JRAEIZS, JERBM. BLR 21 ST R I LA 0 e = RS
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client : Vi o

type: TG o Shy ke G A HAB T AARTE VRV, AN [R5 ] mdkE TR .
instantiated: HIfb. [4#5%F— template, FEARSZILH sl IR,
instance: SEAR. [Z ] R RR R

parameter: a4, A EE, B,

argument: I, BRRRSRBEL, A,

2A class, object, data member, member function, constructor, destructor,
template 25 ARiE, BIRE A

HEE, RN BRE Y, (HENEEREE MY . 2407, BRRRaA
class %44 Widget, {RA A IERNIMEFR BREAPAT IR T ATAEE 2 /DA Widget
objects. Jvkz— CMHZEYSAEMN HERIEM) e Widget A4 static 114K
2%, £ Widget constructor H{FERY, OB ZvHEss In—, %24 Widget destructor #WF
n, Rz EER R . SEAMRIE T static BRI howMany ( ), AIK[RIHR H #T
fFAEZ /D> Widget objects. WIS Widget FHER#RALA, HrlUZIBERIL objects ML,
i YNEE =Y S P NAIL U SEY SR

class Widget {

public:
Widget () { ++count; }
Widget (const Widget&) { ++count; }
“Widget() { —count; }

static size t howMany ()
{ return count; }

private:
static size t count;

b

// count [P Mo IXNAZIAE A SLAER o
size t Widget::count = 0;

K UARGENE. A TEA/EE copy constructor, R A4miEss Halh Widget 7~
ARHAS copy constructor ALENENF count fl—.

WRARIATTEN Widget MurE TAE, IRCAL5EM TARIMLS . (A BHRIRTG R i
% classes MUAHFIMTHECTAE. —FMTEEN T/ESAS AP AR, iS5 RoE
RS SRR A N T BRI AR, B RERS R LR TPk
(object—counting) FEFXMGHAERK, (FEREEHATAT class EEIZH .. HAMMIEN1Z
A LA A

o HEATH — iIBLETHEBAE RS class Wit A/ DR AR AR m)
THOLE, AT AT S, N HER [REXTXM AL objects BEAT VI )
LA o

® (R — AT BEREAT T 2 ZE ) A () B s () o

® LN ue — AMTRERRFE MR . (AT TR B IR L Bk ok
B, a2 ERE R, £ CH o, IE IR B e RE 4k 2
IMEAGH AT B I Ja AN BLKIAT )
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PE—F, MR, RUHT S —AN TR T &4, Rl B H
bro X ECVFLCAR P PAR AR 2 PR M o S L An AR P AR P IS RS o RN S AR X AR T
Y EERIXELET
® new, delete, 1 Exceptions

HARRIE A O AR T E] AHOR I, 1 AV FRAE A T IS D 48 21— ML
TR G o XN T M2 [24 constructors EH T, new fll delete Z[AI[FJRA] &
MRESR CH+ BhASRCE — object, REGXFEHAH new i253:
class ABCD { ... }; // ABCD = “A Big Complex Datatype”

ABCD *p = new ABCD; // iXj&—" new a8

EAS new BHANEXAEESEHCOEMHe, AT Wi eikgisy. etk
Hih. HB—, EFFIY—N%K operator new FICAZAARE B AN, XA THT AR Z
5 E 4 ABCD object MicAZfk. WHRECE I, new &5 a0H: N Rt —4> ABCD
constructor, fF operator new $kH AJHSEHLZSA] FHE 7 —/> ABCD object.

fHiE, % operator new EHi—A std::bad alloc S, EFE? XMRH RR,
BT EICIEES RN T « £ LRR new 1I25H 20, AR T EEA HIXFE R4
/Nt operator new, ‘EAEH AL HICIZAKIBE 4> ABCD object. i ANEE
FRBATI ABCD constructor, ‘A EIFEA L2 — N E R ABCD object.

WK H operator new, R/RBATANCIZMBEEC E H K AR WA operator new
BT ABCD constructor K iHwd, REEM—FFl 2% operator new Pt E 1112
R . WERAIERE, A S R A CIZRE R (memory leak) o K (e 2k ™
A:—~ ABCD object HBBAZAND) ANA] A8 Z0TE 2 — AN bR XU H 7

ZAFELR, X2 CH FRMEFE P — NI, 1995 F—H, Ct+ bR RN 7 —
AN WRAE new 188 B VEWA], operator new At B il {Z A INM B LK) constructor
EHRH, PATIIRS (runtime system) U2 H BB operator new HLE HISK KL
AR IEABEIIEIMEH operator delete $HAT, BRI operator new. (FEMLAS &
B HNE [placement new F1 placement delete] . )

XA [new 125 A operator delete ZIAJIIIER] , SAETATEENG [P0 THEbL
il ] AR R, AR .
® IEMMH/ ¥ (Counting Objects)

BB S L, WO A TP ) 1) class. 1XAS class
FRREVHRR (HELER5E25) MR JERI Widget class:

[/ WA Y e, SRR AT BRXFE ) B AR IE A
class Counter f{
public:

Counter() { ++count; }

Counter (const Counter&) { ++count; }

“Counter() { ——count:; }

static size t howMany ()

{ return count; }
private:
static size t count;
I
[/ CARIZATAIR NI E — N SR o
size t Counter::count = 0;

KRR, AT classes WIARTFE TS M AAAEMIEA %, HRFAEH Counter
RAAEEACL TAERIAT o A7 M W] 6 (0 70 mT LSS X TR 4%, Hoh 2 —22 € X—> Counter
object, B N— class data member, {HIXFf:

// TEFEFEFEN class Nk —1 Counter object.
class Widget {
public:
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..... // Widget AWM public i,
// FRIBAEIX HL,

static size t howMany ()

{ return Counter::howMany(); }

private:
..... // Widget ZAMITA private Hiia,
/) HBAEIX
Counter c;

I
AT Counter 4 base class, {HIXFE:
// BT class 4k7KH Counter
class Widget: public Counter {
..... // Widget AP public M5,
// HBAEIX
private:
..... // Widget ZAMITH private i,
/] HBAEIX

WREILESBNS . WUFEN2 i, FTATBAER, WA Mk Har T DA
BOEME. ML Counter WA count. XFEMIESYIERE —A, HERAIHT
B EF—MEH Counter 1) class #E& Ao 2811, WERFRATFT XS Widgets F1 ABCDs
L BATHEEPS static size t objects, MAE—4. ik Counter::count &K
nonstatic, JFAREMPXA M, FOWERMTFER LA class #EE— Mg, A
T NEE object HER—ANiHEES.

B C++ i) A NFMEAZFR i 5 i — N, FeAT vl DAUUS AT AR L 94T A -
AT LA Counter JGH—A template W', SR1BilfF—PMMHZE E Counter B class,
[LEHCA template 514] HILHIXAS template.

PER UL —K. Counter ZFf— template:
template<typename T>
class Counter f{
public:

Counter() { ++count; }

Counter (const Counter&) { ++count; }

“Counter () { ——count:; }

static size t howMany ()

{ return count; }
private:

static size t count;

I

template<typename T>

size t

Counter<T>::count = 0; // BUAEX 4T 0] LABGHR LR T T

7 2 R 1R 55— i SRR R Ry i
// TEFEFHE class T FWNIk— Counter<T> object.
class Widget {
public:

static size t howMany ()

{return Counter<Widget>::howMany () :}
private:
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Counter<Widget> c;
b

MR (dRARIED e S IR
// AEFEFELFEUY class T 4%7KH Counter<T>
class Widget: public Counter<Widget> {

FERAEXHAE O, BATZ WM HOE: Counter HUfX A Counter{Widget>. — WA
WP, B—MMEH Counter [1) class, #BLAE H AL, RILHIEA template.

[7E—A class 1, LHCH template 514, HILH—A template, 5H MM ,
XS B R Jim Coplien AJF. MLAZFMET CAH C+) JEIRIXMPSERS, FEARIL
A—A [curiously recurring (VS 1MifE#F 1)) template pattern]) [V 1]. AN Jim
WX 44, Ak, fsftt—  pattern CFESUL ARO[ IR LA BT B 44 R G 15
% . BRI ECREERS, 4 pattern WIAMIREZ, MR ERIMIX—N4FK, Lk
[T AFEE, afrfied | R0

patterns [ #&— MR, FXIIFAEK ., ALIRETFSHIXA pattern BT
W [Do It For Me| IXKHAFK. WAL, FF—A [# Counter F=/EHikM class] , #BfE
EEX [# Counter HIUAL ] BUHAS class, #H—F RS, THEFMAZ DA objects,
Pk, class Counter<Widget> nJLATIAH Widget FU#F4E, class Counter<ABCD> W] LA
5L ABCD [T H

AL, Counter F{ T —7 template, AW k=it sidk&&it, #nrLLsfE, o
DLERATIEE TSR TG 2, PP AR (1) 5 P RN 55 pi o BRATTI— NV AR TS, XS 210 5

[P E ) DUREN AZ IR R 2 3k Ad o IR RE AR TE 2 Mo R 3RATT, bR v v b ik =i
ALy, ROAHT# HESREE ) [Counter J&—A base class] , f&#FHERMIE X—4
Counter data member, FFZRAF HFE SLA/EH —A4 howMany () PIMi#E Counter [¥) howMany ()
[V 2] BARXFEM TARtA R RZ (i) howMany () HFFZ MR A inline XD
AR — A L A 5 Sy 26 o Bt DAL FRATTSE 40 & B e 4k ik vt s
® /f#if Public Inheritance (AJT4E&)

IR Ak AR BT 2 T BLRE s A, 2R C++ fRIIE, &%~ derived class object
Wy (B B, HPY base class e sepliidity (BB M EM) o ik Counter %
A—A~ base class, {FHEMIR: EFXt4k&K A Counter [ class, £ —4> object #r~
A a S, —ESfH ) Counter constructor &Y destructor HEMiic,

SRIM, ATA I L EL 24P base classes IXANFM, WAZLIL virtual destructorss
Counter MIZAIXFE—NARVUNG? RUFH) Ct+ WMEF R BETHRTEEE, &0, ENIZA—
virtual destructor. WHREEH, BEXUBHATEL — base class pointer EMER—1
derived class object I, ZFHEAT TN CRAE SO MR, M HEHE 2 AU
class Widget: public Counter<Widget>

{... }

Counter<Widget> *pw =
new Widget; // 38— base class pointer,
// T8 — derived class object.
delete pw; // MHFHECRIPIGR — WH base class
/] = — virtual destructor.

W rAT I R BAI T R & A R EIRFE S B AT A G HL 2 AL, RAIH T9)
PR ] B PN A 4a X 2 AR . Rk, 1XJ& Counter WiZA A virtual destructor
o ZU 3

TR R B EERCR (WU T 10 R A T A = 2 (10 5 A A
FIRBD , AFRAEIX EIE S — SR, K28, virtual destructor (BRARFIREFLERZD) 1)
I, BOEAE— Counter (BYHATAEIN) 1 objects #RLAINN T —A (BRmHT) ML

bbs.theithome.conl


http://bbs.theithome.com

fabr, MXSHMPERIRDN — R EARA I A R pE (A 3] Wi i,
W Widget ARG IHFTATMERE X, THIH Widget MRS AGkE T
Counter<Widget> M AK/Ng 5k, FAIAAEEFIXFHE DL

ME— R o B e, B —Fhorvk, BHib% o [EiL—A4 base class pointer WPk
—~ derived class object] . ¥ Counter H'f] operator delete E4f5 M private, {2
Pt E G INE:
template<typename T>
class Counter {
public:
private:

void operator delete(void) :

HunE—%K, delete IBH A TCIEGm I KI):

class Widget: public Counter<Widget> { ... };
Counter<Widget> *pw = new Widget; ......
delete pw; // #i%. FAIRAMILH:MGE private operator delete

AT, A, FHIEABEE, new BHAMA N %It 4w :
Counter<Widget> *pw =

new Widget; // X—47Nizcikidnt gk,

// KIoh operator delete +& private

TEEMZ— TR RATA new, delete, exceptions (i) Mg, it C++ MIHAT
WAL (runtime system) A operator new BLE ICIZAA — w48 4k 4k erny
1) constructor R, FIHIERTZ—T, operator delete & RIATICIZAREML
AERIR . HRFATTH Counter ] operator delete B4 private, X4xfiifg [#ith
new, ¥4 objects f7AEJA heap| A7 K

JEI), X R ER ), WRAR AR A SRS, EAEEE . (FEIET R, T
RIAT R E BRI . BRIk Ao HA B W7k Re g FH AL [3&E5E Counter* pointer MHIFR
derived class objects ). HRAFATC LI 44 4 Counter R E — virtual destructor ]
PAE CERSIERARD R EED , Frolde, hBATIGEEABEE, 1hFAHEER T
JAE [ —A4> Counter data member] L.
® fHFH—4> Data Member

BMESLEL T [WKE 1 Counter data member | XA tHITH K MG L. FumhsR
[ E X — Counter data member FF#E—/> inline SR howMany ( ), FH3kmEY
Counter [¥) howMany () B, XL TAELIRAIA NN Fmfe X & Ly, £ 7%, (H
EIEA RIS BT B, (HE, BRULZANER 55— oS A class #Ehn—A
Counter data member, fFfESY 5KH objects MK/

KJLFRA LA EEE R AR 5, $n—4 data member MM‘#2L objects MK
ANBETIN, S ARBEVANS ? (HETE IR, A4, 15 Counter [H173E X:
template<typename T>
class Counter {
public:

Counter () ;

Counter (const Counter&) ;

“Counter () ;

static size t howMany () ;
private:

static size t count;

b
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T EIEW A nonstatic data members, EBEA—N5IN  Counter ) object H
SERA N EAERTAR VS . BIFERATS LA RE— D504 Counter [) object, K/NA 07 i
W, ARIBIFAIER . X —mi b, CH+ MR E . A objects #iA %/b 1 byte
KN, HEFREIRLE objects BEA (LT nonstatic data members. ARIEIXFERIE X, HA
HILH Counter template [IEF— class, sizeof &=IKEIANFEME. Tl — [WE
—/ Counter object] [¥) class ¥t [AWT Counter object] HIMA M 2 Tk,

CHBM A, ZXIHFAE®R A AT Counter] M class, HK/Mgt—&tb THE—A
Counter ] FIULHA T RIPIMAF . I8 il S HESIBR # (alignment restrictions) W HE
SIERFEM . 3T, R class Widget WA bytes MR, (HRGERUILL
4-byte KSATIAAHS, PrLlfE—A> Widget object ¥WNEZMAS bytes HIAMA, 1M
sizeof (Widget) MIZEHAN 4. W, Wi s oUIEE, mitas #Ru e [AEmaFmR
INANETRED 0] X454, 2K —A char Z4fif] Counter<Widget> W, JFJEE
sizeof (Widget) M2/EM 4, 0 Widget W& — Counter<Widget> object JF¥R. I
AP IR Counter<Widget> object fAXHUAR T BRAKE AN AP bytes HH—A0 A
b, AR WG, BUIERATYRA GRS AE BT —A T ) BT, e
KA. D

PAE BV T 4 I i, Bh2E S IX R S0 CIERf H 2 BT R, X rReis Lk Ir
TR, B LR AN EERTH. ), ERNTEL CERAL T FTEMIH A
SRR, TR AR AR B PR R A B A B A A MR T .
® f§F Private Inheritance (FAFH 2k7&)

M ER AN BT, 2B Counter H[E—> virtual
destructor:
class Widget: public Counter<Widget>
{... h
Counter<Widget> *pw = new Widget;

delete
pw; // ST CREND 4R —
// WA Counter k= —4> virtual destructor.

TR A TG 2 RGF H [FHiE delete i@ FEAMAM G TE | ML X — R Az E, (HE2HK
IR, IBEEEELIET new B8 MA g1, BRibz Ak, A7 HAh FE 6 R o 2 34l
AR EI . FRATTAT LAZE I —AS Widget* pointer (UXj& new [MI[RME(E) #Fa A N —
A~ Counter<Widget>* pointer. #Ajifitht, FATA LA IRk AR R FEAR B0 e 4. 3R
ATIME— 5 B 2 [public 4k | &5Ch [private k7] -
class Widget: private Counter<Widget>
{0}

Counter<Widget> *pw =
new Widget; // #5i%! %R HEEE X (implicit conversion) AJ LA
// ¥ Widget* ¥k Counter<Widget>*

AR, FRAVRIF O I, LL Counter M4 base class, FEAZIEN Widget IR/
— WHR Widget JAZAMARI A/ NHEL TG . &R, FRINERA WIRIS FAR, AT
class FIR/NA 0, (HJE2 — B, IHFARKIIEMEL. TORESDE, BAEM—
A objects HIK/NA 0o CH+ ARAERIMS BIAFIRTE 2, —A> derived object ZH'[#)

[base-class Ffr | IR/NATELE 00 FHSE b, P2 gniide i ITIEN [ 25 A 3EahE
MIAEF AR ] (empty base optimization) [VF 4].

K, H—4 Widget W& —4> Counter, Widget I K/M—ELHN. A4 Counter
(1) data member SEAJEINHC, MAZMAN base—class i, KIS UIHHIER KN,
AR Widget 4k7KH Counter, HiF#sfiifd LUK Widget MIA/MRFFEEIERE. XAH
SO AREE [l AZ A AR A RS ST 2R e v s A s s ) e, R T —A
AR 4 [private 467K ] M [HHHAK (containment, composition) | #FfEEMK
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MFEHBIE, REEH [private dk& | o FE: X—r/ERZ N Scott Meyers [
(Effective C++2/e) 453K 42 A rlfil. %4 Hm R — B IURE, WA Tprivate 47K |
A TREEGEAR] #eese B HE, REEHESGHEAR REIRER, A XA
BORA AT . )

AR LI e . e SE e T AR ISR, WU R e BT [ 28 A 2] 5
i) Cempty base optimization) FIREJS, t—K [4k7KH Counter] IX—ZLA A
SEEINR ZSAE RN B4, BT Counter member functions #iAZ5ijE inlin bR
Ko EFERIBIMRLER T 22 K, KT EZH Counter member functions H#hkk
PR, IBLepR oy Al CH+ ENY, 1) private 4RARMLHIAAE R R T BT — [
KA | Y derived—class objects #2444 base—class objects —FEHUANIE,  (LFIH,
PN, EIFELEXS A Widget MFEE WRETEIZH LA —A Widget BAAMEIZEI ISR HEAL
Counter, WHLZVi, fhrlEEil Widget k& H Counter<Gidget>. FRIFiXFhr]HEM: FiREL
ISR A, D

EFE BT R i S AR A, (S T e Nk e, Jen] DU, i
private $hAHNLEI, K howMany () STERTAEINF A private, T EATARZ F 02
EN— using declaration, f# howMany( ) Bk public, A RE#Y U AT :
class Widget: private Counter<Widget> {
public:

// ik howMany f¥éh public

using Counter<Widget>: :howMany;

..... // Widget FJFIRFADBAT B
I
class ABCD: private Counter<ABCD> {
public:

// il howMany J%k public

using Counter<ABCD>::howMany;

..... // ABCD HIFIERFA A AL

X IBLEIHA LR namespaces (A4 MgmiEdsimi 5, CLEH W LSOHIHA 1)
ERZ TR TE K, (HIEAEED -
class Widget: private Counter<Widget> {
public:

// il howMany J%k public

Counter<Widget>: :howMany;

..... // Widget [RFILRELH A L

2l ALEPAT TP B se e xC, DU DBk Eds A HR BT
(IRBIEA class A3 1) ) classes, DAMHAEDEN: ¥ Counter Hi K4
base class Jfib howMany ( ) "J#¢HEUH [3E 5],

SR RAMLHIAE ], & S BN AMEATE Z IO 28— F S 2B W 1] Cambiguity).
TRBERAIFTEHRXS Widgets T4, MHATE LN E(ESE B2 . —WsEar iR,
AT Widget 4k H Counter<{Widget>, %4 Widget::howMany () & public. ¥LE
R IATA A class SpecialWidget, L public JzC4k/AK[E Widget, FRAIA LML
SpecialWidget 1 Widget i FH# Frie =2 (IALAE - ¥ i), if5 % SpecialWidget
M7k H Counter<SpecialWidget> HTJ.

HIX LI T B ] Cambiguity) (iR @, BE—> howMany () X} SpecialWidget i
SAGERTHEINE? E4kK 1 Widget BIARAS, B4k H Counter<SpecialWidget> [
A FAVITA RN, M8 EK H Counter<SpecialWidget> FIFAS, (HZIRATTHE IMEAEAR B
iS5t SpecialWidget: :howMany () FITEOLF B BRATHIOE. SEEME, B HE M
B inline FRZ:
class SpecialWidget: public Widget,
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private Counter<SpecialWidget> {

static size t howMany ()
{ return Counter<SpecialWidget>: :howMany(); }

A T FH AR AN LR SE AT BT A | 28 =AML, Widget: thowMany () 4%
[FIEA R ALFE Widget objects BN, WALFE Widget ATAEZRAI BT~/ objects.
R Widget HIME—RTAESIE SpecialWidget, M—3AG 1> Widget BAZYLEFI—=A
SpecialWidgets WArW44:, FEEE Widget: :howMany ( ) ¥if&n| 8, Yesx, &—
SpecialWidget MIEEM, tHFIN 2358 KA (Widget Jefy) M.

o HE
DU E s e R 5 B C AR 1

® WA T AR A Sk AR M, (H I JE EWARG AR EE R . .2 Do It
For Me” pattern (Coplien FTi§f “curiously recurring template pattern”)
EA T Re AR IEECR T A ey . i8] private ZRzRHLH], nT LA EED PRI RE
15 T XAY KA

® MmN T4 KH > empty class] 5 [NEHA class object i h
data member | B, R LCECAFIIER:, NS SOV S 14T

® A Ct+ R—VI% JJEAE heap objects M ANVE I Wi it b A AE 1012 4 s ]
(memory leaks), FTUAIZTFE AR operator new ZFEUhY, M 752 H 3
SN[ operator deletes

® Counter class template AL FAREG LKL, AT EHI—1 object. BF
R —FE. DAk, Rumn] LLH BHIERAE T4k ] 5k [ 24 (A6 HAR],
FL A ] — A N AR R 202 I A [) B e A FH A [ 7R SRS o

o HMEEETR

[1] James 0. Coplien. “"The Column Without a Name: A Curiously Recurring Template
Pattern,” C++ Report, February 1995.

(2] y—Fp oy e 2 M Widget: :howMany ( ), k% ELIEFERY
Counter<Widget>: :howMany ( ) . 2K, XA HIME, FATEAREIATAZE howMany ()
s& Widget AIHIF &4 .

[3] Scott Meyers. More Effective C++ (Addison—Wesley, 1996), pp. 113-122.

[4] Nathan Myers. “The Empty Member C++ Optimization,” Dr. Dobb’s Journal,
August 1997, 1] [ LR M ukgke
http://www. cantrip. org/emptyopt. html.

(5] HEXS XA A S A8k, minl LAk Widget DA Counter<Widget> vI%&
WA, I HANEAS TS Widget % ITH, HRARVF
Counter<Widget>: : howlany () # ELHEIPN, A3 BE MM M0 EE 2 Aid it
[EEZT
o FH—LHEd

WRAREL A 2 2 OG0 new M1 delete 407, W% Dan Saks fE CUJ 1997 4F—
AZtAREERER, 82k More Effective C++ (Addison—Wesley, 1996) 453K 8.
IAT S 0 MR Cobject—counting) [, IEAIFATEEA class B
WAL IR B, 15F More Effective C++ 453K 26,

®
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Mark Rodgers, Damien Watkins, Marco Dalla Gasperina, A1 Bobby Schmidt %} %}Z<
EFESE T R L AT WAL, AR SCHEVFZ T A T A R
o f{EH

Scott Meyers 2545 4E Effective C++ # " JilAl More Effective C++ MIFEH (W
AP ERAH Addison Wesley HiR) o YRFTLIM http://www. aristeia. com™ FR 2|5 L45 R
iy ARG AR R ETHE . BRYE: (Effective C++) 55 hRLL Meyersi%) 3.
o X¥
Mgk, Hh#EEf A, LK C++/Java/00P/GP/DP. 15 AHVIH K S FRIMIKA HIHEAR, LIAH)
1S RIIRZ I AR
® sidebar : Placement new 5 placement delete

malloc () 7E C++ HHIXIEEYZ operator new, free( ) fE Ct+ HHIXS &M N2
operator delete., fl malloc() S free() AN[AIJE /2, operator new fl operator delete
HB AT LARE A, AR I RAS il 4552 5 BERRAS R AN AN R ) 288 XX} operator new
Kt — ) IEH, (HE 25T, A% operator delete k7.

operator new [FJIEW#RIC (signature) J&:
void * operator new(size t) throw (std::bad alloc);

CAIRAERS, A T Hif, FIGZIE B0 exception specifications (P¥fE: w2 Lk
(1) throw (std::bad alloc)), B EATTNFR H i S350 B s A TR VIR R - Doperator
new MJHENMA N GERIH &5, Pril—A operator new HANA N FEKIX AT
void * operator new(size t, void *whereToPutObject)

{ return whereToPutObject; }

EAFFERIRA) operator new 52— PNIAMY voidx 54, 5 H IR XV X BILAT
BEFERR o HIAE AR RTE AR CH Anv AR 2Q2E Th o2 anuth i Wl A H CE A TA R SLEY <new>),
A T —/NEA A A4 FR: “placement new”. XANAFRERIMHILH K. ARVFRT R
H[—A object WAZUEACIZARMAL] .

BEAE I )t 25, ARAAT [ ZEKRAA 5140 1F] operator new A, HAHI#HIKH] placement
new XPMARIE, FL LIXMRECEHEEICH Cr+ bR, Kk, 2 C++ B7 k3
PR placement new Bz, AR AR BRAEAS [FEEIF—A voidx &%, H]
CLYE HA A AT AL | RS, (R ] e FR L [ ol B i — M 22 size t 514K
W2 | (AT operator new A, 4% Fikea, MAFEHAR (514852 | 1Y operator new
PR 3o

W) v, UPRA O SRR AEICAZ AR BT, “placement new” EMK [operator new
(PR RRAS, B2 A G150 o XN ARIEAE AR & v] e A7 A& S, (HIRMTA TGRSR,
Frih, 2k A b, WERARTFEE 2407, 1§ &% A SRR EE LY.

i placement new 2L, KiE “placement delete” EBE [operator delete HIFAMAR,
HZBAG148 ) o operator delete ) [IEH ] #Ridfi T
void operator delete (void*);

FIrCL, ARMIRARIY operator delete, N EEFEAZINGIEZ A LR voidx, e —1
placement delete MRz

IAE L FRATE RIA SIS I — . 2 heap object FERAHANZH—RH,
SRR ? TR G LA N XA FLAT]
class ABCD { ... };

ABCD *p = new ABCD;

%= ABCD object W& T —AN . AUAIMESCN AR, WSk H ABCD
@R, operator delete 2x AWML, B operator new FfcE McIZfA. Hn R
operator new #ZEAL, HIKAT? GIRAFRCAK] operator new PAAN [ )77 AL &
Wiz, T SCHE W ? operator delete WHAT A1 % BB MO REIE MRS O IZAR? BEAb,
WA ABCD object Z&ULA placement new FeAEHIR (R TNIXFE) , NAZWif.
void *objectBuffer = getPointerToStaticBuffer();

ABCD *p = new (objectBuffer) ABCD; // fE— AL M X H 42—~ ABCD object

bbs.theithome.conl


http://www.aristeia.com/
http://bbs.theithome.com

LIRHBAS placement new FEABLEATATICILAR. & IEAERI— MR, Fa A E T
B HEZNX . WH, ATFERERENE,

IRWAR, operator delete FrRKHUMATZ) (HEAMIEHXTN 2 operator new MIATA)
WAL B AL AZ AR I TR FH ) operator new JRUASTAE o
H TR RA VSRR Tl [a 2 AR 2 operator new AT ], C++ dnifEZR
WEP T C++, SLVF operator delete HAEMHE £ 4L 24 heap object [] constructor
T — W, BRI SOE 5 — 4k, MERUEHFIRIK operator delete WCAS, It—hi
KA BN HON G, XL R N IA SRl 2 operator new fRAS,

WMRKGEAT—PDAR placement delete HIZMAMNEELRENS TN A [ Mt 2
placement new IZNANEEL ], IREE, Wi AT FAA] operator delete #MaEd, i /&, operator
new AT A PTr K I R W G SRR o X IR BLE [placement i) [f) operator new, iX
WA, A AT IHEATLIERCE IS AR AR, — M 5, WERAR™= A —AN A E 1 [ placement
] 1Y) operator new, YRULMNIZP~AE— NI HEEN [placement Jix | operator deletes
W, KB 2 P as A IE V& G 245 placement deleteo. IXFRZmiFEes AT =28 kRS,
PR LT A 2252 — M CAZ AR (memory leak) o WIHAE heap object #A4HAMEIAG —A
S EL, BOAANSHTA ANERH constructor #ML 2 BB EC & IS 1244

PR AR, GNU C++ 2.9, Borland C++Builder 40, Microsoft Visual C++
6.0 —HKYERA LA TIE placement AN operator delete., APl Visual C++ A
W, 4 TRAAERT— AR placement delete FIERAMZELHENS X WY A Mt 2
placement new [RIZANEE] B, Visual C++ S45R— AR
no matching operator delete found; memory will not be freed if initialization throws
an exception.

9.4 NEREIEWRLEAE operator—>* (Implementing operator—>*% for Smart Pointers) #%
#: BRB

AT ASCHRAERT (BP0 24 2001/09 HISCE . PR, BORWIH. AiEH
BRisEE s CRFP i) RS T N IE B AL, Fedoit i, LURBMEEE, AR, K
RS A SR EAE N R, AR TS ZPR e S A 2

B BUR ARSI R AT I LA i B i R AR

client : B

type: T o SRy G A AR A ATE R, AN TR mdE TR
instantiated: FBUfL. [§H A tenplate, LS —(seth) (7.
instance: SEAR. [ SRR IR

parameter: a4, M EH, B,

argument: I BRRS AL, SEE,

user—defined: fff#& HE

ZJA class, object, data member, member function, constructor, destructor,

template fFEAIE, BIREATE.

HIIRE More Effective C++: 35 Ways to Improve Your Programs and Designs
(Addison-Wesley, 1995) K, FAEHART T —E@: FhHefets (smart pointers) .
i3, RN, PR — AN K H Andrei Alexandrescu, fhinJE]: [—
MEOEARAT R BRI ReFRAr, ZANZNS operator—>% SEHZ BANE? TMAFE AT NIREE
il o W, FAMAKRE A NIEEEM, AT goeilil. FIrRMR M a RR R E ke X,
e [928 operator—>#| %, Hryh ARG EEA MK templates @M.
® Ry% operator->*

WERAR A K ZHAFEA R —F, IRRMEA G IS operator—>%. PRI, 7EFAERE T
R REFR AR SEAEIXAS operator 2T, FRAFLCTRAN — e RIN AT .

bbs.theithome.conl


http://bbs.theithome.com

R fH— class C, —Mabr pmf , HLRI C IEEEL member function, LLA—A
fabr pe, PRI C object. PAFiEfs:

(pc—>*pmf) O ;  // 1F *pc & Ml member function *pmf,

16 [pe FHfaiiiAs object ] & LMl pmf FrfgMIAE/S member function. —UIfE
AFNEK 7R, —NEH member functions WFEhR, HAT MR — M@K F6EE, H
SRR 2L 2. B X RO 2OR G, IRGE pexpmf  [R/NE SRR, KA
ks Ll P AT

pc—>*pmf () ;  // EEiR!

A -
pe—>* (pmf () ; // HiiR!
o AR —
class Wombat { // wombats JEMEYNEE 1 —Pa 854,
public: /) R S
int dig(); // %[l depth dug
int sleep(); // A&l time slept

I

typedef int (Wombat::*PWMF) (); // PWMF: —AMEIn] Wombat member function FKIF&#s.
Wombat *pw = new Wombat;

PWF pmf = &Wombat::dig; // % pmf F5I1 Wombat::dig

(pw—>*pmf) () : // XF pw—>dig(): AHFE
pmf = &Wombat::sleep: // % pmf 5 Wombat::sleep
(pw—>%pmf) () : // EF pw—>sleep () ; FHF

® 33748 operator->* A

WMAGVT 285 F—FF, operator—> g —Iul: BERZHATIE. HIAVE XS R aEfR
FRSAE operator—>x*if, LRSI HUB AN RefRbR, TRIN—DRGN T Mt A SIER
NS, $8I class T [ member function. FFAY operator—>*2 1%, FAIXFIL[EfL
fHME— R FE e s e — 250, ey —A gy | o rLl, operator— >
(P[4 B A 202 B [operator ) (JIFiH function call operator) #3LAMEFT A ] 1Y
RV . operator—>% [P [EEA AR — AN a1 B 1) L R 58 B ek XEIY, BT LAFRAE operator—>
ALY SRR 8 PMEC, 2B & —1 “Pending Member Function Call.”
X LRSSk, AR TN IR 1R Z RS (pseudocode) -

L A% — (pseudocode)

class PMFC { // “Pending Member Function Call”
public:
return type operator () ( parameters ) const; // BEE (1)
b
template<typename T> // template, HIJA T #gefgbr, FILLZ$E operator—>%.
class SP {
public:

const PMFC operator—>*( return type (T::*pmf) ( parameters ) ) const;
// PRIE (2)

|
/) FE: IR (DK return type A1 parameters WAZRAN (2) HIR N 5E 4 —FE.
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HATE—/> PMEC object #RARRAG — A ARIFEMAIFENY: FEIY operator—>% FrE EI
member function, At member function Al PMFC: :operator () A BIEEH 5¢ 240 A .
KT i, B T F) member functions ANESZAEM 514 (FE SR R TR ED
X B RAR ] LR R A 38 —F08 e O 3R

L TR =
class PMFC {
public:

return type operator() () const;

I

template<typename T>
class SP {

public:

const PMFC operator—>*( return type (T::*pmf) () ) const;

I

IR Tpmf  FrfiinlZ member function] MHIERIIFTFES AT EWE? AIfigE int,
double, tHHHE/E const Wombat&. JEIF), ‘&RIRERALMIALN . VRV AZKFXPIICTT AT REMI 2
&L template SRFI., AJE, operator—>% IAEZEN T —4> member function templates
b4, PMFC AR T —A template, PIAANFEIN [operator—>% HINAAK | 24k [bIAS [ 5L 51
¥ PMFC objects. £/~ PMFC object 7EE: operator ()  HEMEERM;, FHIS 0520 &0 [A] 4% 71 51
AT

— B EBRAL (templatization) A%, RV LAY (pseudocode) , Hily
H.JEH) PMFC Fi1 SP::operator—>%, HWIFEZAIZFRIY.,

o TP

template<typename ReturnType> // template, HHR— [[EMLEHYH]AH ReturnType] 1]
class PMFC { // RTEHH] member function call,
public:

ReturnType operator() () const;

I

template<typename T>
class SP {

public:

template<typename ReturnType>
const PMFC<ReturnType>
operator—>%( ReturnType (T::*pmf) () ) const;

I
® L fT&% M Member Functions
G H—NRFEHI member function call, PMFC FFEEHIEMFEARPY, A RESL/EIL

operator (): (1) "B EEFEAYIEEA member function, (2) ZEMEAS object & LMifdi%
member function. PMFC constructor Wi e RHUXLES [ E ) — Gt ai. HAh, K Bk
PAFEZR PH IR — AR HER pair object WL EAMNF & RRIRABRARELTIE 1.

o PR L
template<typename ObjectType, // Bt mem func B4 class.
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typename ReturnType, // mem func M)EHETLH],
typename MemFuncPtrType> // mem func FJ5EEEFRIC .
class PMFC {
public:

typedef std::pair<ObjectType%*, MemFuncPtrType> CallInfo;

PMFC (const CallInfo& info): calllnfo(info) {}

ReturnType operator() () const

{ return (calllnfo. first—>%calllnfo. second) (); }
private:

CalllInfo calllnfo;

I

EIZ T EARITAR R 2, S YR . 94— PMEC, fR2AZ0FE Y ELIFnL i
—Fl member function(PEyF: IXHLZ iR MemFuncPtrType BIVEF), I8 HAEME—Fh object
B bl e (PR Xuie Bl ObjectType M/EHD o FHAR M/RmeEe PMFC (1) operator ()
R, AR PTG XA TR Ok se it A7 (idsk) Rk ] 1 member functions

R BRI operator ) RARHETE T W operator—>* SEAEH K. ZaiE, KA
M RERbR) [ B2 operator—>%] #EIFNY, A Z&p=4H—A~ PMFC objects, X
i [ B2 operator—>%] NiZAMRHE 15 F NEER operator—>%] SLAEH K. XA
BATT G LLR F8g —/MBAF R [fEH#H A2 operator—>] AT A, F [
S WHEHZ operator—> | fRILICHE, By C+ XA [MiH# HEZ operator—> ] HifE—14
WERY, 2% (Bam) PEny 2] (355 NER) operator—> ] o WX FRILG A N2y,
XKoo B v BB 7 ) b

Rl EIE =R T, ObjectType, ReturnType, A1 MemFuncPtrType =7 template
parameters LTA SBHR. KW TA A MemFuncPtrType, FATHLAE S HEE H
ObjectType F1 ReturnType. Y5 A8 ObjectType 8% ReturnType, #B4E MemFuncPtrType
5By IR, FRAIREMATH [ Btk fmbrit ] (partial template specialization) $
AR, M MemFuncPtrType #fFi ObjectType H ReturnType, {HHIASHE kit ] HoR
Z R IFES IO T . (R #ilan Visual CH+ 6 BU¥RHE 248D , FriFdE A ®HFIX
PRV G RAREETA TFr GBI ] SR TR, G B AR [Partial Template
Specialization 5 operator—>%] J7EHe o,

HTEXVEZHTH PMFC SZAENZ, SPKT> I operator—>% JLFEZ5E. L
[ PMFC object FEE—4> object pointer fl—4> member function pointer MCHHIMH .
—WFERFNRANTR, Baefabr 5 ESH —4 data member HKAFIX object pointer;
ZJA member function pointer, HSZmliE operator—>* FriEskp5%k. HFit, FEXHFE
LA A% 0T LA BOEAE . AR PTIRA N i e 4 (Visual C++ 6 A eges 1.1.2) 1
5, Wik,

L FEATNLIN

template <typename T>
class SP {
public:

SP(T #*p): ptr(p) {}

template <typename ReturnType>

const PMFC<T, ReturnType, ReturnType (T::%) (>
operator—>% (ReturnType (T::*pmf) ()) const
{ return std::make pair(ptr, pmf); }

private:
T* ptr;
I
o A% L

#include <iostream>
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#include <utility>
using namespace std;
template<typename ObjectType, typename ReturnType, typename MemFuncPtrType>
class PMFC { ... }; // —nbAE
template <typename T> // —nbiAE
class SP { ... };
class Wombat {
public:
int dig()
{
cout << “Digging...” << endl;
return 1;
}
int sleep()
{
cout << “Sleeping...” << endl;
return 5;

}

int main()

// —WLAME, PWF SRR,
typedef int (Wombat: :*PWMF) () ; // f8m— Wombat member function
SP<Wombat> pw = new Wombat;

PWF pmf = &Wombat::dig; // %4 pmf F§In Wombat::dig

(pw=>%pmf) () ; // WA operator—>%;
// BNy “Digging...”
pmf = &Wombat: :sleep; // % pmf ¥ Wombat::sleep
(pw—>*pmf) () ; // MR IRATINY operator—>%;
} // EH “Sleeping...”

e, WERIT, XA IR (resource leak) , PIARE new ik
Wombat MR delete. IAb, XMFEXILMH T — using directive (#HFkZ using
namespace std;) , MHEZ{FH using declarations Wikt T . FilE A SUAE
SP: :operator—>* Hl PMFC (I H.5) L, AZRIAPe /N WERAR T (pw—> *pmf) O 1
AT K, ST BRI S ) nl R A5 1 E A DG TA G A XUk b i 2k

s —42, A operator—>% member functions FIfFH 1Y) PMFC member functions #
& inline PR (HARIFCIHE TS » Bk, /R CAATHE, &0 CLR R a) B 7= A ok 16 -

(pw—>*pmf) () ;
Hrpig ] SP A1 PMFC BIfE DL, K4 FI LR SEELIAR A B = A H R A 3 A7 S
(pw. ptr—>%pmf) () ;

Ho B HNEEESIE. Hit, HH SP’s 11234k operator—>% F1 PMFC' s [A1%
@tk operator (), AT HHRATT DL 2 FEADGBAMAN ) 2, TERHBIAM AW 2,
MR, SEBR AR G 15 A T AR RE )« ARIIARHEREZEXT Y pair Fl make pair ¥
SR E » AR PTG B as (R ILP iy FsERE 2D W, $7 PP et Ah ik 1
1%, BH—NIFSSIRGPATIIZ AN operator—>% SEAEW, H—MA%.
® Jii Xt const Member Functions H373%

HFAETE SP<T> 1) operator—>% B HIEREEL: ReturnType (T::*pmf) (. ik
IR RAR, EAE ReturnType (T::#pmf) () const. XEM, BWHTM—A 151
const member function] M¥8HFRA] LLHEAL#E4S operator—>%, IXMELEME operator—>% A
X% const member functions. UHHLEEE AR RS A BAT RGBT EAA R G
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S TCHALIN . SIS, FRAVRA SRR Sl HEh SP il B —A operator—>*
template, #EMBUFHATIEHA (R const member functions | HFEFR; WHEXHIE .
AR L, PMFC W BEANT AL, KA E4 MenFuncPtrType 23 R 45 2I4EAT
— member function pointer HUHIE I, ANLHA member function ;£G4 consts

o FEAZIFE/N
template <typename T>
class SP {
public:

// WY
template <typename ReturnType>
const PMFC<T, ReturnType, ReturnType (T::%) () const> // M.l const
operator—>% (ReturnType (T::*pmf) () const) const // Wi_E const
{ return std::make pair(ptr, pmf); }
// Gy

b
® i [HHEEEM Member Functions ]

HTEZBHNERAT, T T RRIEE [—/ ek, 51 member function, 1%
member function A —"NEE] o BA IR T EORIHO TR L, DA AR ME— T LA 2 1E
o operator—>% TS MEHINY], RIZFEIL PMFC ALRFX A, FsL b, fRfE—75 2%
2 A operator—>% HAII—ANEI template &4k, HLAURINAZEHFR T member
function g (T HZHIEEAN . RS OLARE—FF 7 22 5 IR FF— BRI ZR 78 .
HeAh, AN SPLT> Wiz FEN 3% (#2250 1) member functions I [4:%—
24| 1) member functions, FTRMENAZ A EESINI—AHiF] operator—>% template. fEFE
AR P, THERIIA nonconst member functions 3742, FH5Z EXF const member
functions MISZH M NAZIA N 58

o HAFIFEIL
template <typename ObjectType, typename ReturnType, typename MemFuncPtrType>
class PMFC {
public:

typedef pair<ObjectType%*, MemFuncPtrType> Calllnfo;

PMFC (const CallInfo& info)

: callInfo(info) {}

/] ¥ 0 NEH

ReturnType operator() () const

{ return (callInfo. first—>%callInfo. second) (): }

/] A% 1 AEH

template<{typename ParamlType>

ReturnType operator () (ParamlType pl) const

{ return (calllnfo. first—>%calllInfo. second) (pl); }

private:

Calllnfo calllnfo;
I

template <typename T>

class SP {

public:
SP(T #p): ptr(p) {}
// AR 0 NEE

template <{typename ReturnType>
const PMFC<T, ReturnType, ReturnType (T::%) (>
operator—>% (ReturnType (T::*pmf) ()) const
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{ return std::make pair (ptr, pmf); }
/) X1 ABH
template <typename ReturnType, typename ParamlType>
const PMFCLT, ReturnType, ReturnType (T::%) (ParamlType)>
operator—>% (ReturnType (T::*pmf) (ParamlType)) const
{ return std::make pair (ptr, pmf); }

private:

T* ptr;
I

— HARBEW A PR BER — AN B4, fRA D) BRSNS 250 AR FAA~ 3,
HNTHETEE nNM25] ) member functions, iG4E SP P ESE P member template
operator—>%, —PHFELIE nonconst member functions, —PMHFELEE const i, &
—A~ operator—>* template #MNIZIRAGF ntl MUIEH, Hph n AMECHRAEHATH,
FRIBA K48 s AL B0 . $ R 2k, 76 PMFC i EXERE) operator ) template,
ORISR T
® KFTEX operator->* KSR TAEALAERK

VFZ2 N BAAXT R RefRbn Z MR AR, an FARAT T 20t 0 R — PPN, R
IR TAE, AT — A % N RARARE B R e daAn AR N, AR R F— MRS C++
B, & KevinS. Van Horn [ http:// www. xmission. com/ ~ksvsoft/code/smart
ptrs. html. SEiE )&, % operator—>* [T 8% T1E, LA aEE N —4 base class %Y
X, WFEASIE A

o FEAFR A

template <typename T> // IX@&— base class, HIRBILFHEtabr
class SmartPtrBase { // %t operator—>% I IE.
public:

SmartPtrBase (T *initVal): ptr(initVal) {}

/] 0 ANBE.

template <typename ReturnType>

const PMFCKT, ReturnType, ReturnType (T::%) ()>
operator—>% (ReturnType (T::*pmf) ()) const
{ return std::make pair (ptr, pmf); }
/) ¥ 1 AEH
template <  typename ReturnType, typename ParamlType>
const PMFC<T, ReturnType, ReturnType (T::*) (ParamlType)>
operator—>% (ReturnType (T::*pmf) (ParamlType)) const
{ return make pair (ptr, pmf); }

protected:

T* ptr;
I

NARA LR operator—>+ IR AE IR ReFabs, H 487K SmartPtrBase Bin] . (H/Z,
HA Y [ Redabs & — A —Mdabs, HUUEEIER e mshfE] i, EiRwir A . [H
T RdEAR ] R WA — A Re e bR vk T 2, RIS HARAN R v, X RANR R
e E AN BEAC Fr iR i) 7728, K operator—>% MLEEEZER K, Hrb i dr ity :(ak
ViR private 4k&MLH], PEAWMSRATH public 4h7&HNLE], {HH 2K SmartPtrBase
ML=~ virtual destructor, DM (BURILPTAT derived classes FIK/N)
Private gk AMLHIPT LB o) X FEARY, B8R, B FHE—A using declaration (JLFE
AR+ —) UMFLLE [ UL private a4k H] operator—>% templates] &k publics
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QIR EA IR 4F, LUK SmartPtrBase A1 PMFC template #JiE—-Nw 44 2% 0]
(namespace) Hi,

o FEAyFEt—
template <typename T>
class SP: private SmartPtrBase<T> {
public:

SP(T *p ): SmartPtrBase<T>(p) {}

using SmartPtrBase<T)::operator—>%; // ik [private 4k kM

// operator—>% templates]) %} publics

[/ FReFRAR ) — M e URAEIX L. operator—>% HLHE W& #E 4k AN LHIZRAS o
I
o IR

TEFRGEER X R REFRAR MARLTY) operator—>s SCHE TAEAR, FACIMIMHE AR Usenet
VS B4 comp. lang. c++. moderated, HEHH TR T B, Bt Esa Pulkkinen i
T NE®R:

PRICTTVE5 22 DA A )

1. RIGEEAER pointers to data members (HARIXIRZE TR o

2. IR (& HE (user-defined) | [ pointers—to—members. WA AL
T operator—>%, 2B [17NFAL member pointers] fIHLE objects, fRAIHESAHR
FLEURI) smart pointer class X EWIMLIK “smart pointers to members” o ANZEM) &,
PRTGE traits classes A REIRAFIXFIZHALIZI operator—>* AL,

Smart pointers to members! WEKK, Esa J&WfH). (FHZ ELWIREVIFT T ERIEE E
o SRAEEEE AR SRR Z AR AR FELI TRI Y, B — AN R FBJEIL TN )i, i ) i ] LA
ffiH smart pointers to members HARMifEH ., RIBREF. ) FiEHE, AXCEW
K7, TP BTk, HEEE Bsa BTFSH TERSTEE . T iX M.

o fHE

WRARE H b oe ZALUR A e FRAR (smart pointers) AT AR HEA AW (A
fabr, IRNIZSZHE operator—>%, FUAZINEFRRNIE N —FE. IEH class templates il
member templates, FAIITHFLLELAEAA M S AL SO iR e ) o X LSRR e o — A
base class, WJCAMEINH A MM, 7@ HALR geFabriise it 4 .

o Zif

Andrei Alexandrescu [& T 5N operator—>% )24, IR G T Foxt
PMFC [F)5EAE o« Andrei JEFSF A S ISR RG AL T & URZI S S DL, FEBE R UGS . Esa
Pulkkinen Al Mark Rodgers it 7 AHFIKIDTRR. ARATDO A SCER AL Y, RZER 2.
o f{Ek

Scott J&—f7 C++ i), /& Effective C++ CD-ROM, Effective C++, £l More
Effective C++ HIVEE . RuILLE http://www. aristeia. com/ FIMLEEZE .

o X¥

MRk, AR A, L C++/Java/00P/GP/DP.
® sidebar : Partial Template Specialization 5 operator->*

PR S A SO, Esa Pulkkinen F1 Mark Rodgers %5 1f3%, Bl LA (partial
template specialization) RJHKM—/ [ pointer to member function] Yy ZEHLH
1% member function JTJ&¥) class B4, PLACRR UG R0 o E— 5 K 21T traits 4%
Ky WRE—Fi) ZIis IR CH+ PR ERHE A . KA traits HK, 1£% Nathan
Myers [y #: “Traits: A New and Useful Template Technique,” C++ Report, June 1995,
HoC B http://www. cantrip . org/traits. htmls

Mark Rodgers @WFEAFIE A —FralHILe templates, EANTHREZENSHE—
ANZEP) member functions. EEAT RAERZH L EE, MIRZIC B HARE 45>
HiET M. A 7T7XY templates, PMFC gl A4 A [T —/ R0 2%, JRE]
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MemFuncPtrType| . IZHEA, AIHADTIHZEE ObjectType Fl ReturnTypecan nJHRHE
MemFuncPtrType #ESH k.

® ObjectType & MemFuncTraits<Mem FuncPtrType>::0bjectType.

® ReturnType #& MemFuncTraits<Mem FuncPtrType>::ReturnType.

o FMAYFE|T
template <{typename T> // traits class
struct MemFuncTraits {};

template <typename R, typename 0> // partial specialization

struct MemFuncTraits<R (0::%) > { // for zero—parameter
typedef R ReturnType; // non—const member
typedef O ObjectType; // functions

I

template <typename R, typename 0> // partial specialization

struct MemFuncTraits<R (0::%) () const> { // for zero—parameter
typedef R ReturnType; // const member
typedef 0 ObjectType; // functions

I

template <{typename R, typename O, typename P1> // partial specialization

struct MemFuncTraits<R (0::%) (P1)> { // for one—parameter
typedef R ReturnType; // non—const member
typedef 0 ObjectType; // functions

b

template <typename R, typename 0O, typename P1> // partial specialization

struct MemFuncTraits<R (0::%) (P1) const> { // for one—parameter
typedef R ReturnType; // const member
typedef O ObjectType; // functions

I

IE XL templates, FAVEAIIRIGFEXSIR 1 =i PMFC. AT H AL IX B & F
i traits BIEORGNNT, WASTEMBENAEE typename WIUHIIAE template WIIAL44
AT FiRixts templates FJ LA KEE(K smart pointer classes [ 8K 3% operator—> |
I TAE®E. 355 F, Mark Rodgers #EJE 7 3Al], HEE— operator—>* template HLAJ
DI EEFAA 0] BElf) member function pointers, AL FrigH 1 member functions %
52 /DANEE, WAL member functions Z75 K const. &M, HIEE SP (BE
SmartPtrBase) T operator—>% templates AESHUAC AFERAIZR DU EI A, Y
WZE% MemFuncPtrType ¥4 RE5MET—FF pointer to member function T & F, A
1% member function [EEANE. PUER . WEME (constness) o #EA pointer to
member function AN Wifkifisy PMFC, 7EABH., fWAFALHLH] (partial specialization)
SSEIAT, FFATITAE T B A BT K
o FEAyFEt=
template <typename MemFuncPtrType>
class PMFC {
public:

typedef typename MemFuncTraits<MemFuncPtrType>::0bjectType ObjectType;

typedef typename MemFuncTraits<MemFuncPtrType>::ReturnType ReturnType;

// —WLE

I
o FEAFEAIY
template <typename MemFuncPtrType>
const PMFC<{MemFuncPtrType>
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operator—>% (MemFuncPtrType pmf) const
{ return std::make pair (ptr, pmf); }
WRikiE 1. sedEfeXad s, FEMAS NS0 1S
// veblx] cb4[x] gecc2.91.57 on win32[o]
#include <iostream>
#include <utility> // for pair and make pair ()
using namespace std;
// partial specialization HiARRF GCC Fil BCB 4%, VC6 ZRIK.
template <typename T>
struct MemFuncTraits { };
template <typename R, typename 0>
struct MemFuncTraits<R (0::%) ()> {
typedef R ReturnType;
typedef O ObjectType;
I
template <typename R, typename 0>
struct MemFuncTraits<R (0::%) () const> {
typedef R ReturnType;
typedef O ObjectType;
b
template <{typename R, typename 0O, typename P1>
struct MemFuncTraits<R (0::%) (P1)> {
typedef R ReturnType;
typedef O ObjectType;
I
template <{typename R, typename 0O, typename P1>
struct MemFuncTraits<R (0::%) (P1) const> {
typedef R ReturnType;
typedef O ObjectType;
I
template <typename MemFuncPtrType>
class PMFC {
public:
typedef typename MemFuncTraits<MemFuncPtrType>::0bjectType ObjectType;
typedef typename MemFuncTraits<MemFuncPtrType>::ReturnType ReturnType;
typedef std::pair<ObjectType*, MemFuncPtrType> CallInfo;
PMFC (const Calllnfo& info) : callinfo(info) { }
// support for 0 parameter
ReturnType operator() () const
{ return (_callinfo. first—>* callinfo. second) (); }
// support for 1 parameter
template <typename ParamlType>
ReturnType operator () (ParamlType pl) const
{ return (_callinfo. first—>* callinfo. second) (pl); }
private:
CallInfo callinfo;
I
template <typename T>
class SmartPtrBase {
public:
SmartPtrBase (T *p) : ptr(p) {}
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template <typename MemFuncPtrType>
const PMFC<MemFuncPtrType> operator—>* (MemFuncPtrType pmf) const
{ return std::make pair(ptr, pmf); }

private:

T* ptr; // dumb pointer
I
template <typename T>
class SP : public SmartPtrBase<T> { // (1) JRCKM private 4k&, GCC R, T
public:

SP(T *p) : SmartPtrBase<T>(p) { }

using SmartPtrBase<T>::operator—>%; // (2) 7& G++ Ha[gsi{HICAEH]

// normal smart pointer functions would go here
b
/%
® i

R (1) FKHF private 4kzk, {H2 GCC A% $E [LL using declaration ZEHY

private inheritance FIFRE] ] (AIEIN AW (2) BE%wEE, B! D, & mainQ 2N
A pw—>k RUHIRW PR % . HUFEISCh public. BESRSKMA public inheritance, (2)
KBTI REE T HiE, {(C++Primer F /Y p. 981 #f [LL using declaration 5
filf private inheritance WJPRI] , FKLL 981. cpp 2, G+ HINRIMEEF. AHER? i
£7%. well-known bug in G++: “Using declarations in classes do not work!”
Frequently Reported Bugs in GCC 2.95 (http://gcc. gnu. org/bugs. html)
*/
class Wombat f{
public:

int dig() { cout << “Digging...” << endl; return 1; }

int sleep() { cout << ”“Sleeping...” << endl; return 5; }

int eat() const { cout << “Eatting...” << endl; return 7; }

int move(int op) { cout << "Moving...” << endl; return 9; }
b
typedef int (Wombat: :*PWMF) () ;
typedef int (Wombat: :*PWMFC) () const;
typedef int (Wombat: :*PWMF1) (int) ;
void main()
{

SP<Wombat> pw = new Wombat;

PWMF pmf = &Wombat::dig;

(pw—>*pmf) () : // Digging. .

pmf = &Wombat: :sleep;

(pw—>%pmf) O ; // Sleeping. .
PWMFC pmfc = &Wombat::eat;

(pw—>*pmfc) () ; // Eatting. ..
PWMF1 pmfl = &Wombat: :move;

(pw—>*pmf1) (2) ; // Eatting..

}

WREGEE 2: AEBAESOH RS wombat & FIBYHRs ™ (11— R 48801, Al kA mBH.
HMEFRE IR . wombat SERATESIY, HXHt, JFANAL. P wombat [f]
R

VR W VFRR Sy — PR NES 7 dingo, JEEF AR XIS 01, AHGLTE, EA
NEAOX TN YIHE -
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