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2. ®iE

XfC++ B AT, HFRIPA St afd. BRI AZR] 10 45, CH HIER AL
HUT P BB I R G 08 5 %1 1 o I AR 8 v T AR EL Bk e ) R 2 )
AN AW CH+ ML TS R CH+ N, B o ) ) — AN @ g AR
FEAT ARHMEIFUEH] C++o CH+ FRifE A 5E i, Ty AR ERE MR 52K, A
a C BV, A2 A4, X A— AN KRR QA AT RT REAEAS LG4RS A8 1 1 15
LR, BURTEA D I SKBEE 5 I SRR PR A G 0T 5 58 ORI B 1% F 52 2 RE K
CH+ e ARSI IE I, e AT I B S 0 35 M AN BT 78, e TP P 2 A st ot A W
. CH+ IR TRMIIF RS RCR B EE, B RCREEA, Rl (robust) HIFEREE
Rk AR LT B A2 %A N H s i S i 7 K.

— HAEFHEARAM, MmN e AR k@2, BN E 7k
BE. 1990 A AATTANANIE C++ 2P ARG, 2T 1992 47, AT ALE wTIE . Wb
Co+ P25 1n) 10 1) SO e . FR o] e e v O N A R T SR IR R AR 2 B o] fig i e 8 e =
T (P2 T AN ST 438 LA Ik R0 g Pk 2 FR AT B A% S T 5 R e BB SCAR MRS T L RE 2

TRAS A A PR L A i we jm) 8, DR At R 22 AR n)

ARADEVRAR A B L SE R B R SEAE C+ BRAKR: e AT S A TG T A
SRS ] AR, RN RE SRR L U IS N AR TR
GET | JTPRMSE R Is B L R SHIEMIEH; ARG 8 52 an e ik
WARTELT

AKANEEI R 35 AFcake BEANGREE R 8 RG22t C++ R+ o 22
TR R o B 25 LAVEE DU P 200 o 52 0, o A P 0 B 0 R X 4 v I A A A A7 A, I SRA
G R 2B R, PLEAT QSO AT DLA B SOZMEN) . BT 4 - Aok, Ot
LG 2 TR OO A8 [V 5 R0, R VR T RE A 50 10— 283k it flindkak 9715 &
T exceptions (Ebf% Tom Cargill, Jack Reeves, Herb Sutter fkIRHIIRSLI =
—FED o LA A K AR AT 45 A AN R R PE LUE BCE S HAs . Bl 4kak 25731 i
A BRI A AN B B A A, AR AR s — AN DA IR 25 531 7 At SR ACL R 40k bR X 1 2R P
W[4 smart pointers 5545, HAMSIKAREIR T Z B H . 450K 16724 LHEJARCE LW
VOB, ANTRWE—4%3K, ROt pER 5 H A BUH O¢ Hs ERIEL . 75 More Effective C++
— PR 2 3] B n] B SO RS B A Crr o KRRy C+ R R ORHE S MR U K
i, HEE 2R smnc.

XA AL BE 7 KRR, RN A T 2 A AR O FRBCR AR T AR
(classes). TR¥"/Z2% (protection levels). MERIR. JEEBHIEN, TR CimmE
templates fll exceptions WRMM S . TIFAIBME—AET T, Prilid As5 WL
C++ FRPERS, FRasE— DR .

2.1 AHFTRE C++

WAEARBTPTR P C++, 5 ISO/ANST FRifEZe i 4s it 1997 4F 11 H 58 i) C++[E
brifi R 8 2% (Final Draft International Standard). X7 T FRPHAE A fSEE8E S
MERTBE I AAEVR w3 2% (s) SZABRE 12 8. FHELy, TR ORI 5 —BTif (37 ) R,
W% A templates, 1Ml templates 414 JLT T2 & Kgm e M & HLAE. Fothiz ]
exceptions, JFREAEF ALK 9715, WRIRIMG1ERS (s) AKBESZHE exceptions, #AT4
KAT s K IEA W AR H A 37 AR aF Ak o {HE, Wrakil, AERATE 2
exceptions, JNN S 9715, PRIAASLELEK LA 50 T LA g i 437
B N URERIN 1% T

AN, AEFRUMER BB b SR M R A R R 92 4k, IR AR R % E
R OO BUAE B AT RS R as L, BOZSEAETR Ol N R BE R B0 F R 3AEE . — Hix [
R RS #e | A [ BIERE A ROSEZ 9845 ) R g, BATHE A ImCAHE, 5
SRIG LS LU s AL 45 . AP B FRAB TS, FTLLSIRIO R 2% (s) FI C++ BRUEA—EL
i, A AT LA, 5 UROR AL T E T EE AT (1280 RAB A G 36 2% () AR R I8 5



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
ER MRV RIS (s) W, BRATHEE . A IESXT Cr+ ARUEMIMWE RS A
FHIE, P AFREIRLE 22 D PR g B2 (s) ~P & ERJEREAIS . 3K A AH0nT DA B iR ik S AN 22
AN G 18 L R T S AR BT, B R FH A G P A R AR HEREAS (R A R P 7 o X
] DL Bkt G A FH a2 S E IR g PR RO, A SR R A A S B R SRR
WIRR A S EA R R (SRR Z, FEAMERIESE, BURME I, 1 C++ #17
FEAEX X SR Sk Z AT A5, TR RN LSS o T E T MRS N4y, HY
PRI E bR B = AT SE R, Reime &0 08 OF HRete 5 N616) 154
AT IR AT REANTERGR I C++ PEBT, EATERE ML A IO C++ Az rp. Khdk
R SR EAT], AR SRR AR AN AR, IR AT 42 5 DAUR I & A LA ke B e AT T
AT bool, HAEM AT true BX false. WIHRIIGNIEEAS A SR
bool, AW NTIEFUMRIE .. BN EEMH— global enum: enum bool { false,
true };
X VRS HCN bool B int IASIE AL Z48ifk (overloading). St fiZ, WEEM [k
a8 T (comparison operators)] == <, >= ZEZE{NIHAL[A] ints.
B CACA T 2 A AT AN an FRATT P 7oA -
void f(int);
void f(bool) :;
int x, y;

fCx <y ); // W f(int), HIESZENIZIFY £ (bool)
— HARSH FLIE SR bool MgmiEay, IXFh enum IEAE AT fig & i B CAT N 1)
RIG

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

KM TFEA B IAL LGN C/C+ T 2o Al XL R, FER A 2] S bool
RN Eas 5 218, TS Sf e a2 it (overloading) M
X3 bool Al int. LALPFTMNERAERE, 1HERRE AR —F.

BoAEME R, HSE RN EIEH . static_cast, const_cast, dynamic cast,
Fl reinterpret_casto. WIRARANARIXLLE RIS, WERIBISK 2 AFgn g di g 25,
EAIAR W EATBARE ¢ IHAFRMAE 2, Wler. P AR g 4 3 7 LT H Y
I, FRAAE B U A

Ct+ HAWEBESASGHEEN ARG, 21, Ct+ G —MERMARHERE (LK
E49). FRJLATHEAE HFRAEFE X ZERT IR AL N string B BISREUAY charx $5F5, 1 H IR 5L
XM, string objects HALL chark—based FHAEERAE, EATI U4 2 T DA BRAR KT
B EACIZ AR PR TAE . 1 B R &2 exception 3G (M43 9 A1 10), stringobjects Lt
WA memory leaks (iR{ZARIIER) ) i,

SEAE R string BURIFE S AT FIN R () chars HCFERCE, 1T BT RS im (4ak 29 2>
YRR M) o WERARAFT AT T FRUER string BUW, FR249R 28 L string B3
fih classes, ZML? 28, H'e, FAEATRPEH HEAEH chars K134,

Bl ST BT RO VR 4 M. 4K ) Standard Template
Library (”STL” — W23k 35). STL f9% bitsets, vectors, lists, queues, stacks, maps,
sets, DL Z RV, PRNAIZIS AT X SRR AL 1 PR 254, ANESA A2 RS — /N
CIRAS . PRIV PR B F A B STL 254, (AR XA & . & Silicon
Graphics Ar|FJ#Ly, FRATEAM SGI STL MG FE— 2%/ i, ‘& nl AR 2 P a5
fic

QSRR H R IEAE A AN S S R STV RO g i R R, i B A AR e, 8
A WL T ThadE ] ANt STL. ARmw R RE TR STL) F1 [ A474R'S



RIS T RERIT ] 2 (oI LR, RN AL CU A STL. e Rt M P 2 STL
(LSRR S R HABALIE ) 2 oV 2 B 2 4 (A T AT P .

2.2 MBI ERIE

AFART B 1 BB R B inheritance (4kzk), T EE public inheritance (ML.453K
E35), WIRIKAJER public inheritance, FRESWIEHLIREM]. 2l 4k A& & RN, FRXt
base—derived FERMIIR T, ZM derived classes 1F base classes HiFidk.

Blhn, TRIAESEK 31 ik gk ARIA R A

GameOb ject

Asteroid @
7

R AAIKAE Effective CH+ B—h (R, AZHE RO FrRAK A
[ o BWAE TR A X Ph de ) W 3 52 I 4k A& i Sk 7% : M derived classes | fE base
classes, M HIRENFHLGREITA % . HIREET, #5250 (abstract classes,
il 1Y) GameObject ) B Fhn F B H %200 (concrete classes, 40 b Kl ()
SpaceShip) KINHH.

Inheritance (ZkENLED 2x5|% [pointers (@ references) P ANANIE LA | 1F)
P, AN G4 B EEA] (static type) MBEhAEAR] (dynamic type). Pointer B,
reference M) [#FSM ] RFeILE 5N AR, [ShAR ] Wi EATsEbs B de a1k
PE . T IE R L E TS i — M1
GameOb ject *pgo = // pgo MIERARL]IE GameOb ject*,
new SpaceShip; // sh&HH)Z SpaceShip*

Asteroid *pa = new Asteroid; // pa WIFFARIHE Asteroidk,
// BT IE Asteroids,

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

[/ BRIRHBESTHUN 52 Asteroid,

GameObject& rgo = *pa; // rgo MIERAMLHIZ GameOb ject,

// BARTRIE Asteroid.

XA oRTE T 3B — R a4 7720, pgo /&2 pointer—to-GameObject; pa
£/ pointer—to—Asteroid; rgo & — reference—to—-GameObject. I & LAy =k
A pointer Fl reference fix%.

WAREXXANZEAFR: Ths Ml rhs, B2 " left-hand side” Fl”right-hand side”
A5 . N T TIRXLE AR IR ARG, W% 8 — AN kKR53 (rational numbers)
1 class:

class Rational { ... };

WA AN H LB IS Rational objects IERZ, FRATRESTIXFEE 4.
bool operator==(const Rational& lhs, const Rational& rhs);
AL FAT DL H IR (R

Rational rl, r2;

SpaceShip

if (rl == r2) ...

LENPNY operator== FIIEHFEH, r1 ALA7==" Zefll, BEREN Ihs, r2 FLJA"=="4,
B R EETR rhse

Al i Hofh 45 5 2 FREEHE: ctor /8K constructor”, dtor X destructor”,
RTTI fXF C++ X} runtime type identification 4% (FZEMtME)F®, dynamic cast &
B A — A



A PREC EACAZ AT BAT R, U A T memory leak (IAAZARIE 2K ) 7] @ Memory leaks
7 C Ml C++ hARAT, HARAE C++ o7, memory leaks Jrid R HIEA I, B C+ 2
YR =, AsIPFEN constructors, M constructors A& nf BEJRACH & B
(resources). 8l B LT FEUA:
class Widget { ... }; // HAclass — ‘ERftAIFAELE,

Widget *pw = new Widget; // BNZABCHE — Widget Wt
/) 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
AR —FEHRI R T o A T SRUHAE C++ 1 memory leaks fHAF vt R HAMTEYR, AFh
H UL resource leaks —iAHUAX memory leaks.

PASHEARTTEFERHZ inline K. JFEAZEKAE R inlining, 5L ERAHE
inline PRZE CH+ [—IUEZME L. ARMPOE—DNRAE BN inlined, F&fFTr5 7%,
U, mHEFEAX (4K E33). Pl IRSEE 4 inlining, BRIEILAAAA SCHE Sk
ffH inlining AA. MREARPBZHFER]—/ non-inline PR, HFARKEINATEE
o inline MR ER, MILED, & [ZEHN inline] 5XMEHSH =8I K,
AL 481 C++ MU VB bR LS HERR o SXRF B St B 21T 5 1 B AR R
A, DERE R AN, BRI LA Ge ki i AR A, T AR B o X AR sy
R AR SR R T, U B AR o AR 2l AT FH B R IR PE o, (2 I AR B A
W, gy wA TR R, SR IIRAE A S, B DU S o (1) M iR £
AT U Z4F

Jrid client, RIS RREAMIR . B 2Rtee N CREC 0D, B2t Ley)

(classes BY functions). ZENMIF, WHRARE T — Date class (HKFIMEH. Bl
HARR « HBER PRI RS I H 4555, AT 71X/ class BN, fE2RH client (T —BLAf
T Date class WY, tHJEMRH) clients. Clients EEEH,

H b clients R T A WIHEA ARG AL, IRXATHEHEW? R
RINFEARE R il clients BN, WHIXSSFRMRIATHHERAE, KOGEFR#HA L
BN Lo WRARYLETAE W, AIBAE T MESLAHE A S classes 58
functions "2 IAE, FREERE K client, FrLAik clients BEERFR, HSgiEil A
TR, FAFID.

MIRIHE class template BY function templates A HEATH=EH K classes
o, functions B, 1AL H MHHIAH], A——"5H templates f1HL instantiations (H
AR I ZES. 284001, W Array 24> class template, fIPMANZH T, ]
B2 Ll Array fCFR I template IR € HIAA (instantiation), HARESZ Array<T> 4
SEIERH class AR, [AFEEHE, W swap 24 function template, - PMHFISH T,
BFTHES LA swap 1MTAFE swap<T> RN HHIUMA a0 HXFE 1 R) R R VEAE A T 00 S A8 iE
R, RAFSAERR template HIARTIN L template S

2.3 RouRd, HAERM AREHR

FISIJU XA EARNGUE . vk, i H A, R R EE e A GE S Al
WERAR BT T AR — HARPERY . W5 L. BT BUTTH A AR v — 1&g
SIREEART R P EIEZ o WA A RN, FRSIR G AR K4 5 % 3
ABHU L (acknowledgments) Wo AIRIRATEEA, FRALARH WL,
PR AR AR CH+ FEAR BT S EN o W AR AT X 7 T ARV I I S 5 IR =,
T Tome WAL R RIHECE . DURIREY 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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B R ] BLIZE FE - R4 2 mec++@aw]. com,

B H AP —BILECR BT e, KPR, SCAgn. DUERH AT
B o AT LLAAS ARl B A i s, DA FoAth 5 AR AR OG0 781 /Rt T LU IS anonymous
FTP, M ftp.awl.com [¥] cp/mect++ HHHUS & . WRRABINAX MR, HIEE EM,
WA R R LRk, RS HE A — AR

XS K, AEIRATTITA A,

3. EAUGHR

FERSUE . 21, pointers (38%F). references (1), casts CEBIHM), arrays
(41D, constructors (FJif) — PR XS FLAR P BUE T o JLF-ffif 501 C++ FEfy
e BN LA SRR, 2T S 2] LR E R

SR AT RE LA 103 R TE 5 IR IX — 58407, AT IR S AT S S A URNZ 1. 45 ) 2 0] TR L
M C#:3] C++ HIFEF G, AN references, dynamic casts, default constructors MZL
‘B non-C MRS Ja W&, AEfEar A — e DA (o

18— A pointers Ml references MZEr, WS UFREATIIE M-I L. ARZS
AUHTH C++ AV (casts) TV, WARREN 208 R AR 3y LU IH 3 C A 463
Poli. AFAWEE C WA M S LA C++ 123 (polymorphism) MR, W B f24 58
EHERGIEHEAEZ 5. &b, AFEITE default constructors (BRIAMIERRED 1Y
WE TR, WS @ ek, EREEE S R (A EIRA T default
constructors MIHFM K, C++ HEHR—A.

SUBLR O TA 45 3K W A UG s AW ) 3 — (AR L 1 H b b« AR B A2 7= R 3 A v A
5 2 T R A R BRI e v E =

3.1 Item M1: 84551 HMX 5

REFH TG EEE AR e HERAERE <7 F1 “=>7, gl HMERERIERF <. 7, M
REEAMCT-A AR ThRE . 85551 A2 LRI T | FH LA 5 o AR WA P g 2E A 4 i
HHHREE, TEA A g 5 g ?

G, BAONHBIFEARAT RO N AR AR m) B 5 o — A5 AUR L 4R 1) He Ll
X5 B SRR ] — AR I ik e AR 1 — X5, (R AR B AR ot A] BEANTR 1)
TR S, XN URN A A T B RS, DO IXREAR ] IR S (512 & M, iR
HEESR R X ER, GRS SRVFR RN, X R AT DA AR & A o 5

“EE, TSN, IRMBEMLR, CIXFERAIS S AT ARER R R ? 7

char *pc = 0; /) WCESRE A

char& rc = #pc; // bR TR A

KAEAEHEATER, Z5EN . SR RAER (nikdste B2, PEULfTH
AT RERAD . WAZPTFE XA, BRAEMATT R R SO EAS 3. AR LAY
A 2 IR AR R AT L, T ARl s A e A 5 TR, AR 25 1k AR 5 AR 7 1
Fflie FRATTVL S K 2 —AN 5 | FH AR 1] 25 AR K P B o

B ST HE SRR —MNE, 75 C++H, 5IHMNBEILGL.



string& rs; // B, 51 H BRI iaAk

string s ("xyzzy”) ;

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

/) EEASE R
ANAFAESR ) S H 5 IS F 2 R 5 T BOARAD 2803 oA IRt ) 2 i o PR A
A8 51 22 B AN 220 ) 2k
void printDouble (const double& rd)
{
cout << rd; // AFENA rd, &
} // HsEFRI—> double A
FABL, FREH N AZ S BEIR,  By i3
void printDouble (const double *pd)
{
if (pd) { // Kt {5 A NULL
cout << *pd;
}
}
TR 5 5 ) — AN TR AN R 58 BT AT AT LR 7] 55— AN R B0 4 H 2
SNSRI eI A B FR e I %, DU AR .
string s1(”"Nancy”) ;

string s2(“Clancy”);

string& rs = sl; // rs 51 sl
string *ps = &sl; // ps &I sl
rs = s2; // rs PIHGIH s1,

// AR s RIMEELAE &
// “Clancy”
ps = &s2; // ps BAEFRI s2;
// sl BAHBE
SRR, 75 LU N ARNAZAT AR B, — AR & BIAAAEATR AT A0 S 107 fig (1
XMEHL Y, UREEBCEIREH N D), T RARHFH R AL AT I ZIR AR R & (FEX
FGOL T, IRAESCRRREIFR IR . WAL &R 0] — X SO0 H—BAem — Mg A
oA R, A AR iZ A 5



HEAT—RRHSL B R TR, KBTI I3 BRI ) TR
[ AR R A AR %SRBI

vector<int> v(10); /) BESITE R (vector), K/ 10;
// W ANERRHE C PP — MBI (I 453K M35)
v[5] = 10; // IEABEIRAE IR H ARR Gf & B A (13 Bl )i
WMARAERT [JIR[E]—ANEEE, A5 — B AR S
*v[5] = 10;

HERXHSMER v & LA E—AnEiat. I RSERIEEERRE—NFH.
(XA — M4, 2 WA M30)

PRENTE R Z0HR 8] — N0 G HANAR SR AR 1] I, 0 78 B8R AR IE 0 B A
TLTE SRS, IRANAZAT I FRE . ERR L SR AR RS BT, RS 4R £

3.2 Ttem M2: REGA C++ XS IR Rk

- 2a AR AR AT BB IR SR T A 4 g (cast), HARREPBevh h A 5% goto W) —4F
LN AHREIEARTIES NS, AR R ) Sk, Rl i L 75 1
XN B — AL i o

ARL C RS R B O AR I A R e e T RE

—RENS TR S, B ARVFIREAT A AL (A BEAT e 6 o ANId T SR EA T SRS Al O 28 20
Feffe, XM EIXRRE P AR B ORISR, Bt —AN 817 const X4
M #5 £ ( pointer—to—const—object ) ¥ ¥ fl ¥5 ] A const Xt % W) 5 £
(pointer—to—non-const-object) (RI—AMXAX ZEk const MIZRALEHL) , AR HEK
IR B e et 1) 2R MR B (RS8R BN R B . ALLEI C RS 2RI B AT Bk
PAFPEEHEATIX 7 0 (X — RN N, B C KU ISR A B o C i 5 ik i, T
ANEH CHHEF BT D

Tk C XS SR B A AR R P ) TP AU o FEVE VR b, RIS ol [ 5 AR AT
MR, XA DUHAE C+ + TR AR Ty o IR ATAR [R]85 GO — M SR A IR AT OGS A A
) RS AR R A e AESXAM AR rh o ] 7R 2 70 30 RO N T ) 324K T e 22
TR )RR, A% grep BT HAEFRAGEATE AR A X 0t EATTR.

CHHt Rl 5 [ BEPUANFr R SR A M BR A R Se I T C XU S AL e ik i, IX DY RAEAT 2,
static_cast, const cast, dynamic cast, #lreinterpret cast. fERZEIEMN T, X+
XS PRAE R 75 2R SRR AR ) T XA,

(type) expression

TMTIRAEAR RN AZ IR«

static_cast<type> (expression)



B, ARBARAEE —A int HHepl double, DUMEEALE int MR FIE AL
FERBEI SR . WA C WU (SRR e i, IRAEIXFES :

int firstNumber, secondNumber:;

double result = ((double) firstNumber)/secondNumber;
IR BB R, RN AZIXHE S
double result = static cast<double> (firstNumber) /secondNumber;
IXFE (PR R AN TN N LIRS0 B AR 25 2 TR0
static_cast fEDNfE LREA 15 C XM 2R —HEoioR, & Xt —FF. BT DRe
PR B, URABER static cast ZH] C KRS IIRBUFEHe—FEE struct Fpl int 28
RUEE A double AV HLELFREF 2RI, J4b, static cast AAEMKIAA P LER const J&
PE, BRI —ASHr SR B A 8E AT const_cast A IXFEIITIRE
FEWH) 2R e e AR AT 1 T AE 5 2 5 2 IR B T o const_cast HIT-IRAY g
L const B volatileness J@PE. MR const_cast, FR I AATTHIZ & ok i /R 18
b AL A ) L2 A8 — BB AP () constness B volatileness JETE. XN X i
FERITAIW . W RARKEEH] const cast SKIEMAETL constness 54 volatileness &1
AN, IR AR AL . R I o) 1
class Widget { ... };
class SpecialWidget: public Widget { ... };
void update (SpecialWidget *psw);
SpecialWidget sw; // sw s AHE const Xf&.
const SpecialWidget& csw = sw; // csw & swJ—/ 5| H
// B const XMH
update (&esw) ;  // HiiRIAREfL#— const SpecialWidget ALt
/] K SpecialWidget*2SHAR B K] ok %L
update (const cast<{SpecialWidget*> (&csw)) ;
// 1EHf, csw i const #fiE s LS (
// csw Rl sw ANAE E{EFE update
// RRET BERE BT
update ((SpecialWidget*)&csw) ;
// TF b, BT AN
/ /1Y C R BRI B 4t
Widget *pw = new SpecialWidget;

update (pw) ; /) EEGRD pw [FEAYE Widget*, [H/E



// update PREAEBEI/E SpecialWidget+JEM
update (const_cast<{SpecialWidget*> (pw)) ;

// EiR ) const cast N AEME FHAE

// constness or volatileness 7 I, |

/) ANBEFHAE M Gk 2k 1A T A e 4t

FIHAT IR, const cast F il i IR UL B B0 B0 const J& 1.

5 MR R B B AT L dynamic cast, BRI AE IR AR OC R n) R gk
TR, X e ut, PREEH] dynamic cast $48 MFER TR B BT | 4 e 1) FLUR 2E
R U R RIRET S5 I, 1y ELURBE AR 15 ) o R Hof iR ol S i B xS
FREF AT RN ) B S G 5T R A N )«

Widget *pw;

update (dynamic cast<{SpecialWidget*> (pw)) ;
// 1M, A4 update BEL—MREF
// JEFRI A RIS SpecialWidget [ pw [FIFREN
// TR pw SR ] — A,
// T VM B i 2L R AT A FR A
void updateViaRef (SpecialWidget& rsw);
updateViaRef (dynamic cast<{SpecialWidget&> C¢pw)) ;
//1EMf.  AR#% updateViaRef pR%L
// SpecialWidget pw #5%t, W% pw
/) WRSEAR ) T R RS
/A TR S
dynamic_casts 7545 AR S04k 2K 2 AT BRI o & ANRE R F T8k = 12 pR 2 28 7Y
E (RN, WAREHE R constness:

int firstNumber, secondNumber:;

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

const SpecialWidget sw;

update (dynamic cast<{SpecialWidget*> (&sw)) ;
// EER) dynamic cast ANEERE R
// F conste



WRARAE AT DR AR G AR IR AL h EAT B4, AR P REAR ) static_cast. WISREA T LBk
const, PREFFH const cast.,
XY AW AF R [R5 — N reinterpret casto A FIXAMRERF ISR S,
L B e g5 R LT #8247 8 X Cimplementation—defined ) o [H Mk, A
reinterpret_casts [IRIBIRMERS A o
reinterpret casts KI5 0 (1K) gl 2 75 pR BRI A 2 TR-AT e e o 90, (IO AAR
A REERE AL
typedef void (¥FuncPtr) (); // FuncPtr is —ANE AL
/] WERER, ZREE S
// RIHEZEAL N void
FuncPtr funcPtrArray[10]; // funcPtrArray j&—/MAEZR4N
// 10 4 FuncPtrs $8% %4l
TR BRA B (PR b S 2o 5 42 OB i S KD 48— A48 ) R 1 ek BRI 4R 57N
funcPtrArray 34 :
int doSomething() ;
PRANBEA 2 I R By E A A8, P14 doSomething BRHON T+ funcPtrArray #4HK
YA — TSR 7E FuncPtrArray 2020 (1 s 80R [BIMEJE void 84, 1 doSomething
PRAGRINME /2 int KA,

funcPtrArray[0] = &doSomething: // R RAUALRL
reinterpret_cast AJ PAIRRIEE 01625 LRI 7L LB R e ]:
funcPtrArray[0] = // this compiles

reinterpret cast<{FuncPtr> (&doSomething) ;

e R BRI ACAD S AN VTR R (CH+ANCRAE T AT 1) R B R B R ] — e J7 VA 3R
TRy AE S IL R IXFE s AN IEIIN S5 R (S WA MBL), T LUAR N 120 G 4 46
PREGRENZRAY, BRARIRAE TG T8 7K — A TI B fe St 2. — 0N . —H0aRH
AP

T SRARATE P P 4 3 gt R 2 00T (R 2 PR A 4877 QR S R T AT A% e ) SR AR A 48 07 104K
¥ static cast, const cast, PLJ reinterpret casto tHA] LR I 228 e AL BT 1

FRI TR
ttdefine static cast (TYPE, EXPR) ((TYPE) (EXPR))
#tdefine const cast (TYPE, EXPR) ((TYPE) (EXPR))

ttdefine reinterpret cast (TYPE, EXPR) ((TYPE) (EXPR))
PRAT LA IXAEAL F AL A

double result = static cast(double, firstNumber)/secondNumber;



update (const_cast (SpecialWidget*, &sw));

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

XY A SR BT HIRAERT — e 4, H 2 BRI G PEAS PT LSRG ) 1R 28 1Y e 4
B, EATTAT LA A AR AR T2 1 i

B —NEG IR dynamic cast FHEAE, (HERZ REERME T REL, «4a
AR IR AR IR (AN EAT R A e 4 o T SRR V36 A 3K 8 R B80T PR A D6 20 A T KA 1) S 1R e
e, ARt mT AT S C XURS (R 2 B 46 70 b, AHL S R TR AR AN e SRS 2 2R A 40 2 75 2R
AR, AR AT DL LA KL dynamic_cast [IDhfE, BLSBILE MR R 4 —FF

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

WA, AR AESE 4B dynamic_cast [IZhAE, B IMERIE R K
M.

TENE, R, FAE, iR AR AT AR SO T LA S A B AR AR BRI,
RARKIVEANTE L5 SAES AR, C RS HISR L it w] DL SEAE T OF HA5vk. AR, ik
ST PR A B B T B AR i = SRR REAE & kb T AR SO AT v B JF B,
AT F BT R B A B 5 (R R P BE R Gy AT O IRR N B2 T AR, el s ik
A R H SR AN BE A IR D% o IXSEHRTAFT C MM SR AL T VA s B o 3B 2R
SN VLRI AT AN SO BN RRIGUE —H

3.3 Item M3: ANENHUAFHEZE

AR AR ) i T LR P A R PT LA O 2R F R B B | R R YR AR 28 IXRE ) 4Rt 205
HAT N2, s gef]mn B 2 RIEa. Cr+ RVl 22855t fs | ki AE
IRAEREA o ANIEARARA L — AR, PR XFERARRD L A an e i S I AR 32 A7

AR — A BST (LLU SR 5 Ak 3 BST 2KHURAE BalancedBST:

class BST { ... };

class BalancedBST: public BST { ... };

FE—ANESERR PR, XA RAZ RS, HRR XM T B2, N AR
RIS SEXER 152 o 4 T8 T8, AT MR B¢ BST # BalancedBST H AU int 2EAYH .

AP, EREFTENH BST %40 A BST S5 11 P 2%

void printBSTArray (ostreamé s,

const BST arrayl],

int numElements)

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

s << arraylil; / /¥ BST 28



} //HE T BRAERTK
}
MR ILE LR B AN E AT BST MR IEUZA AR BN, B R IE AT
BST BSTArray[107;

printBSTArray (cout, BSTArray, 10); // BATIEH

IRI, THHERE N, AT S BalancedBST MR FEALELLT printBSTArray
PRECINS, S AT AREI R

BalancedBST bBSTArray[10];

printBSTArray (cout, bBSTArray, 10); /] ESIBATIE R A7

PRI G PR 2 2 0 S DX AN B, R PR — P IR B UG -

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

s << arraylil;

}

KW array [ H @& MEHFEERGS : KRR Z* (array) o FAIEIIE array
s MR AR MG LR TREE (R array T T0ER P AEHIE 5 HCER R A b ¥ 18] B 5T
T ZKWE? EATHIAREG 2 ixsizeof (—MERAKINNG) , KIALE array FAL[013][1]
[ T A S Gk b 7 @ ar A U AT A0S, B 2 Re B e B4l o SR
N, IR R R R A S B . B3 array #EE Wk BST 282, BT array 4l s
—NIJCEHAGE BST KA, A0 R 5 R AR ML 1 [ B% 2 i%sizeof (BST) .

T DRI G P2 A2 IX AN R IR o AR U SRR 48— 45 BalancedBST X 4 {541 A A%
%y printBSTArray BREL, IRIVHRPEAPILSA0AE R . EIXFMELLT, gmikas sk U A M s
HrhoeFEE BST MR K/AN—3, HRIAEEE bR — MR KNS BalancedBST —3.
PRAE S P T A LE 2R K . FRATTRIAR BalancedBST X4 K (I L BST Ko i tun i
1, printBSTArray PR HIFREHHILR RN, WA NAE WA BalancedBST 41
KAAT printBSTArray sECK 2 KA AFERG R . AR 4S5 REZ S AR

LSRRI B IR — AN B AT IR AT S IR, Ko R AP FEI I, DL & —FP R
A RER RS IE R P i

/MR —ANEE, BRI MR B

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

{

logStream << “Deleting array at address ”

< static cast<void¥>(array) << '\n’;



delete [] array;

}

BalancedBST *balTreeArray = // FEN.—7) BalancedBST X} % %4,
new BalancedBST[50];

deleteArray (cout, balTreeArray); [/ IR ER et
X ML R AR 1R B AN B RHREN S5 2 — DR BRI, R — DA T R BT e
B S gn EA B A AR
delete [] array;
B E GIXFEE AR
// VA5 R I U A B RO K
// K array el BN 5
for (int i = BH4tEREMML 1; 1 >= 0;—1)
{
array[i].BST:: BST(Q) ; // A array il
} // Bk ea gy
PSR R T 5 BTG A TR AR A AN BE TE RIS AT, T A e T AT AU 5, AN AT R
HISAT o B E G P BE AR RIS — DS AIRAEIEN R AL, S5 0K A
M R PREREPATAERAUNS B @A A AL EIR . LN FILAREREAE—
ERHL, P A S 2 S MAREIAE ik
AR R R RARAR N —AN HAERZE (concrete classes) (filll BST) JRA:H 5 —A
AR (Biltn BalancedBST), MBAVRELA KA eI FIE F 2 A B AR . IE WS
M33 FITEREE), AMBARIEIRA N AR IR 2 474k . Foay AR 3 —F 453K M33 FI N &
(WQ hn¥E: VC+H1, BEMHEMKSE, FHAERABREHYA new/delete REL.)

3.4 Ttem M4: 57 H 8L MGk E

BRI FRCH SR MIE B0 (E CHFk F ot — Rk iReh AR k.
I PR REAT AR NS B2, Tl 2 Ha) 3 bR B0 U P UANR A An] £ S0 SR I ¥ S A it ol e )4
WG o AT IXFEIR VA RAER 1o Bl 2817 Rk 55 E AT IR R AT AR A D e B
AN RE BB 2 5 BRI, AT PR BEAR L I A5 3R P S5 S5 B 48 M A P AR A A o 23 7 48% o

HARPTA IR S8 T BRI, X FARZ X GR UL, A AN S 21T 52 2 4]
AL RANE B . B — AT A ZE A L 5, AR L. ]
FITAT (KBS AL IUbAT — A w] 1D 58, BT DAFERE SO G AR AL — DB, At —
ANEIEN 1D SRS, T iR SR A R AT B



FE—A5ER A AL, JERE AR AT B B AT S0 B 28 AT DAL 5 SR 3 e B, i 22
i R SRR WA RE B 5 A M T e B MR Y R AT B SE AR 5856 4, BT LA
FATL I S 2 N R o R W DN IEAT B MG R, A7 A Le ] A BR
o

HHEE TR, ERRAFNBE, IMREE AR I A, X4
1D A A2 585 7l 5 g i o 2 2 5
class EquipmentPiece {
public:

EquipmentPiece (int IDNumber) :

K25 EquipmentPiece B¥EAT —MNMRAMIERREL, PrULE=FMEL TEHE, maiEs)
) R B — TP B U TN o O UG, BOH TN REAE S ST G A I 2 A 3 bR
24 PRUAEEE S OL R, AnREEEAL EquipmentPiece X %44 :
EquipmentPiece bestPieces[10]; // R AR
// EquipmentPiece 143 ik
EquipmentPiece *bestPieces =
new EquipmentPiece[10]; // R TR ) A
AT =7 R TR XA IR T AR HERZH (non—heap arrays) (RIAN/EHE
P IENAF . ) I — Pl VR A B 8 SRR B (2L

int ID1, ID2, ID3, ..., IDI10; /] AR 1D S
/] A
EquipmentPiece bestPieces[] = { // 1EMh, PR T HiE
EquipmentPiece (ID1), // RIS
EquipmentPiece (ID2),
EquipmentPiece (ID3),
EquipmentPiece (ID10)

ARG, R TTEAREIEHER A (heap arrays) I{)5E X L.
NS H AR R TR R AR R R A — A R A
typedef EquipmentPiece* PEP; // PEP 15445
//—A EquipmentPiece X%



PEP bestPieces[10]; // A, B AL I R A
PEP s#bestPieces = new PEP[10]; // WIE
FEFREH B A — AR EH T, AR 10— M ANF ) EquipmentPiece Xf %
for (int i =0; i < 10; ++i)
bestPieces[i] = new EquipmentPiece( ID Number ) ;
ANREX IR AR A B R U SR A AR SR BT TR 1] N G RAR S T
W RAENAEMN. 5 3G T WAEBCE, Y IE IR TR EEA MR A 4N EquipmentPiece
B, AR E S AR A g5 .
WRAR AL 53 IC raw memory, VREEA] LAREGRIR B M A7 {1 placement new J5ik (2
WA M) TEAAEH 43 EquipmentPiece Xf %
[/ RRAN 10 HIEA 43 Be 2% 1K N A7
// EquipmentPiece Xf%; TEAMHHLIEZ WA M8
// operator new[] pE%{
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
// i placement new” (Z W4k M8)
for (int i = 0; i < 10; ++i)
new (&bestPieces[i]) EquipmentPiece( ID Number ) ;
HEREARIIA43 44— EquipmentPiece X IR MG MESE . X NER CRIHREHEK
A TR FE) SCVFIRAE A B8 3G B BRSO N A7 — D R . B A S i iy id
RS HITK, b EWEANE] W R AR, S REORUEX R ERIRI a6 1L .
fiiH placement new MR SER T @& K2 HAE T AR EARES R &t SEHET ),
AT A URA A E R BAFA AT I I, 6200 F By PN G AT R R K, R 5 T P #RAE
£F delete[] KB raw memory Ciff FFZ W45k M8): (WQ fmyE, B4FH placement
delete/delete [JHAERFT, B HINHANMRE.)
// LAEH3E bestPieces X S K HINGF
/] R
for (int i =9; i >= 0; —1i)



bestPieces[i]. "EquipmentPiece () ;
// deallocate the raw memory
operator deletel] (rawMemory) ;
W RAR I T IX AR 7 38 R E A R 5%, I8 A VR R (R AT R 2 AN m] Tt
(o XAl EAEMIER — DA new BRAEFERP LN A7 SR, LA R BloE o
delete [] bestPieces; // WA EX! bestPieces
[/ A new BAERF LI o
Ak new. placement new M'EATUM S iyi& s . Mt s —AHIKEZER, F
A& M8
XF T2 B A e Sk A A 3 R BT A R B A ) R E AT G VA AR VF 2 TR R
(template—based) HIZEFISHALTT o PRIR S — MBI, BT )R SN iz et —
AR B, TN R o XN R R H TR A, R ST AR S
RIVEA . a0 — N EA RS
template<class T>
class Array {
public:

Array (int size);

private:
T *data;
b
template<class T>
Array<T>::Array(int size)
{
data = new T[size]; /] BN TR
/R T::TO)

FEZHUEOLT , WA A0 ASTAR AT LUR 245 0) 545 #4368 B B0 75 3K o ) Ak AE R vector
B (ARSI AR AL K2 X e (RIS I S 0AcAT A AT A 0 3 o P 5K
A, ARZBRSSBA LA AL L vk X0, WA 1 iE R B SO AN RE S 7F
DR . 2 CHEEP RIS T BRSSPI R B Z AP A R T o X
S KN, e TN ARE.

dJa YE— N AE BT SIS P s PR S8 (3t 4 1y 3 R 04 2 AN At e A # 3 R 2
PIMETR SR o APRALH A IE R BRI REFEE, ARE S T T A . DU LT A IR AR A S5



A I 20 465 N R A1 R B AL S 50 I SR T A 80 A S 4 0y 32 R D R 2R 4k ik
IORIIRAEZE i1 2 1) #L U0 TE I PRS2 ke SE A 38 ek B S 801 & S IRAEE
(A A AN 2 A R I 2

D] Ay 3 6 5 38 A w6 4 1 32 R BT 28 R R B AR, — 28 Nk I R 28 B 12 ik
ARG PR, BRIV R A R R BOBEAT AR08 IR S SR S B IR A — X S o LA i DU 4
PEZZPE N EquipmentPiece -
class EquipmentPiece {
public:

EquipmentPiece( int IDNumber = UNSPECIFIED) ;

private:

static const int  UNSPECIFIED; // FAEAREE ID A E .
b
X FVFIXFEEE T EquipmentPiece X%
EquipmentPiece e; /[IEREETE

XRERIE AL AT I B 57 R R 522%, AN FERERI OR EquipmentPiece X HBEAT T
HEXMIEE . B E L —ARBE 1D %A & X EquipmentPiece X%, M4 K%
HO O PR TN ID 2 AP . WURANEAE 1D, AT 2 B A0 A 1R . ANidid
WAIHINAZ B A B, IR 2 ARSI SLHA T A B A St PO — AN W s ] — > R
LAY o XM T A A I, AR i i 48 A e BT O T — A ORI R A 2
T RESR AT R S A T

PEAETC R X 4 o it bR B0 2 S 2R 1) AR 28036 o T SR B R Bl 200 T AT 1A 304
S AT AR, IS X8 bR B T 2 A5l A L B 22 BRI ) o 17 LB A4 H 5
Z (AR, PR R X ATA AT AT SO s R AR SR o e AT T A I R 118 e 7 T A R ke Ak
PR o PR — SRR B HRE S T DR T A I 0 ) AR Ak, P X SR B S RE A Tt
Hoo BRI PREL— AN IR BEIX A ORAE, T AR E AT AT Re Al SR AR5 WA 3 SN, i it
AT EAT. ATHXF (A BB RIE s RARAAT—LefR ), (R SR en, &
WEERPLBE T — B RAE:  VRBEAHE XN A A i SR v 25 S

e

4. BHEFF

BEAFER — —IRAFA RGN BNV TIRE B E R H C+ + AR
RS EMPERTETL, A, ENTRVAREE SRR I RERETE A B SR 5 1 R 2ok b, i
KRNI E MR B 5%, IREEM ISR “+7 A0 “==" RIS AT
PRABMRIK XA SR NE I8 ST BRI RS IR e e iR B . CH++ 10



TR ] 2 S AT F B I T A 2T WY R AT RN .

WS, A S SEET . SR IE R BON K SOOI B S A R AT IO T, PR
EAT S W AR BAT AR AT A s 1 XA (R T I s X2 3 B0RE P R4 D Xk T 2
e — MR A EAE T “&&” A |7 IXRERIZ AT, IR PSR B 15 i X
R IR AR BRBAETEVE LB T — M A, X — AR B0 B f&a, ¥
Z BRI bR tE (15 AR IR A, (H AR A A A SR IR 22 A FRIBC AR 1k )
A

FE R K2R, BT R A I AT N I F HAr g i, et st el
NAZ WA IEIR R, AL A SRAG XL 5 1 (PR A7 T X B E R, AR BURTE 5K
PR (AERD —Mesift.

4.1 Ttem M5: VEIEE RAIFEHREL

C+ + G PEAS RE B 71 PP B 2570 2 R BEAT KR U4 (implicit conversions), ‘E4k7K
T CHRH R I, B VAL char BEAEH int MM short BaalHedfl double. P
R —A short (AL IHRAHER % double ZEEAIREN, KARTTLLKIEST. C
VP2 XA AR AT RE S S BOHR  E R, BAE CHI KR FEAE, 45 int $) short 1)
FE 4 A1 double F| char [F4E 4,

PRI IXBER R IE T RE N DI, DU EATTRTE 5 AR G 1R . A k38 i 8 Sk
TAWF, AREEAT A SE 2 (450 00, U PR B2 AL s Lk g PR RS AT B R A i e

AP Pl BR B ATV G 1R AR EAT IR R e S R 3G R 8 (single—argument
constructors) MR M EHIZ AT . RS HIE R BOL T HH— A SEEIAT LAY FH R4
T MRAL . ZERET LU e LT — AN, W DU B LT 2ASEUHE — AN S LS
TS HHA . LLUTA AT

class Name { // for names of things
public:

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

// Name

b
class Rational { AEER: (&N
public:

Rational (int numerator = 0, // ¥ int |

int denominator = 1); // BHEEE



B AR B s ST I — M T BRI B R R B operator KB, HJFER—AN3K
RFRFT o ARANHIE SRR B IR [P, PR IR (0] SR A gl 3K AN BB 44 7. lan ol T fovF
Rational (7 FARD) KEA b4 double 287 (FEHIAT BIBOHATIR G R ALB BN, AIREAT
D, PReTLLant A Rational 25:

class Rational {

public:

operator double() const; // ¥k Rational JEK
¥ // double 27
E NSO, XN 8 A3
Rational r(1, 2); // v WHERZE 1/2
double d = 0.5 * r; // e r 3| double,

// SRJE R

DA X i ) 2 — AN ), R IEAR G2 A A AR T 2 A PRI e R 2

RS i 802 M VR AEAN T B P 4 R BT, X 1) R R B S R IS AT . 4508, X us
ANTERA PR 20— 28 A KRSt TR SCARDHE JA Bt D A

RFRATE S — PR ASRB IS FAF, EAE mA S AL B o AT N0 b
) Rational 2K, FRARIEZZEATHTENG BECS R hfE, Sl et — AW ERA,
I, RATRESIX A
Rational r(1, 2);
cout << r; // NAZATEIH " 1/27

BRI T 4 Rational %45 X operator<<. RAIAEALST ENHRAERL I, R ey
EIGERI operator<HIHH . HAMWRE T . Mgk operator<<if, SRILEAIXFE
(T RR AT, AR S 2 T B R B — AN 50 1) B AR B A it e LA A5 s B0 I is AT . 28
TR 3 P F) )5 S AR ), AR AEBLAE X MG DL, S s = R BLEATRE M T
Rational::operator double E{ECKAL r #4toly double AL, By L EIRARASST B 45 2R &
ANFE R A M XRTERE NI, AR R TR U A R I i
AR P BRI K

figt P 7 5 S FH AN AR T OG B 1) A I IR oA Ok B R s AR Bk T A
Rational Xf %554ty double, H asDouble pRE{fCHS operator double pR%{:

&

class Rational {

public:



double asDouble() const; / /%A Rational
¥ // W% double
IXAN 03 A RE A 0 =R

Rational r(l, 2);

cout << r; // 45! Rationa MR EH
// operator<<

cout << r.asDouble(); // 1EWf, H double 287
//3THI r

FEZ G OUR I S R 0 R B A P R AN S, (B BRI AR 1 T R AN P
SR, R —BORY, AT 2R CHRE)T G Wt TR I A s 5
Fo BIIAE CHARUERE (S, Effective C+ 443K 49 RIM35) Z& o TAEMIA D1 AE AT
Skt A7 250 1), AATTINAE PR BT ) string ALK WARRE N string B C KUK ()
charx[{J I fig, MHEE X T — MR REL ¢ str DRSS MIEANFER, XRTTEH 47 REANZ.

M 2 R 3 bR B A T B ST 4 S AR o o i FLAEAR 20175 D0 K 28 o Kol S 2
i)l 2L B R R A s 54

B AMIF, A array B, IXLEE R A e L B T R
template<class T>
class Array {
public:

Array (int lowBound, int highBound) ;
Array (int size) ;

T& operator[] (int index);

S — AN I R B AR VP T A SR S TN, BN 10 3 200 &R —ANPISE
T R BT AAS e S A 45 o K 55 AR ek L T AU SCBCA T A B Al
F 7225 9 BB R AE AL, A AN TR (2 & Re o R B e e s B, R 8O 9 1
S
BT AT Array<int>Xt %, #CH R
bool operator==( const Array<int>& lhs,
const Array<int>& rhs);

Array<int> a(10);



Array<int> b(10) ;

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

do something for when they re not;

TAVEH a BN ITES b RN TCEAM RS, (U2 YR a i, A MER D T2
AR CAIRIATIA B PR AR BEIR S R A AR E(E E, (R ERARH . P EIEIEAN
AR Array<int>ZH G T a) Al int O T b[1]) ZH0MH] operator==pk %, RiMKAH
operator==PRHUTIXFE M ZERM, FATW AT ZR B WA Arrayint>#)i& iR
Kheiea int KMF] Arrayint>2RA, XAME KBTS int BRSH. RGP
A LG E, A AR S X
for (int i = 0; i < 10; ++i)

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

FE— PR ERAE a AR — DR bR EZ (N E XD . X
AANE] BELLERG 75923847, 1) HAE 2 RCR AR 1 U R — AR IR FRAT T 0 250 ST AR
J Array<int>Xt % (L4 M19).

WA IS AT (operator) 5%, W LA Ik B3 AU Y A i da SEAT )k ki, (HJ2 51
SRR IE KB AT IS A TR . FE 5, PR S ARG T 4R N RS Rt pR B[R] I AR A
A B 15 1 Gt PE AR AN I b R XA I8 R B SEas i, AT DI LAk N S R
HeAFo FE ERWATE: —RBESTTE, 0 AR G P 2s AN SRR 5 K 7V N By b 43
I Tk

KWL RR Ao it s REE, explicit KBS A TR H
TMRE S INIE AN, B AT D AR G 3 . A3 s explicit A, W ALIXFEAL,
Fmieds o Ry T R A e i T A it ek B R AR AR AR 57
template<class T>
class Array {

public:

explicit Array(int size); /) TR explicit”



I
Array<int> a(10) ; // 1EWf, explicit HJitipki%L
// ARG SN RE I A
Array<int> b(10) ; // ABIET
if (a == bli]) ... /) R BT N
// B
// int #| Array<int>
if (a == Array<int>(b[i])) ... // 1EAf, B int 2
// Array<int>#i
/) (ERA )8 4
/] AEED
if (a == static_cast< Array<int> >(b[i])) ...
// WIREIER, [RIFE
/) NG
if (a == (Array<int>)b[i]) ... //C IAKS P e et 1E A
// AR
/] ARIAA G 2
G AT T static cast (BUAKM), PIAS “>7 PRI AAERE, R
XS A
if (a == static_cast<{Array<int>>(b[il)) ...
KIE—ANANF 1 R o BRI CH+g PR AR “O> 7 S — AN 5 R R« ZEPIS <07
(A M, Ao AR A
WERARI) IR PR A A SCRE explicit, ARANFANEI AL FH A Ba U L e 46t R B ) B 2
KOk 1 R HL
R 1 50 1o 52 2 R ) e R — A B U R A 4 Bk, W AR A BRI o X LB
WU PR — AN RERS AL T B ST I T SR b i o 5 e AR TR 408 7D
PRAER XA KR EF ARG AR )2, (AR R AE0E AL, (A 25 P pR A AR i) B o2k
T
FRARAR— MR, R e 2 A AL B WA R o B S BOR A e B2 DN, AR [ I
SCRAZB TS 1k A AEEE Y 21 1 I B 0 B B AR I e e o UREEABIXA H 1Y, SE2E T —A
BiZK ArraySize. XAKG RGN H &R M E @A RN e R ZUE S Array
MRS HR R E, —A ArraySize X% RV int. ARRSGTR:

template<class T>



class Array {
public:
class ArraySize { [/ EASEIEHH
public:
ArraySize (int numElements): theSize (numElements) {}
int size() const { return theSize; }
private:

int theSize;

b
Array(int lowBound, int highBound) ;
Array (ArraySize size); /] VERCHTIR R

XA ArraySize IKEN Array T, O TIRIAELEE S Array —IEAEH . IR0 B
ArraySize AAAT, N T ALATRAT NASHAL HE

M—F, Ml RS G R EOE X Array X5, R AR
Array<int> a(10);

PRIV GnEgs 2R A int ZE0AH Array<int> B[S BREL, (HR AT IXFE AL I R 2L
G E A ROREIEREA int SHEEH IR ArraySize X%, ArraySize X% ILE
Array<int>H3& s BUIT T S, XA IEASUEAT T A BREC T LRI RN
U T

F AR IR REfg 22 O Mk 3 Array X5, ANREIXFESRENE AT IR 2R A e 4. B —
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==0bli]) ... /) Wy Ta” Mgt “alil”;
/] BT MR
T WM operator==pR%L, JiFARER Array<int> W GAE” == 47, (FUEAAFAE—
NSHECh int RS ERE A T HAW SR EIE int el — NI ArraySize XT5RAR
Ji 38 I 3K A I IR B 7 A R Array<int> XF S, PR R 3X R PN e X



(user—defined) FJZRMHAHL, — M int F] ArraySize, —4NM\ ArraySize F Array<int>.
MG A 1, BT L AT LN G PR35 1 T 23 AR 1R

ArraySize KIMFHA LR AT HKMFT, X2 ATl HEAR M N H Sl . 284
T ArraySize (L HBFR N proxy classes, RNIXFEIIRE—ANKEZHEL N T 2R H A XS
S LA ArraySize M SEFRE— AL EARE, FRIEEAL Array X % Iiff e 4L
R/ Proxy XS REFE O SE 47 a2 AR A (R A RELE T TR AT 2, 75 WUAR A e 428 T 24T
s HendE B BUE, XRAT N R ARRE S A A, I DUR A EAR R 2524 SPRMEEHT o fRT
RESs I RG] 227 20 W ? — ik 2R 0 4K M30; B % )18 proxy classes.

TEARBERIZ R M30 21, FHAFAIZE 1S — N ASKI A A o Lhgm s 24T o SRR e e iy
T B R TR A ORI AL, T CABRAR IR S 7R 2, AN SR R 2

4,2 Ttem M6: H¥ (increment). H (decrement) BVERFRIRILIN G EEIEANIX F

IRABLET O\HAERD, A INEX 3 ++FI— AR RF RS S e M o 1A 1) i 2
PR LR A%, Tt CrHESA3 TP R, AVFHEZ increment F decrement FRAEFT )M
T

SRIMAT — AR5 R T 8, F 480 ek 25 IR 1 X g T eI S 4 B 22, (HE A
/L increment BY decrement HJHTEEIESE G ZH A — DS A T ERIXANE S 10, C++

HE RS —A int KBS, LB, gmiediftis—A 0 Ch int Z28UR1H

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

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

const UPInt operator++(int): [/ ++ Ja%

UPInt& operator— () : // — W%k

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

UPInt& operator+=(int); // 4= EBAERF, UPInts

// 5 ints M5

I
UPInt 1i;
+Hi; // W i.operator++();
it // A i.operator++(0) ;
—: // A i.operator—() ;

i— // P i.operator—(0) ;



AR — 2B, AR SR, mC B R R RS S R O
IR PUERAGEA R K ATEE R A5, JFEIEXIR B4 const AL, N HIHA]
AN anEr S SN TIE SSPE ¥/ 7 W e NI R A CTE 50 25 s (B

MARTFEG A C FEFE OISR ITAS, PRaRICAE increment (0l ZR A AT I U A« 386 0 4R Ji5 X
517, JE g A« BRTR R 840 e IX P ATE AR L, Y EA 2 increment RIS 5

B ERRE
// BRI S INAR fE B EI{E
UPInt& UPInt::operator++()
{
*this += 1;
return *this;
}
// postfix form: fetch and increment
const UPInt UPInt::operator++(int)
{
UPInt oldValue = *this;
++ (kthis) ; // &
return oldValue;

}

// B
// BRI

// HRIRME

// R AR )

IR BT M E S EMS O TR i s Ja R ek 8O . Wik
hSS

REALERBUR T 25, P2 gitd 2 o

il

» AR NTHR . O T 8 i S 5 A
N

B, — P& EAT 17 L A WS ARA T S84 W Es.
RIHE — G4 increment WAZIR[A[—NXFS CEIR [FIPEBMETED, {HE 4
J& const MHRWE? AR const A%, I IACHD 2 IEAf 1 -

UPInt 1i;
P+ttt
XA 5 T ARG AR )«

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

// WX increment J54%

R, 5—/NMAT operator++pAHUR RIS T 25 A operator++R%i .
HWAEL I SEFATN i Z 0% LR IX R s, F——E N R AA—E Bk —
AN IIE R [ B, — N HEREEZZRAT NS int B30, 1 int BB RSt

AT IR G 4% increment:
int 1;

P+t

// AR



F BRI XG4 increment J™ AR R S5 R U WA 2. a0 L
N, BT operator++ U KB S B — I FHIR [0 R IR, 1T AN SRR 0 R K1 .
PR G 2R
1t+++;

S AR, ORI T — X N B AR TS, A AR CGHT int SRAYHT UPInt
AR —FE , TR i 48 I A

CH+481E int ALK M, R URIB AR IEUR B O5 RS XFERAT . A5 17
oL E4] increment JR[A] const X%, g Al B IXAE IO .
it // same as
i. operator++(0). operator++(0) ;

ERIMEF—A operator++eER A const XF% i operator++eg%y, RiixA
BRIEE—A non—const A KEL FTLL const WZABE A IXAN AL 40 B4R FORAR T 11
—NERHORIE] const REEAHALAE XL, PAEIRBEIIEAINIE LA MK, JE4 increment
M decrement FZH] 1o (EZHIPIFZ U Effective C++ Zak 21)

WHRARAR GO R, MR —IRE BG4 increment PRALI, /R AT 5850157 L8 n) 8
XA PR B L AU SE — AN IR G DO S R [RHE, (S HARML9), PR SEEARS i ar |
AN RIR MG X% ColdValue ), IXAN I I F S 2508 1) 36 JF A5 d5 J5 AT 4G o T 4%
increment RRECBATIZFERIR NS o HIBEAGHE — DN AR E5E, W RO T $mf Uy
%, UPInt [ E N IZ R B HRTSE increment, G increment, [REmf L%
iR 4 increment. iEFRATHIHG— T, HACF @ KRS, L a) G AL i 4%
increment, KAERIRHRIR .

PATHAEE TSR increment BRAEAT . EATTER TR BMEA RSN, Broe i Lhag
e FER, BMEIN—. WimEZ, e hEe—F . I ArRaififRf52H increment
AIFTEE increment AT 3R ? A RIRLE B 2 4e 5 FITH ARSI, A A4 R TR e EAT)
A AEER Y AR Y LR AU B 0, XA REAS B AR o IX A R ) S 4
increment M decrement NAZARYEEANIHI AT LI ARSI . IR ZEUES AT IRA, BIh
R8I A8 5T AE AT — 2

IERATE 2, ERATEF G428 increment fil decrement &7 5 M. — FL T fi# T Al
IER IR [BME 2RI DL R R AT N A% AT S8R A7 0 SERIR S R, w28 1 o

4.3 Ttem M7: Z‘(gﬁ& “pR” , «| |» , ﬁ «’ ”

5 C—¥, CHHili AR R KA XS KB VE (short—circuit evaluation). IXE/x—H
fifie T A /RFIE A EARAE, B A 3 2 A R, /R RIA i ha s,
.



char *p;

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

X ALY p 70 strlen GIEIEHIZAT, KW p AT 0 (IHAKIL, strlen
A . [FIFE:

int rangeCheck (int index)

{

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

}
WA index /N T lowerBound, ‘&A% upperBound HEAT LK.
IRELLART,  FIRAT R R PE s S S HERM 4y C A CHHFE)T 63, BT LU T30 %0 38 12 1
7 AT AR T e SRAB SR SRR o e LR 88 —AMRAG T, 4 p S dREF IR R
strien ASBERALRIREZLN, DA CH+brifEut GELN C bRyERTdt) FZ= 385 strlen,
SERAHE -
CH+ A VPR FH P e SUIRZRAY, SRE ke | [ BPERT . Tk R B R4 operator&k #iI
operator | |, VRAETEA R TR ERAN I E R AR A0 SARAE IRy ik, AR 5003 1k
TEAERR R A RN o PRI A 0 DA R 80 AR T B SR A o B i SRR 3 T
BAERRR, TR BRI XA 1
if (expressionl & expression2) ...
TRk, SR TR Az
if (expressionl.operator&& (expression2)) ...
// when operator&k is a
// member function

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

KIFGEA AT A AR, AR RREC FH 1 5 A SR AV S AR AN A1 o 15 21 R e 1
W, TEEHEILFHE S, Ll K functions operator&& Fl operator||Hf, PHA™
SHIRTEE, WE2, BARMABRII A, B2 il S A & R S5
VY, B LA IMERERIA R 1 HRIA 2 — AN . Bt 5 A NS
B RO S B RS v SVEAR R o

DAL A SRR T AR | [, A INE SR ARG TR DL ARATT BT SRR FOAT e, i A
NN |



[FIFE (R R R A 0E T2 SRR, (R AEIRATRADI U 20T, RIEZEF T, kR
ANEEREVE, SRR ? WAL SRR Y 7 AR . 12 SRR T A A S,
PREFEAE for JEIAHI SRR (update part) Hl We. W Rk T Kernighan’ s and
Ritchie' s £#L{54E The C Programming Language i Jk (Prentice—-Hall, 1988) Hik%%:
// reverse string s in place
void reverse(char s[])

{

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

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

£ for JEM IR — B L, 1 BRI § Blekob o AEIRX BRI SRS, Pk
fEfe e — AN LHBEME ] N RIA, P IFRIAFORECE 1 A j IER A G

X T A EEEIREAN | |, CHA — R e e s 5. S, wAake
SO GEAAT TS5 — MR S IRIAE S HE 5 2 RIE S, RIATHHGE
TG BEAFRIE N 45 KoL 5 A AR S - Bt LAAE LR s3A R e i 20 B
G g L S, RJE R —], S RIEAM LR E—].

WVFIRA AT A PR EERNTEIXLE N 0 ? DDA AR A BRI AT R, A R
WG A OIS B AL ANSEIRARICIERA -

WERARE — AR BB operator, PRANRECRIUE /2L IRIE G T AL L 5,
P e K Coperator) i FH IR P AN RIE MO SH AL 1 2 o (HZIRA e R B2
VRSN o B AR 53 e UK TR0 AN T

P 5 BRI operator (IATRENE T o BIAEIZ FLUR AN BEHCEE T8 5 e Rk
ASEHE S IAT R Re I, PR gR s AN g b 2L M7 B v B IR AN RE T 0 5 1R A
75, DRAIEE AT RIS ORAR ) —Ff . BB RS aRRNAT A .

PRAT BEIEAE A XA KA ST AT AT 58 S RAR e AL SHRAERT, IREAT T4
ABEEIMINE? IEW IR, AEAE—LURRG], ARAREE BT T 3R A4

S e ?:

Bt

new delete sizeof typeid



static_cast dynamic_cast const cast reinterpret cast

IRAEH 3

operator new operator delete
operator newl[] operator delete[]
N A T & | b
! = < D> 4= = ox= /= %=
= k= = D> 2= K= o= 1=
= o0= %k [ o = Ok
O [

(5% new Al delete &4 operator new, operator delete, operator new[], and
operator deletel][fI{5 EZ W43 M8)

MR g UK SR E T A LI BT E R H AR A S B,
TR, AN PRI RN TR 25 R AN o i RARBEAT N B AR, AR
o BRI, [|, R, 0, B —ANF RN, ROV EIRIREA% ), BARRLLE
ATRIAT AR 5 T R 1) —FF

4.4 Ttem M8: FRFEXFHAIEE X new Fl delete
NATE W UG S O AT CHE 5 IR TEHE DAERAR . PLin it new #£1/EFF (new operator)

F new #:4/E (operator new) X5,

PR G IR
string *ps = new string("Memory Management”);
PRAEHIE new 52 new #RAERT . IXAMEAERTELE sizeof —FERET NEN, RARRKR TN
T ERDIRE R R B S I T RESN BB A o BB A 23 E R R A A LA
BT RIS o 5 o E IS B BTG A N A TP N B o new #RAEFT B2
PG, URANRE AT R B AT R

PR It RE SR R 2 AT g 0 R BE A o new $RAERF IR A — A R K 58 10 0b 75 1 N A7 43
e, PREENS T m R AOX A R ECK U B AT o new BRAERT 4 3 T A A7 i H R £ 44
J& operator news

PR operator new I IXAL 5 B
void * operator new(size t size):

BRAMESRALE voidk, PIARXABRECGRMI—ADNRELEE (raw) BIREN, RYILGLHIN
fEo CHTRARFEK, VREES —Hh operator new BREL, 7EIR[FI—ANRENZ AT e WU N A2 LL
A7 Ml — o0, (HE— AR AM.) S5 size t R NBLE D WAF . TREEE INFAM 25
H K EL operator new, HEH—NSEHEMLAUE size to (7K operator new B Z [



i 2L Effective C++ 453K 8 43K 10.)
A HEHH operator new, {HJE—HIX AL, RAT LA H & 8 F# i
He:
void *rawMemory = operator new(sizeof(string));
HAEFRF operator new BR[| —AMEER, FR ) — PR ED A string R RIF N7
% malloc —#f, operator new [JHRTT HIZ /3 HCNAF . BN R4 R £ — T A0
operator new AT T I ENA7F L. 2 operator new IR [FI AL AL B )5 51 AL 1B 25 — ANt
G52 new BRAEFT IO AR . RIS A28 DL IXFE TR )
string *ps = new string("Memory Management”) :
BRI B2 Bl 5 AR AR AL CBEZ 475 I Effective C++4%3K 8 FI4%3K 10,
AT FRIMSCEE Counting object HLIFVERE.D:
void *memory = /] FEIRA AL AT
operator new(sizeof (string)); // 2k String X%

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

on *memory; /] WAEH
/] WX %
string *ps = // 7 ps faEHE R
static_cast{string*> (memory) ; /] B SR

ERS s TGRS, REOs— MR R AR IRIKIZ0 1 25 U
BATRANZI, AT LSS AR — 1) o AL dn SRR AR S — AN Gl A U] new #AEFT
ANRE A% A 3 R BRI AR AL R 5 o
® placement new

A IR S A B AR RIS R AR CAFAE RN ST T Rt el O B 3 XY
PR ey it R B R AT A R B, T — R R AU BEAE S5 E M ME N B IR A — Ko AER A IR
AL C L BCEE AR AL B (raw) NAY,  URTT EAEIXLE N AF TP RIS — R AT A
A —ANFFR ) operator new , ‘E#FK A placement new.

N7 A placement new WA, HE—T:
class Widget {
public:

Widget (int widgetSize);

I
Widget * constructWidgetInBuffer (void *buffer,

int widgetSize)



return new (buffer) Widget (widgetSize) ;

XA BRHOR P —AFREE, eI Widget X5, W GAEFL LN PRELT) buf fer HARAL,
R PAT FH IL 2 N 7 5K memory-mapped 1/0 B IEAN R E AT 6T FH, A AEIX R RE P B 5 b
IR TBCEAE — A 2 Mo bk b B — SR B R 7 BT N A . (AR M4, — > e 4 1
placement new []—ANA[AH]F.)

7t constructWidgetInBuffer B, R[\IfFRIANXIE:
new (buffer) Widget (widgetSize)

XAE B LA, HR R new HAERFHG— N E, T 2AE ] —AMESM AR i (buf fer),
2 new HAERT L5 T operator new BREUN, JEIXN AR RALIBETE . #7IH HIH operator new
BRER T ARSI S HL size t Ab, B2 void« g iS4, FRmMMIEXN S E R A
1748 . XA operator new /& placement new, ‘B&H LXNGIXFE:

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

{

return location;

XA AE LRI B 0 B AT o, {H R X 2 placement new 75 B4 S . BB 3% operator new
(1) H A2 R %3 B A AE AR 5 R [B198 17) 3% A A7 I FR BT . 7EAEH placement new ITEHLR, i
M &P TR WA, DGR 2 B AL B . placement new W25
Ml R A e e R . CRAT RN (EZSREID S8 size t AT AT, LABT 1L
PR R S BT AT M s WL4kFK M6.)  placement new JEARiE CH+PEM—&5 (I
Effective C++ 45K 49). A T4l placement new, RUAZIEHEfJ#include <new> (§
0 AR ) G B A% I AN SRR KUK (R Sk SO 44 (BRI Effective C++ 453K 49) ,
<new. h>),

1EFAIM placement new MK f7 %], & new #4/ESF (new operator) 1§ operator new
IERR, RARLEHE EEE— AR5, A% new BRAERT. & BEZMC P A7 S A6 8 FH Mgt o
o WRARNAARSNBE A, BN %R operator new BREL B AL I B K. i
PRARSE ) B O AEHEXT S ST (0 I AF A TR R, %S R [ Y operator new PR,
SRIGAE I new BRAERT, new #AEFRT 25 HIR E M operator new. WIIRARARAE —Hh 23R4T
TREFINAF L. — X%, MiZH] placement news

(HREZHIAFK new 5 delete KM MZIL Effective C++ 43K 7 MK
Counting objects,)

® Deletion and Memory Deallocation



KT RGN AL, SIS NAL IS — AN E R A S H deallocation XM . PR
¥ operator delete 5 delete ¥EVESRFIKIC AR S operator new 5 new AERT IR R —FF. 24
YR 7 B IX LA .

string *ps;

delete ps; // A delete HAESRT
PRIG G 14 2 A2 AR AL SR AT A 0 G IR RS IBON 5 5 B 1R AT
Operator delete HKREEIUNAE, ‘& #IXHFE A H:

void operator delete(void *memoryToBeDeallocated) ;

(Al it
delete ps;

SEETIES A S VS B A TP
ps—> string(); // call the object’s dtor
operator delete (ps); // deallocate the memory

// the object occupied
XA — AR 0 R W AR L AR BER B AT AR AL I A7, IR %580 new Fl delete
PRYERT, T operator new RSN ALEF operator delete BN IEL R4e:

void #*buffer = // SR
operator new(50%sizeof (char)) ; // NAELLZEYH 50 /> char
/AT I 3 R A
operator delete(buffer) ; /] RN AT

// AT R AT AL R £
X576 C i H malloc F free %A,

W RARH placement new 75 A AFH LN S, AR DOZBEGAE XA AET H delete BRAESRT.
4 delete #ERFMA operator delete JKREPAE, (HARE AT SN AFTAIA 4
operator new 7 ACHY, placement new J iR I3 45 € IR EL o WESRNTE XA ERK A7 2
AR I 122 S G P X 5 R AT AL BRSSO A 53 32 R 0 ) 52«

[/ AEFLE P AE R 43 B FIRE TP A 1) R 4

void * mallocShared(size t size);

void freeShared (void *memory) ;

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

Widget *pw = [/ ETR,
constructWidgetInBuffer (sharedMemory, 10); // {fiH



// placement new

delete pw; [/ ERAH ! HEANFRE
// mallocShared, T4 operator new
pw—>"Widget () ; // 1EMf. Mk pw $R1A 1 Widget,

/] ABR AR
[/ Widget KA A
freeShared (pw) ; // 1ERE. RIS pw 35 W) LN AE
// ARGE WA U F AT pR 4
i BB, aRAL S, placement new [ raw A2 H LB Gl —Le g
T, AR A B e W AF M, AR IR ICE . (S ILIRISCE Counting objects
L% T placement delete [RTERE.)
® Arrays
B H AT VIR, BB ZE - B H A7 B3R R L — RS — AN
%o BRHCEA? SR A
string *ps = new string[10]; // allocate an array of
// objects
AT I new {538 2 new #AERT, AH 2 LB IN new #AERF AT A 5 BN X RS AT
DVFARTE . BB NAAATIH operator new Z3rfc, AR LLSE A 404l 2 i sk £, Y fi
operator new[] (ZHHEFRA array new). B operator new —HFERE A, Xk ALVFIR
FEREBA NI, BRARRESE B A RN A B — R (H2 A — RIS, 20
Effective C++ 453K 8),
Coperator new[1XfT CHKuise — AN LB AV, P LLUR IR 9 PE48 W] REAN SR E
WH SR, TRAEEBA h I G RB AT 4, 42JF operator new B4 FH k45 A H 41
SIMCNAT o AEIXFE ISR PEE T € I N A7 B2 INHER), PO E# S E S 4R operator
new, XA AGE MR GILZ TS . ATEILT, 2J5 operator new ALFIRE > FIr A7 ()
BNAWNATITEC, T ELEAT R AT SR HOR AT IR NI 3k ) S0 . 10 HL A2 JR) operator new
HA—MIEFKR4 (normal signature) (WL Z4L size t, Z U Effective C++5%
A9) s PrRAmRARRE ] B CHOTEAENE, RSLZMEIRIEE R IV EEAMRE (S W5k
M) FETIXEH G, fEdZ operator new[ ] SCRFIFI g 164 HL A B e I N AR FAN & —
NGRS
5 ANANIFE new ERAERT IR HIAL 3G s B B 0 TR, AEBUCH LR B R
T8 BRI 6 2 R -

string *ps = // A operator new[]k 10 4>



new string[10]; // string X% ECN AT,
/] BRI TR R
// string S IHAE ) E R
[FIFEY delete #AERTH TR, & N BEAN B oo 2 AT A4 R KL AR5 T operator
delete KRFETH N AT
B IRBER T4 operator delete —#f, R HEIF A, operator delete[]. 7E
EATERI T LA SRS WS HRTFW CHBM . CHRIFH CHEMIER, 201
A5 285 TUHIHERE)
new Ml delete #AERFRENEM, HATHAZIRMHES], L2 ENTHR 1P A7 - iR
JECRR BN T LLES ). 4R AR E ] new Il delete HAERFIIAT I, ECAERAN GEEL A%
— i IRH BB EATT R 58 BCE AT D) e BRI 5325, T e ATT BT 56 B ) e U e v 55 [ 5
ok, ANfEkAE. (You can modify how they do what they do, but what they do is fixed

by the language)

5. =%

CHOBIE I 5 (exception) MUHISUE T H8eild, PR LA, MIKM, 7Ihe
A NANET I o s A PR 28 A B I B AR O FR B AR AR AE s R RS (1 mT R P38
5 BT URAS BRI A (VIR o 50 55 AR e R A T T PR A o R S /N B L R P AT
SR PATFRP AR RN T, RN IS4 7 B AR T

AT BAVITRIE I Fo o IR Z AT Cr+I NEAFIE AR S 5, KEHAA
FE QT IERAE . ARSI S AR AT O B A TR TSR, TEARZ E
Th BB —A—BURERMEIX 5. O TIRZN T XA 8, 20 Tom Cargill 5
(¥ Exception Handling: A False Sense of Security. 7 it a @ikt i e ks L,

i
T
e
A

’
7

Z L Jack Reeves HIf] Coping with Exceptions Fl Herb Sutter Hff] Exception-Safe
Generic Containers.)

TAVEE : BB AR IO DL B IE 1847 2 R e AT e BESR BT T %0, 1
ASER A G Er . S %4 (Exception—safe) [IFEPAEMRARAE M. —ANBAT L I ZR I
AT MR P AR AR 5 (I D0 R 3 AT IR 8 1M — AN B # IR 2 R SR A T vt (1)
FEFPAE 2 LR EREE T Ig AT IE 8 MR AR, %k 0.

I LA ? AN C BT HORABIK, C 7 gt 2 T RS (Error
code), FTLARATABZEF A TS, Rl e i F 57 1 an B b I Ul K IS REAE ARG o) e 25
ZOETRT I S AN REA 2 o A R — AN SR O B R —ANIRS AR R EOR IR R R R
—ANFHOIRAS, WA I RORAIE B B FH 4 — e R AR A A R A . a5 R S NE
BRI R HOIRSIRLLIZAT, W BRAHIIR, PPl 23T,



C MR DUREMS (I set jmp I Tong jmp K58 5 7 i Ab FIAH AL D BE - H 2 24 1ong jmp
15 CH+rp AT IR, BIAFAE—SBR B, 2 I A IR AN BT =) 350 2 i I A A4 e 2. (WQ
F, VC++RRIEX— R, EABEKBIX—/.) 1MAZH C++FE7 R8T X L i e
B, Tl setjmp Al long jmp ANBEHS B s A B . W ARARTE ZE— AN )50, Re AN
ANETH 20 (R S HORAS, I HAR R 2 (searching the stack) LAEFEH) S5 LA
I, ARIEAF PR S BT R BR B R, X I Rt 75 ZEAE R CH+ 1

BRI AT A 5 W AL BRI AR P e v TARZ T, RISk — M TE
i 224 (Exception—safe) BMAFHIATEEEMTE T R EAILAEATLE Ch il H] 78 Ak
BN T e Hm 2 A I R T IR R, IREEAEAR s B SRR IER T, ek
PR JF BLARKE P18 TV 22 6 A8 S A IR 22 3 30 1) ) R

5.1 Ttem M9: s A4 R iy 1E Bt it s

SHFREF VLR WL o ATAF AN s PRI AN 23 5 AL I HR 5L
o ARASFRE BT AR U 0, HUR R T 20 R ARl 55 (Local resources)
IFRET VLR I e BB, IRIEALE D — AN NSO g 5 3, /B 2 BT & — AN 35 B/ A
NI AR NI 2R A RIS BT R 7 — AN SO, A MR e BT B B I R
PRI TAF S — AN PR P X B8 SRR 5 SR 2 S AT 36 2 1 4 Cappropriate
processing).

FERGX MR T — NG B 7 8 L — Ml %2, ALA (“Adorable Little Animal”),
SRIG R /NIRRT IR A2 o — A AU R B processAdoption 43 Bk ARSI S AT
JOSEE

class ALA {
public:

virtual void processAdoption() = 0;

b
class Puppy: public ALA {
public:

virtual void processAdoption();

I
class Kitten: public ALA {
public:

virtual void processAdoption();



PRt A RS P B 205 6, SRS AR ST B4 B A2 — A puppy NV X
L kitten UM M5 XA TAEARR @S T UGS (virtual constructor), fE
Gk M25 TEARHEIR TIX Rl k. A T 58 BRATI HAR, FoA X RE R ek 4L
/) s PR EEIME R, AREIR A EE
// AR BTN FEM R AN 5
ALA * readALA(istream& s);

PRERE P IR SRR 73 L2 I AN BB, TR s
void processAdoptions (istream& dataSource)

{

while (dataSource) { /] EATEAEIN, ARG
ALA *pa = readALA (dataSource) ; /R T A8
pa—>processAdoption(); / /BB B )
delete pa; / /B readALA IR [A] [R5} 5
}

XA R BUEHE ] dataSource WIRME R, ACFLE FTiB RN H o ME—Z0 R —
OB AERHRPEIAGE AR pa. R, PSRRI readALA #RHEL—MHEXT S .
WIRANBR T 5, AR A B -

WAEHZE— T, WR pa>processAdoption M T —A =%, K KEMA?
processAdoptions YA IR T H, T LA AL 2645 processAdoptions V#1538,
processAdoptions PRECH I pa—>processAdoption i flJa [ BTATIE A A BRI, XAt
Ut pa WAHMIER. 45K, FEATINA% pa—>processAdoption #ill i — A5 #f o 2
processAdoptions WAEMI o

HIEMRIRA ) -
void processAdoptions (istream& dataSource)

{
while (dataSource) {

ALA *pa = readALA (dataSource) ;

try {

pa—>processAdoption () ;
1
catch (...) { // R T



delete pa; // SN AR
// 5 )

throw; /) AL
}

delete pa; // e GEPE
} /A S

EJEARZIU try Al catch XFARAIACRSIEST /N heal o B B R 2 AR 2005 XU T B AR RS
NIRRT RS, AR R AN . AERXFMEOLR, ISP delete 40,
S EEAD—FF, EAHD SRS OB T 4Ed, 1 B e E b LR AR n)
ARFATRZ 1L processAdoptions IEF IR L2 575, FRATH T ZMIBR pa, L4
FRATT L IR EEAE 22 A 1 7 9t 5 N e A R e 2

(WQ inyE, VC++# try --catch:--final &M SEH, )

PATTAT LA LB PAT 135 BRACHS TN processAdoptions BREL A [ JaEB T G2 (AT 4 bR £
B, KRR AT DAE S0 A B A BR AR o DR 2 R OR[N RSO G R R, O TR PR
TR B Ao AU — R At 2 2 Uk ] Tong jmp e Long jmp FIXANGR UL CHARJE SRS
e AL E ) T E R D

BARTT i — N AR IRE pa, XX IAT A SIREHAHEL. 2 pointer—1ike Xf
% AR S BRIy, JATRELE T B B ] delete. BARIRET BN SR N
smart pointers (CRIGHRE), 2 WA M28 INfifRE, FRAE(EFS pointer—like XJRAEH R 1.
X, BATHAE X ABEVIRFEE, FATHFEE A pointer-1ik X%, HE B/ LAFA
[ FsF 2601 M) " i 1) PRI 5%

B ARIEA A, (R IATATTE A LG o itk Cr+7 s 8 5 — A it
M4 auto_ptr, IXIEEFATEEN . B> auto_ptr KIUMNERECE, 1E—MaEHTRm—
MHEXSZ (heap object), I HAEE M BRECEMIER XA L. THIFT/RHE auto ptr
RI)—LE B )
template<class T>

class auto ptr {

public:
auto_ptr(T *p = 0): ptr(p) {} /] fRAF ptr, FRIAR
“auto_ptr() { delete ptr; } // MIER ptr FE 1 R 5
private:

T *ptr; // raw ptr to object



auto ptr KM SERACE R AEH A BRIK, ORI AH SEIRANREAE S PR N o (FRATT
2D NZRUIN L VIS B2, TRE operator FIEAE 43K M28 YHA ) pointer—emulating B
HO, HZREE G P & R B NAZATE K : H auto_ptr XAV raw $55F, 1RIGEA N
HEXT G A RRMIBR A0, RAEZESL i BF, 0T et el S bR . (B4 auto_ptr 1IHT
FA R B FH 11 2 X S 201 delete, FTLL auto ptr AREF T-He XS EUA 0 HREr . Wi
Ul auto ptr REIT—MNEAIBR, RBHEHCE 4. ERXFEI T, H vector A
array A g4, )

fiiH auto_ptr %40 raw $8%F, processAdoptions &I FF/R:
void processAdoptions (istream& dataSource)
{

while (dataSource) {
auto_ptr<ALA> pa(readALA(dataSource)) ;

pa—>processAdoption () ;

EAMRA) processAdoptions £E AN 5 1 X ) T 7K [ processAdoptions BREL. 55—,
pa AW —> auto_ptr<ALAXIZ, MAE A raw ALASRE. 26—, fE0RHMHIE K
1 delete ifit). HARIMAA—HE, KRR THRIE T, auto_ptr MIRIAT HHR — %
MR EARIRE T .

FeifE auto_ptr J&AEVARR : Fl— AN SA-MH T 2508 H AR BEUR, ARG IKEEXS %
(BT ) BRI BOCRBE TRCE YR, X AR FU AT Blis JUAESREE L, ad e HI /2 20 B 23 o ARE
b AN IRFE—ANE GUI BRI e 8, Bl 7 window K X — 4845 8.

/] A RRE s R AR, R AN R
void displayInfo(const Information& info)
{

WINDOW _HANDLE w(createWindow()) ;

£E w X ) window P g 45 B

destroyWindow (w) ;

RZ window R4i47 C—1ike #11, 1% like createWindow Fl destroyWindow pk#§
SKERHURURE S window FEU. U1 SAE w SR K window P R fe B, — NSRS, w Bt
XF I window Kt K, BRI E AT TIE

fEP TR S AT TR I —HE, L —ANE, AR oA E S AT R R EICR R EURURE 5 0%
Ui



[/, FRECFIRETE—A> window AN
class WindowHandle {
public:
WindowHandle (WINDOW HANDLE handle): w(handle) {}
“WindowHandle () { destroyWindow(w); }
operator WINDOW HANDLE() { return w; } // see below
private:
WINDOW_HANDLE w;
[/ R R W FAA BT k7 2 4> WINDOW_HANDLE #5 1
[/ R AT R B 7 R TE 2 W4 M28
WindowHandle (const WindowHandle&) ;

WindowHandle& operator=(const WindowHandle&) ;

XE EEAALER auto ptr, HEMERIE S VG A5 (S R4 N2,
A — NG I W4 /E e WindowHandle #4t2h WINDOW HANDLE. XA J3 x4 A
WindowHandle X% AEH B2, KX ERAG IRRELEAT T H /5 S48 H raw WINDOW HANDLE —
FEKAE M WindowHandleo (ZWACHEKM5 , T BRI A 4R B LA T B o S AL e 8 )
W25 H ) WindowHandle 28, FRAJAEWS ES displayInfo BREL, W R HR:
/) AR AR, IR BR E R S T U
void displayInfo(const Information& info)

{

WindowHandle w(createWindow()) :

1E w XY window H g U5 B

B — AW 7E displayInfo WHHMHL, #% createWindow ES7H window 1 AEHERE .

PR AL BEAE DX G, REAEIX AN, A3 590 AR IRE o A1 A A e o PR LR A
BRI o A W R AR IEAE S BC BRI — A e, 5 R AR A B 2 8 4> 4R 1E b
T resource-acquiring MG AT o IO W RIXFE I PR IEAE RN, — AN bk
Pt R ANEBUNE? Ha) 3 pR BRI 1 R RO SR IR I HOR o AR BEES%3K M1O FH 4%k
MIT HPEREAT K AR

5.2 Ttem M10: 7EA3H5 BR % B 1 E B PRI

UERARIEAE TR — N A Z AR D e AR AT o IXAN RS BR T REAF a1 11 307
R4 Hihk. TS EAh, IEREAEME IR AT (AT LLSY HARATIAS T I IER A 5D



T SR, KT LUK RER
class Image { T
public:

Image (const string& imageDataFileName) ;

class AudioClip { // TSR
public:

AudioClip(const string& audioDataFileName) ;

class PhoneNumber { oo by /) AT
class BookEntry { // IR 4 H
public:

BookEntry (const string& name,

e

const string& address = 77,
const string& imageFileName = 77,
const string& audioClipFileName = ”7);
“BookEntry () ;
// I IEAS BRI LT S

void addPhoneNumber (const PhoneNumber& number) ;

private:
string theName; /] N4
string theAddress; // ARk
list<PhoneNumber> thePhones; // AL A A
Image *theImage; // ABATTH G
AudioClip *theAudioClip; /) AT — B B

SR RIREAN 2% H AT 12 Bl P DART 2 1 S EU G R (B IL40M3), AN
RITEAR hk. BGRAE S FSOEZ) MO TTIER . ERNAZM TR (Tist) 76



MG S, XA RRHE CH+38E (STL) HPi)— A48 (container classes). (N
Effective C++45k 49 FIATI4K M35)
%5 BookEntry HJit s ECFINTRIREL, A —MRIRATEL:
BookEntry: :BookEntry (const string& name,
const string& address
const string& imageFileName,
Const string& audioClipFileName)
: theName (name), theAddress(address),

thelmage (0), theAudioClip(0)

if (imageFileName != "7") {

thelmage = new Image (imageFileName) ;
}
if (audioClipFileName != 77) {

theAudioClip = new AudioClip(audioClipFileName) ;

}
BookEntry: : “BookEntry ()
{

delete thelmage;

delete theAudioClip;

Ho)38 B BT SR ET thelmage Al theAudioClip HIAAAL A=, SR Ja A RN N R AL 3 b K 2
BARA, AR 0 FUSE I G M e B SO R IX L2454, #ifR BookEntry
MBS RATHEMR CHafi ORI 25 $ B2 2421, BT A BookEntry K144 e 24
TERARET BT AN ZE RIS A diR 1) T 228X 4

G LELFE VIR, EIEWTEIFHSEAH, (RATRERE T (FHea 57w &
EREDL ) BN A S BRI T .

VAL MR BookEntry FIIERRBUEAESHATH, — W gL, SR EA AN
Wg? .
if (audioClipFileName != "") {

theAudioClip = new AudioClip(audioClipFileName) ;

— AN, TTLLE N operator new (W4 M8) ANEEZS AudioClip ZrfCft



BRI AE, WATBLRZN AudioClip HUMIE A A O — AN . At A, WA
BookEntry 43 s N Pl HH 5, 3R AN S iR 3 B 37 BookEntry XMLy (FEFIE b
HARM AN . BEETED.

IAEAR GRS theAudioClip X GEENLES, — AN iy HAL A5 7 4 AR
BookEntry #43& B LIS, AWK TTMIER theImage IR IR R e ? 255 WARN
%t BookEntry Hefilt, fHIEIXANRE SR 2 225511 “BookEntry O ARAMN A, 7k
TAL.

CHAVAN BEMNI R 4l 52 4 M %t %2 (Fully contructed objects) , HA — A% AHIH
W RHERIBAT R, RN RA e eI . LA BookEntry X% b A4 JRI#
XSG, W
void testBookEntryClass ()

{
BookEntry b(”Addison-Wesley Publishing Company”,
“One Jacob Way, Reading, MA 01867");

I HAERE b e, — AN, b TR SR . i H SRR
KN T ) TBAL B R A O, B 570 R BN A delete, 417 R Tos:
void testBookEntryClass ()
{
BookEntry #*pb = 0;
try {
pb = new BookEntry ("Addison—-Wesley Publishing Company”
“One Jacob Way, Reading, MA 018677);

}

catch (...) { /) WARBTA R
delete pb; // WER pb, it R
throw; /) At S e R

}

delete pb; // I ER pb

PR RINAE BookEntry #4Jit UL Image S BCHI AN R T, IR htn R
new BRAERATIRINTEI, FeFPANehS pb BEATIE#RAE . WIER BookEntry (KAa i p& Eil i —



ANSEHE, pb K —ANAE, PTUAE catch SRepIHBRERR T 1R B U B 4F LAAMNEA AT
YERT. IR T545%F (smart pointer) 3 auto ptr<BookEntry> (Z W4k M9) L% raw
BookEntry* At A/, K4 new #AE BETh 58 AT, WBAT XS pb BEATIRAEH5AE .

CHHEL Sk VAT 0 FIRE) T 5 VR TR0 SR AT R R O AT — S JU DRI, 1A 2 s A R
TR BRI PEAR 20 R IR A MO BT R, SRR E I AR B 5 k) i
A R0 8 AT AL B 250, T ) R BB 22500 2 ANAT IR AN AERE S 0 R BN — B8y
KAR TR B EAT T 2 /02 2 SR LT R R ORI X 8 T I F S W AT R LE A o X
(R SR 23 VR A AT AL B BB AT IR, , IR R R K. CHilE b T X RhIFaY, (AR
Mot ANGE 9 S I BR AR 3 MG B0 5 o CGRALXBIERE FAT A 5 R IZ (R BEAT 47 AL 21
$iFiE 7] LLS WL Effective CH+452K 13)

DA Ay 20 A3 A S5 S CH+ AN G S Aot G, T AR 0 200 T T e R P )3 R
HULEEATE O &8 R il kT s, ARIGHAT — S BRAY, Bn FFEE
B AL e Ak E g . W R TR, {E BookEntry RS BB A FHIXAN Ik
BookEntry: :BookEntry (const string& name,

const string& address,

const stringk imageFileName,

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

thelmage (0), theAudioClip(0)

try { // X try block Z&H ALK
if (imageFileName != "77) {
thelmage = new Image (imageFileName) ;
}
if (audioClipFileName != "") {

theAudioClip = new AudioClip(audioClipFileName) ;

}

}

catch (...) { /] IR
delete thelmage; [/ SERL BRI BR A
delete theAudioClip;
throw; /] GRBAL



AN BookEntry (1R 50 B DA 48 o, 2 10 ey e R 50 R ) -2 e 3 5
FZ TR . T AR BookEntry Rt s EUATF 4540 AT, X151 theName, theAddress il
thePhones $(#i il i CL& M S8 ARG UF T o IXLeHH ] LAPE A UL S8 IS I %, BT bLe
TR B BRI AR NS o 28R T SR 3K 56 552 (10 g 18 o 50 T T 3 2 4 S S 5 )
B, T TSR] 3 bR BODA 200 25 2% A 3RS 5 DR AR A A K 6 S 2 T 56 Jl 5 PR Bk
Bt

PR AT g T3 75 31 BookEntry A3k B catch Herb (135 A 578 BookEntry [RIHTH B %L
WA J LT —Hf o 3X LIRS R R A AT 20, i AR I 1) i e 4t R ARG A N —
ANFAFF helper function HY, 1hA4IE BR A M H R BRI T &

class BookEntry {

public:
// T8k
private:
void cleanup() ; // 0 HE R A

I
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),

theImage (0), theAudioClip(0)

try {
// T\ k.
}
catch (...) {
cleanup () ; /] RETRBEIR
throw; /] G



}

BookEntry: : BookEntry ()
{

cleanup () ;

EALFAT T, HEAEEAHZER T XM BRI s — T ixil, ik
thelmage A theAudioClip &% & (constant) FREFISHY.

class BookEntry {

public:
// Ak
private:
Image * const thelmage; // FEE AR
AudioClip * const theAudioClip; // const 2

WAGEIL BookEntry Fit R B S WI AR A KAIR A IZ FERI R L, DX R PR AT e
M ALY, const ¥54FIME (Z . Effective CH45ak 12). WH SiXFEYIEE1L theImage
1 theAudioClip:
// AT REAE S H 0 D I R s e ) S BT vk
BookEntry: :BookEntry (const string& name,
const string& address,
const string& imageFileName,
const string& audioClipFileName)
. theName (name), theAddress(address),
theImage (imageFileName != 7”7
? new Image (imageFileName)
: 0),
theAudioClip (audioClipFileName != 7"

? new AudioClip(audioClipFileName)

2 0)

AT ST G — FLARRE G (9 T BT L. 2R theAudioClip HIGALI—AN 57
W, thelmage Prif KNI EAN PRI 17 HIAIA GEIE LA 1E s LRI try AN



catch WHAPKMYLIR L, KO try Al catch @A), MR RHIIHEW RN VA RIEA (X
N A FRATTAE thelmage 1 theAudioClip MIILGAL S ?: LIACE if-then—else
R D o
OV, 557 A 366 2 T 50 B B AR R O — P D Vi A R X A S, T DA AR 3k
IAREAE R AW AR P IBON try F catch HA), TAEEANB BT EH 7. —Frml 21
FAA G R E R, AKX R B0 R AR A AR LI 1) theImage AT theAudioClip X5,
class BookEntry {
public:
// TAl k.
private:
// B AE bR b
Image * initImage (const string& imageFileName) ;
AudioClip * initAudioClip(const string&
audioClipFileName) ;
I
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 # ¥ SEHILRAL, FT LARIMEX AN H6 6 R Wt
[/ ANHAOBHIEMRN, XA BB AT 58 b B
Image * BookEntry::initImage (const string& imageFileName)
{
if (imageFileName != ””) return new Image (imageFileName) ;
else return 0;
}
// theAudioClip #4 —A¥IE4L, BTLAWIERAE theAudioClip
[/ WA R S, 2R theImage YU HOR I
/) PIHERA R EAE T try. .. catch .

AudioClip * BookEntry::initAudioClip(const string&



audioClipFileName)

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

throw;

TR R ANET, R T AR TR I AN A S, 7R B F R
J& T AL 3 R AR AN A0 B LA BB, X FRAT IR ML

PRI 715 R 463K MO [, 3 theTmage Fl theAudioClip F Il fIXT S il
—ANGRUE, RN R . XM RIE AR XN S By thelmage A
theAudioClip JEBANREN, FRIZHEDSEAIN G, L AFRENE RIIHRE, X5 i%
BeMlR . auto ptr R FIXANH MR, (WK M FILIRA T thelmage F
theAudioClip raw FREFEALSUBAT 1) auto ptr K,

class BookEntry {

public:
// Tk
private:
const auto ptr<{Image> thelmage; /) eI

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

XAFHAEFT BookEntry fts ol B BIME7E A7 A2 7 3 A D0 B R Re A AN ittt B 05, o HL
iEFRATTRE NS A Y Rl R WU AL R R M) 4R 4k theImage F1 theAudioClip, Wi FJfin:
BookEntry: :BookEntry (const string& name,

const string& address,
const string& imageFileName,

const string& audioClipFileName)



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

FEXE, WURTEYIIGIE theAudioClip INHH 54, thelmage L& A& M sE I
W%, FrLLERERE A Z MR, Bi% theName, theAddress FI thePhones —Ff. 1fif HLIA N
thelmage M1 theAudioClip BLE A&7 BookEntry FHRIXT 4, 4 BookEntry # MR &
ATRERE A MBS o PRI TS 28T LB EAT T8 ) (M6 5o P BLIXAEfi4L BookEntry [IHT
ARSEAE
BookEntry: : “BookEntry ()

{} // nothing to do!

X E R AESE A 248 BookEntry (KT BR 5L

gi Bprik, AR AR IR R auto ptr XGRS T, g nT AR 1A e A
AFAE S I R AE RIS RS T AR R ek B b RIS, JF HARIE R % LLRT A HI AR
const F&EH—FEMEH const F54F, 45 HIR LY.

EX GG, ALBE SR S AT e, &M, (R auto_ptr (Bi#K
LT auto_ptr (138) REAL BN AT o & AT A NAN I BRAR IR ARRD BB K, i HAE A3 F2 )P4
TRRS 7 0 TR I D0 T L RE AR B IE 412 AT

5.3 Ttem M11: ZEiIFR%{ER (exceptions) &3 FINTHI R K4

FEAT PR DL 2 U TR PR 55— Bl AE IR SRS DL IIER — X5, i fnxt 5
TAE R b deletes 57 Ffid 3 A4 3 IO HERR R AL T (stack-unwinding) 7%
T, B AR GMIER XS

P BRI DL, 1A AT R R 5N S T RE A T IR A B T REBCA AL TR
IR BEA IMEAENTHE BR B F X 73 I P R DL o DAL A "5 7 ) o RIS R 6 200 £ <7 A
BOA A o DU WERAE — N5 W s (RN, Ak ek Bt th o W, OF S 80P
HIARUEE R BT RR ELAE, CHof ] terminate BREL. XA BRELHME FI IE W0 44 7 T R ORI«
LRI IEAT, T HAE L EI L, SR R N R A ORI

NS, A Session RADKEREFAEL T HHLI sessions, session Hiaists
FEMAR— G SV HNUIT A — EL RN AR GO 1L X B 5P 4 00 . B4 Session X5



IRV ) & ST S R TR H SUTRT I )
class Session {
public:

Session() ;

“Session() ;

private:
static void logCreation(Session *objAddr) ;

static void logDestruction(Session *objAddr) ;

PR logCreation Ml logDestruction #7437l Tic st 0 S g r SR FRATTA b m
PLIXAEGn S Session HIHTH pREL:
Session:: Session()

{

logDestruction (this) ;

—Y)E EEBLF, ERWE loghestruction il —NFH, SkAEHATFMR? FHK
A Session BRI & ECHIARAE, Fr LLE R A% i3 BUATAL) o 2500 T 8 L o AELRE AP SR A Ry
KORG8 8 TR L e R, 84 terminate BRECKEHE AT, H)RL
IERIFET o IEASRARFTA SR LI it o FEP S WSR FRECH S5 B, X RARSEM,
PE AR 2 FERL BT ER] T UKL FIEIT D T 42 RS, R
B 1AE TogDestruction Pl H K 53 4 3% 31 Session HTA sEIAMIT . ME— (157202 H
try Fl catch blockse —FR HARMMIE S IXH G 5 R 4L :
Session:: Session()

{

try {
logDestruction(this) ;

}

catch (...) {

cerr << ”“Unable to log destruction of Session object ”
< "at address ”
<< this
<7 A\n7;



E S XAEMOIT A EEAR BRI AR 22 4 o WRAE catch TP operator<<IN FE—/M 5
WAL, FATHOGER TR, A S S] Session HrAl e B AN .
FATATLALE cateh RN try, (HRZXEAAH —DIRE, SNSEANE. P3IE
FEI Session W25 24 BT AT " 4l 1) 5
Session:: Session()
{
try {
logDestruction (this) ;
}
catch (...) { }

catch R EAFBRE A MAEM N, X2 M5, b Leib TAEMA
logDestruction (1) 77 #i A% 18 2 session MBI . FRATIMAERE mALTCIE T s
Toe session MR EARIEHEFLIBEF (stack unwinding) TR, terminate PRELEEA
SR

AN FOVT 55 A 320 B BT R BRSO TS AT 58 AN S R o G SR — A e e ) o 5 1 1 e A
TERREL N ERHIRAE, IR ATH R EUR AN S 58 28T CeEs et = A7 B
BT R EAE RIAT, E A A e T it o i, FRATTX session KA —
MEM, AEEEST session MHZ)—PMEHEA G55 (database transaction) , #1f session

I 85 RX AN 55
Session::Session() // TR,
{ /) XA R
// AEELRE

logCreation (this) ;

startTransaction() ; // J83l) database transaction
}
Session:: Session()
{

logDestruction (this) ;

endTransaction() ; // 45K database transaction

MR IXH logDestruction Yo —AN 54, £F session ¥tk BB EL N B 3 transaction
AL BRATWVFRENS IE I T B9 session A4 bR EC PN 1) R 500 FH NGTRe I i 54 i)



A, B2 endTransaction WHBHE —AA%, FATER T EME try M catch 4b, 506
pURE

LELTIR, PATTHRNTELE (b5 1 A% BT AL BR EOMT PN IR IR, 28— B A S B e s ) o
MBI (stack—unwinding) MR, Bl terminate #iAAT . 25 —"& Ae S B R AT
PR SR e S8 B AT 1A B e AR T S o CUn SRR IH ARG IR P i B e, T RA R

[13

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

and Why They’ re Evil” iXE),

5.4 ItemM12: B “WH—ARE” 5§ ‘K@% R “HAHA-ITBRE” HRER
MiEVE &, B A B HCSAE cateh TR S BULT- %A H 4 225

class Widget { ... }; [/, BAARRAT A
[/ AEXHLIFAE

void f1 (Widget w); [/ e, S 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 T14], Ak
catch (Widget& w) ... [/ R, IR
catch (const Widget& w) ... // Widget, Widget&, &
catch (Widget *pw) ... // Widget*

catch (const Widget *pw) ...
PRI AT BE 25 IA N T throw il —AN % £ cateh 1) b Ly 3l ok oM HI AL — AN S50
P BEAAH A o X HL A AT — 280 [R] A0, AR AT AR AR BRI 22 5+
EFRATTSE MAH A fE o AR08 B B S B 5 W IR AR ] DU AR AR et 5 | ] sl i 1
Bty X IEAHA) o AR YIRS EORN S I, RGP B 56 AR A I FE 2 58 AN R
PN ZE S R SR S R P BRSO, R B R R A ad e ik 1] 2 R B I T Ad, (HR
ORPDE — N FRE I, FEEHIBOKIE AL 3P0 S T .
AREFE A RHL SHERILE Widget, IFJUH > Widget SRR 575 -
/) AR EL IR EAES] Widget
istream operator>> (istream& s, Widget& w);
void passAndThrowWidget ()
{

Widget localWidget;



cin >> localWidget; / /&8 localWidget 3l operator>>
throw localWidget; // W localWidget S

k3% localWidget FpA%L operator>> B, ANHHHTHE DUHEAE, 124 operator>> W
(51 AR 5 w 45 1) localWidget, AFAAf w AL ks B INE] localWidget Fo 3X
53 TocalWidget 7 A IR KA o AN A Bl 3 i 1 & 1i i 5| R CR Rt
FREH PO AN 7, OB TC IO #ORF AT LealWidget 145 UUERAE, At i 414 5 catch
THIFHIZ TocalWidget 45 Do AU 2M, P TocalWidget BT T AEFZ MG, H
WA R BRI o WA TocalWidget AG (A& #E VD (1645 cateh FH), XA
TR B H TR T Widget, —AN Widget M “J7 K7, X R TIEMLEA. A
I Co-+ R SR AN A 75 0 L PR 0 G b A S

B0 L IR AN ORI, M HEATHE DUERAE . 0t 2R passAndThrowWidget B
HE ] localWidget AL (static),
void passAndThrowWidget ()

{

static Widget localWidget; // AR EALR (static) ;
//— AR R4
cin »> localWidget; // UL REEAT
throw localWidget;: // R localWidget
} / /AT P DUERAE

P S IR SR HIH TocalWidget [— AN Do 3X SRR RITHEE 5 | R Al 3R
WABELE catch B TocalWidget; UXAEIETL localWidget IF5 Do X5 X St AT
s S P UL, XA BRI B T FATREAR S H AL S Pl e WS AN ZE S Pl s AT
WE S HUL BN

5RO B DU, 35 DUER A A e S 4% UK 3 B B e B o 245 DR 3 B SO X
ZHIE AR (static type) i NMARHIHE NG R AL, AN R HE)ARA (dynamic
type) XNEMHEE DIMG KA. Lol M X4t D VHE S passAndThrowWidget:
class Widget { ... };
class SpecialWidget: public Widget { ... };
void passAndThrowWidget ()

{

SpecialWidget localSpecialWidget;

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



throw rw; /B — ATk Widget

/] WIS

XHYH B S HN ZE Widget, B rw SIAIH/Z —> SpecialWidget. BI2A rw HIEHA
FKH (static
type) J& Widget, MiAN+& SpecialWidget. RIIZMIESSMARAFZES] rw SIHKLE—D
SpecialWidget. ZmiFdsTiEm e rv IEARA (static type)o XFMT R AT g5 1R
FEIIA—HE, (HZIX SEHABE LT Crrp 8 DRIt s B AT b — B0 CRd AT — R
AP ELAERIR P R Sh AR A dynamic type HEATH5 DL, 2 W4k N25)

FHRIVERN RN DL, XA FIGE B R WTLE catch Serp il — A bk
XA catch B, E—FH LG —Ff:
catch (Widget& w) // i3k Widget S
{

// AR

throw; // HEOEH R, ke
} [/ HREAL
catch (Widget& w) // 3K Widget ¥

{
// KIS

throw w; [/ AR R H
} /] PN
XA catch BLIZERAET 55— cateh Serp BI04 AU AR 50, 028 — A
catch B HUFTH0 L K2 2 T 3RS 0 K — B K5 Do Qi R s A i o 5 DL R e 0T

B, XFROTILIE E R A

R AN E R 2 S HT R (current exception) , il B A AR,
A S B TR A S TP AR S A SpecialWidget AUl HY (1, A0 A 58— ANBR b A3 HH 25 (1)
WS SpecialWidget 547, RUAT w A RA (static type) /& Widgeto IXJ& KA E Bl
B I BT R DL . S5 A catch BREFIOH B, RARJE Widget,
how INERASSSA (static type) & Widget. —RORUL, RN IZHA throw KEHHIH 2RI
S DA IXREAN S U A 26 K e B 2R, it HLSE AT R0%, DR AN AR e— A8 DL
CASE B —F), S AR i # DU — AN IR S IEAn4RaK 19 REI, I 0 S Re ik gt
BARAG T LA Coptimize it out of existence), ANidFRABMRIIGw 16 SR AEIX 4 4t
PR RE P AR R AL 8, DT AR RS R AN SR J7 AR KR RS g0

AEFRATIAR — F N X = k3K Widget R W catch T fy, S N



passAndThrowWidgetp Pl 1

catch (Widget w) ... [/ TBIAEAE R SR

catch (Widget& w) ... // ARG AR
/] R

catch (const Widget& w) ... //1BiLAEIH TR const 1151 H
/ /3R

BALZT BB TS S G R 1o — MR E I X% (WA iR
ek, RUE AR G0 WU 5 R e AT EE IR 1 const MEKGIH]
(reference-to-const) i3k, 75 r&ECHH P A SRVFE AN IR A Z 3] —AHE const 51 H
KK BHH (B WA MLY), (HEAES W P A i

AT E XA ZE 5, [ B 5350 S8 DU Aok o JRAT N1 4 R A 1R 5 A i
RIS E, AT T A R — M I (B Effective C++ 453K 22), JHERXA
P8 DA B R B S 8O o [RIFE A S AR 107 AL — AR, i a . 3k
TPXFER B4 catch TAJI:
catch (Widget w) ... // AL AR

SIIENT PRI O A8 DL, — AN A e AL AR ST I I X 5, 5 AN AT
0S8 DUk w b (WQ v, EE: BWAD. [FFE, HIRATEE SR R,
catch (Widget& w) ... // R AR
catch (const Widget& w) ... / /s | A 3R

XATIIA 2 N7 — R 0 G )48 UL 8 DURIRE R — IR o AH B FRAT Tl 5 1)
FLB B SRS, AT S8 Do il — A i, RGMEN (UG SHTED
R SR UL L DI [RD GARCA 280t 3 25 R BSOS R (0 78 DB 22—

BADBEEA THE I FRE 0 57 DL AT, Sl R e e ol i fie Ak i 2
KOS F ) o AWM VLA — DR B8 DA 38 . 5, ARANBEA 4 i a2 — A
T 1) S N SRR BT, DR 24 5 T T Jmy AR ) A A 2R TR I, R AR T AR T
Catch FAPRIRF— MR 0] QAL RN S AHREE o XPAT HAEBEHIN 1% T DAE 4 (WQ
g, RtV SAURE)RKIERMET K.

X G BR E IR ) Ab A% B ek B S HUE 5 WS A AL 36 3] cateh TRJHFTR I
THEAR, X H @S85 5 5 AR I DOW I — A7 s 58 A2 572 70 pR B0 2 sl
HH e A R U B R IR R Y DL R I R AN ] o B AE R HER E (the
standard math library) '} sqrt BRZ%L:
double sqrt (double) ; // from <cmath> or <math.h>

FAREIXFEH S — AU, W R s

int 1i;



double sqrtOfi = sqrt(i);

ELHEN], CHAVFEAT M int 3 double BRI ALHEH, FrLAAE sart IR T, 1 4
THAE A2 double 28, Jf HILIRIAME 2 double. (7 REEASKRAFLHAITELN 18 S
WAGKME) — MR, catch 1 RJULHC R AN A HEATIZFER 4. LR AR
void f(int value)

{

try {
if (someFunction()) { // WH someFunction ()& [H]
throw value; // B Yl — N
}
}
catch (double d) { // RAbH# double 2R FH

7 try SR int SEHASPALHE double W cateh THAHIR. 1% 1H) H AN
PRMELILIEIER double SR, AIATRAE . BT R EARE IR int S, 2048
FAHA int B int&&SHH) catch T,

ANEAE cateh R EAT S DLEC N AT DLIEAT PR R R G 46 o 35— Pl k2K S 15 HE K (]
R . — A FRIREESR M cateh PRt A DUARBIYRAE B i o 9 AnFEARUE C+ P

(STL) 5 IS H 2R (i i 4> (diagnostics portion ) (M, Effective C++ 4%
3K 49) .

i3k runtime_errors S [F) Catch TA)A] LAk range error ZXAYf overflow error
AR T AR exception S cateh F ) RER IR IAT BIR A 0

XPIRAEF SIS (inheritance based) [R][f) 5 FE AL a] LUVE A T 50ME. 51 L

P& LT
catch (runtime error) ... // can catch errors of type
catch (runtime error&) ... // runtime error,
catch (const runtimeferror&) R // range error, or
// overflow error
catch (runtime error%) ... // can catch errors of type

catch (const runtime error%) ... // runtime error,



// range error%*, or

// overflow error*

9 MR R VE N AR SRS (typed pointer) AR R RMEEEH (untyped
pointer), PTLLAiAY const voids FEH catch TR REMIRAEAT A R EH AL

catch (const void#) ...

/ARAEAT R A S

3 2 BRI o S5 TR B fg — A2 cateh “FAJUCELINUT S & B T e A TZERE P
BN o DRI IR A W] REAAC BRI 1Y) cateh FAJHHER, BIME A I A7 A8
A RE HARAL B IR A H ) cateh 6], SAHFEIA try B M. Hlh0:

try {

}

catch (logic error& ex) {

catch (invalid argument& ex) {

// XA catch B W HE 3k
// BB/ logic error
/) T, B IRAEE

/) A POKIEA AT
//TRR A )

// invalid_argument

/) FH HRRE L)

// catch FHJHfER

5 BRI A B, SRR A e R BN, 45 A ) pR Boh T 5 A R B0 H 1)

MBI (dynamic type) IAHUEMIZEHL . URAT LUK FE 40 R BCR H e i v
T S AL R P ) 2 g 00 A9 o R — AN BRYRZE S H A cateh AN T AR BEIEK S
(1) catch FR)JGIH, dniftdsss &S, (BOAXFERAILE CH+ Ul 2 ARG A
VRPN PR AG BT s ANEAE AL BRI cateh TAJBAEALFRIRESEFH 1K) cateh T-4)
MIRTTH . % EIHAAM T, A% R 25

try {

}

catch (invalid argument& ex) { // AP invalid argument
/)R

}

catch (logic error& ex) {

// AEEPTIVE R

// logic errors S



ZE LRTIR, 8 —ANXE B Ak 8 2 bR B — AN 5 A P R 0L R A 4 — S Ok S
H, XA =A TR o RN RSN ST UL 2l ARy s 3k
I, SR UL T IR W R S H U 45 pR BN A — 8 7 245 DL 3 W3l
NS H A 5 S BAt i 45 BB L, i R e L n 25 22D (G Ry i Rp e
Ko WJa— kL, catch FRIEAT A HSRB VAL A e ATAEDR AR h B, 26—
ANRIVUBC I cateh KR HIRIAT o 29— X G AT A M UL R BN, e ade 36 11 R 2307
TG RO R S, B R AN S A A ) Fe T 3k o

5.5 Ttem M13: iHiZ5|H (reference) MIRFH

RS AN catch PRI, DS E Lk S W B 7 AL B cateh FAJHL, fRATEL
A=A SR REBUERSH—FE, iR (by pointer), MidfE{H (by value)
B 5IH (by reference)s

A TE e Fe 5t 7 A #E% (catch by pointer). M throw AbfEih—A 5%
F| catch FAPE—ANEBNLIRE, EELS ROy 721 S BN 3% A R R 1AL R et i
(170 PR TEAR 3 e A5 R, AR AR F B S (0 A e A B A S DN & (S
WA M12), k.
class exception { ... }; // K EARHE CHEE (STL)

/] PR R IR
/) (B4 12)
void someFunction ()
{

static exception ex: /] FRERG

throw &ex; // P —ANFRER, $5IH) ex

}

void doSomething ()
{

try {

someFunction() ; // P —A> exceptionk
}
catch (exception *ex) { // #ifi3k exception¥;

/BT BRI UL



XE EERAH, (HRSEbE AR A T R IER AT, Ry 5 E SO
X G A DR RS P IR T I FR B IR B , R RIS RENSAREL A7 . 42 Ja) AN
SAREM A ENX — R, (HRREF R E S B ILRXA AR W ER il A1
(AW R
void someFunction ()
{
exception ex; /] BRI S
// 438 R R A 2 TR I
[/ IEAR ARG HREIL

throw &ex; /) P —AM 8%, FRIA)
// ORI %

X EREGE T, PO AEBLXAN 7 ) cateh TRJBEZBIIRE, HIRMMNZ OEA
FHAFAE o

Ty Ml AR R TR R LM HEX B (new heap object):
void someFunction ()

{

throw new exception; [/ P AN RER, R AESE
/] SIS (B

} /] BAEFF new — Z LA M8—
// HOAEFRHE A
/] FHL)

X T AR AN R CECREBON SRR D (H cateh 3R] A SR —>
RNKRFEMI T AN A NAZ M BRARATESZ KR ET? WA AESE PN R O 5, AR
MTLZAMIERE 150 23 Pt UM o« WRANIEAEHE AL (R B 5, AT 2T AN e B
By R AT AR AT T . e A ?

ROEANTTRERUE ) —LER 5 AT RE 2 A 36 4 ) I AR X SR I Mk, g — 2B AT e A3
HEH LS R R L o S AR B ORR, CREE B A R R L 2 BRI
FEAMIER? X2 — LRI e BT LR R B R TT

i H, IR R R E AR S GBS AT WA FRHER 3 — —



bad_alloc (34 operator new (Z W4k M8) ARE /ML A2 I N AF IS, HEdlH) , bad cast (24
dynamic_cast £F %t —A5IH (reference) #AE KM, Bifi) ,bad typeid (4
dynamic cast X FREFATEAER, #ePb) Flbad exception (T unexpected 7%
ZWSHMIA) — —FA SRR M R IGFREE, I DLAR 25008 1 (B B85 | A IR AT T
WSS (catch-by—value) W LAk FIAR IR 1], 51 5 5 S AHIBA 1D ] /AT
A5 R BR M S 5 S B el L 2 R TR IS R G S 0 B DU I (2 WL 4K
M12). T HE4e /2 slicing problem, HIYRAZFEI) S H 0T GO 57 H 0 GA 3R,
IEIIRAEZRAT AR T (sliced off). IXFEM sliced X5 SEhx It —MIERA 4 .
EATR A IR ESE B, 10 H Y AHE e AT LR Ny, R G AT I 1 IR i
BRI R E CH— DRI AT AL b4 8, W RAE PRI ——Z W
Effective C++ 453K 220, Wl FIHX AP K T4 e BARERH 2RI 7 H BB RIER:
class exception { [/ Wk, X
public: /] — AR R
virtual const char * what() throw();
// 3R] TR ] R A
/) (AERRES B (R 46 e A
// " throw()”,
b [/ KRB B
/) B W5 14)

class runtime error: // Wk HFRAE CH+ 575 2R
public exception { ... };
class Validation error: // B A CMANE

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

// B E AR

// REA R
b //
void someFunction() // P —A> validation
{ /] SH

if (a validation JRZLMD) |

throw Validation error();



}

void doSomething ()
{

try {
someFunction () ; // i validation
} /] R
catch (exception ex) f W& EIZIRER ARG o (BN
// BB RIURAESE
cerr << ex.what(); // WM exception::what(),

// TiANZ Validation error::what ()

VT 2 AR 2RI what bR B, B B AR 0 R E X R 2 runtime error EY
Validation error ZRMIfF H'EATC AT FiE X TiXAMELREL, Xl slicing 1T LA E
PRI SAEE 1

BRI R ik 2l 5 3% (catch-by-reference). ML 5| H AEAl
PRBEFE IR AT ) o AN R AT IR R, IX AP VAN S AT 0 SR MR P T 7y HLA Be 4l
PhrtE R E R WG, XF7VAEA slicing problem, 1 H# X4
S8 I—Ik

AR a5 sk S8 1 VA R S B a A7, R TR
void someFunction () / [IEA BB B
{

if (a validation J[RZEM) {

throw Validation error();

}

void doSomething ()
{

try {
someFunction() ; VR &GS



}

catch (exception& ex) { // X H, BAE S R
/7 VAR EUR (1) i B i 3R
cerr << ex.what(); // IAE R R 2

// Validation error::what(),

// AR exception: :what ()

IXHEATH throw BEATEM S, (U T catch A1, S4BT D55, ARl
XA AR eI R T ER IRk, T cateh B i) g 400 bR 5 e 65 n 34 1 SIS B T AF:
T I Validation erro BRI FATHH E Sk i B E

WP ARIEE 5 3R 3% (cateh by reference), VRkfEBEF RFTA M8, A&
FEAT MR S HOM MU s BERSRETT slicing SEHX SR, RERGHIRbRMES 2R, b5 H
X G EAHE VUEH o T DMRIEAE S5 AT4 2 3 5d 5 A3k eI (Catch exceptions by

reference)!

5.6 Ttem M14: = {EfHHRE M (exception specifications)

ZIHEI, SRR A 5IE H Rk A A S BEAR, DR e WA
T A BRET DAB HA A R S o AER AU — N R TRE o G P £ 20 1 I I
REMS AN 2157 5 MRS I A — B M0 FLAR— AR B — AR 3 VL LN S, &
SALISAT I BE AL XA, ARG DNMFFIR AL unexpected REg BB . 573 M
A% W R LUABCH — AN T SORS ) It 2 S P (0 s R 2 SRBLR B 0 AT AR IR A1
o

AEAEE RGN, KPR R, SARFZIIFAMCRILAFEN R . A
unexpected B4 (K47 A 2 I BB 4L terminate, Ifi terminate §44 (K147 2 I i B 4 abort,
FITEA—AN3d8 S S RS FRORE PP FL B IOAT i halt (S ab3sdr) . AR M (1 R A2
AR P abort AEICAIREP I ANREA X IRNE B AR o 650 MRS IO A SR AZ A T
AN R A R A

ANSEI I, AR D RE S 9 5 T B L IXM I (T BR H o 2 P i AL 7 SRS 0
SR 5 S RS DR — B — e B T 50— ek, JF s A rTRedl e —A4
R R R, (A BRG] B B BN B BB BES HH — D ANE A T
AR Z RS, PTLLZAS B S S T A BB SRR BT GRS AT
Tl DUREA TR, I FLTE S AR AR L g R A e R 5 52X OV T DL R 5 A R

I RRH £ AT WS RS S SR AR o R T LA H A SRR 7



extern void f1(); // AT LAY AT R

BB —AN BRE £2 38 I 10 i R R 7 B LREAHE int SRAY I S
void f2() throw(int) ;
£2 A 1 RAER AVEN, RIGE £1 AT Redl —ANE R £2 5 R 10 5 -
void f2() throw(int)
{

10 ; // BIAE £1 ATEEHlH AN Z int RIUTH
[/, IR AR .

AT S B AR T AR B AT e U ) 22 A B S AE il AR, I A R 1t il (2
R E L,

PRI Ay P P 20 3 s SO VF R P — AN R B, FLA L ) S 5 A b 0 P ) R 80 57 RIS AN —
B, I HAX R IR T e S BUR ISR P AT R 281k, I DATE G 55 3C1F ) I AZ R RS Tt I
AN BN B g D o — TPV S AR A R SRR A P S AR o 4940 X
FIRE, &R A BEIE AT AT 7
// a poorly designed template wrt exception specifications
template<class T>
bool operator==(const T& lhs, const T& rhs) throw()
{

return &lhs == &rhs;

XA N PTATRRE SCT — MEAEFT R operator==o X TAERE X SERARF (KI0]
% WG —FERHE, BRI true, FIURIE false.

AR A5 (R 57 RIS R AR A ) R BN R 1 5 o (EL R SRS m] BEAN 25 IXAE
P4 opertor& MUlkERAEFT, Z L Effective C++ 453K 45) BEML —LeRIUXT R M WIARY
FHMLE, I operator==pR %A opertor&if, opertor&nl RSl H —A~ 7%,
RFEAUE S T BATR R, AR P2 B 21 unexpected.

SRR ol B B ) AR A5 XA B AR R At gl AT N I SRR S
BRI IAT ARERAH o AL AT RE — MR — AT TSR3 % o Dt
BRI RN T IR IR S kT i R BE S AR 5 3 A AN 2R A A

AE%E 71 unexpected BREUMIHE NI R A1 ARAE— N s B PR FH LB AT e
% YRR B I 12 2 BRI A R BB S U o IXARAE 5 B, (ER SE B T A D G . B e



VER P A 0] o 4
// —A window FEGe[A] i R K dig B
// > window REGEFA K AT
typedef void (*CallBackPtr) (int eventXLocation,
int eventYLocation,
void *dataToPassBack) ;
//window R, AT R EFRE
/%I R AL RE R window REGE 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
¥ // function

// AT SRR R A, FRATT R R A
//FAEIAERR S AR ACN BB S H
void CallBack: :makeCallBack (int eventXLocation,

int eventYLocation) const throw()

func (eventXLocation, eventYLocation, data):

X B makeCallBack Wi func, BE 5w MRS, KO ToiEH0E fu

P AT AR S
MREAEREFPAE CallBackPtr typedef HRFH B ™A% FR 5 o JR AC i he fi) fL
typedef void (*CallBackPtr) (int eventXLocation,
int eventYLocation,
void *dataToPassBack) throw() :
XAESE X typedef 5, WIARVEMN— AT Re il 575 1) callback K ZARER:
/] AN A S RIS 103 e 2

P
=~



void callBackFcnl (int eventXLocation, int eventYLocation,
void *dataToPassBack) ;

void *callBackData;

CallBack cl(callBackFcnl, callBackData) ;
//R ! callBackFenl A] R
// Pl S
/ /A SRR (R [ R K
void callBackFen2(int eventXLocation,
int eventYLocation,
void *dataToPassBack) throw();
CallBack c2(callBackFcn2, callBackData) ;
// 1EHfi, callBackFcen2
/BT S A%
e s R SR S JEAT S i RS (KR, VB 5 I RORT IR I, T LAAT A REAR 1) 4 6
AEASCRFIXANERE . WU EATASCRE, I AKEEIR B ORI R A REALIX RIS o
I unexpected [RIEE AN VLRI RGEAG IO T o IXEE S H R R H W
& bad_alloc, 4N AF4rBC I & 4% operator new Al operator new[J#lH (2 W44k M8).
WRARTE R BUEAT A new #AERF GEZS WA M), RN BT g 2 bad_alloc 5
VEIFHER
AR BB TR 9T (R BUEAT SR B, (AT I A2 Ty I #
MEIT 25 5 Wt & Ui A I AL BE unexpected S35 HLBT (S AT TR HY 207 20 . 4 fR 1
TEGG S — /MR, REHHH A T 58 MUk, E PR A 200 AU A5 FH 5 RIS PR R e v U
BREL, ZEBT L unexpected S RANBLSEI, ROAIX 7 E AR AR .
BB Pl unexpected FH AT, (A2 CH+ RVFURH B AR ) 578 R A%
e unexpected S, VRBEME R IXANRAVE . 140 UR A5 BT 1K unexpected S #H B 4y
UnexpectedException X% . RAEXFEGH 50D

class UnexpectedException {}; // FA 1 unexpected S b 24k
/B XRS5

void convertUnexpected () // WH—A unexpected 74

{ // o, XA R EAE H

throw UnexpectedException() ;

R convertUnexpected p& AU LA ) unexpec ted PR KAE LR ITARIZAT o 2



set unexpected(convertUnexpected) ;

BRIX AT LG, — unexpected S K& convertUnexpected PR .
Unexpected 5% #—Ff UnexpectedException B R e, WA BIEE [ K 57 MRS o
7 UnexpectedException J¢#, M4 5 AL Mg Ak 4 N 25, iF (8 5\ s B2 19 Bl 2 . (i
R 5 A WA B UnexpectedException, terminate Y87, SRR BAT
unexpected —¥f)

Iyl unexpected 5 AL RN 44 AL I U7 8 B unexpected BREL, 1B ELHTHR
HOMET SRR, X R RS 0 bad_exception. RATLAXFEGRE

void convertUnexpected () // W—A unexpected 7 Hl
{ /7, XA BB
throw; // 8B EET S 2 i

} /]

set unexpected(convertUnexpected) ;
// %% convertUnexpected
// Mh unexpected
/] HPEA
WASX 2, R AR P ) RS AL bad exception (BEIMIEDR, ArifEdf
exception)o PRE AL FEAHLINFIEE] unexpected T & FPERLFIBIT &1L (B AYE
(1) 5 HCKE B R 4 A bad exception, IXAN i ACRE IR R () e 4k LA s
FIIAE ARV 12 P S5 5 A 8- SRt P JBR AL o 2 36 4 A AL 08 20 M ARG, I & A ) A P 2
B8, BB SN SAT RS, — ANER AR E S oE &, IF HARSAA SO0 T
EAOE S 2 PR P A ALBAT . R IR AN St 2 BT RE T 3 unexpected B
fuke, RUAE—A high-level HIZE HERALBIRE I A S8, EEan R INXAN JLF—F A ZE M
oK B &K MLL 1)1
class Session { // for modeling online
public: // sessions

“Session() ;

private:

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

{

try {



logDestruction (this);

1
catch (...) { }

session MIHTHI RS logDestruction i % session M ZPRELIIGEE, © W
Ll R LogDestruction JUHH KT AT 5% o {H72 logDestruction [ A% R HA
P HATAT S s IRAEAR Y LogDestruction P I EREHL H T —A 5%, 1 logDestruction
B BATREI R R AX R SR, HIEWIRA1FT I, RAESHES B R AR
RS . IEA Sl logDestruction 41 oK, unexpected ¥G4EMAT, Ao T
SERTLAPAT . XA EMATH, (HIXJE session M sREMVER I B IAT A
A2 AEE AR B TAT AT RE I S, T LU R AN R ANGS session T B HLIK catch JedhAT
ML 2B . WA TogDestruction A i MUk, XMFHEMASRAE (—RIB;Ik
(K375 ¥ b AR PR ISR 4 unexpected).

DAASTHI PR 11 B 256 5 e B SR AR JE 2210 o e (TR A0 T AR 55 O SORS R 1 B — A e 4
RIS, JF KA SCEIEOLS, ATl Mg R, FEPHOLRZaL, s i er]
S TR G P e MRS DU AT TR — B0k, P AT TR R S i A 2 i I . T
HABAIZBHIE high-Tevel S AbFE S R ALFE unexpected S , B I 4 5 b FH 48 471 1 1
] 48

Zi BPTIR, R RS & S R AT R o AESEEATIMA BRI s B 1, %
JEEATFT AT R R AR T A S IAT A

5.7 Item M15: TfEFHEKRGEIT4H

H TAEIEATI A B3, P B R AR . R IHAT R 2 M7, FRFF LA Al
U EH SR LB AR O H R 1 BB RO AR % FRE BN A A
DL A try SR s 6 TR try Bt 1AL RER 5 HAREH) cateh TA)LL K%y
catch FAIALUAHITRIO A . BB B ME R R BT AR 0. B AR (AR P A2 8
WL A B 7 0 L% Cruntime comparisons), 1T L2458 Hell th -t A FI A 0 78
RO X (R B RICHL A 0 cateh 60, (U 54 AL RATAR A0, BIDAEFRIEAT (]
try, throw o catch BT, IRFIREAHT 2Lt

LRI 5 MR P 7 5245 A 0L A 14 PR o R S AR
IR G R W sE 2 HIKE Cconstructed) (2 M40 M10), fRULAE CPU Il fjkFisc s
R £ R RS T  SH TR — RO ARA, ELS SRR AR S 5 107 T R O R — i
S R PS8 DT o725 T

ERIE I, RRRERTX SO A TIE R . R CHI—FB5, CrHit iUl R



o WAL, VRN SR AL BN URAN B Lk G B2 A ™ T BRI 5 THI TS, AR —
FBCE Z2 AT A U H AR SCIE Cobject files) H, A —AN HFRSCHEAEAT 5 A #EIF:
ANBEAR A H AR SCAANIEAT S Ab o vy FLEPSE R il AT SRR B bR SO AT S
ReBE, XA ENIPTERLRIRE P RN ? WAL AR — M T 5, e i
W o A7 MIAEIBAT IR AN T RESE L IE AR IR S AL 2L

AL B, SEPs L ICHR I SCRFS IR G B 25 1 AR SR VEIR B el PR A AR A
AR LA S e W I A IR AR RNTE AR RE > AR AT BB 73 HEANE ] try, throw BR
catch, Jf HARMENTE PSSR E A AT EH] try, throw B¢ catch, AREEAT PR IASE
FESE W AL BRI Ty 1A T 1, 3K ] UG NRE P IR ST AR R, A AR A A — AT 2
RF PRI HARHY o B IR TR HERS , (8 H] SR AR B R P R T hn AR A9 1, B Rl ik
K BB ASRENL T, AEZ AR H AT AT TR S DUORE, WERR 28 g AT IR 575
o AR AN SR 8 T g R 2 — MEREILL IS BTV o TR REON T AERE T 57
H IR PP R R U 2 — N PEREVLAL I vk IXREDRAIE S o AN 2 A P i R e A S 0E R e P
B, AN [ IR e 5 2 7 i R P T SORE PP P vb A B VR AU BR O HAS SR iF 4
) s i SCIR I R

TS A IHEOR AT try B, BRATINAETE, Wt MR Al se s i gihse
HI, ARARHARAF N AT AR o AR G B8 SEDL toy SRIGIVEANA, e AG 18 a5 9 4%
AR TP AN — o Al o, A BUIRAE T try S, ARSI RSHRERE I 5% —10% JF Hiz
A P A A o X BB AR P B 3, BOX LR N R AERE P AT try
BRI 0 T DI, R % ST try SR

G 1A D0 S RS R RS B EAT T8 try SRAEIRKACIE— R, BT NS R —
At try BeFEZ RGO A4 7 URULIRIA 0 575 IR S0 — M i 2, kI
EMAST A ? BALF, BHEIRNZ A B A N T .

DUEBATREN T W% LR 5y, B AP AT o S5 EBRATARIR I A )
L U SRR WK, IX R R AR IA Y exceptional CREH, LK.
80—20 M (S WA MLI6) &5 Yk AT IZAE (R A AN S AR PP I PR REE B KI5
(B JRANTE PRAT [H 4 27 M AR R 0 R0 — A B 2 KINJT A, 2 38R X T g b
BOKo H—ANIEHR I EOR P L, JERLI0 575 e B R [l e] e i = A B 2. XA
TR K e AER AR W N A S XA T, — A R A ER IR AR ] S H R
AN PR 3 FRPAR L » 9] 01 5 POt Bl 445 A P g B TR — M3 IR 20T 7 T DA%
[

AR N, AR B2 B A R IX LA (e ? AR SC R 5 0 K 2 B 1 Aok
VU — DB R, SR A R G T8 (1 S W VR B AN ], A B e RE BERE > (0 R
KB K 5%-10%, ‘&AW R LE s, T Han KA KBRS, BRsirEs



EHCRPIRIENE ? B G NI — LB [ A — IR (benchmarks) (L4
AR M23) o FESE KA > N AL G P A 1 A S 0 A B T LB A A2, BT LU
TRA T S A SR TT A, AR E SR ) A R R

VRN G SR A SR T RGR T84T T 8, (ERANRIT R R (BUEMEA E %
BUEY e AR A BRI AT 2 KA AR A gy HAT 20T I A AT R 0. O T AR
(K15 I HAH B/ M, EERT REMU BRI AN SCRE 3 (5 VA B AR, JEAEH] try SRS
RURS BRABIEAR A S s 22Ty, IF HRATER N 7% 0L T Cexceptional) A
SN o WERARAEPERE LAIINAT R, SRS — N ORI B AR BLRE S 7 SRR A 2 — il
I ER . WSS, AR IR F LS g 2, REAE Com W AR BILy T FLAT B iy SE B
INETIEST

6. BE

FMBE— L NAE CHHERAETT RN 53 5 EREAT R (0 LTV Rk, IO AT 4 8 2
“RRT ZANER, VFERRT RS REK. (Scott Meyers ELHAER  PEETE)

HY b, FERAA R IR RS . —NRRECKE R eIt R LR 2 45|
NVE HEA S A NAVIHEZ o ARNAZIZHRE o A R B BRATE L 3 TAE, $isdrid
JEMS A JE AP, YA EE 32MB WNAFIRE I U 2 16MB A AFRORE A4, B ] 100MB
Bl 2 Te) (R R P A o Y 50MB R 2 RN R PP, X T LR TERE 2 TR i LRV AT 4%
REFFHfRE A T REAT R AR AIE S A by Y58 22 (R I TR 2 ), (RS TR 22 Ry R it K e 4%
T HRERE R B AN L PRI i A o

FEH] CH5 O RE 3> T, U IR B CHA B 25068 5 /R B i 21 A AR e PR RE ¥ 1)
TR e WERARE AR CHARN?, TRITE JSRES ik . K20
N AR BRL T IZA R E . JE i, TR BENS AT TLIETT, BAr#RAE (shift operation)
HEMS IR, (EE W R AR BITAL P 1) i J2 S0 S FE R AR XL st AN AT AR
LA I R e A Oy BRIl X it v S R EE Y
RO, LA KR R BT R — A O, B SR ARAT RS (I 1]
AAREF—Fo

ASTE K] A I AN S S5 B 253 (1 T o 55— TR S OZ IR L, SIS LS R REAEAT:
i 5 AR AU AR P o CHo e IRt TR S LN SBR[ B X B 0 S
ARH I DT RE NS S PR 0255 Al 4 R R AR AR SR AL S DL, [R) I 432 1 PT AR FR AN

BRI CHIEFE AL . mtEREMI A S B A BRI, B S Br g R AR
P S BUAHRRERES , ROR thx FRARISAN S 2 o IESE F ISR R DA S R I AR 5 52
TR IR A I OB IO R RN Bl — PO AE IR R o T 2 (R AR R BRI



X FARBIRE PR RER ULt S A2 K L, AEREICE S AR 2R B R, 5t
I TR AL T o XA A BAE CHRE 7 AR at, - B FH DU A 26O 1 I 205 G R AL
K, AEATEMRE A IE A TR A R Al B S B e AT

FESL KR IR RAN S R P AR T R S A a4 3 AR 1 o AT JE — 2 Pk e e
MR, BFERET FERIEREAE SRR SEIL (implementations of language features).
5 NI A5 BB K

FEEE ) TARBEA R LU, MR B RETS TR mRE P PERER LA JUU, X8 vy L& A+
VRBT S BAEAT AR o VRKE S0 T ] YRR M 7 L RV AR L BN B0 5, JF Ho e
e R AT A AT AT A R IR B

18R UL % G (forewarned is forearmed).o [T LA N THI (¥ Py A8 AL B i S F AT FRIHE % o

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

80—20 MENWLIIS& KL 20% IARELAEH T 80% AR/ W4 K& 20% 4 RHLSFER T K
2y 80% Ifia ATl K2 20 % AREBAEH T 80% I INAT: KE 20% HIARHEHAT 80% I¥1Hik
BV 80% MYE BN T KL 20% A by W LG LIRS ElE RGR NIRRT b
(IS0 3K A% VR D) L 28 0l P = LGRS, . 80—20 HMENA HUE— &AL BT, ©HERE—4%
ARARGVERENTE T 5, EATAE T V2 103G F PR U S ) S L fi o

A E) 80— 20 HEMIN, AT AR B BN, — 28 A S0 A% 1K) 90— 10 #EMI,
17 HAR A — SRR S R e . NEUEMH A 2/, BRI RUE—FE: AR 11
P RS AR AL () — /N 43

URE 5 7 B KA T PR RE . 80—20 MENEE 4k T 4R IR T4 SAE AR 1) TAE
AFE AR, — 7T 80— 20 YENIZ 78 K 2 BN (Rl VR RS 4 5 1k e — MR AR A, BRI 80 %6 I
(] LXK LA I R AN S S M B HEA R G PE R, X 9D — LRI TAR K D)o 11 5 —J5 T
TX A5 HE A 7 T AR (R P IR T P B i R, AR T — AN R HE PR A, DRA R AN AN 0 23
B G — N PARRD AL, S0 5 4% = e AT T PR R o X ST 55 v i N ¥
K2 KRB RGUM B HA AT AR 7 RS- 4: R 2 BN 17 A0 e IR 7
e

KREBN TR e Bk, Hi, Sadlh. RR. f£Eoiite
RO, — AN ANFEF 03— AR IE 2 B FRAR T O 1 B ) R e 4R 1, DR 19X 8% 1 S
B, ANEGFI AL, i BB BT 208 AU B — SO R B R AT OGN 3 1L
A G 1) o IXLEPPAL R DA — Rty A7 2 1R e N IR UR AT ok, 3 X LI 5K 2
FHARATT R P33 #B A2 B ER 1 o

RZHRE? SR TR P PR AR AE b 10 B0 R AR K, DR R PP M RRARF AR AT AR AN e 4



FUR R E o« SR AP M e B B CR TABE TR BN g, EZ X R e R AR A T A
AW E R o 0 an7E AR e BT Re 8 5 MU THIR B AR B AR B 454, (R W AR P
FIPEREBR ] 3-227E 1/0 £ (1/0-bound) B2t ARIEH . KA 1/0 TERe2h ey
PEACE 2 B2 AR & M I FR P e (S 46K M23), W AR P I Pk Re #2476 CPU |
(CPU-bound), Xkt ALttt A,

FERXFMEDL T, MRS AT # 2R s i 2 WAF IR, ARz i00é 2 80—20
DR SOt e WL IR iR — A R P BB AN AT e ARR TS By o RRPPERERFIEAEAE A RESE B
WA E » XN TR H P REREAS AT i LS AL AR 5 — B 0 REFP I R X M T vk
GBI X o B A AT A 85 R We?

G5 P IR AL A8 20 % B8 0 Ko S EUR O« IE#IHI 7752 profiler F7
PO N IRIIREFP I 20%6 3875 o AN ITAT I TAEHSLE profiler 2ef. ARAEAEE & HEE
H IR A BRI . g R KRG8, ARARAL profiler 5 YRARFEF AR B0 #B
FEZR T 2 /DI TH) o SR 5 AR DGTT S L6 J5) 3B 803 e 8 AR R i (1) My, XA S5 R b 3 e 4
G e

profiler HYMREFLIEAIAT T 2 DRSS B T 20K, 1X & —MEHAT IR
T H AR E TR KRS, ARAHI SO — S4B A s — e B i i T 2 bk Rl
/38 B P SR e P B AR AT TR 2 BB ) s T TR 2 R R . W R L
P, BT NROA 2 /DIEABAAT, WERFEFFIZATING, A AN KDIENT 2 ARD. iy
IR AT IRESE Ry, AR AR R P LA 155 4, AR 2 DB
ANid, TR AJPAT ek O FH IR, AT I REHS B VIR S N B IAT Ao it 2R
PRIESL T 100 DMIERISERINT G, 25 IR P Z SR8 s 8o BTk, XAME s 2
B o 1 LB O R B 2500 R FH 0 S T b 5 B 7 B AR AN 6 L B o (R R AT b o 9
WRARA e B 2025 A7 BT, JI52 T8 P A7 53 T 5K B0FH PN A7 1R 0T o P AR A 2
HHW .. (g2, operators new, new[], delete, and delete[]—Z W43 MS)

SRR FR LF () profiler Hgd 5% I Ak BE IR B4 Fr s o an S HH ke = AR SR PR 1) £ s
profile fREUFRY, PRAAGESAR profiler FERILALTEFHIAR 80 % HIFS Sy, M A XS
FEFPIH PR REAT AT A 58m0 . 4T profiler {XAER A URIRAER —KiaqT (EJLIKIZIT)
I —MEEFFEAT oL, B LA R AR A BA AR R A Bdls profile — MR, JRARFTEE
ATH) profile WEA MR HHSOXPEMUIR T g 3 EUR A AT R RAEAT D, TAERR AT
R AU, JUDR A A AR A S T CEASCR TR D

B L IXRRANIER I 45 R, BedF 7502 FUR AT RE 2 I profile URIIEKAIE. BEAL,
IR R B A B A2 ) (B D e R 2 ) i A B T e A AR M . Tl
AR ARGR I Bl AR S 1), B VF 22 % P A B Ak AR A AT O B 64T profile. B2
TEARIE R T AR SR A A A



6.2 Ttem M17: %ZJE{H lazy evaluation (fifE+tE:)

MECEIMRORE, SRR IR AT, TREr, A an SRR A 2477
SR, AT AIEAEREFF FEAG AL INANARRDHEAT TH e 2 T HA RARAN 7 AT V55, B4t
] WA ZPHAT IX LA AT g 2

B ZEMWS -

WAL A? BRI S — % T, ARESCRER AR G310 o AR WU R I —F, 2 “ i
(1), SRIGIREAIR B QRIS o RS LB H M B a e RO BB b (R P HEAE T I
JE RO, S2br B E BRI WACRE N BT R A IR b3 )2 15 ORI, R4 200 B 1
H I s 1) B e MR PR P F R 4 B W RIS, ARACBERT e AN S KA A R 1) o5 1], B
FERIUE VRl BEAR A AN BB B3 18] T

R 1) B 3R SRt FH - AT LA Te 18 CHARIF i TAE b ZEVESEALRRE S, 3]
ERRIXFEMREIR A lazy evaluation (MG THEIE) . “4-fiH T lazy evaluation J5, X
R R R HEIR U 5 TAE H B R Gl S R 4 R . R AR AR, AR B
TS, AR RIS BE—HE, AN AR
VAR AR 0 0 R U0 I IX 28 B R R A A R . WVF 2 — AN el DU B AR B A . lazy
evaluation | VZ 3@ HI T &M AU, BT LAFRAE 23 DUASEB 73 UFA o

el

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 ¥ DM KL

WH string ¥ VUG REGE 2 7 s1 WIS, s1 Il s2 HATH 7 Hello” #5011,
XM DUR) 3 o Ko 5 BRI TS, RURZERIAE s1EFE DL, IFHEEIRSS s2, Xl &5
L new HAEFF M HLHE N A7 (B 4K 8) , W22 ] strepy PRIEFE DL s1 W IEE 2 2. 1X
J&— eager evaluation (FHEUHD: NN E] string ¥ VUG R AL, W HIE s1 (1
PV E RS s20 SRMIXI ) s2 HFATFEEXAMEIHE UL, Bh s2 WA A

WG BRI D> T A . ANZIRES s2 —A s1 I UL, Tii2ik s2 5 s1 e —AME. Bl
R — il s UMERE YE ST 4, SR A A new FIHE DI RFIOTFRY . Fi9 |
sl fl s2 52— AEHRLE R, IXKT client KRUEBEWIN, X RG] RE, XA
oz, B AT R
cout << sl; // s E
cout << sl + s2; // Bk sl Fls2 A



A IZEABIBA string MEBAE SN, FER—AMERINEA NG R . UUE
A string ME, TIAZP RS, X — SR EZN . B X 415
s2. convertToUpperCase () ;

KRR OB, AUE N s2 ME, TAEIE s1 i —Hz.

h T IXFEATIER), string (A convertToUpperCase BREUNZHIME s2 MEH— L,
TEAE AT IX AN FAE AR ZS s2. 7F convertToUpperCase B, FRATAREFWNE T 40
Ay s2 GRZERD (EHIERE LA s2 ACER . 55— 07T, WA B s2, FATtA H Hi
EHOENE L RS EBIR TR . WRBAVREIE, s2 Aasiss, &l
LT BAVAGE WAL AR & B IEFE SRS )

PP IL AT VAR SN CEFR T RS 745K M29 rh i fit, (H2 L2 5 i
Mgk 2 lazy
evaluation: BRAFARHASETTE, AL NAEMARTGHIESS W FATNAZ 2 WK, H2n GEmt
SEEAF IS 52N A, RE T LUK A0
o [XAAFERMBA

LS I reference—counting string % %. KEFHMH lazy evaluation {14
TR BRI A
String s = “Homer’ s Iliad”; /) BB —A

// reference—counted string

cout << s[3]; // WM operator[] 1H s[3]
s[3] =7x"; // JH operator[] HA s[3]

BT operator [J KR string IIFAME, FEEE XK ECE N T 8ms
Bl ATV R X A Ar A S A, UM reference—counted string s2R%
i, MTHNIZEAS string WFEAES AW 1% string M HI1E—S8#5 DL,

FATEAN T INHEZ e T REGIXIEL, 75 2AE operator [ HURIUAN R B C(HR A
Je ol T 58 R IR A T L Z R 08 2 0 1 58 S AR TR T s 80 . JATan SR A B
H operator[ (¥ context fE i HUERAEIE 25 NHRAEE ? SRS (¥ 92 TA AT e ok
W] lazy evaluation MIZEEK M30 " AR proxy class, FAlTnl DAHEIR M JE 545
WG EAERE, HBFRATREHIET H E % % .
® Lazy Fetching (HifE3EED)

H=A lazy evaluation [T, MRGARMFEFAEH T —2e &1 2 T BTN 4
XN G A AT R T RS AT I, T LLEAT L AR AP (e B5dl P PR o B — 0P — A
WE— R0 AR VRRT,  HISR MBS e v LT SR AT A B
class LargeObject { /] RESFE AN G



public:

LargeObject (ObjectID id); /] WG IR B
const string& fieldl() const; // field 1 M{H

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

const string& field4() const;

const string& field5() const;

WAL N AL P S LargeOb ject [FFF44:
void restoreAndProcessObject (ObjectID id)
{
LargeObject object (id); /] REXNB

Ky LargeObject XS SEBIIR K, Ak E I GRIUITAT (K5, Kcdls e 0 B 6 1R 4
K ARH K, R i N IZE R e SRR A i Y 2 A IR AR I o IR SX A O T
AN B A B . i, ISR AR
void restoreAndProcessObject (ObjectID id)
{
LargeObject object (id);
if (object.field2() == 0) {
cout << “Object ” << id << ”: null field2.\n”;

XHAAL T filed2 B, BT LA SRIBOHE 5 BomAs i #%5 y #2 i o
1 LargeOb ject X G LI, AN REAE e UITA FOBU, IXAEIE Ve T aX A )
e AN HAE XS 587, AT EER N, XA A BB A I
[, i%Fl “demand-paged” X SAHIEAHISZBIIT LA «
class LargeObject {
public:
LargeObject (ObjectID id);
const string& fieldl() const;

int field2() const;



double field3() const;

const string& field4() const;

private:

ObjectID oid;

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

mutable double *field3Value;

mutable string *field4Value;

b
LargeObject: :LargeObject (ObjectID id)
: 0id(id), fieldlValue(0), field2Value(0), field3Value(0), ...
{}
const string& LargeObject::fieldl () const
{
if (fieldlValue == 0) f{
MBS filed 1 SeHUEE, 1§
fieldlValue 4§ [3X/AME;
}

return *fieldlValue;

XGRS BURR ] — AN I B (K45 KRR, LargeOb ject #it bR BT AR H4)
IEA A A XS R R R T BOL AT B 2 P B R . B LargeObject A5 BRI
Y 1) - BAREE TR ) 1 2 B0 207 BT A A RS o W SRR A, X RO AT
A 20 250 NSRRI 8

S Lazy Fetching I, ARTEIGA —AN il . AEATAR] B O3 oR 250 #0477 e R 2T AA L
FREI LR 1 BCSE IS, BARAE const SRR BRAHL, FlAn fieldl. SR AHRAEIAE const
F 3 R B SRR I, SRR S RO . SR (K VR P W BB O mutable, XK
INAEAEAT BB L AR BE IS T, A const WA BRBUE (B Bffective CH45K 21D,
XAt A AL LargeObject HAE B A W]k mutable.

KRBT mutalbe J&—ANLLEHTI CH+ RRPE, PTLMRH IR PERS T REA SR B . g
R, URAFFEHR T — 7 Ak G 1 88 RVFURAE const BB BB HUE OB R B . — T v
Mfie “fake this” (fhid this F8EF) , IREL—ANFE 1] non—const F8EF, FRIIMXI SRS this



Rt —HE . RS SR AR, R “fake this” Vi) E:

class LargeObject {

public:
const string& fieldl() const; /] "AE
private:
string *fieldlValue; // AFEHLA mutable
VARTS VB A E TAZ =
I /] HFE

const string& LargeObject::fieldl() const

{
// FEWIHREF, fakeThis, M5 this 10 RN 5
// BREEER TR EENE
LargeObject * const fakeThis =
const cast<LargeObject* const>(this);
if (fieldlValue == 0) f{

fakeThis—>fieldlValue = // IXWRAE A IE A,
the appropriate data // A4 fakeThis $5 [ 1]
from the database: / /3G A I const
}

return *fieldlValue;

EABREAE T const_cast (B W4k 2), LB T*this [ const J&PE. WIRARAI ¢
ZRANZFF cosnt_cast, PRATLMEFHZI C XAEH cast:
/) AFHZRH cast, KHj mutable
const string& LargeObject::fieldl() const
{
LargeObject * const fakeThis = (LargeObject* const)this;

// as above

FIRF LargeObject MRS, X LERREHAATARL N A, AR5 BT E AT #48
WAHEATINR, I IEA NIRRT A5 S B R A . ISR smart (RID) 4R/ EH AT



LB it 58 X Al 2, RARA AT AZ WA M28. WIRAE LargeObject HLEH] smart
REE, IRER I 5 2 H] mutalbe A5 EITREF. X FURBFIN, ON 2 URSEIL smart 55t
KN AR I &2l #) mutalbe.
® Lazy Expression Evaluation (iR 1A=t 5E)

K lazy evaluation ff)i— M TR A TH PR HREIZAE AT

template<class T>

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

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

W operator [ISZHIEH] eagar evaluation: {EXFMEWLT, EaitEARM nl 5
m2 (A XAV AR K (1000000 KINEIZ 5D, MR RG24 50 HE I AFRAT it IX 241

lazy evaluation JPVEULIXFHL LAERZ, FrLGE AT LM 1Tt Nz — AN Eds
SRR 3 AEE ml 5 m2 BT, 7R —AS enum R e A& I IREE, @i
XABHEA I ml 5 w2 MINEERVFL, WRE 1  KE RN AF.

BRI JE X ES 2 WA, AR w3 Z 17, AAEHATIT
Matrix<int> m4 (1000, 1000);

// TR md —LB{y
m3 = md * ml;

IAEFRATTAT LU m3 S ml b5 m2 (AN (R 28 T oH R ITAT), 78X BLERAT TN ad A E
m3 J& md 5 ml BEMEER . Ay, FATAHBTIREIZHE . KOATRAEMER), &0
%

KA L RATEME, U — AP IR RN IR SRR TS AN R (R
AZHEA] AR TR EXARE LRI AMAE  BARGFRET A ST AT 5
ERAE e P REF BB T FEP IR AR, A1 ARTAT FH T SR A3 AT TAE L, XA il 2
HOLI o e SO AT HEAT VR SR SR LI SR R R AR REE (S
Effective C++4%3K 32), ANILIXAN A EAR /K58 25 HIH.

H 2 Xl 2 A ] lazy evaluation ME—IRAL, ABWEARAER T o —ANEHE WA
P B T ZE g5 R — 30 i) o A A 1914640 m3 RI4E A ml Rl m2 1)
M, BRJE GOX AL m3:
cout << m3[4]; // FTEI m3 (A58 DUAT

IR, FATABERMWRE T, NAZTHE m3 DA, (HRRMTBAREREO R, &
ATBATEE V5 w3 S8 DUAT LASR S5 s m3 JLAR IR0 7075 IH ORAE A TS IR 25 1 30 iffy 91 75 22



EATNME. REis, JAT—HARE.

TAVE AT RIZ AL ? FE R T AU 2256 o XA A REVEAR Ko SEBr I Tazy
evaluation HifFfET APL ¥ 5. APL J2AE 1960 FFAUK EHEKTE S, BRI I THIFRI
AL S A ST e TSNS S 6E T30 B BUAE LB HL 8 A, APL ZRHI
EREUEREATREAT IR RO N e, HL R RS PRI M S ORAE FEANBR | B B e lazy
evaluation. IXANHITIEH AT RN, B APL (L I SResBr DU FE A D A A ]
ity LA, TR AR EEH /N HIME . APL ] lazy evaluation KA L&A
v S B D) I R0 T PR S A, ARR TSI B . Sebs L, IXREST
VFHPHE— B IRAABESC K eager
evaluation MITHEEHL EAZH A SR MITHS . BUETH SN AR R, (EE Bl th i
Ko AP sEsZ Ly, B DAR 2 BUE A R ZERE AT IR 1azy evaluation.

NIEMTE, WA R R R FEAE ] m3:

cout << m3; // FTEN m3 JrAT (RMA
—UIER5E T, BATLA S m3 (A . [RIRE A S m3 B AT — AN R, 3K
(RRCER A YA R =
m3 = ml + m2; // e m3 & ml 5 m2 A
//
ml = md; // BUAE m3 2 m2 5 ml IEAEZ
//

X FRATFATL AR BT A ORI 4T ml DUS AU m3. 75 Matrix<int>WREHAE
PP, FATTBEMSAE AL ml 22 A 3R m3 MR, B FATTmT Bhgs ml (9 IRAR 7 — 4% DLk m3
AT XA D5, AT R IS A TR m1 A LUS m3 B CRFFAAR . e T gy
A AU P R H5HR 6 20 P IR 1) 7 A 3

PRI Ay 5 A7 P AIMELZ TR AR AR 28, S AR A OB R B B3R P, SR BRAEAT
BN ART  #5 DUBRAE R INEERAE, Ll lazy evaluation AEECF U TR Z . 1 — 7
TS AT I & 80 15 48 K B I T R )

o n&

DA EIX DA 775 T lazy evaluation 7EA-NUSGHS A HI: BEMEE S AN TG SN 5
PEOL, GG operator [TIX 7r B, G AT LA Bdle PR B R4, JRE S AN 22
B BRBIFAR A M I G SRR S BEE S AAT BRI 7 1], TS 2 Hi Sk 4 7
P IR AN g D AR AR R S2br b, BRI TSGR LY, lazy evaluation AIHESS
PN P TR I A AF AT, BRA B T AT T T S RAAE , URIC e il 45 K ik 1azy
evaluation JAJREMIAESS — I THISAT o AEIELERT O SR PATHEAT Sk n] DLk S i) vk 5
X lazy evaluation A4 &4 FHI.



lazy evaluation X§ T C++RULE A H ARFHR M AR TE . IXANHRBRBE A T4 FiiE 5 1L,
JUMIE F W25 410 APL. dialects of Lisp (58 BT FEHRAIE T HH AL
HVEF I ANFEART S o AR EIFE T BEUHE S R A I 2 eager evaluation, CHitFiiiE
T ARE CHRRIE A 2B lazy evaluation, R E ) R 0 S R REAE S HUINA
lazy evaluation, [MARASANH LEZE AL & %niE

FE—F LT ARG 5 B, RERBERINE R eager i6 /& lazy evaluation, 7E
PR D IR R A X BRI LA E#EH eager evaluation JjAsRSEHL—
AN, AR AR B profiler P& (W4 M16) R I SLBLA — Mk BE A,
Al LUHAEH lazy evaluation FIZRSEIUREAE (I Effective CH453K 34). X FAT
FH A BT SO A PR RE R4 iy (OB PR RVRE R D o SRS & S IR A 5 =
AR 5 4 W] LA A B 1T 7

6.3 Ttem M18: 4 HAMEILIAEN)H

TEAHMLT vf, JoAR I FRFEME A0 m, JROPT REMBHESE I 1), I EL AR 10 b £y 42
AR IS AT RO o AEIRA SRR — RS . X AW . SR
LR s LR R IR 22 2, Tl I I 7 2R s R A (R PR g o IXAN SR A o h 2
over—eager evaluation G BEHIGVIEIL): FEERRMIELE RN LLATgi e el #lan
TSRS, FRF ORI K R 8 e 1) — ME G
template<class NumericalType>
class DataCollection {
public:

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

NumericalType avg() const;

fEBE min, max A1 avg bR AR [ BUAEIXAN SR 5 1) de ML, S REAT I, AT =Fly
FEIIIX =AM E . AT eager evaluation (BFTHEIE), 24 min, max 1 ave R4 T
I, FA AR NPT A, AR IR AN SR ] lazy evaluation (fififisil
SR, FUATH S i 22 R B3R PRI AT A R o AR 0] RE P SRf e #E Al K (L 1 A0 454 o
1]l over-eager evaluation G EEHEHTIED, FRATBE ERER H ATE S OB AME, K
EATP- IR, SXFFE 2 min, max o ave SR, FATT AT DAASF PH ST 2030 7] T ff RO A0
WERBE RS min, max A1 avg, FAHCEREAR S EAME BT EIE I 73 JER AT
XL pR B L ARG T T T8I L eager evaluation { lazy evaluation



LN
K7 over—eager evaluation J& [ IS ARLZ URAR UK — N HSETR BA AT, AR5
AT LAV — AN 5 s O A B BT SR SR, IXRE AT AR AR A O v S5 SR N A T4
KH over—eager ffii LI T IAHE caching (ZBAF) ASLE Ll vH 4 H KMy UG & Al
RETF 2L . BIUNRS T — DRERe, FRELAEA O D AOE B, IX LB B (R 22 b i 2
(T 73 A2 Jie DR ) IR N R T bt o TR e Jie B3 A A e it P2 B, (EL ) T K2 B R
KU, i G R R] S5 R AR, T LS PEAKT B AT T A . T 8 SRR 4
e RIS U W 4H, AT LGRS — N R L findCubicleNumber, FRZEAF £ 4k 2 1 5% o
DL 7 L R UK B 8] 5 I, AT LAAE cache HLERE, Ty AN 1) 240 122 A i
PAF /2523 findCubicleNumber H—Ff057%: EAE M T HRHERMR)%E (STL) HLE map X}
% (HKSTL Z WA M35).
int findCubicleNumber (const string& employeeName)
{
/) B XA map, A (employee name, cubicle number)
// pairs. XA~ map s& 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;



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;

AFEBAN STL ARID I LB B (FRi2 5843k M35 LUG, R bbis A8) . Mazitid =
TITBAEIEA BB 1007 1% b IXANTTVEZAE ] Local cache, FIFFAHANS AN K1 47 Hh 25
ok AT RS AR I B A . R W R RS ANl R B, A
findCubicleNumber MY HIZEAF 23 iilis b3 [ B 18] (R ~F- S5 T4 o

CERACH AT AT R, 5 MBEARIIN R (it) . second, A
WK it->seconds WATA? BZRIXIEN TNy STL (RN, R, iterator &—
ARG, AGEFREE, PRUAAREORIE” —>7 #EMNH2IE B, Al STL ZEk” .7 f7 «”
7E iterator FJEAERI, LA (xit). second 7EHE L EAR LB, (B RHIERSEAT.)

catching J&—F MR T IR )% . Prefetching (FURHO & 55— R k. &
FI LA prefech ARG ) SRS i 1T AR A IR0 FT 41T o 481 D it 42 1 2 ARG B U 1T, e
AT 2RI Pl A b DX, BIMITRE  A TT 2E— N R o X2 DR — IR — Kk
B LEAEA R f T) S P AN B = A /NSRBI B AR . 1T HLR 46 o AR R A 7 B
JUAR AT B 7 B e S5 A o XA BA SIS . IED R RIS, ARG WA E AT H
AR R A FI WG4, cache AT AE cache, A T4 prefetch.

PRBARA T GG RLAR BB L CPU cache KPR P B W8I, prefetch 76
it N FH BLAT A A kR dynamic $ZHSEEL— MR, dynamic g2 A AT 2 1
JF, BUGTTBLE Y REMEE, B LA R R 51 #E Ak

template<class T> // dynamic 341
class DynArray { ... }; // R
DynArray<double> a; // AEEI, A al0]
/] BRI TR
al22] = 3.5; // a B R
/) BRG] 0—22
/] REBVEM

a[32] = 0; /BT RE;



// BUE al0]-al32] BATEM
—> DynArray X UMATAETT LN BATY RN ? — M E 8107 VE 2 3 BTl A 1) A
1o HUGIXFE:
template<class T>
T& DynArray<T>::operator[] (int index)
{
if (index < 0) {
throw an exception; /] BEEGIAG L
}
if (index >4FTHEKHIRITUA) |
VA new 4} L LB IOEAN A7, DIEAS
Rl
}
IR\ index {7 E FIMEAICE;

BT I I A P, X new, HJZUA] new £fil’k operator
new (Z WL M8) , operator new (Fl operator delete) K1 B H TR K. e 1#
FEURERAE RG], RG] AR — R LEHERE P o 50 Y a8 P8 o PR FRAT T 1%
R RG]
f§i ] Over—eager evaluation J7¥%, JLJ5 I FRATTILAE 06 20088 I 4 1 ST AR AN ZR 5] 1,
TR AR AL EAR DL WA T AT BRIL 2338 I B A R AFEACKR BN LL § K E RS h T
WG A RETTREAT 35 3k (FORH ) A AESM T, FRATTIRAERE I DynArray (19 R EGREAE 1 &
IR EER, BAA AR IS KA S AR T R AL RO TE B Y o 9] an AT T n] LI A 9 5
DynArray: :operator[]:
template<class T>
T& DynArray<T>::operator[] (int index)
{
if (index < 0) throw an exception;
if (index > MHTEKIIRTIME) |
int diff = index - METHCKMMRGIME;
P H] new 73 BC LB IBSNAAE, (43 index+diff H7%;
}
IR [H] index {7 & ARG E;



XA BB 3 BE IR N AE BT T I P AF I A5 o WU RAT T PR — R T & 2
TR, oy R B DynArray 2L T —IRESE A, RIMEE 18 8 RS e T IS I
DynArray<double> a; // AU al0] ik
al22] = 3.5; // WH new ¥ &
// a BT T B %R 5] 44
// a WBH#RF
// A& 23

al32] = 0; // a W R
/] RESCR, fevr i al32],
// ABRBATIH] new

WR TR Y T a, HESRMLMRTIAKNT 44, ¥ RIFFEHA K.

BRGSO 2, AR T ST FEE 2 I N A7 . BREFSATIN IR i
MBS BOKAEAIME, X TERAM R0, (R A R . Cache IEH 45 LT E 21
WAE, AHR — ELRE B O A7 1 4 Bt R/ 75 T A AR B B H) o Prefetch % 22245 ) i
B4 prefetch ARG, (FZEIRD TV R ST R BT VRIS AT IR 1 4
W PRAE L IR CBRTATAS RO IEARE, A RN B R ANIE & BRI AE B cache
o AE—LEZE DG IL T, AL R AR (R PERE DR 23 WOERAE 1S I (P B A
RGN NAE B PEETD, cache firh A WAL, BEE PIR#R RN A 2E . Qi R IR IE 8%
FEMR )G 2 YRS profile, profile, profile(Z W4 M16) .

FEAR S h R A L, B over—eager J7 /0 MEVUNILH S (I TF4Y, Bl caching
Ml prefething, XIFAGRIELZK MIT PN K lazy evaluation MEBUHT E. 4
PRIAG SRR AR T AN S TR S 45 RN, lazy evaluation & 78I 548 FH f ) LASR
FEP R IEIA o RS SRR LA T L 45 R LT RO 4 7 BB AN b O TR 220
over—eager /& {EIXF AL FH () ] LASRE s R PP 3 ) — R . e T = A i B K P g
P UE B AR T AR SENE ) (A3

6.4 ITtem M19: RIS KR IE

REIF DL AT AZ R ARAT T8 A BTG 2N B T B A2 R A W B 22 o 510
£ N X B swap (524) #1172 .«
template<class T>
void swap(T& objectl, T& object2)
{
T temp = objectl;

objectl = object2;



object2 = temp;

WHEH temp MRS 5. Ak CHIM T, temp MAA IR AR, B & —/NR
) SRR 5

75 CH+IP IR IR I G2 B AWK, A AR R A o g — AN i 4
(BEHE (non—heap) XG4 ARG G o XA AT 44 O GOl H AEPI R AT Rt BT
A5 R K08 Dy U P T A T 83 XSS 20 2 0 R R KSR [0 2 T o SRR A i R Ay - ST S B f
GOCARE LN, ORI RV TBCE AT T TR TR 3 R B R 1t A 5 AN T A ) 520

T 567 1 O AT R e A P T S S R SRS 10 o AR IR 2 R B0 SR 5 2
RMIAVE LI 25 AR TP DL o ) 40— eR B & TRV S — AN PR 74T b I TR
// R[] ch #F str Hp LR AL
size t countChar (const string& str, char ch);
char buffer [MAX STRING LENT;
char c;

[/ ENB—AS TR LR, ] setw
/) WEREAERH, AN TR
cin >> ¢ >> setw(MAX_STRING LEN) >> buffer;
cout << “There are ” << countChar (buffer, c)

<< 7 occurrences of the character ” << ¢

<" in ” << buffer << endl;

&N countChar I B MEALILNSEIE FREEH, (02 0] B & B IEAR R e
WS EI A const stringk. PUCUTHBREBIAILECS, A REMIIHATIZA W, RIS
PR R BRI IR S, TR LA string BRIGIN G5 o JiE L buffer HCh S8
WH string IS R ECRYIAIL XA IR S . countChar 4L str 46 5E {EIX NGBS
(] string %% . 4 countChar IRIFI, N5 B SR

AR R AR T ORERSER — 2 WAK M5), H2& NRCR I SR, i
string X% AR IE FIRE O A L E R IFAS . AW BT LIERE . — R Efol
PRIARRS, AN LER AR o IX BN TR 453K MB TR RIE R 3T . Sy — ik dd
LB U A T AN 1195 SR B4, ik M21 DR T ] 240

PSR AL (by value) J7 AL G uliffid i 55 H] (reference—to—const) Z4
I, Ao AR BE R, Uik — N ER ESIH (reference—to—non—const) ZHN 4,
WA KA. B N IEA R
void uppercasify(string& str); // 8 str BT AT

/] BERMRKE



TEFFFH R 7, Re i iDL 3% char 2021 3 countChar Hr, (HJ2 /53X BLK K H] char
A upeercasify BREL, WAL I):
char subtleBookPlug[] = "Effective C++”;
uppercasify (subtleBookPlug) ; /] R

B A R D @ SE IR IS e 5, A A A e ?

RV 5, AR GoR A% 34 5] upeercasify o, B SO AN N
X%, B FEHSUR KRS . HEN subtleBookPlug B8 1) B IE S 808 AT (FA] 520 5
A A T Il A subtleBookPlug £ string X5, TCEEIX AR T R FTA N . FEP
JifEi# subtleBookPlug 443 uppercasify R, WA subtleBookPlug HIMH . 4 FE
7 B IR IR X S, X EEE S (references—to—non—const) HEAT IR
A B DU I X B o X AT 4 CHir 528 1A E R 751 ] (reference—to—non—const)
PR % . ZAEAEH B G (reference—to—non—const) S /N4l 1) ) 151

ST IR G 3 A5 B BOR [P0 S il operator+ b iR [ — X%, L
TR IFAMEERIA (B Effective C++ 4K 23). BIA4S & — A Number, iX
Fh2SHL) operator+H X FE I .
const Number operator+(const Number& lhs,

const Number& rhs) ;

XA BR BRI IR, A B B 44 s & P BRI IR M o AR 28R B
i H] operator+HA i AR TEOX AN A AR . (A7 AT AR IFME 2 const ITEARERE,
Z: L Effective CH+453K 21)

W HARAARAT X FER R . X T IX e g, ARATLAY) 2] operator=, TS T4 .
Sk M22 AR AT TR T IZ AN L4 1K) 7 v o ANIE N TR 22 0B B SR P s EOK U, ev D4 3]
NGOk NTTRS & SPINFS R/ Apew Y =) 6 LA RIF (= R S a5 Rl - & S A RPN i AN A AN T /A
RIS 2 8] AN TR AT, WASRAG, AT IR e AN 7 ik g IR [N B ) pR L, LA
VRIRE) S PEas DOA I I e 5 o IXSBERAL R, et WA AT R 2 R [BMEAAL, X2 453K M20
HIN 2

ZE EPTIR, I GO AT, I LUK R AT REdh 22 BT, R S 2 I 2
H O rT BEE AL Im N R AT o AEAR I 2 W2 H &5 ] (reference—to—const)
ZH, ARSI IS X B IRE RS H LT REPE . AR AT IS iz H 22 L 380 o B0k D 52,
WA — MR RN (USRI . P FHRIX SN R, IRAAE 10 2 0 iR
g RS R I B & BT 5 F A R

6.5 Item M20: BhBh5ERGR BIMEARL
—ANIR[AI G R AR MEAE B = R, DR ARAEIR [B]2 3 B0E FH X 5 08 R A8 1 AT ATT A



B (B WA ML) X AR i) o )RR AT 0. — AN BRBCEE AN T IE IER
AT TR B BB AR AKX A e iR Bl T X5, A IR R P % e it
FX,

F 1% rational (F7 BEEL) JEIK B 01 R 2 operators:
class Rational {
public:

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

int numerator() const;

int denominator() const;

/] FRA 2R IPESE const [FIfFRE, 2 L4 M6,
const Rational operator*(const Rational& lhs,
const Rational& rhs);

R operator* (AU, BATHRIEE FH € ZRE— DX, KA ERFEIRZMH
MEBHCF TSR R AR RE BT . operators ] GEIRE o dl 3L H SR AN
AT EE IR ? XA FTRER), T LLE b A3 NN IR e . AN G D))
RAETR IR ) FHALBP KL, BB RERMEAEIRIPIN B (S Effective CH 5%
K 23 FIZEK 31,

A NSRBGS0 BOZ S ) Fi%

VA = w110 i/ bR EI DO B SO DARES
const Rational * operatork(const Rational& lhs,
const Rational& rhs);
Rational a = 10;
Rational b(1, 2);
Rational ¢ = *(a * b); //VRBEAFIZAEAR “IEH " A7

EARG IR AN A A2 ER R HOR [P SR HR B4 7 BRI FER, JF
LI 25 3 SO0 UM o

g —S TP R N GRS IXBh 777687 nl B2 it f)vk,

/[ RISE R AN IERAD) T35, AR ik (o]0 5
const Rational& operator*(const Rational& 1lhs,
const Rational& rhs);

Rational a = 10;



Rational b(l, 2);

Rational ¢ = a * b; /B EFIRGH
R R BE R IE MBS . — Bl ) 5 i X 1

/) Sy RSER 7L CRIANIERRI) J7ik, Ik

/ EH 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, HIBRMXNZOENFET

BRBORIEN S, AR RN R CRANAE T . BRI 2

AR T R R B

result 51 A, 2 operators & H N result #f H AR IR MIF5 ) ORI S5 H

AR G H A AN H] o

METR: —LUpR% (operatorstifEddr) W ELRAIN S . Xt CAE T k.

ANEE ISP RAZIRI

PRI B A AR [T (R0 B (155 D) AN S JRAF R o 10— I R R I 4 o BRI RO
PRAS N 10 R EGR BT 5, RN N AZ R B TR o R BTN O L IR SRR IR 5% )
G143 BRI R M R TR ok, AR ZE B A G (T I R B R K 2
ToHIED o WRBAT 51X RAH G Y, HEIL 2 0007 2 /D0 A dE e ?

PSRN T 053 I 5%, B LE 20 264 V0 5k i B o) 5 ) 8, S 4 5 B 5000 6 2 AR 11
X E IR R M) constructor argument I ANJE E RIS, ARAT LLXREA:

/) PR RE R 7V, RS
// IR0 G R A
const Rational operator*(const Rational& lhs,

const Rational& rhs)

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

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

FAMEPER P RIEN . EF EEGFFIEAEMA] Rational HIMIERE, SLhr EAfE

R, AR XA IR A — MmN Rational X4,

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



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

I HIZ DX S, e BEEE P L2 e 2R E

I&[H] constructor argument TMANHELREIX 5, XFOTVEE SR RIRZ I, A
SAARAT T 206 25043 A1 R E0A 1 B 0] 2 P R e AR T A EE AR, ARAT T A 250 Ay B B8R [ % 52 )
Ry AR TR M A AR . (HR AR CERAT T hFAb e CH+RLN SCVF g B 25 D0 ALAS HH B R s P o)
% (temporary objects out of existence). KULWIHARAEL T IIALEH A operators:
Rational a = 10;
Rational b(l, 2);
Rational ¢ = a * b; // #EIXH A operatork

IR LS SCVFIH BRAE operators A Il I 22 Al operatorsik [A] il I 28 & . &AT]
RELEN HAR ¢ 70 BCH A7 BURE return Rk aUE SCHIRN B o AR g PE g X e 2248,
M1 operator*fyilm I G T Al & % WA LIRS o IR 2 ] — M IE e
B — — 57 ¢ WA A9 IE R 5 M BARARELLIZAAS E4F 1, BOh ¢ dan xR, dedaxt
BAGERHR (S WA M22) . AN ARIE W] LB R A W28 inline SRIHER operators
MR IR RS M 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 (),

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

CUF, ANERT, URWENEHLEE, “Oufh, HESCOMGRRERS REMAT 4 7 FRARKIE AT S T AT
2, Does any of this nonsense work with real compilers?” Tt does. IXFUFRKIIT
M — — AT B return A7 CEE LR RO AL B — M SO R B R
PO BN 5 — — 2 AR T JR BN BRIl S o ' RIS — AN 44 IRIBMEARAE (return
value optimization) (WQ BWE: 7 CIRERZR C+-+MIARAL) A7 5 2 FHIENUFA,
‘B2 4 named return value optimization. {HVERE, XA A I SR
I RS AN e FH 75 DAL I e OIS AN AE, B84l TEmORTE RUERA AT N
AHEUFHRATTRE T Do SEbr EIXFMUACA H 4 T A 5l o] DURRE A A4 e ) iz Al
o T4 CH+omBEas IR D023 Il Y 65 1 O B2 2 5 IR M AR Th e o G SR — RSB 7 1
A5 —AN ) “MRAARPG? 7, B AR ER S RS W, AT,
ARRIAEN 1% LT e GEARRIEZ AT, BEE YA AN §3E o))



B

SO JE - BORARES - AT R e, ATEE AR, W T, A T A SR, TR
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: JHITERIE ALK A
PLUF A —BeARAS, BB H AT HEN, SLERARAART:

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

UPInt (int value) ;

i
/BTN AR PME S const HIfERE, S UL Effective C++ 4K 21
const UPInt operator+(const UPInt& lhs, const UPInt& rhs);

UPInt upil, upiZ2;

UPInt upid = upil + upi2;

KEEFEAMAT 24 NEF A upil Al upi2 #2& UPInt XF%, FrLAEATTZ EAH N
4 UPInts [ operator A%,

AR 8N TH X 5 A

upil + 10;

upis3
upi3 = 10 + upi2;
IXECTEAJ WM AE B IS AT o V2RIl I A I I G AR AL 10 H4h UPInts (S



ZA M9,

UE G 35 56 X T S B e 4 i SR AR {8, AR R S I N AT R e A
FERS R, 1 FATTAAE ARSI IR o 3 5K 22 BN R BORT TS HE 32 25 170 AN AR oAt — 4
K2 HL CHIRIT AT SEREAT B I A ST RS I B xR B e o (R AE TS U R R AT
TRTING, TRATUA eI 4 A 2

IEFRATEGR 20, YARBITATH H A S I EA TR e, Ti& M UPint A1 int
M ZHOM R operator+. Bax AL = FIKIL 3 H I F-Be, AR AT ERE FB
S HE . AR 7VER LURIhHEAT operator+RRAZI T, e 5 X R i e i
B R BA VA ZAE UPInt Al int XFGARDN, S 7 B an N JUAN B Eos 2IX A H Y, 85—
OEECEENEIE S Ve itk

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; // A, B upil B upi2
// AR B 6 5
upi3 = upil + 10; // 1ER, BAH upil or 10
// AR IR 5
upi3 = 10 + upi2; //1EMf, WA 10 or upi2
/ /R IR 4
— HARIF U H ek B R ORI BRI e e, AR A AT ml RESXFE FE e B, 0 A RG22
Hh
const UPInt operator+(int lhs, int rhs); /)R]

XA S, X T UPInt A int 287, JRA 1A BT A Al Be 41L&k 3
operator M. IR ZH T =R E R, ME— A2 d A IS int 2801 operator,
P BATARE e L.

BB A? AE CHP T —ZMNE AR operator AU —ASH e R
(user—defined type) MIZHL. int AHI7E KA, PrUlIRATARETE R operator A
G A I [int I 2RB S H s g (SR E X RN, FE7 0K RE LR T8 SURHERAE, IXFE
WA E R IR AL . Lo A B B8 LR 1 operator, 423l int RAUHINY



)

R FH T AR G s P 0 2 1) 7 R B I AE operator A3 b HLlndE K ZHRERE P, IR
MAVIHEFTGREMEH] string XA, B—FELMEH] chars, RZIFR. [FIFEUL0RAR
IEAEAE ] numerical (BU7) 28, fld0 complex (Z L4 M35) , #kAHiL int Al double iX
FEMIZE AT LU AE numerical XRAMEMTHL 7. PIATATH A string. char*. complex
SRR EOT DR E 307 SR BRI B e e

ARk, 2D 80—20 AN (2 WA MI6). BAT L ESLHUR R FR R, AR
A7 B R AR P A R B DL S SRR AT W A

6.7 Ttem M22: HBMIBSHAFHMMELNX (op=) BAFLBMERX (op)
K2 BRE Y GOA A U R AT REXFE S AU

X =xty; X=X~y

AR A AT It e XA
X t=y; X ~=y;

WER x Ay 2 LH2ER (user—defined type), FANRERIGRXHFE. #t CHokiit,
operator+. operator=Hl operator+=Z AL LHR, PIULUIRIRAEIEIX =4~ operator
[ AR TE AR IR 0GR, w2 3 CSRBeAT. W3, operator -, %, /, 5555
— s

% operator MIMR{EE S (assignment version) (#ll operator+=) 55— operator
[P IE A (stand-alone) (U1 operator+ ) Z MAFAEIE R R R, —Mlf ikt a4 ($a
operator+ VEHVE) WAERTE (3F operator+= 1FHE) KL (BNEHME). XINE
Uk
class Rational {

public:

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

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

// operator+ HRJE operator+=5LHf;

[/ RN AR PME A const RIfERE,

//Z W Effective C++453K 21 1 109 GU 147 KL E 2
const Rational operator+(const Rational& lhs,

const Rational& rhs)



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

const Rational& rhs)

return Rational (1hs) —-= rhs;

FEXA T B, IWEIFLRSZ operator+=Hl-=, [fij operator+ Fl operator— NI & ik
W T HTE B B BOR SR A CRThRE . ARt Ik, HUH4Ed operator HYBETE
177 o 1 HARRBGK operator TREIEAAESEH public #5115, XA ik operator [
MR R ATT (S0, Effective CH 453K 19).
WRARAN BAEFTA ) operator HERMIERURAE 4 RIIE, St nT LU HIBEHCR AR
BB R -
template<class T>
const T operator+(const T& lhs, const T& rhs)
{
return T(lhs) += rhs: // BT
}
template<class T>
const T operator—(const T& lhs, const T& rhs)
{
return T(lhs) —= rhs; [/ B RS

A8 FHIXBEAAR , N ZEh operator WUETE e SRR, — HFRE, JLXTV I operator
FBE A2 B E B A R

IXFEGR S SN, B H AT L, BB B, MR R m R AR T 1) 1
. AEIX BTSRRI RS, 55— ISR operator [IRAE A LIt
FOUB AR, RO S R ] ANETR B, M I I 50 5 PR A e AR B A7 —
SETFHY (2 D4R M19 N4 M20, 64 Effective C++4%#K 23). operator FIIR{E JERIE
GRS SEE, DA T AR I I 5ok 2548 operator (IR M .

. 124t operator MM TE 2 n] It ZEER AL ILARUEIE 20, AR vr 28I & il £ A )



B3R MG Rk p . WA, B T ARE RIS -

Rational a, b, ¢, d, result;

result =a + b +c +d; // IR T 3 AN AR
// A operator+ WHIMEH 14

TS EFEG S -
result = a; ENIELTRpES
result += b; /A IR 5
result += c; / /AN X 5
result += d; ENIELTiRpES

I LA 90« debug FZEY, FFHAE 80% [P ) L& M g 2 vl DA 2 1) (S
WA ML6) o Ja 3 HAT B R, Al o0 T gnis 5 R8P ik il s B O — 26, Jdid
PRBEPIRI T 5, U] LIRS 7 TF RN B3] B 5 ) B Y S Y operator SRIT AN
debug RS, [FIR{R B AR S operator WRAEE X BRI XA T 7. 1 H AR
operator HMRAEEIUSEIIL MBI, KPR AERA TR 2% ) i A — R TE D)4 21 5 —Fh e
U, BRI TE O] DLRFFAAE .

BJE— R, WA operator BHMIEAWSLHL. 5 operator+ [HISEIL:
template<class T>
const T operator+(const T& lhs, const T& rhs)

{ return T(1hs) += rhs; }

FIAA T(Ths) WH T T #E DIRIE sl Bdr—Pmi%, HAE Y Ths —#f. X
MG AR KRS rhs —#2IHH operator+= , FAEMEE R operator+ik[H], XML
HFBRAREGRIEX AR EEGAZELA?
template<class T>

const T operator+(const T& lhs, const T& rhs)

{

T result(lhs); // $ 01 lhs %] result
return result += rhs; // rhs 5 MR A 45

AR U5 BT (R AR TR, AER ST R AR B 220 o 38 AN 7
—ANARR, result. XA R EWREANGES operator+ HATHIR MBI (I
ek M20)o HS— RSl 2 T AE AR B AL, BT DAGR 1R 28 S S A A6 AR S 1 T R
FURAL N

J 3 ) S R Rk



return T(lhs) += rhs;

PR 22 B P68 A SEREAT R0 [P DA BE S 0% o Lt 58— A R B S I A7 T A P M B o0
ZIVHS, B AR AL i 405 result TAERIITTAS —FF. SRR A 44 BN S AE D s LB
T 440 G D B, DRI 4 FRAT T TR 7 i 44 X6 GRS IS 0 G () E AT B B IN, P I B o) 5
G, EATRFE R A S LA BN RIE 2, R HI E g Eas I, EIIFES 2
o

BRI A 0 5 R i 440 GG R AR A BRIV, {H 2 F 21— 52 operator
PR E X (operator+=) HLERMIE I (operator+) RURH &, MO —ANEREF R, W
S EHGEE, O A NIRRT R, LSS B VEREI IR Y% % 8% [ H] operator
TR AR e S

6.8 Item M23: H¥RAEFETFE

PR PRI BT i — TR R . BEARR R PP R ROZ A RN L PRI . 3K R
WS AR EM . S . BT R SCRE . AR AR, X
WRAAFAEN o A9 ST R T AT A R P PE— AN RER RS A . LA K Th B IR 17
PEAN S HAT B o BT RS U RS P EAE A VG B2 AT BRI SRS it S AL, IR REAHAT
BE—AFRVE, B A

AN PIBET H R IR AT T AN AR e S . AR T TIZE B 4t 7 AN H) 9 245 1
DL — M P AN (A [] T BRI 0 3 56 A AN [R] 1 1 REARFALE

Blln, #%EE iostream Al stdio FEJPHE, XFF CH+FET GIAKULHI # & T LAEFH .
iostream P Y C P stdio AHELA JLAMLR (S, Effective C++). BN KAl %
A1) (type—safe), ‘BUETH M. SRMAERCE T, iostream F2J7FEE AU stdio,
A stdio PEAEMIHAT SO Tostream P AR AT SCAAE LG ST /N T HLAAT BB R

% BT B ) . AR ostream A stdio Z MIMRPEREZEM, — vkt
e FIX AT BEKIZ AT benchmark 27 o AN AR Z0EAE benchmark 438t . AR ME
S — A HOE BE A AR AR Y BRI R IR SR s, i ELA A S R W, BRAEA TR
TN R BRI 2 SR AR o AT benchmark 382 BETE [F]—A 1] ) AN ) i o
JREMF R R — 285 B, B DU 58 2K SE benchmark & BER1, (H2 2% B4 12
REEI

IEFRATIA— AT benchmark F27, HIMNABIEAN) 1/0 Thag. X AT AbsE
NBEHL 30000 AN mU80 SRS HE e AT LA I 2 Fr) ks X5 B bR v R o g 1IN TUAL B 4455 STDIO
Yoo ST H stdio 382 iostreams WHE LT XMES, Wt H stdio, MEATH iostream
PR o
#ifdef STDIO



#include <stdio.h>
felse
#include <{iostream>
#tinclude <iomanip>
using namespace std;
fendif
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) // BE field BiJE
< setprecision(5) /) VBN E
<< setiosflags(ios::showpoint) // keep trailing Os
<< setiosflags(ios::fixed) // AT XL
K d;
#endif

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

return 0;

MU AR AR A IXA R, e -
0.00000 0.69315 1.09861 1.38629  1.60944



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

KPR T iostreams HABIX At AE ™ fixed—format 1/0. 44X,

cout << setw(10)

<< setprecision (5)

<< setiosflags (ios::showpoint)

< setiosflags(ios::fixed)

K« d;
AW printf ("%10. 587, d); FAJE. (FUZERAERFCER IR 24 (type-safe) X 1]
AP JE, T printf WA HAZXBRL R

BT ISR B E RER G R AR A A, 3L BT XMy, Ay
DR ER AT stdio IR FPIZAT A B0 LA B AN PR — 18 (K2 20%), AT MIPRIR 2 (3%
T 200% ), {HREFRM KA B —F iostream FRISZILMIE HAHXS N K stdio HISZIIBIT
R S35k, A stdio IFETI T L SAHMNIAE R iostream FEFE N (AT
MIZ) . O TRFISET RN, X R 2 3E T ),

NAZIE R F] stdio R E A FARRD SEIL e ¥, BT LAk D Mlilid i R 40300
oK 1) S IR B B A MR I R R GE I 2 Wi S A ] BE R I fostream Fl stdio JFA W3
f2e5t. Fisz b, A B AE S KRBl iostream FCHGSZILEL stdio BEbk, A4 iostream
LEgm PRI A 8 AR BRI 2R AL, T stdio MRR RN AEIZATIN AT % U 75 (Format
string). iostream Fl stdio Z [P BEMIXS LA — AN 7, XIFATELL, TEMLHA
FH IR D A AN [F) R RE e A M e E RIS (R AU 1 6, o DL — ELARE BB st Gl
AT profile ZX WA MI6), MRINZENIE &5 ] Bl ik B4 3 R B bl dndn 2R
WRIFEFAT 1/0 JHs, RmTLA I8 stdio 4K iostream, UWIHFRFAE SN A 7 FCFIRE L
A EATH T R RIS, AR ) DURARZ 547 oAl ¥ operator new I operator delete [¥J5EH
I (S WA M8 Ml Effective CH+455k 10). BRI IR FEEAERCE . AT ek, Bkl
P SR R Al — Lotk E 20 B A AN RN vt B, il AR e 45 T R RE R 2 R I
PR, ARAT IS ] DURE B2 A e S i 2803

6.9 Ttem M24: FREBEIIRE. S8k, BRI RITI FrFE R4

CHo AT T R S BLTE 35 A —ANRF Ik o X SE ST AR A0 19 24 AR 4 s R UUE 1Y
I BAN R G B AT AN R R VRSB 5 1R ARG D0, IRA DG DI L3 . 4R
T A7 LA P PR SIS B R /INAI I 8 08 bR B A T3 B AT AR K R R BT AR TR 2 P A —



ANBEAH) T, SNBSS T REAE T A T A A, o AR T o SRR g ) 48
T RE R

L A AR U, B AT R ARRS 0020 T ] B BN R B AR — 2L fR
I B AR ST 5 | T SR AL SR AN T L1 o G 1% Q1] R 68 v RO AR S IX AT e ? K 2 Hid
gyl M virtual table fil virtual table pointers. virtual table il virtual table
pointers il H #5r HIHLFL Ky vibl Fl vptr,

—A vtbl LA REIRH A . (LR I RER R A, (R SEATY
PRI AR RN ST ] TR s B Ak R T RE R, ST B O vtbl,
JFHZR vibl BT H &4 1) fE R BO LA B a0, a0 R IR EE X

class Cl {
public:
C10;
virtual "C1();
virtual void f10);
virtual int f2(char c) const;
virtual void f3(const string& s);

void f4() const;

b
Cl B virtual table FZLAE KM K FiR:

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

AR R £4 AELRT, 1 H C1 ISR BB ANE . AR R (L EHiE s AL
EABPOE ORI EO B C BB FESEIL, BT AT R eI R AETE e By
FEBRIKI % RE o

W ERAT —A> C2 R4k C1, FFTE X T B4k — el s %, JFIA T8 B K2
HE PR E

class C2: public Cl {

public:
20 ; // AEME R
virtual "C20): // FIE SCRREL

R
virtual void f1(); // EE LR



virtual void f5(char *str): // BT R R

I
B virtual table Tl HIR 1A S50 AMIE S IR E. X LT H R R BAHE C2 FE
M CL R R FREL

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

C2's
vthl

XANBIR G H T HE R BT 5 B 28— M IR AU RN 5 R B BRI virtual
talbe B HH2S[A). JEH vibl AR/ b 75 WY R e S B R G CRFE FEZR KK Y
BB . FAENIZEAE A virtual table, FLL virtual table Fr a8 HAL K,
HR I RARAT KRR AR 2R P KRR E, IR R vibl 23 o5 IR & 1 sk
18] 6

DA FERE e AR R AT 2 A vibl $5 0L, Pt DAGW 1A% 15 78 2318 21— 1 ) L
FEEHAEMR L o K2 BORE e FRE Rt 24 object CHAR) SCHFIERM AL, HIEHEA object
AP Z IR AMAL I o WEAS object SCAFMNAZAEL &4 E SN vibl Wg? FRATBE S U A TBHE
main PRELY object SCAFHL, (HAEFEPPERAT main, 1 HICIR WAL main MIJESCHEA S
WRARZ 52 vib] B9 G RS LT A & A T SR @S —A> vibl e ?

WK I —FOANF R 500, GmiEds) 7 A Ie 2 PN o ) TS il RS (3
TP MERRE ) 1) R, R TER VA  REAN AT RE T vib] [ object ST
A vibl $5 UL AR ARG LRI RIE DL, e T T PAT SO R Lk
FEAS vibl OREA—AN S

SEEE )BT T R R R R AL R PGEME A object UM AL 52K vibl o il
W R AR IR A object ST AR vibl, %K% object IUAF

TN ANIEA L, AEalERIE S (non—inline non—pure virual function) &
CL g2 2RI LB o PR F3k C1 281 vib] Kl & 45 CL::7C1 % X object CAF
B CRRAIRI RO, C2 2010 vibl BBCE B E C1: 702 58 L object SUATH (A
PRBRHO -

bR b, X R A EVESORARGF o AR A SRR I 23 50 W kg pR 50 I R B (Z
W Effective C++45iK 33), WIARAER P PITA M R&HG N 5 W0 WIRRR B, R R s E Rt
SRW, KRBT A K AL G B AR object U AR B — AN 2K



vtble AERMARGH, XL FBETAEF—ARMEE ETA vibl #0011 K2 HOEEX
Pl e SN EVE G B B S 8 IR — 28 7 VR N T vibl A9, H 2 — Rl 4 A et )
RO T30 7 e A0 BRSO W IR R . R I IRAT KB 3, A7 L8 SR DR 3 BOAE 1) G P2
sl 2 R R R ) inline $84 .

Virtual table JUSEHL T LR ET—2FHLH], dn R A XL 2 B . S A
JiAR M G R vibl B, S R . X2 virtual table pointer ¥ TAE,
EREIX PR

BEA T MR BN R B ATE, B NE ARG 01, FE 10 2R
virtual table. IXANEAILIIEHE R ABFRA votr, BegmiEdd e R0, A8 HAG 4 %
PEARANTE . BEIS EVR, FRATTAT L R G5 A R R R G (0 A1 SR A SRR

Data members
for the abject

Object’s vptr

XM 2R vptr AL TGRS, AER AN E I, ANIR] R G P R AL
WA AR T, — DRI vptr S5 P i BT . W R A7 1E 2 4k ok
(Multiple inheritance), JXWP TG HEEIL, SELBEAMRIHEE . DUAE R it
AL RE R B A IR 2R A S AR R BRI R R L, IR AU BAMRHR B AT
AL

WM BARN, I MRKHIA e BEAnERAR B S22 KA 4 LU R A 8l
LA votr 23l o Bs RN I —1% (8 vptr K/NA 4 BEE). 72N 4752 2 BRI
KRG, IR R Dt S S (B . AR A A B RN R L L, IRt i
PUX o BARAT PERE,  DUABCK I A W REAE G IHES Y (cache) UL AF HTHH
(virtual memory page), XAt REfIf3 RETHITERAIGZ .

NN — AR, BE LA C1 M C2 XW&%. WE. vptr FIRIAFATUHE R vibl
IR, AR AT UZAE LS



¢l Object

Data
Members

vptr

1 Object

Data
Members

wplr

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

<1 Object

Data
Members

wptr

2 Dbject
Data Czh'l.s
Memb
c2 Object Em"m - .
Data P - Implementations
Members =2 Object —= 0f C2's virtual
vpir Data _"'". functions
Members

vptr

% 18X BUX B R AR -

void makeACall (C1 spCl)

{

pC1->f10) ;

}

WRLAREN pCL PWHIERIREL £1. AACHIXBARED, RS Al e 8 A 2 i —A £1
PR ——ClL::f1 80 C2::f1, P2k pCl W LAFR I C1 X G n LLFR 7] C2 X 5. A8tk i
AATISRAF A AE makeACall [1) £1 BRIV AR BARAS, B2 R IETE pCL FR AT A% %,
BRI R FH B 0E A o S AR AR IS S5 il T X S o

Lo XS vptr $REIZEH) vible X2 — M RAIRAE, KO BESR AE XN A
MR REERE vptr CHETEE A BEARBCE e D PIE AN L& — /Mg i3 (LA 3]
vptr) M—MEEFI S L (LAFE] vtbD).

2. ARBIXTAY vtbl PR B R EFR B (FE Bl £ IXRAR T,
D1 Ay i 4 R B BB BRUEAE vibl ARG T —NME— R 51 IR AN S AE vib] B A
M .

3. PSR PR BB MR IR ) 1 R 2

W R PFAME B X GAT — A B e i vptr, 17 H. £1 78 vebl RGN 1,
I EA)

pC1->f1 () ;



PR AR R X R

(#pCl—>vptr[i]) (pC1); [/ VAR vibl A 1 AT
// 1A RREL, M pCl->vptr
//¥G I vibl; pCl 4k
// this FREHEBL R

XJLT SRR mEE— . AERZHOTENL e 2 PUT TR 1 — 245 4. i
FH K B HIT 35 (R AR AR b 5 0 T v 8 B R BRI o R R BSOAS 530 AN S T e IR
o

TESbRigAT KRBT AR A 5 NIRRT G S B BB BE R BRI . X
SERh VIR TR ARG 1 R R AR P 1 BRI B R AR BB R R 4, 7 (R R
BRELIN “HE 7 TR EBEAT I A e K03 B AR — AN R R g PR A A R R A
(3 FH S AN A2 A SR B A, IR BE A A A e A S WS ER B . X
JE R R IR =AM ARSERR EIBGE T IR CHalid o SR A R R O,
FTLLRE G, AR R 22 B0 R B0 0 G R R m I ARy, 3T R P A e A A 1B
DRy s i F S R I Iy 2, T LUK B Bs b EAN R P9 386 )

FUIAE A 1EFAT T8 R VGG F T bRk fl 2 4kk, (HRZ4RI5IN, S
MEME S (30, Effective CH4kak 43). X HPELIISIAILANYT, (H2AEZ R, 7EXt
SRR vptr BT RS SRR . RN R B ZA vptr (M4
KR A5 B T BATC S (K Al F O vibl LLAR, I3 R JE 282 iR ik 1) vibl .
DRI 386 0 1 AN SR AN 6 G v 1) Bk R4 AR s ), T ELB AT o T 9 PR A Rt 3
ny L,

ZIRIRE T FEON MR R B R, IR MR AN BL R IR
AR AT, BRI B A WY S BB — AN R AR R, Ak HR A (K B R B AR A
AN DL R B — RN B R AR B, AT AR e SO RS R LAV B X A A A
SRR FE A B 55 e AT E AR, B R BRI S B 28 5 A5 R i 1 ] BRSO 4R BB
WERSHINTB, — N 2 IR H A e B L

a2 e T XK, REFERRE A R 2 4K 3EE 7 (the dreaded multiple

inheritance diamond)

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

class C: wvirtual publie A { ...

class D: public B, public € { ... \ /



A AR, B BRI C IR T8 ] — S8t Chedl 2 EBEE
G, DG AR Al Ja «

B Data Members

Pointer to virtual base class

¢ Data Members

Pointer to virtual base class

D Data Members

A Data Members

]

FES (R B R B X B R R iy, X A SR, R E AR IR AN, MR
] SEPL R G R 10 A o, TR A mT L, I B S R B U ] S 06 % T B MR
EFIRES PERSIA, BT DURAS N ZAE SEE I LA S A FTX IR ] . — S84 38 v] e In N 58 /DI 4
Bt AT Lo PR RS S A RO NE AR A A I F S R a5 GXRhded% ik vptr F1 vibl
FALXE T

U TR AN I 0 P 5 i R AT AT virtual table pointer B EINTS B H &
FrilEk, TATMAANRBNAIRAE iRk &k R LA A GATATRE R AL, W% D [N AEA )
A IR



B Data Members

vptr
Pointer to virtual base class

¢ Data Members

vptr
Pointer to virtual base class

D Data Members

A Data Members

vptr

XIS PR RS IRy, RO TR, KR TR AR, BN
AR 5 AR BT8R 43 Z 8] (R T AR L A8 b 2R rh Bl B v o T/, BN AR sk . xt
T HEZHIRMIE, AR BB EAKR, R EREREN.

AT — PR IR 2 AR AEDU AN, (HE BIRIER A=A vptre HUBSmiRas 24K,
PRI U YA vptr, HEEATCELS T CERILB FI D B ILE—A vptr), K4
G s o ) FHIZ A BL 2 oAl b g P48 2E B B D S 4H o

FAVIAE CEH B R BTN R AR SR, T HARAEH I, FRAIcaild 2
I VEG I S R RS DI IDOE S A

RRAVEE ) J5 AN, IBAT I R AL (RTTDD.

RTTT RELEFATAEIZAT N HRBN R A AT, I LA €A A A7t T 1K L85
SAETATA W) X EfE BAEEAEIRALN type info MG, IRAEEILAEH] typeid #fE
5 i) —AN2EM type_info X%,

FERRAN AU TG BE—AN RTTT (45 D1, AFOR A0 A9 BT SR B 5K
b EIXRURIFASEARAER o T8 5 VS EIXFERIIR : FATORAE ] LR — DX R B &R AUE B,
MAZRIAT /D> — AR RE X AEA RTTL AL FA % virtual function talbe (M
PER) o BEANRIATA T EZE R — NI, BATH R 75 AT 5 R ek 0 %
HIRAGAE A5 B . X Rh RTTI A1 virtual function table 2 [A] AL A AR I54: RTTI
BT W AEZR I vibl JEah RS,

flhn, vibl AR RG] 0 AT LA — type_info MR EIFREF, XX G JE T1% vtbl
FAXT 2. B3R CL 2811 vibl F bR GuxH:



Clstype info object
implementation of C1:~C1
implementation of C1::£1
implementation of C1::£2
implementation of C1::£3

Cl's
vthi

SRR SE B 45, RTTT B0 %8 ) S A8 R0 v b1 e 05 A4 S T L 77
% type._info AN, BBELHFI virtual table J7 10 1 (22 E A (A B
—BE, PR AATTAEI ) type_info H AN TTBH) .

NI AR, B R, HEESELR RITT BT AR 1 2

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

—EENBRXARAMG LU, SR, AT EAT “RIEFENAZEH] €7 REF. HIEIE
CAEWEREATIX LA F PR BE I DI RE, AR I0T TSR L. EZHHOL T, IR A AR
AT RE LL g 134 AR K AU R AR, REUEVESE 22, B AR ES 10 switeh 1HA) SR & 10
if—then—else WHIMBLME QAU Fo™ AL RO LE R p& RO I A 222, i FLAGHS
EATHE TG . FAT, R E O CEREAN SRR, IR Sl e ] B Ok
MFR%E (type tag)e PIBLARANSIGFRIE /NN S

B AR RIS RTTT Prifg IR LR, (R AR R Ty B LT e,
AE R AR EARASAF N AT AR, PRI B R A H . AT IR sy — 28 5 3
Dt DA 0ok 2 1 i A AR IR 55 B BT KGR ) vt AR i) REFESR TR ST 2 (4570 2o dh 12 v
FEA CHf ks HERE RS B A AR A N AE, i APR T RE Ay B IR VA BRI e 1, RE
TIN5 1 58 JIX AT 55 o AT MR IO RO UK E Cgi 5 AU AT BEMAT EL g 485 2Rk
QRS EE 4T

7. $iT5 (Techniques, X# Idioms BY Pattern)

ARASW B K 2 BN R i RE (145 I o XSl R FUE), (HR R AN
FEMENIA S o AT MR LRI i “SERIN” (Felix the Cat) , FEFIAEICI (TN
BRME, EHEFEEM trick B WER—ASRIEMOHA D trick @, WA CHEEF R
UL NAZA T o R FASRARI trick WHIRBNES.

YT CHERFI, Bl =S B LE Y R AR LA 3 pR AR E R B3 R 2
FAT M AU R B RF /07 ARG BRGNS S B (K B8 2 AR ] 7 L 3 v N6 5 i 2
PRARAR] SCRER DR AEXT GBS AEHE e ? e — SO B 5 R BTG 1R AT ISR R T 5 R S i g
SEAX GBI E A TE R SR AR T IR BELEAN R B0 S R A5 A, T kRN



I Ve — NI B CR#5 D2 AR X 7 operator [THJIERAF M S #AE? fR10
gL — AR KL HAT AR RO T AN R S B2 R

PIATIXEE i GRAF ) AAEATAGRIME, AT R ERUR A S CHRE e b1l i
RN, BRI A TGRS T . FACIZ L i i se Xy, AN e AT AR
AN (stylized fashion) VARSI, BT idiom M pattern, ANEIRILEFRM
o, AEARH S — H N FRATTT A TAERE, N I L5 SRR 2 2. B ERAE T
WRMAT 4, BATELH CHaRERE

7.1 Ttem M25: ¥#9i& R EOMARR A R BRI

AR, Wi “RBRMIE R WA B X YR — M aEtelg H, (HEAmEIL
F8 N B FLR AR AT AR, AR AT LA B0l R ER 58 ke e B (type—specific) X
FIAT A o BUCHIRIEEANE — O GAE SR XA D) 508 AR 0 G R, R A 21
P18 PR T JEUARE) 325 bR KU AT IR AR W 2

TRTRT PR RV R AUUAA) A R B R R I e i S, e R RIS AL Can RARIA
JA B SCANE A AL, B AR E SRR IAC BE 22 st e 2 ) CERE IRARH ) B 2
P EE RS S T X, |7 %, XEHRE LR RIR RS, AR, 5
T PN, B E —RE, FREA T EHGE I TAE, B 40T IR IE S S0
s R A . URAT DX EEA T
class NLComponent { //HT newsletter components
public: // WG R
. /) b — A2l R £
I
class TextBlock: public NLComponent f{
public:
. VA N R 2 AT R
I

class Graphic: public NLComponent {

public:
. /) AL Al R AL
I
class NewsLetter { // — newsletter %%
public: // B NLComponent ¥f%
/] BVEER A AR
private:

1ist<NLComponent*> components;
b
FKZ KR K

NewsLetter
object

NLCompaonent

pointer

public
inheritance

TextBlock



7t NewsLetter I 1ist & —MFRUEBINRE (STL), STL /@&br#fE C+IASFZE ) —6
4y (B U Effective CH45ak 49 MR M35). 1ist AN G 47 M EFIE AT L6 5 W) 4,
JRUE e AT LLIX 1k S B . %% NewLetter ANis4TIN s S fEEAEREE: o S T Beigim it
P FREEL AR R 57 Newsletter X%, il NewLetter [HH4iE BRECHAT istream 42
PRI T e eI R BT LA O I B S RN, e AR U
class NewsLetter {
public:

NewsLetter (istream& str);

};...
A 3 BRI O AR 2 XA 11 :
NewsLetter: :NewsLetter (istream& str)
{
while (str) {
M str B2HU R —4> component X% ;
X ZE AR newsletter B components o % SR A 4=
}
}
o, fERXFNE IS H T 5 AN A R Y e 4% readComponent, R BT
class NewsLetter {
public:

private:
// NS —A~ NLComponent X% M str 2HUE i,
// @S component JFfiR[H—ANERET

static NLComponent * readComponent (istream& str);

NewsLetter: :NewsLetter (istream& str)
{
while (str) {
// B readComponent iR [B| 484N N3] components $EXK 15 )5
// "push_back” —ANBERMIB L AL, FRAEBER B Jm b AT 4 N B
components. push back (readComponent (str)) ;
}
}

F &1 readComponent P TAE. AR it OB L T — M %, sl
TextBlock E& Graphic. PRA'EREENIHNG, EHAT N EHEREAERL, 1 B E e
NI AR P0G, FRATTIRE R UL bR 2o R HDLRA) s BRSO TR RE S AR F S N 25 & TR 5L
P BIAS [T ST AN [R5 o JEPUME BREIEAR 2 3 & N AR AL, MRS (Bl i it
W23 4, B MG L D S2EON G5 SR S i — AN . (WQ Ny : readComponent ()
PISEILATPE DL (it WiHE C+ +ZmE b))

AT — PR IR A S 1) R U 3 R B — — REAULPE DA IE pR B — — A T T2 I & o 40
$5 U1A I R AR [H] — AN R AL, Fi7 ) T B 2 R BN BB DL RUDR X AT A e, iU
P LRI R B (1) 42— FCER 2 copySelf, cloneSelf B{# J2% FIfiXFEHEIIML clone. fH/b>
AT R RE X A R 7 S
class NLComponent {
public:

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



} .

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

IEMIRATE B, S0 REHH5 DR bR 25O R e T B 13 DUR IS pR 2. DRI E “ 4%
D7 18 CE BUE M VUM S R B ) o ST IE (3 DURY S e 20U T T B % 0L, R4
JEFUHE DURE I pR A0 AR 7 B )45 DL o T SR B IE 1945 DUAA s R AN T A T 95 UL, IR A B U
DU 38 R B AR A T P 4 DL o G SR B I 4 DUAA IS pR B — SE A R s, 9 Bk
copy-on-write (ZILE&HKM29), HABHIMIEREHIX A, 88 —8 K#ET.

TR IR AR () SR T il A4 R 0 PR A i A 1) K400 bR K50 R 2R R R« e DR A
JRH U RE AU R AN F A0 20 5 RS 1) R A0L bR B0 B AT — R R [RS8 o 2R o 5 )l [ 26 28
MR SEERITRE (BT D, IAIRAEZEII R AT LR [El— N5 [ R IR A2 2
PIFREN (BRIHD . IXANE CHIFZRARS A E TR, eI 7] fE 5 B 5 R JUA4 1 bR 250X
FERT R X5k /& A4 TextBlock ) clone BREUREN IR [F] TextBlock* 1 Graphic [f] clone
HEM% IR [F] Graphic*f]JR K, B{# NLComponent [t clone & [H[{E 257 >4 NLComponents,

7E NLComponent H [ iz 46145 DL KA i bR £ BE L1 ST NewLe t ter (19 (IE 147 #4 DR i bR 25048
RS
class NewsLetter {
public:

NewsLetter (const NewsLetter& rhs);

private:

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

// W PIEEAS rhs BER, AT R AR JTER I REAUHE VUK I pR KL

// FETUEEE WX NS component fEZR o

[/ AR A AT IS AT IR G DL, 152 L4k M35.

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

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

// 7it” #8In] rhs. components IS4 Fi G, PWHIGEN clone KL,

[/ AFENZICEM AN DL, AR DU 3

/) ZEAKGI component FEK i o

components. push back ((kit)—>clone()) ;

}

}
WIERARGIARERIAR . (STL) AR, XBAU T Refr L4 N2 ff, AN R BRAR fi ..

i JF1 9 4% DU NewsLetter X H (IHEAS component 453, i FHAER A REAS J0 AT S B AL
385 PR FRATIHEIX LT B — AN R AU I PR B, DR R P A5 48 1) NLComponent X4 145



B, AH SR TR A8 o SE A — MR EFAN SRR W) TextBlock X%k s& 4R W) Graphic X %. LiR'E
FRmE, FRATEARSAT IE6H 00%5 VAT, RIS s e e T MR A
REFUAL AR B 3 pR £
A I PR AN BETL I N REFUL BRI —FF, ARR DR BRI AN B BSCh S0 IE IR B R R 2 (2

L Effective C++ 453K 19). SR, BEIR—AN R ELBEIE 743 th A [R] 2R IR B ok 52 v DABE i
(13, T8 TR RE AP AE XA (R AR B 03 BR E, v AR S 50 AS [ B A28 Y iy FLAT MRt AN ]
fhn, R R K TextBlock Al Graphic X G Sl — AN RAERT o i 2 Wik 72 2 i 42
IXAN I R . R R ERAERT & operator<<, BREH ostream&fiih & 1 A2 244
(left-hand argument) (RIEETHAERESEYIRII /AL PEEED, XA T BeAl 1% R £
A TextBlock BX Graphic Ak 5 ERZT.

OXFEfh L, A E—GSREH A
class NLComponent {
public:

[/ R ERE R IO AN 5 1R RS

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

I
class TextBlock: public NLComponent {
public:
/) RERS AR T (FFEA TR
virtual ostream& operator<<{(ostream& str) const;
I
class Graphic: public NLComponent {
public:
/) AU HARAERT GEAS SR
virtual ostream& operator<<(ostream& str) const;
I
TextBlock t;
Graphic g;

t << cout: // i virtual operator<<
//3E t FTERF cout .
/] AT B
g << cout; //i8id virtual operator<<
//HE g #FTEREF cout .
/AN B
KA A stream R SIH BTS04, XEEEAER—BRMHRMR . Hh
T REMS N 2 E R i iEvE Lok, AT operator<<# H} TextBlock Ml Graphic 3%, {H &
IR BATIXAEA, A RE AT E A L T )
T3ROS AT B R S B — N B L (04N print) #E¢E AE TextBlock Al
Graphic Z8HL . (H 2 iX#E, FTED TextBlock A1 Graphic %% HIiE v Ht 5% A operator<<
WM MR E R I LB SR I RA ST, IR BRI VEARAE A N R FRATTAREE 1) 2
—AMFEA operator<<HJHER I AL, HHEAS print BILREIAT AR E. A OCTRAIAT 2
2 AR SE By DR BT an i) 5 2 e A . Al T2 X operator<< Fl print &L, il
RGN
class NLComponent {
public:
virtual ostream& print(ostream& s) const = 0;

I
class TextBlock: public NLComponent {



public:
virtual ostream& print (ostream& s) const;

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

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

{

return c.print(s):

}

FAT BT 0 (AR A BRAUR (7 5o k%S — DB R ECR e A, KA HS A E
HEAULRR 0 E AT A AU XA RSO bR K. D 17 38 S X AN FVEAE A1 5 1 e B30 T T4
PRESRAT AN IRIZAN AR R R #L (2L Effective C++ 453K 33).

BUEARFE W T iRAE E AT S HAE AR s BUR AL, fn] BEAESIE 2 A5l g ik e
ATRYE — AL B ZHUEMEE? LA, HRARIRE S . A2 WAEN? Z AR ML E
KL TR IRIXA ) L

7.2 Ttem M26: PRAIZFEANRPIREERINZEE

PRARIE T4 5, ARSI R AR GEAE AR . Bl WiReE Rgeh A — G FTEIL,
T DARAE IS A 7 AT FT DL S8 H BRE A — A~ s ARAAURAT 16 AN AT 73 A H 25 15T
PERERET, B DL A R SCAFREIR A5 X RAFAE B H AN BEREL 16 Ao ARG el BEfS il )X 8
W2 iy 2 BRDGS 5  2iig 2

WX — N A A ANEEAT UE ], AR AN n=1 JFERUERT, AR5 A H At e tE O
BAEH] . SEIERERX A MEMAE NG 1 n=0 JHGERA R A, Brildk
TN BTG o ARGl SEREAIIRBH (X R SEBIAE (instantiate) We?
FVFRRSLFEAD S XS

BRI — XS RIN, FAVRB DI TE — Pt R MG s g 7 S
SR, BHIREESZIEA RN G, 55 5 K 7 1R 2 A8 2R (R 3 R % W AR 3R ) private
15
class CantBelnstantiated {
private:

CantBelnstantiated() ;

CantBelnstantiated (const CantBelnstantiated&) ;

LS, RN NEBAT BTSN B, FRATREAT R EHBTRRA XA BRI 1 Gt
RASTENHLRE LR, (B B AT A — DR R AT LR, FATTNAE T BTN Gk 3



FE—NRREA,  DMELEREAS AHSREVS IRl $TENL, A AT — DN TENHLN R A 57
class PrintJob; // forward 75 HH
// ZW Effective C++4%3K 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; [/ BRAFTEIPLA S

return p;

XA = AR, 55— Printer BRI R EUE private. IXFEREFLIE ST
%o BB AR AL thePrinter #EFWINSEI AL, ik thePrinter MG AAATH41E o8 K5 |
B BREl . )5 thePrinter % —ANF#A Printer W4, XEMWAE RA MW RP L.
AR JC TR T I 2 RGO BN LEATAZ B ), EH#REAEH] thePrinter pREL:
class PrintJob {
public:

PrintJob(const string& whatToPrint) ;

I
string buffer;
//¥EFE buffer
thePrinter (). reset () ;
thePrinter (). submitJob (buffer) ;
LIRPRIKE] thePrinter HI R Ar 4 M B 2R 2R N7, HRadl, “2RK



HERKSLRBR, (HESRZREL gauche CRALNY) , TAIEHTAT 53T EIAT KT HEHS
JE Printer KM ” 4FHK, RAABEMHIS gauche XA A4+ (Lippman [1)— 5
HAER), XARMI, UEEFE Prihter 287 AW thePrinter N AEEL, RIS E TAEVRARK
MR E . SAFFHREACHERT . SRS, W R is:

class Printer {

public:

static Printer& thePrinter():

private:
Printer () ;

Printer (const Printer& rhs);

I
Printer& Printer::thePrinter ()
{

static Printer p;

return p;

P E ] printer I A7 4223 .
Printer::thePrinter (). reset();
Printer::thePrinter (). submitJob (buffer) ;

J—MITERAE thePrinter 42 R, I namespace (fr 44 4% [A]) (Z W, Effective
CH45aK 28) 0 My 44 25 1Al CHt—NESBT IR o ATA0] BEZE A% SR I 4% 78 0 R iy 44 2 ) HL
Al GRS, Sk, L AR MR typedef 455, HLEATBN M4 2 I EA I E
IRAT KR, AT B IS (A6 AN [ iy 44 2% F) B ) s R A g 44 0 5% . 8 Printer 28F0
thePrinter BREUIN—Adr 42510, FATHA O A2 /] Printer M1 thePrinter
Yy AR MR BT 1Ly 44 O

A4 A A NAJVE R BATEESR K, HREEWAT public, protected & private . JTf7
#4E publice WIFF7R, A Printer. thePrinter BUANML PrintingStuff [y 4445
[

namespace PrintingStuff {

class Printer { // e S
public: // PrintingStuff P

void submitJob(const PrintJob& job):



void reset();

void performSelfTest() ;

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

Printer (const Printer& rhs):

i
Printer& thePrinter () [/ IXA R AE iy 44 A TR) L
{

static Printer p;

return p;

// w4 ) B A5 R
I ANy 44 25 0] J5 5 %57 o o] LUBEAE ] fully—qualified name (5E4xPRAIFF44) (RT

(R EA R R
PrintingStuff::thePrinter (). reset();
PrintingStuff::thePrinter (). submitJob (buffer) ;
R AT DM using A0, DAfA AL BTN -
using PrintingStuff::thePrinter: // MAr4 230 PrintingStuff”

//5IN%F" thePrinter”

// AT TR 2Rk

thePrinter (). reset () ; // BRAE ] CAGAT 3 i 44
thePrinter (). submitJob (buffer) ; // —%¥f, {fiH thePrinter

£ thePrinter SEHL A MM IIASI G H 7, EAERINE & H—, M
[ Pritner XFGRAEN T RRBUE AFE S G A RAER T ERS R, XU AR R
Ko AESEPRE AN S br B AR HIE CRUBIROD, BIMAEAMEIZ . Sk, H
S AT RN, A S ST R B IER SRS BT DL AR AT T e 5 A S S 4
CANILARFF A AT AT, BECH B BN AR A B2 1 A S0 B o) ST G
WSCHERRANTT ARSI AV MU, 7R, JERBLT Printer IXREIXT G E SO
AU RAFIXFE I IR . RS T R IR RRIX M B 18

5 =AU A A A EE, 48 Printer P E SR A S R IE A — AT, BRI

pin



A TRAIANE o FRATTE A A fffy H 601 T R ER PR s ) DA T A IR B A6 4K “ AR5 — IR AT
SE S A DI BRBUR o TR E S A R S B AW IR AL R I (] o G+ — A
translation unit (HHELREAER— object SUAFMUEASIEE S D P B L5 AT AR AL
PR LR R AR, (H X FAEAIA translation unit 5 RS B O3 IR0 GG A0 0P DU B
XMORIE (S W Effective CH+45K 47). ESERRMEMT, XaHIRATHRVFZ AR 2
KA B BN W FRATT A5 22N, FRAT TRt R S X LB RR I, AR L 5 L, BEAR IR
gl it 2, FATAAAHEWR?

BT AR NS RN SN R KC R B F thePrinter AERE 0 pRI%L
B
Printer& thePrinter ()
{

static Printer p;

return p;

BT IRBATIXAN RN (A p D, HEIMRIZ R — A AT R
Hi “return p;” —&RBMA M. XA BREUROE SO0 WIBRBR B o AR E AR E T4
Wk At ale? WAR—R, gt AR G B e 2 8 RO AR AR B
(—AN% DL, DUAETRS R “ I IR AN ? MM Lk, "o st g 136 28 FH bR B0 1A%
FRAZNT R LA, AN R R R R BOEAS IR 8 R R 57 R BOA T HE I S Bk
HWE internal linkage (NPFEERE).

WHEGOUR, VR E XS T B NIRRT, AR AT C s “ir T
PRI RR BT AR RS BT (Bt 2 BRI H AR Cobject) AR AT BEE & —ANLL L
(¥ P9 B RE BRI AR D, TP A T LT ek A (RSN B 7 i AT 2 G R S AN
B IR AN G AR R R PR, R T BE 2 A RE P IR B S G (3% DU L —AN ! BT IR B vy
5 R S e AN B PR A 18 5% R

RS2 AR AT BETA A 37 bR O B — AN BB S 16 5 T 3 BRI 5 10 B P g v
WA WVFRIAH SR T B T O S B H, — BRZRZ %, sl 5, XA
WV, WRPIR, XAEEAL printer X4,

class Printer {

public:
class TooManyObjects {} ; A== 2 3P SUEST)
/) OAE XA SR
Printer();

“Printer() ;



private:

static size t numObjects;

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

// FTEAAS fevF$E DL
b // (B W Effective C++ 45K 27)
PEVE BOAZ O B AR 2 /8 F numOb jects BREF Pritner XfEAF(ERI SR, MG RE, &

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

if (numObjects >= 1) {

throw TooManyObjects() ;

}

AR BB AT I ORI R L

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

HEAT TR BB pR B Ak P

——numOb jects;

——

R BR AN A H AT AR G NI L. — e R EWIN, R NARRE
B HE. 5 ARIRESHET ERE, WTRAAVRE N R 2 AR AE —, Wk
e R TF—mey.

o EVNRHIE

RFIERAT A BT ANRERIATEINL, R EITEIHL. IXFHTEIYISEA

VFZ T 5B AT EOHLSRANTR, BT EABRATTM I AT BSR4k K oK

class ColorPrinter: public Printer {



PUEBBLATR G — AT LA — SR AT ENHL:

Printer p;
ColorPrinter cp;

RAE X2 D Pritner MHR? FEEND: — DN p, —ME cpo FEIBITH,
MR cp FIFESRERAIIT, 2HH TooManyOb jects F4 o X VF 2R oRUL, X ATAS & Ath
TIPS o (BT I B S ML B 1 concrete 284k 7K concrete 28, FEAN BB Fh i
Ao ARV BARPE ML A5 3K M33)

B ERN R Printer MR, 2R AERIFER )

class CPFMachine { [/ —FHLE, ATBAEED, $TE)
private: /] RAEE.
Printer p: // HITEIRE
FaxMachine f; // BHAEERE
CopyMachine c; // HEERE
I
CPFMachine ml; // BATIEH
CPFMachine m2; // W TooManyObjects S

i @2 Printer MR BEAAE T =R MEREE . R ENIA S RIS IRA M5
e WIRNAETE RN G . AAAEIX SRR PR BN HR G T IRER “ e SIEH ” 8
S BARG HA W SIAEE” S S i A —3.

THH VR SCVER GA G APAE A DU R, IRAS FE BRI Al S 45] (instantiation)
. W R ARAEFH EBI Printer ZRBIM7E, AR S AT XA, P2k Printer
FitE B UL private, (AELE friend DA private M BRI BEME R AL H,
WARIRA BTN S o IRABE A private Fi sk BURSEIRAE BT, XA Fz 35
FEA T PR YR AT 7V, X O AN TR R BRI G S e ) VA — A
B, VR4 FSA, Fn—A finite state automata (HFRZSAZIHL) o CXFHLASHE
HTRZIET, Wi - Fmseh), IR avr@ A S A= %, (R A4
M FSAJRAEHF S . CRAEMUI— SRR R BIAE FSA AR AR ENTH BB, Effective C++
Gk 14 R T AT A RS TR R AUNT R R B, AR 4R M24 iR T A A A B R R



(W2 L R 55 ) B AT HE R AR SR BN ) A N o, IXREBCTE FSA W] LU 2 R IRIX P A7 3K «
class FSA {
public:

// Oy He it ek £

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 — MGG GRS SR ER)), 4 makeFSA
(F3 Dl A4 3 bR S IR [0l — N D S I HREE (R I G2 — 1, AR . it
VA VEEENL ) FSA S G A0R AT R .
WSt ANREREA PRy bR B T new XA GRS s I A 00 AE I deleteo 15 UImE
SR RIS o L AL FH A SR R A AR A RN delete £34 HBNIHL, flmT LA makeFSA
RN AEAEAE auto ptr H (WA MO); EA1 A B EFAS ANy, KP4 6
BB e AT 6 1] AR 5
// T F B4 FSA #4)3d BR 2
auto_ptr<FSA> pfsal (FSA: :makeFSA()) ;
// indirectly call FSA copy constructor
auto_ptr<FSA> pfsa2(FSA: :makeFSA (+pfsal)) ;
// A RFRE—FEATH pfsal F pfsa2,
/AN AS RO IR B AT

o AVNFZREAHMH
FAVENTE U AT BV SRV A SEBIIE, BATIRITE ER R R SR A SR K T A2

AR, R AR = R0 AS [a] ( BR 5 b 5 m BE R TR S R 3 ek B, TR 14038 T B e v b iR
LI 0 7 v AR 3 B Wl private. I8 H B Jn— BAEASIRAF & ] thePrinter
PR BT 6 AN G B R 18], DAMEHE Printer X% BRI —A, SRR [ 25 ik



WA ERE— KIS AT RIS L AEAE ] —A Printer %, SEERANTANBEIX LG 5
@57 Printer X% pl;
i/ pl;
B pl;
@7 Printer X% p2;
ffH p2;
BIR p2;

APV E R — I 0] & A SEB L 2 A Printer XF %, M fERE P FRB A T4
[FIff) Printer X% . NAVFIXFER ST LEAGE, BRI 1A E R A fefr £ —A> printer
WA B INEE AR A?

IR o JATLZFE S HITAE 00 - AR L5 WA 2 Dy R it R OS5 ) FAE—
i
class Printer {
public:

class TooManyObjects{};

// Pk IE R KL

static Printer * makePrinter () ;
“Printer();

void submitJob (const PrintJob& job) ;

void reset();

void performSelfTest() ;

private:

static size t numObjects;

Printer () ;

Printer (const Printer& rhs); /[ BATASE SLEXA iR
b //RIAS SeVF

/AT
// (ZW Effective C++4%3K 27)

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

{



if (numObjects >= 1) {
throw TooManyObjects() ;
}
AR BIZAT IR R IE B AL
++numOb jects;
}
Printer * Printer::makePrinter ()
{ return new Printer; }
MTFENN G2, SRR, WRARICIX RN NG RIS & unreasonably
harsh, RATLALEDy R IE BRBOR [0 — AN 485 48R AR F 2 F S A EAT A
B T L 200 F D A3t R 2, T AN LI A R B Ah, BT Printer 2EHE%
i FH AR —FF

Printer pl; // B BRI R R private
Printer *p2 =

Printer: :makePrinter () ; // AEH, TR A A ok £
Printer p3 = *p2; // R P DUR G PR U private
p2—>performSel fTest () ; // BT I R R T LA
p2->reset () ; // IEF
delete p2; // RN, R

// p2 jE—A> auto_ptr,
/] AN X .
R AR Dy ) B R ST o FATHFEE hard-wired H 8 1 54
AR AN R, ARSI RS DI R AR B, X A2 B S0 Printer
RIS SEIN, 552 AVF 10 > Printer M RAFELE:
class Printer {
public:
class TooManyObjects{} ;
// P i e
static Printer * makePrinter();

static Printer * makePrinter (const Printer& rhs);

private:

static size_t numObjects;



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); }
BRER AR IR 20 1 A5 AN RESW 1 _E3R 2R Printer: :maxObjects MU W], X2 WM AR,
I AZ AU HE 2%, G VRS AN BB SR 1A 10 MHOA WIS IX AL BX 4515 11) . 45 static const
Beol (1 int, char, enum £555) #fE WA K DI fRe & AL A AR CH+Hriy,  frbh—Lbg
PERRIEA SCVFIXFEIR S o U0 R BAT SN BB R R 4 4%, 7] LA maxObjects A HIALE—A
private WA SR IMZEC R,
class Printer {
private:
enum { maxObjects = 10 }; /] FERH,

// maxObjects NH & 10



I

i % non—const static il —FERILRIL static =
class Printer {

private:

static const size t maxObjects; // AR WIE

I
/] E ARG S S AT
const size_t Printer::maxObjects = 10;

Ja AT VE S R T3 — RERROR, (H2 W sl 2 W ME RE L LA AR e S A 5
PRI AURIG G0 5 38 SRRSO U YS const static BRAME M IIRERS, VRNV ZR T fE
H A XA Ty de

o N EANZITBINREMER
RIS S R AE — AU, BRI R R SE TR — FER Y, B —Tr

AL E I WA BTATH RKEB Printer 7522 FRHISEHIHE 2, w020 — i X — ki iy
G’ — RIS, BENR S — IR KA RN IRA . NAZA — TPV RE H 8 A B
LAY o HMETE A 7 RAE A T ) AR B e A AN R L 2
TAVMRE S MBES IS — A HA LB BRI, AR5 iM% Printer IXFERIZEMNZ

BEIRakR, T HIRA TR S AF o FRA VI — M vE B R 2 v B e, AMBE B4 s
BITH RS R A, iy HAR ST E aR A S o CHIRATIFESS I M29 R Uil o | F oh s,
& Bt R BOR A RIX A I IIAZE 15, 2 WK S counting objects. )Printer
R S H AL R nunObjects, FRATNIZAAR EIHAN TG THESE . AR 75 2 Ok
FEANTEAT SETH RO 2R AT — A LR B v s o A0 T v BERASARORT L 3 A e 2 i
Hrvh g, UG IRATTRELE THE i ek PSR b 2B B SRS R B A 1 B
template<{class BeingCounted>
class Counted {
public:

class TooManyObjects {} ; /) R e

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

Counted () ;

Counted(const Counted& rhs) ;

“Counted () { ——numObjects; }

private:



static int numObjects;

static const size t maxObjects;

void init(); /[ SR 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;

WX AN B A B S AN AN fie 48 A Ry B 2R A0 Y KT ke g 3 oy 50 0 A A4 R K 75 1)
protected. ¥ private A FBKEL init FIEEGR P Counted )it BB B A EEH .
WAEIRATREME Y Printer 28, XFEAE Counted AR :
class Printer: private Counted<Printer> {
public:
// P I e A
static Printer * makePrinter();
static Printer * makePrinter(const Printer& rhs);
“Printer () ;
void submitJob (const PrintJob& job) :
void reset () ;

void performSelfTest() ;

using Counted<Printer>::objectCount; // 20T THIgRE

using Counted<Printer>::TooManyObjects; // Z W TR
private:

Printer () ;

Printer (const Printer& rhs);



Printer i/l T Counter B RIREZAFAEZ /D Printer X%, HURHUL, BRT Printer
M EE, BAHANKOLREAFE. SRS iR LS private, Xl A4 ix BLAEH]
private 4k (R[N (2L Effective C++453K 42). 7 —Fh 7k e 4 Printer Al
counted<Printer>Z [Mffi[f] public 47K, (HJEFRATLINL Counted ZE—ANEINTIY R EL
(W A Nidsd Counted<Printer>s g5t MR —A Printer X%, TATRA FENZAT
A IEHAI RS ——2 W, Effective CH45K 14.) 4ok M24 B4 AR A T, £ Counted
HAFALERE RS, LT 15 5 5 A Counted 4k I R AR I A/ INFIA Jj o FRATTANAR 5] NI 4
WAMKI R, BT LUEH private ZEACKIEE GiX S8 148

Counted BT A2 TAEXH T Printer (7 KA # J2& RO, {EJE X 8] ] B4R
FUENTE AT 24T 2 /b Printer S5 AE7E. Counted BIBFRAL T objectCount BR%L, FHKHRALIX
FifE L, AP IAMEN private 467K, XKLL Printer Kl T private. 4T
PSR A public ViR, FATMEH using A

class Printer: private Counted<Printer> {

public:

using Counted<{Printer>::objectCount; // ibiXRECHT Printer

//#& public

KT B AR T, AR W SRR (P G 155 8 AN SR 24 28 18], G e st AN RV Fe:
Mo G FIXAEE, RN 2 2 U7 B B 1
class Printer: private Counted<Printer> {

public:

Counted<Printer>::objectCount: // il objectCount

// {F Printer F/& public

XM AL G (1R VE S uning 75 W) EAT AR R A S0 R FRATT AN B BLIX R AR
TooManyOb jects RN iZ AN H] [FIFFE 7 2ORAEEE, PRI Printer %% ) dim n SR £ 4l 3RIX A
SRR, AT BE S5 ) TooManyOb jects. 4 Printer 4k Counted<Printer>f,
EALLRICH KNS BF S - 905 Printer RN HRAA T EXT Gt 4, wiiF 5 ol
NENETH—FE. Printer (K p& $0mT L IXFE



Printer: :Printer ()

{
BEATIE S (K3 p6 Moz 1y

AT R A AR W BIRIAR VY, TARARE ANBIRIAR I o AKX S 1) 0t At e 45 B 1
W L, AT 50 I pR S R BN A AE X R BB H o BT AT IX L8 A A
Counted<Printer>HJit B HKALBE, P24 Counted<Printer>/& Printer I3, F&fi14n
i Counted<Printer>[fj#)if & B AE Printer [KFTTH BT . W R @it 2 x4,
Counted<Printer> {443k s B s i th S, FLR#EAT VI Printer IHIGE K%L

BIGE — S, W2E X Counted P IFAA Bt . % T numObjects i, iX
PG — AT FEAE Counted FISLHLSCLE HL 52 SCE RIT
template<class BeingCounted> // 3 X numOb jects
int Counted<BeingCounted>: :numObjects; // AEHEENIEH A 0

X T maxObjects Kt WAL 15, FATRAZIC EHIEW A AMHENE? W R IR R
VIS 10 4> printer X%, AN ZAMILAHL Counted<Printer>: :maxObjects 4 10, 53—
Ji w0t R AT ) s VE o AL 160 S SC PR R R R R &, AT Y % WD 4R ik
Counted<Printer>::maxObjects K 16. FIJEK i%/E AMIE?

{7 BRI T VR A A AN . FRATASKT maxObject HEATHIEAML o T &1k S % P b4
PEAIE IR . Printer IEH DATHEIX 48 AN B — AN S0 SCPE HL
const size_t Counted<Printer>::maxObjects = 10;

[FAJFf FileDescriptor MAEF WA MK S4B
const size_t Counted<FileDescriptor>::maxObjects = 16;

WYX EAEZ S T X maxObjects FEATHIAAM, SRAATATEBIE? IR SEHER 25
RAHTR, PIA maxObjects VAT B E o WIRFRATHAL T 78 3 I SCRIXS Counted 25 7 i i3
W TR, AT 2ol 2 in B IZAS AR IR .

7.3 Item M27: BREZEILFEHEPF=ENS

A I URARAR A BERLSE R 5, SR IERI SR B0 R AE W B IR BT, Wl 2 REW “delete
this”e AR BT U EHLSR N A BeAEHE o e — 2RI R AR ARSRAG —Fh
ORI : “ANAERER P RERT 5, T ORIE SRR SR A S R At o 7 I ARRAE IR A SR
e ETAE, wiA T REBFIXME I, KAEFEIRA R RGE LR AEM e L™ i, HfEss
SR 2 0TI WA AT RES S AU K R Bl AR I AE M b 7 42X 5 (heap-based
object) We? JHH &R LI, ARSI E LI “on the heap” ML HRTT LU AR N+
T AR R o
® EURTEHEHEINR

LEFRATT S8 DAL EHE T S BT AR A o A T AT IZFP IR, AR 004K B —Fh g 4%
IECLAA “new” LIMAMWILEFBEIAN G XIRE S ME]. JEHEXNS (non—heap object)



FEE SUE W B B ARG, (EAEAEIN TR 25 AN B s B R, B LU ELAE A Ba X i i
BRI KRBT HE) R KR, g ] LA SR A BR A o
X L FH AR A ANV ) — P L4 ) 7 9 A2 A 3 R BT ) R SR B O private.
IEFEARIE R R K WA B LR IX A BR AT & private. SUFibATHsRE sl private,
EM)IE R ECN public. AbEEEERE S 4k 26 AHRL, ARm] BLg[dt—AN & H T i 4,
SRV ) FLAE BT A R E e 25 v 1 FH DA AT ) R BORE TECAAT T S P S e (WQ I TR,
i A A B SR T AT AE AR P S AT R R B Z0 R g AT D
filtan, AR PA AN AL HE P 3740 unlimited precision numbers (G FRRGHA £k
T OIS, A LXK
class UPNumber {
public:
UPNumber () ;
UPNumber (int initValue) ;
UPNumber (double initValue) ;
UPNumber (const UPNumber& rhs) ;
[/ MR EL (—A> const DARREL,  AOH
// B const X RERREIL. )
void destroy() const { delete this; }

private:
“UPNumber () ;

b

ARG B/ i IR R AT R e vl

UPNumber n; /) ED (EIX AL, HZ
[/ e T AL R O B ot
[/ R, HAEGET)

UPNumber *p = new UPNumber: //1EHf

delete p; // &G AR B
// private MT#ypR%L

p—>destroy () ; // 1A

TR A A G B B A W Ok private. XPR VLB S — N RE WA VF
Z G R, RIEE DA AT A B private. 753 U0 1% 28 oR K0t £ h g e i
AR, HE I PR BT DR R A, TS S A R SRR AR N R AU 2 public
(Z L Effecitve Ct+ 453K 45D« RIILAA S BHRTR B ECh private s& R HLHT, PEAREAS
EHA M R
T8 3k R A7 i) — AN SR A A oR £l ml e R AL BRSO B L i ST AR HERT B, AHR AR SRR 26
Cavild, XM EmEE L T AR (containment):
class UPNumber { ... }; // P BT R R B R it PR 2
// N private
class NonNegativeUPNumber:
public UPNumber { ... }; /) R BTAL BRI ER
/ /RE i R AUCAN B 2
class Asset {
private:
UPNumber value;
// R MR R g
/ /RE i R BUCAN B2
b
XL R HEANSEARE T IR AT . 8 U UPNumber [T #4) 28 207 HA hprotected (R IHE )44
1 PR A R FFpublic) flt n] DUAE pRe gk 2 1 [l @, 75 2240 7 UPNumber X % 2R W] DAE O A%



$5 8] UPNumber 4584t

class UPNumber { ... }: // MR RSN protected
class NonNegativeUPNumber:
public UPNumber { ... }; /) BAEIEME T, IRAER

// BEW )
// 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(); } // WIEH
o M —MNRERERT
WER A TRIOX N7, FRATLIEFr a0 —F “Fedirh” XA & . FIRRRE 1)
e XAH]— A AEHE I NonNegat i veUPNumber X 4 & 52 1 -
NonNegativeUPNumber n; // 1EHA
B2 IAE NonNegativeUPNumber %% n #7ff] UPNumber &St AZEHES, XFERRT A2
BRI R AT R SEIL A i g, (H R TRA MR IX R YA, T UPNumber
W5 — ROy e R ARSI IR — A A ME o FRAT T G e B8 5 PR A T X ot 24 SR Wi 2
BT 7M. UPNumber  FRIFAIIEE BRI ICAS W 640 B HE B A A ANk HE T S (1) 5 28 e 1
o g Uit T UPNumber 1441325 BRI IR 15058 AT FM2 Al 1) T oy A bA 58 14 X 1) «
NonNegativeUPNumber *nl =
new NonNegativeUPNumber; // fEHEh
NonNegat iveUPNumber n2; // A FEHEF
ANTEAR AT BEAARE B WVFIRIEIRBERSLE new HA/EFT. operator new Fl new #AEFFIM
FH B4 18 B BB AH ELAE F R B s N (SO M8) o n] REARIA I AR LA AT T AR B, wI B
XFEE S UPNumber, 417 R IR
class UPNumber {
public:
/) MRS AN EHERT R, P AN
class HeapConstraintViolation {};
static void * operator new(size t size);

UPNumber () ;
private:
static bool onTheHeap; //TERIE RN, TR
/] RNEIR B YRIELE
// YL

b

// obligatory definition of class static
bool UPNumber::onTheHeap = false;

void *UPNumber: :operator new(size t size)
{

onTheHeap = true;



return ::operator new(size);

}

UPNumber: : UPNumber ()

{

if (lonTheHeap) f{
throw HeapConstraintViolation() ;
}
proceed with normal construction here,
onTheHeap = false; /] ARG R bR

}

WRAFRAMIT £, MASKIT 28R XROTERMH T8 41
He Bt st e ml, 2 operator new SR41HL raw memory”, operator new % onTheHeap
N true, TG RBARSHE M onTheHeap, FHXTZ M raw memory =75 #% operator new
Frovhic. WsaA, —AN38%°4 HeapConstraintViolation FRS 5 A 3l HY o 75 )44 8 ok %k
UaE H REAR S AT, Ui R B4 KIS, onTheHeap % '& M false, RJG AHE T —4>
o G 1 L B A A

=N ER I, HRARRIZIT. WHE— FRXM A REM ) i

UPNumber *numberArray = new UPNumber[100];

Al U B S N A7) /2 operator new[], 1A operator new, Aid (fif
PRI PERS SCRFED IRAES NS operator new —FEA Zy &S operator new[] %,
KR [) {2 numberArray £ 100 /NIt E, FTUASs A 100 IXIGIE REL. (FERA— IR A
AR, BBk 100 M id e b A 5 — IR R A IE pR ZCHTHE onTheHeap B A trues
M ARG R, S AN R, R

RIfEA AL, bit-setting BAEH SR, HIBIX&TER:

UPNumber *pn = new UPNumber (*new UPNumber) ;

X EIRATAESE P S UPNumber, ik pn $R 1) — AR5 XANZ A 7 — A%
PHEAT VIR . XA — AN At , FoA156 2 IX AN, XA R T F i ix 4%
B PMEL, AT E ISk A2 3

new UPNumber (#new UPNumber)

AT new HAERFIIPIUAA, PIZERHHPIIK operator new FH WX UPNumber
KGR AL (S WK 8D FEIF 03— M B I S bR F L G R U7 40T =

P —/ X% 1) operator new

W S8 — A5 G IR R oA 2K

P /N5 operator new

W 2 AN B 1A 1 pR £

{HIE CHHE S WA PRIEIX St S e A B B o — L84 3625 LA A 3P I A2 i R B0 H -

WS — AN %1 operator new

WA /X% operator new

WS — AN B A bR 2K

W 28 AN S A 1 pR £

Y1 L BOX PR 22 Z AT, (HZAE operator new H' set—a-bit B LIEEIX
Mdmitas — M. PR —PRE DR E N bit, FH gk, AP
X SRR BRI, S U GA TR, R e se e .

IX LR M AT T 5 LR R IE B BRI this $REHE R AEHEP XA Tz O B, &
TR WIRIAE operator new (8¢ operator new[]) HLf¥ bit set A& —AAEE AWy
o AT LG () 713047 W

WIRARBAN T WL b, AR B SV vk E AN rT RS AR I s B o 91 G Ak e s R — A
TEARZ R4 FAFAEM 8L, FEPP (b 25 () B Ak 2 Mt 45 B, R PR e DAtk =23 1) £ T
BN, HE A ) B



- High
Stack Addresses
(Grows Down)
Programs’s
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Picture)
Heap
(Grows Up) | Low
- Addresses

TELNX RO E HBRF NN RA R (R2Z2 KREHE, (HEEARZ AR, fraf
Reos AR RS AT F T 13X A BR O T B AN o (P b A e

[/ AIEWR AR, SR AW ANk A5 e e

bool onHeap (const void *address)

{

char onTheStack; /] JRERAR AR
return address < &onTheStack;

}

XA PR 5 0 AR A . 7E onHeap BIZXH onTheSatck & — il &E. KILETE
Hetk b o 2438 onHeap I, ERIARIELE (stack frame) (Mg EEff activation record)
B TBAERE PR ) T, DR AR AR S50 F& ) R I GE Kk ), onTheStack ik
S LEAT AT AR TR AR S B S (Pl o Gn SRS 40 address [l onTheStack [l
EEIASER L, WA E e ESE L

PIHAT AL, XMEHRIEH, (HENEEN . AR A n) @ % %] DL o o e =4
7, TARZBA . EM, AR AN S, HERITE TEEN S . FaX Gl
TEFEFIBAT AN BBV AR AL — IR I S o B SR GAU TS B HL S BN static XS,
WAFELEA Ay A B BN S (S WK A7)0 IR G e TR L )y, Wik L6
J7 BEAS SRR A M

EATTHIAL B K RG], SRR 2R AMEA T R RGE W, SN T HER S
Uiy o ST AFE BRI BIVRR IR s, i HRR 2 KRG EEAT s, (2R SRR
X R G A sl, i EFSA s, XEE W Fos:



~ High
Stack Addresses
{Grows Down)

Programs’s
Address
Space <
(Complete
Picture)
Heap
(Grows Up)
Static Low

\_ Objects Addresses

onHeap Mg TAEM R RSZZIR ARG 2E T, ANBEHEIHERT S 50T S X )«
void allocateSomeObjects ()
{
char *pc = new char; // HEXIH: onHeap (pc)
// ¥R true
char c; // FeXF#: onHeap (&c)
// ¥ik[H] false
static char sc; // FAEN S onHeap (&sc)
// FIR[F] true

}

RAEAR AT BEANBT— D) - R X 4 HEXT G 5 BN RN T, A8 S o s I VR AR rT R Al
AT ERE, (ARSI AINE P T — DA RS IEME RIS S 47 A2 A
TE YRS AR LA R AR 15 NAER AN T HEM “ Hihikbex” 175

A NAJ L R R ANBEAT — M B A IR T oK P o0 o A A HE B, T HLZE REAE 2 400n) [a)
I TARR) “YERT A" WA o WARARSEAE AR D ATA W — A b2 A 7E HE B, AR
WA I e AN TR I 7, HESEIRO T R A], R BRIXFEA T o PRI R 1 BB ik
THRIHAT,  DUE R AT LA ZEAI W0 G e A e

USRI, ) CSEAE R ) G A AR HE XA ) JT N, A T e AR D PR A R AR i T )
Soe T ReE L B A delete. IXFIINERZH R “delete this” IXFP A ISR EE 120,
Ak aniE “ R T Re MR MeE 7 5 R TE AR RS R I Y A
—FE, U AS BT fEHE R (0 F AR e b e 4 deleteo 1725 [E A7 UPNumber X1 4[] Asset
X4

class Asset {

private:

UPNumber value;

b

Asset *pa = new Asset;

IR xpa CRUFEE RO value) £EHE bo RIFFIRW] W AEFR M) pa—>value L] delete
AN, KO ZIRE A ZHE new IR [FI.

SIS “CHIWE T REE MR — MR L RN — NIRRT e HE B
Koo X TR TATHFHE A operator new R[IIHIEEES . PBIRAIRE A O WS
operator new AL (Z L Effective C+45K 8—553K 100, LI EIXFE—MESHRAE S .
IR PR, TATXAEMR DX 1) 78«



void *operator new(size t size)

{
void *p = getMemory (size) ; /SR R A B N AT
/ /AR N AE AN [P AR
Y p A BT 8 3 PG 577
return p;
}
void operator delete(void *ptr)
{
releaseMemory (ptr) ; // return memory to

// free store
MBI IS P B ptr,

}

bool isSafeToDelete(const void *address)

{

1&[7] address 42757 # LA HIZE &

1

AR L, operator new {EHLHE S ELAEA DA —ANJCE, operator delete MEEG
%21 H, isSafeToDelete fEEE A T A Il 2 M HEE /AL ST . WK operator new
A1 operator delete PFREL{EAJmAERIT, CtReEH T a8, a2 Nk,

FESERR M, A AR S 2GR X R A o B R BT AN S A 4 SR
JE SATAT AR VY, 5 9] e O HATHEAN 2 LR eR 3, % operator new F operator delete.
IEWERAT AN, R — N 4a ek, A —Fp B AT IE SRR e 28 (B2 25K 4D [ operator
new fll operator delete (£%aK 9). IXFEMSAHIFIRATHIEAF S e S22 R i A 11
operator new fll operator delete HJAKA; (BIUNVFZ [H M XA SREHEE RS ) AIHE.

BAHRERIEE A F AR R BATATTEIXLE, Tt 2E 0 PRER IR (9] )
SARESM P TS e ?

Ml Re A ey, (R EEL, S isSafeToDelete bt BABEMS IFH TAE 24
ATREMT . M 2 4R R R I 2R Bk K B 2RI 2R 2 ANk, B DL VA R IEfR 45
isSafeToDelete )bt 5S operator new IR[BIF HHEAR ], BIAEXT G AEHEF . gy
2 WA M24 F45 8 M3 1,

Pl 1A B X L R A PR I S T e I RE 0 ANvs e 2 Ry 2 S W), RN TR, WA IE
BRI . SEIE 1) CHHFH — M4 mixin KRR T AT

Fh GBI ANBERE SEI A 226, e 2 /b BAT — A4l s B0 2528 mixin (“mix in”)
FRIREIE R M DhRE, I T DL SRR RIR L o Dh A (0L Effective CH+4%
KD EMEILTH MG FHIRMTRES A I RIR S (nixin) HERGIRARILHLA)
WrFE B4 0] 1 N A7 & 75 B operator new Z3RCHIRE o 1ZZRUNF FioR:

class HeapTracked { /) AR IRER
public: // M operator new IR[A[[f) ptr
class MissingAddress{}; /) SIS, IR AR

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
AR T 1ist (BER) HAR A HERER M operator new IR T AT $%r, list 2br
WE CHIFER—#B7> (B W Effective CH453K 49 MIAF5 42K 35). operator new E& 57 AL A
I In NS 1ist J'; operator delete HISKBEMNAEIEM list Il c &,



isOnHeap HWr— XSS HLHE S BAE 1ist Ho

HeapTracked ZE[{SCHUR B, 4 FH 4 )R 1f] operator new fll operator delete BREIH5E
A BC SRR, List ZREM R EHATIE ASRAEFMIBR A, FEAT BiEAy 1) A R b
YE. LA N2 HeapTracked [4sHESC Il :

// mandatory definition of static class member

list<{RawAddress> HeapTracked: :addresses;

// HeapTracked [IHTHY R EE AL R EL, AR iM%k,

// (B0 Effective C++453K 14). ARTMHTAL R HLA 2045 e S,

/T AFRA MM T — A2 e .

HeapTracked: : “HeapTracked() {}

void * HeapTracked::operator new(size t size)

{
void *memPtr = ::operator new(size); // 3REWNAE
addresses. push front (memPtr) ; // FEHBHERCE] 1ist [IHT b
return memPtr;

}

void HeapTracked::operator delete(void *ptr)

{

//1FE)—A “iterator”, HIRUUN list JGHEBEMW ptr;
/RS WAk K 35
list<RawAddress>::iterator it =

find (addresses. begin(), addresses.end(), ptr);

if (it != addresses.end()) { /) WK —IeE
addresses. erase (it) ; / /WA B 1% G 25
::operator delete(ptr): /] BERNAT
} else { // A
throw MissingAddress(); // ptr BtANEH operator new
} [/ SrBCE, BT CARE AN R
}
bool HeapTracked::isOnHeap() const
{

// BB —AEE, R mxthis &880 A AEAS n] R IG AL,
/) ARSI R e
const void *rawAddress = dynamic cast{const void#*> (this);
// 1 operator new MR[H|[FHidiE 1ist A& 455
list<RawAddress>::iterator it =

find (addresses. begin(), addresses.end(), rawAddress):
return it != addresses.end(); // &Ml it TR E

1

JVERATREXS 1ist KFARHE CHPEILEH A AR, IR RIE—H TR, &K
M35 K AfRE I B AR AR 0, AN I ARHS FL R R & Re W A R IX 01 1 2 AT as AT 1Y

HAA— ATl RE L URIR B N 2, gl IX AN ER) (£ 1sOnHeap BRELH)

const void *rawAddress = dynamic cast<{const void#*>(this);

P A 2 Ak AR R RIS A LA, X 3T AR R
isSafeToDelete 2XfRE 24, XA HiE isOnHeap PSR4l 3], {HZh isOnHeap {VAX
T HeapTracked X%, FATAEMTH] dynamic cast #AERT (S WA M2) ) —FhEFIE K
FEPESR T BRIX AN o) . U A SR HBIBON dynamic_cast, 5—Mf&%l dynamic_cast i voidsk
2 (8l const voidkuk volatile void* coocow ), AERFRER AR CRFRE R AR A
127 BTG AL . {H2 dynamic_cast HEEH T “Fam 20 HA—MEREIXN S 1ies
Fo FATIZIEN) isSafeToDelete pRELH] LA T4 MAFAT SR A (1455, Prlh dynamic cast
WAREHB)E . 1sOnHeap B HA LR (& X RENNATE ) HeapTracked X% Fa%), LA



AEFE this 8% dynamic cast & const void¥, ZB— M8 W) 4 a7 X St as bk i Fe%r.
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 TS I o

AN, BT ST Ry R A o] AR oI N BRERHE 4R E R DhRg . AT
B HOE L ARATTIZE M HeapTracked 4k7& k. Bl anFRATARAINT Assert X R IGEHR 1)
SETTAEMEXT S

class Asset: public HeapTracked {

private:

UPNumber value;

};...
FRATBENS IXAE A1) Assert+38Er, W

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 —ANE, EARHTWNEEE, KR int Al char
IXAE I RIIARE R A B LB R AN 5 HeapTracked [ 52 PRI — #1042 T2 F1 BT A2 5 7] DA
WH “delete this” , MRANFIREAENERE BIAE, BUOWNERINE this #RE.

o ZLMENR

AWk G2 A LEHE M B IR AE 45 R T o 55 S e Al 2 2% 1 e i o gl T 0
ZR7 o ME GV IXRE AR DL R R EREI s X BARCR YR AE 2 ) BRI A Ak
K BYPARN BN HEX RN o BA VLN 1 e .

2L P HAR ST SAR T, DO B new SREESIIXFIXTS, IRAEEWSEE L 7
P new. RANBERW new BAEFFIIRTHIME CXIENIRTIBET D, (HEAREEEFH new £
PEFRF 2T operator new BRI s (S WA M8), SKikH|H . ARAILLH B IXAS
B, M AR E WA private. @101, A1 SRURAUANARLE ] 7 /R4 TP g2 57 UPNumber
X5, ARATLLX AR S :

class UPNumber {

private:

static void *operator new(size t size);
static void operator delete (void *ptr) ;

};...

IRAE FH A AT AR S VR e AT AR A

UPNumber nl; // okay

static UPNumber n2; // also okay

UPNumber *p = new UPNumber; // error! attempt to call

// private operator new
8 operator new F BN private FEW T, {HZH operator new FHH N private, 1l
ft iperator delete FHIN public, XA LR, BT LABRIEA 405 2 IR, 150
ANFEAEANTF I, BUFESR I —AN R A e, SRR AREE I UPNumber HEXT %
¥ren, WTUAIE operator new[ ]l operator deletel[] (ZW4#k M8) WABH A privates
(operator new fll operator delete Z MR R KZ BRI ERG L, HREAN]
ZALC ZR I NN — 8T, W] PAZs WK SCHE counting objects ML) sidebar {4} )



HBAIE, U operator new A Ik private &% <BHEE UPNumber X} 2k — 7 T HE
HRIRAE AT G R Sk . P14 operator new Fl operator delete x& H B4k 1),
W operator new Fl operator delete WA EIRAITH AN public (HHATHS,
overwrite), ‘BT EAILL Y private FIRRA, W FPR:

class UPNumber { ... }; // Ak
class NonNegativeUPNumber: //RBEIXAN R

public UPNumber { / /A W] operator new
b
NonNegativeUPNumber nl; // 1EH
static NonNegativeUPNumber n2; // WIEH
NonNegativeUPNumber *p = // R R A

new NonNegativeUPNumber; // private operator new

WIHIRA R e H O operator new, “S7EMEF 0 BCIRAEXT G, w4 0 H XA R 2L,
TRt 5 —FAS AN K 732006 B) 11 UPNumber FE25(K1 70 Bc 5] 8. UPNumber [f] operator new
A& private X5, ANEXEE UPNumber f 53 XF 52 IR G 160 40 L 7= AR AT Ar] 500 <

class Asset {

public:

Asset (int initValue) :

private:
UPNumber value;
b
Asset *pa = new Asset(100); // 1EH8, A

// Asset::operator new K

// ::operator new, A

// UPNumber: :operator new

SEfr b, FRAT A3 T A ) ok, B “an S UPNumber X R A MG AR HET, Tk

FTARY A S 7 HARIK IR IR ) 2 “ W A e, FRATTARY S 7. IEARATAT
A () T2k AWl 2 S e HE b —FF, AT BRI 7 v W 2 A AN E T, BT LA
BAVRAGEE, A2 A, SRR A b AEHE L, FRATTE R aE
M AN HIEATEHE o AR TRA I A A BEHE I H K

7.4 Ttem M28: R7T5 (smart) ¥4l

RIGFREE—FhANANAT A #Ed T h S N R R ARSI N G, ANid & BESRAIL B 22 (1)
ke, EAEWEZ N R, SRS (04K M9, M10. M25 A1 M31) FifE AL
AT A Bt (0L MLT R M29).
MR R IR E AR CHI N FREE (B dumb pointer) |, FREEAEESHI N HIIX L8
J3 T PFRE AT N -
®  FIE R o R T LAy s 7 R TSR BT I N 12 5 A i R RS R IS FRET A 0,
e A NS ARG I FRED o 38 M 5 — X R 1 g5 — A R I FREF B R il
B, HEEE R I FRE W T A SRR EATTHR TR AT 5 o SXREAROR B 1k 8 Ut s AR A
.
® 5 UUFIE . VRAEXTHE VLR IGFREr oAy R ITHRENZ 5 IR E B E A T30 . 6 T3
G 1) R TG FREL SR UL, IR AT A 8045 VIS A 1ITER ) 1% G sk P X L) 5
AT R34, 24T deep copy GRIZHE VL) o X T-H B 1) —28 R T3R5 K,
I DR EE A G s FR BT AT IR B - B — 3820 B B R I FREARA A 72
VPR EeHAE . TEIRARIN A N ] 24, RIS FREH UG 22 IR )45 o

® Dereferencing P FRENPFTHRARTAMIA A « SH P 5B R a5 T ifix 4,
SR ARG ? ARAT L AT Y o B AR m] DU R IS5 HREFSEIL 4K MLT $2 311



lazy fetching Kk,

RIGFRE B AR R, RN LS Y EEHREF R, 22 strongly typed (B887H) [1);
WAR ZEU e i W BRI . R 2 BRI R BRI R BB IX A : templatedclass T>
// RIGHRER X AR

class SmartPtr {

public:

SmartPtr (T* realPtr = 0): /) N A RIGYR4ES
// 3810 dumb pointer FT¥gH]
[/ W% RYIAHITRE
// #RAMEA 0 (null)
SmartPtr (const SmartPtr& rhs): /) B —ANRIG¥e4t
“SmartPtr () ; // BRI ¥R %
// make an assignment to a smart ptr
SmartPtr& operator=(const SmartPtr& rhs):
T* operator—>() const; // dereference — /R IyFE4T

// CAUT 1) e i) 5 1 R I
T& operator*() const; // dereference RI5FR%E
private:

T *pointee; [/ RIGFRE PR B %

b

4 DR I o8 BRI A BV P 0B IR AE X L o T R IS FREF KU, Afe avrdb s I
TR ERAE, AN ZBE = Bk private (B0 Effective C++453K 27). P/ dereference
BRERTHE A BN const, AZAR dereference — AR IGFREFI AL A Bl TS UL
A LM MFRE T FR X %) (GXFE, const T R TG4 A4 ] LA IX P MEVERF ). )5
BRI T AR R IR S — AR T /) dumb pointers XA dumb pointer fif [ H%]
ZA e R IFREHR ) ) FLIEXT B o

N RIGFREF S 4075 2200, A9 — F - Wil fd R 194845t HI&—T, 1745
ARG (R BTG — e AR, —SefEefe) . AU xS %, Ui
HSF G e TR B S EE PR, R A AR T ) i B AR R (RPC), B e LeEk
RGP BTN 718 X T SRR AR I K, SR AR IR 732393 ) A BEAS s o 52
i Goe — RIS o LI i G kA T — Aoy S . R IR
A DAL R P SR A A A

template<class T> // FRIAL T oA s DB CHR )

class DBPtr { /) OB R PHRE R

public: //

DBPtr (T *realPtr = 0); // SR ITREE, $R1
// H—AHE dumb pointer
// 451 DB X%
// LR IGTREE
// ¥&1H—A DB X%,
// BATHE—/ DB UM 4F
/) e RIFRE AL

DBPtr (DataBaselID id);

b
class Tuple {
public:

void displayEditDialog() ;

bool isValid() const;
s

//TAl
// BRI ICH AR

/) BR— A EEREHE,

// SOVFH P g o4l

// user to edit the tuple
// i&Alxthis BN T
/] BEERAE



[/ IEANREMH TAEB T X% m 47 H &Sl .
[/ RS I T BOA :

template<class T>

class LogEntry {

public:
LogEntry(const T& objectToBeModified) ;
"LogEntry () ;
b
void editTuple (DBPtr<Tuple>& pt)
{
LogEntry<Tuple> entry (*pt) ; /) NIEAGREERAE Sl H &

// ARG WL 1 1 A
// B WRGEAEHE, EREME T AR
do {
pt—>displayEditDialog() ;
} while (pt—>isValid() == false);

1

7t editTuple " #igm# ) oAl Eof AL T AR 0] DLAL Tife, (HE%k™S
editTuple PIFEF AN G LIX g . R IGIREF RIS T RGMIX L Tr 1. sk iy 0 ¢
LT T, WIS R IFREE N STV R o dl, B T A e IAN R SR, HAT g —
DI EFRE

B A editTuple ' LogEntry XF % 09 ¥k . — Bh 88 AL S8 19 e of 2 78 W H
displayEditDialog HiFF4f H &, WHEE R H &, X BT 72 ik
LogEntry MM BEUR ) H &l sk, Fridsbias il H il s, IE W4k MO Prf@Refr), 4im
XS I, X% B SRR A Eh R H &0 5 b g 7 o H e 0mT DAL e B AdoH: . i HL gk
S~ LogEntry X% U ARRRER A F T4 10 s A 4 O sk pR 25 5 o

IEWARETE 2R, AR I3 SA4H dump pointer WATR KM ZN . XKW T E%e
AR AR . RIGFEEFIH P T AR AR dumb pointer —FEAH R IR 1 anFRA K
BRI, AN IXMEEASEIE .

o RIGIREHEIME. WMEMITH

RIGFRE I PR3 3 H AR T P FRBNFR I AT % (— Ml R I TR Ml s BN S0 ss
H, kR ITFRE RN dumb pointer FRHE . WK AERBIN S, N EHIREEN 0
SR MRS TLUEIH —AN 75,

RIGEREHE DU BR 2 WS VR AT R BRI A R B SE B T T FR AT 52090 BT A
()R] AP AT 2655 0% o iR — A RIGEREHIA IR M A 5, 24 e R I 20201 47 B i BRax
AN G X B R TGFRE R 1 0 SR BN AL o XM AR R I HRE Tho2 WL
M e XM B A TLSE TV, S WA M2T) .

B FhsifE CHPET auto ptr BB, X4 M9 Fr ke, —A> auto ptr X% &
/MBI G R T4, B2 auto_ptr BOREIH. auto_ptr [FIAT A eR UM BR L4 ) 6
G, SR AFENE? auto ptr B AISZILM R

template<class T>

class auto ptr {

public:

auto ptr(T *ptr = 0): pointee(ptr) {}
“auto ptr() { delete pointee; }

private:
T *pointee;
b
fitn auto ptr FAXTZRE, S LUERIZIT. H2EY auto ptr 45 DIsiE N, 2
RAEAT AN B 2



auto ptr<TreeNode> ptnl(new TreeNode) ;
auto ptr<TreeNode> ptn2 = ptnl; // VR ¥ DA I R 2
/e KA A5 DL?
auto ptr<{TreeNode> ptn3;
ptn3 = ptn2; // WA operator=;
/] SR A2
WA FE DL ER dumb pointer, £ FENA auto ptr fi5 Il —MHFE X 5. X
T AU, TR 2SR quto_ptr KR4S auto_ptr MR EATITRIIAT S . X EKE—
KGR TATTIN R P I o 3Tl P N 5% P 225 SR 2 AN ] 0N Py O 5 2 OME PR 1R D o
F— Pkl P new, S —ANITERXNS ST L. XA T ASHEVFZ SR (A
— MBI auto ptr, (G (LUSIBMFRED it R il A B2 I PEReiAE. I
HIRATTA G 2@ r A A 28R %, I auto ptr<TOXTRANH iR 1028894 T X%,
BAATLAR ) T FYRAEIINT SR . IR IE R 2L (2 WA M25) AT B3 B AT TR pRax A )
B, ARE I RA R EATHAE auto_ptr XA .
W quto ptr 251045 DUFRRAE, st nl BLHBRXAN W, H2RH “ % auto ptr #5451
FHRAEL S, XSG AT AR 2 A& 87 (53, Je— NS H RGN %
template<class T>
class auto ptr {

public:
auto ptr(auto ptr<T>& rhs); // & UL oh B
auto ptr<TO& // TRAH
operator=_(auto ptr<T>& rhs); /] BEVERF

b

template<class T>
auto ptr<T>::auto ptr(auto ptr<T>& rhs)

{
pointee = rhs. pointee; // #*pointee TR
// AEEHE] *this
rhs. pointee = 0; // rhs AN
} /] AEFIZR P

template<class T>
auto ptr<T>& auto ptr<T>::operator=(auto ptr<T>& rhs)

{
if (this == &rhs) [/ IREA NG A I
return *this; /] A BASNEA
delete pointee; [/ MBREAE AT I 5
pointee = rhs. pointee; // *pointee [FIHTAH
rhs. pointee = 0; // M rhs FiEF] *this

return *this;

1

T B B E R AL 32 52 0 0 G ) T A B AT A 20 o3 SR A A IR 5o TR AN IR AR
JF ORI [P S KT A MR . d A, BR T auto ptr Xf%, WA A auto ptr 57
(PO

K24 auto ptr [R#E DIRY I AL, XTSI T AL 2:, Fras A& ey
AL auto_ptr X GE —MERKE k. PN

/] XA BRBOI & T EUR AR

void printTreeNode (ostream& s, auto ptr<TreeNode> p)

{ s < xp; )

int main()



{

auto ptr<TreeNode> ptn(new TreeNode) ;
printTreeNode (cout, ptn); /B IEARAE 7 Ak auto_ptr

1

4 printTreeNode (24 p BWIUGALRT AT auto ptr (145 DIAIEBRED, ptn F XS
BT B ALE RIS T po 2 printTreeNode L5 WRBUTIE, p BIF TAERE, & IR
FOM e A8 10 PR 5L G2 50K ptr 38 R AT 2R1 ptr CANFHE AR 5 CEH dumb
pointer f& null), FrLLH printTreeNode LAJEATAR[ R EIE & (P4 AE #04 7= A2 oK e I
1T 0 o RATERI S AR G0 P BUAR S 25— NI I 1) BR S 50, A Read i A5 (8 7 Ak
i auto ptr. XFMFILIRD T,

EAZUARAGE auto ptr MO SE ML, X EWE AR AN %, dit
const 5| HALi# (Pass—by-reference—to—const) ) J5VEEIXFEN:

[/ XA BRELAT R YL

void printTreeNode (ostream& s,

const auto ptr<TreeNode>& p)

{ s <p; )

TERREE, p 22— 5IH, MAR %R, FriAAS I DS R G pe 4
ptn #% 4% i3 2| b IX ™ printTreeNode I, ‘iR & IFEN Z WA, HH
printTreeNode PAJEikA] LL2z i ptn. T LI const 5 HA%HH auto ptr A LAREGufL
PP AR . C “gI AR AR “AR(E” IR JEZ L Effective CH4&3K 22).

e VUARAE , FER R B PT A BN—A R IGFREHAL IS 2 5y — AN 25, X P JBARIR AT 4R,
T HAR AT BE O3 S 2045 DU R BORBAE 45 VR 255 AN 1) 4 1 75 B 5 TR R R AR AT R« X 28
R AL S B0 2 AT const, {HZ BTHIX LR BUKAT » SLFr EAERE DI Fidix e
BRECARRAE 0 T IR Ee 240, 2 U, W auto ptr XTSRS VBN R (B 45 4 1 2ds
JE, B auto ptr X4 !

S, R, CH2 Wt RIS RELEARIERE 24, HR KEF T o WRAE 5 2R DI
18 PR HONIRAE BRAE R LA AT const 4L, IR EHZHUL) const JEME (S, Effective
CH45k 21) B HAL VL SE BT A B 6 o HERfIIIE: 2445 D1 — /X B B0 AN GAich
WA B IR, S SOXA S XA REAT OB, (HAR TR RN HEM, EXPy
B AR T

WERAR I 50X LS auto_ptr B0 BRERATER, IR0 REA A H CHEM L. 71 291
PR 294 U AT (IR, (R RARIAEE 2, fERRE CHE auto_ptr BURATHEIX
HLPT A 1R B SR B DR 3 R ORI A E T o AERAE CHHZE, SR8 R B 1l D R A5
B, AR 7 A (FEAR SRR 25 PFIR B 03 BRI .t mT LAY 32 Ef fective C++
K 25),

RIGFEEFFRIATTRE) pR O B 2 XA

template<class T>

SmartPtr<T>:: SmartPtr ()

{

if (*this owns *pointee) {
delete pointee;

}

}

1 B AN T ZEREA TR, BIUIAE—A auto ptr SEHIAE E 8 W IR E . eSS
—ReEE, WS E L —MEH T 5T (S I4RN29) R Iy FRE Wb 25 1E HI W &
AR TR S AT A S VT EUE . 2RI — 2 R 154851 % dumb pointer —#f, 4
CATTHEMIBRES XTGBT 52 o
® 5P Dereference HRIERF

PR T B 0] R T3R5 %088 73, operator* Ml operator—> PREL. HI R[4



RIS, Hg b, XIR R
template<class T>
T& SmartPtr<{T>::operator*() const
{
perform “smart pointer” processing;
return *pointee;

1

T 56, IR REU 4 , AT FR 5T BT pointee G20, WA AH ] lazy fetch
(ZIAEHMLT), REVINA pointee BN — X% . —H pointee &7 T, operatork
BRESO A (R L P FE R ) — A5

HERGRMEEAE AT WRFIT S, RGeS VPR A, H1v] fg B8R HENE
Ja o WA ZI 4 pointee A AR T KBNS, B AT LR T HIURAERM R
WRAEIXFIE DL T operator* R EUR A& T RS G AR IRAERZN G051, IR R 2L
SEFr _EIR P2 — MRS P S (X fE—A slicing (PIED )@, 2L Effective C++
Sk 22 ALK 13.) ERMIMEM R LR EMEE, AahksS (R et
SIS IR AL SEBR Bl e BRI R IGFRE A RE S R B LR 5L, ZIXAE TR
PR IGWEA . IR Bl—A5 | HIERets LA H S cE (AFRERE— IR ATSR, 20
ZA M19) o RS SHe L A 1 5 ROR R e — Rl 3.

WRARZE—AN AN, R RES AW R —28 AFE null RIG¥EEF EIH operator,
Wt o2 Ui R T5F8% ) dumb pointer #& null. L. BE{EMUTA#81T. dereference —AM%%
REFI S AR LW, PrUABEARE A SCIAA TR A — A7 42 mTLL, Jatne. 48
W abort B (MJREYE assert FERIIS A 2 &F 1, WAL, A ) 9 A3 apAs =1y
HBE AR H S 256 B4 ? AR AT DL o B SO AT A A I A, (R B0E S A S
R84 72 H HI

operator—>M1E LY operators A1), (HIEAE/HT operator—> 2 {i, iLFRATSEMIZ
— FIXA RO B S ARAFE B Lo P51 editTuple B4, HATH MR Tuple Xf %
R I ¥EE

void editTuple (DBPtr<Tuple>& pt)

{

LogEntry<Tuple> entry (*pt) ;
do {
pt—>displayEditDialog() ;
} while (pt—>isValid() == false);
}
Hh)
pt—>displayEditDialog() ;
B G PSRN «

(pt. operator—>())—>displayEditDialog() ;

X EE AR operator—> iR [FfT 4, ‘B BI4E I FAHH] member—selection
operator (B LIEFHAERT) (—>). Ik operator—>{UAEIR FIPIFI AR PE: — /MR M R0 %11
dumb pointer {5 —MRIGFEE . ZEELL T, RAR[FI—/NEE dumb pointer. 7EMI
R, PRIXFESZIL operator—>

template<class T>

T* SmartPtr<T>::operator—>() const

{

perform “smart pointer” processing;
return pointee;

}

XAEIEAT R o DA IZ R BOR [Pl — AN, T3 operator—> i I R %, 14T W
e IERI .

MFARZ R R UL, IXHUR IR 2 TR R ITHRE il 0. 40k M29 15 vy



HEAXEEZ M IRE. (HE W RARE RN T fif R I Fa 5, AR ZUAE S 2 1A K
dumb pointer FJZIRIR FFREH Wi G A GEEATAA dumb pointer. WIHARMKELT 02
“Most people stop at the Z-but not me (ZEAEZ4miE, HIRAGEWXE) ~, N
RN 2 IE TS AR
o AR IGHESHRTE H NULL

HEr A IEFRAT e e g ge LEBATTEE . B, #5001, W{H. dereference RIJ¥E%T .
A — RN MA R FE 2 “RILR I5Fa%E 9 NULL”:

SmartPtr<{TreeNode> ptn;

if (ptn = 0) ... // error!

if (ptn) ... // error!
if (Iptn) ... // error!

AN ) R

ERIFREF R B IMA—A isNull B b pRHUE — R 2 15, (HOE B g 4K
NULL I R IG$RE 4745 dumb pointer AAHBURI ). 53 —Hp 72 2 PR A Ba AR A L o
YERE, SeVFgmie Bl . — M i TRl H BB 44002 voidx -

template<class T>

class SmartPtr {

public:
operator voids(): /) MR R ISR null,
// zMB0, LR
}s // AE 0,
SmartPtr<{TreeNode> ptn;
it (ptn = 0) ... /) BAETEH
if (ptn) ... // W IEHH
if (Iptn) ... // 1EH

XY iostream RIS LA ARIE], Py LART DU A2 55 A5 -

ifstream inputFile (“datafile. dat”);

if (inputFile) ... // A inputFile 75 24

[/ RIIHFT T

ST R BV R B — K, e — A Y500 T AR R Z 507 i A e iR
FHRIGE, AH I R EICR S e 8 B D R (S AMB) . Rl & R VF R I3 4aEE 5 2 AN
[F] (R 2 2 TR)IEAT LU AL

SmartPtr<Apple> pa;

SmartPtr<Orange> po;

if (pa == po) ... // X RS LT 1 |

RI{#4E SmartPtr{Apple> 1 SmartPtr<Orange>2 [A]¥&FF operator= pR#, AW HIE,
Rk R E Ba XA 40 void«first, ks T dtFR S8 IAT W e i B AR pR 2. X Pt
TR R L AT R AR fE B . (FRRIE — R 4caK Mb, 20 e e St ) 152, il 1) H- 24
AETE.)

16 voild« RV T I, WAL b, AU E K2 const void*[FZEALE,
VTSI bool 775, SEMEA b M A SRR 0 S0 LB L

A4 2 ] DL RS A nul 1 (ETEVRTE,  RIRHEAS R 2R 1 R 15 Fr &t
Z BT LEE R mT e R B B o X2 AE R TG FREH R E 4K operator!, M HAUY R IIHH
R —ANIEEIN, operator!iR[A] true:

template<class T>

class SmartPtr {

public:



Bégl operator! () const; // Y HEACH RIFRE &
// ZE, R[F true,
b

PR AT B
SmartPtr<{TreeNode> ptn;
if (ptn) | /)

// ptn JEZMH
}
else {

// ptn AJETFH
}
{HEIXFERASIES T -
if (ptn == 0) ... // AR R
if (ptn) ... // WIETR

AAEIX RGO N RAFAEA RS 2 (i) AT LA -
SmartPtr<Apple> pa;
SmartPtr<Orange> po;

if (!pa == !po) ... // REW G ik
SEU T A S XG5 . RIS, iostream FEFSEILRR T HE4E voidxBast
IR, AT operator! BREL, ANidiX Py R EE MR ACIRES A LEANF] . (FE C++
FKPEFRUHET (S Effective Ct+ 453K 49 FIA T M35), voidkfa A 4 C &4k
bool ZET KT 4, operator bool 2R 5 operator! #H & HIME )
o R IGIREI AR AL dumb FRET
HINARELE— MR R A dumb Fa%F IR s N R W da %t B, RE45:
A B RS RASE A, B DAnT g — 2822 X 0 e sR Hos A A R I %
class Tuple { ... }; // AL
void normalize (Tuple *pt) ; // fExpt AN
// A R
// & dumb $5%F
&, WRARIAE AR Tuple MR IIREAES M normalize, &I AN
s
DBPtr<Tuple> pt;

normalize (pt) ; /] iR

XA A BE S e, R ASBESE DBPtr<Tuple>3E#ek Tuplex. FRA]LLIXFEARS, M
F1Z1% PR EUE W IEAT

normalize (&#pt) ; // BB, HATE

AT B AFAR S I PRAX e i FH 7 2

TERIGFREBR P IEINR M) T () dumb 48RS RH BERAERT, WLk DL R 0
iz 47

template<class T> // Ak

class DBPtr f{

public:

operator T*() { return pointee; }

b
DBPtr<Tuple> pt;



LW il 3 4

hg;malize(pt); // BEREIEAT
FEHIXA R A B T DR 2 1 ) i«

if (pt == 0) ... // I, 8 pt BT
// Tuplex

if (pt) ... // AL

if (pt) ... // [ L (reprise)

SRTT, EAA R R BT B s OLF RURIXFE, B M. ESH e
WEARAE Syt B0 1) dumb $8%F, Zed T “FHR%E (pointer—like)” MR ftn) “ R 15”7
R :

void processTuple (DBPtr<Tuple>& pt)

{

Tuple *rawTuplePtr = pt;: // 48 DBPtr<Tuple> #EAZHk
// Tuplex
FH raw TuplePtr 152¢ tuple;

}

T, RIGFREMRALR “ RI57 A7 R R v 0 = B s 4y, B BA SRV P A
dumb $5EFS FECIMEVER E R Filtn, 408 DBPtr SEIL T 4K M29 R gl - ThRg, Ao
VR P i FLFENT dumb $REFBEATERAEIR PT RN “ 51T Bl 4himy, e 80s | -2
o

T RUFARFE AN R IHREE 2] dumb FREF B HERERT, RITIREHEARERIE
Wt 5 dumb FREF B . R R IGHREF S dumb FREFIOFEHIE “ P SRR, 1
[i) — o [) 2 PR A A T I P A 40 (1) BN R R I — UK o 91 i AT — AN 3R T A e 7 ) 3 —
JCAH I R

class TupleAccessors {

public:

TupleAccessors (const Tuple *pt); // pt identifies the
// tuple whose accessors

b // we care about

1%, TupleAccessors [FJH-SHH s b8 ZH 7] LAAE A\ Tuplex3] TupleAccessors [FJ2R
RS (S M) IAEEE — N T-5IFMAS TupleAccessors AR WA EH]
A

TupleAccessors merge (const TupleAccessors& tal,

const TupleAccessors& ta2);

K2k — Tuplexn] A B s #5#e 4 TupleAccessors, FIP dumb Tuplexifi ] merge
PREL, P LUERIEAT:

Tuple *ptl, *pt2;

merge (ptl, pt2); // 1M, PANTREM ML A

// TupleAccessors objects
W R 15454 DBPtr<Tuple> AT IR, gnifmhas Mk
DBPtr<Tuple> ptl, pt2;

merge (ptl, pt2); // BRI IVAREIE ptl I
// pt2 #HFR TupleAccessors X%

[X #3 M\ DBPtr<Tuple>#| TupleAccessors )& E 5 FH P I H 7o SCRISE e (— RN
DBPtr<Tuple>#| Tuplex, —iXM TuplexF| TupleAccessors), Imidees AT X FHIN
LI

AL R dumb FREF BRI R ) R I FREH R EE T — N EW A 51 bug. % REX A
AR

DBPtr<Tuple> pt = new Tuple;



delete pt;

XA NOZA G G 3, pt ARTRER, B —DRR, IRAREMRR— 0% . KA
EFA RERMIBR, X A?

RN T o AHIE[EIAR— T4 MB: G A AT B U R B it ) T B A o 501 FH Rl 2 5
AR — N4 M8: i delete &I HMTHI A EUFN operator delete, P HBZRAEL. %
BEAR N TAEAE delete pt WA PN R BURII A, i3 pt By Tuplek, AR5
bR (KRS TAM, MIEGRmED T,) XA SRR IR -

Wk pt A EFR MBI G, NS SPMERP R, —IREWA delete B, 25 IKTE pt
PIATRG BR AR R NS o >4 pt AP XS, & e NS, W 304G 2 [R5 SR pt
IR DR L, AR WS H A TSR pt BN, AT RATIORFE DU 38 23 P OO B 15468
B0 AR S5 BT PTIR I DU A2 55 o 1 IS DR 2 S 30— AN R A MR P Ik, IX A 2
AEASRETOR G 2R

XA bug WRAAT T, A BRBRAE R T £ 5 1 ()48 AR 2 L eI RSN ik
SEAEAR A AR dumb $8EFR AT E R, AR IX R AR, ARG P e] B sl
IEAEAT R 55 an A ] T IEE A R I 3e4, & € XA new Z 51 H delete,
CLBT 1L WY, HE SR 57 A A AT TR AN X W 2

JIRERARTAT e BRAEA — N AT S IR S DR X R, 75 W 46t AN LR A A 46 3] dumb
FRET I BRI L A E AT o
®  RIGIREF M4k ARBIFR KT

B FATH A public 4h7K)ZIREEH, LISERAL & SR 55 S5 IR R e

MusicProduct

Cassette

class MusicProduct {

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;

-
BB, RATEABEL S8 MusicProduct W%, EREEAT hG, I



e
void displayAndPlay(const MusicProduct* pmp, int numTimes)
{
for (int i = 1; i <= numTimes; ++i) {
pmp—>displayTitle();
pmp—>play () ;
}
1
XA PR RE S IXFEAT -
Cassette *funMusic = new Cassette(“Alapalooza”) ;
CD *nightmareMusic = new CD(”"Disco Hits of the 70s”);
displayAndPlay (funMusic, 10);
displayAndPlay (nightmareMusic, 0);
KIFBA T 2 BV 2RV, A2 M FRATH R I FREHFAR dumb $85F, Sk AT AW
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): // EEIR
displayAndPlay (nightmareMusic, 0); // EER)
BEAR R IGHREH X AR, AT A AN Beg PEX LeAXaS e 2
ANEE AT G T R A A e Y SmartPtr<CD> BX SmartPtr<{Cassette> & # ik
SmartPtr{MusicProduct>. MZmPEARIIM AR, X2 WEAAEM KR T Admitds
) 2> X FE A S W 2 Ee = SmartPtr<CD> 8¢  SmartPtr<{Cassette> A & M
SmartPtr{MusicProduct> kAL HK 1), XL 7 M BA AR, TATA T REE R G 1R 4530
— P G GERAFRD PR R S
FIBWE, A IMLETFIZ PR, XF VAR O AR AR SRR IR 0T
AJ DLEAT B3 U 4 i A R TG HR B 2R Al — A B USRI BT (S WA MB) . 3l
WAfE music FKZIKAN, {E Cassette F CD ) R I54a 4 KN AR AT LN operator
SmartPtriMusicProduct>pR%L:
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 ITEA A S . 5, PRI AL (specialize) SmartPtr 28, FrLAARIN
NBEA SR AR AR R AR T B R R ko 25 =, R ] REL SIS NV 2 BT 4°F
DRI A R4 1) PRI 5 0] LA, T4k K 2 P AR BRI A B AR 200k TR sl Al e gk 2 (1 A — AN 2R
PRpt— ANRAEHAT . CARAR U AR BERS ve IRIZ AN 5T, 702 A Ok e e 3 e 2y
PR pt — B AL HAT, A0 P ARALX AT 4 7 DR g A5 IR — IS TR) I T P e X



S A0 bR E ) IR BUAS REB I — I, ‘BN IANREIE SR 1) T R IR EH 4 A FR ) T (1 (Rl
MR IFEE, BrAE R E—P R e )

WERARBE LG PEas I VRS S DA R R AL 4 ik B, X TR IR 2 I TR) o B S e &
YR, ibREERE A, XA EAEA I CIERED RO BRI Ol st Y B AR (member
template)), VREEM A 'ERA MR IFREH R 45, WF:

template<class T> /) BEMCEE, RN T I
class SmartPtr { // RIGFREF
public:

SmartPtr (T* realPtr = 0);
T* operator—>() const;
T& operator*() const;

template<class newType> // RERR R i pR A
operator SmartPtr<newType> () // R T SR RE A e

{

return SmartPtr<newType> (pointee);

}

b

AR, XA E A A WRBIE T EAR . ER RN R, (T
TN AR BIRE T AR, EAERE, LRSS 1. TOIEIRE
SEWI TG, BRAEME VR AL B IX BEN A T o) IR gmitas A — N8 T X5 R Iy¥s4!,
EEIX AN G SR T (P37 MR TFRER . nieds B ek SmartPtrd T2
X, FHAAEA PRI, (R ERA R OXIAETR: E LR A
PR ALAAT o) G PR A8 SR Ja R B 2 A A7 AL — N 03 B EOEAR, I mT AR S48 4 i e B 1
R ORI T — DX PG TE RIS newType), FrLLE A newlype
BT L T B BRESS TR A S AT o 3K IS, M — 10 ) R0 S4B A PR 8 2 iR 00 A e G 56«
f&i# (dumb) F%l pointee BfR I “T HER” FIR IGFREH MG KA, DGTE . FREE
pointee sEfi I T KA, B HALRIRMHILSR (public B protected) X IR
SRIEGVENY, RIS R e R AT RE S W G 135, 1T AR AR 1) T 19 R I daEt B s Hb 28 Y
Ao tRN T AR R TIEEEr .

25— B . iEFRATIIEI 3 CDs. cassettes. music FEmIRI4kR)Z IR FoR. T
ISR D& aniE T X BACR AN REY gn i, Db gnitds AREEIRI0 CD I R IR EH e h 7
Il music ;=i ) R IR :

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); // LA & — M iR
displayAndPlay (nightmareMusic, 0); // PARTAE— AR

BT RIGFRENSS, A5 T R R AR A 1R R 03 eR BOREAR LA S IX ARG 5 ] LA
RIEAT T . W R, BE AR BT

displayAndPlay (funMusic, 10);

funMusic FEMKA 2 SmartPtr<Cassette>. FREL displayAndPlay HAEE %12
SmartPtrMusicProduct> X} %, GuiFas il BIZRBAILAL, Fo T3 funMusic F¥ g
SmartPtr<MusicProduct> %} % () J7 ¥ . & 4F SmartPtr{MusicProduct>Z& H JF ki H
SmartPtr<Cassette> SIS EU M RS HIE AL (S WA ME), (HEBEAKE. K5
SR R AR, DASEBIAL = XA e A EATIHE SmartPtriCassette> I T AR,
2 newType 4552 | MusicProduct b, A2p TG HIpRE. Stk k%, A BOXFE AR

SmartPtr<Cassette>:: operator SmartPtr<MusicProduct> ()

{

return SmartPtr{MusicProduct> (pointee) ;



1

Ae g 1 X AT ARG 4 2 SE B B IX B ARk 2 B pointee M A 2 W H
SmartPtr<MusicProduct> [IM & RE, FrCAE IER R B2 e H— Cassettexfg & fyiE —
/N SmartPtr{MusicProduct>X} %t . IAEFATHS dumb FEEFSEA L (M O LR AKT,
CassettexFEME L (L1 25 75752 MusicProduct*F5 4T M /7. Rl SmartPtr{MusicProduct> 4
i BT LS, [ARE SmartPtr<Cassette>3] SmartPtr<MusicProduct>2 [A] {2 4%
WAL BRI T . KB T, ST RIGIREF 2 MR, AT A LK T R B4 ?

HAh, HILEIIREA? ANERIXA RS, MRk N e T3R5 754k
AZ R ) AT R R X P ] U ] TR AT AR TR R R A 4 . i SRR
dumb FEEF TL6F1 75 —Fp dumb $545 T2%, Y HACYIREER U T4k T2, /Rt EETE
FasXHh At S m) T1 R IR E R AL A $a m) T2 1 R 48T,

KR AR B TA LT A AR AT ARtk o B IRATH — 928 CasSingle k¥ 7
MusicProduct 22k, FHHFE R cassette singles. BUJG IR ERERE KL IXFE:

MusicProduct

A2 B IX B :
template<class T> // AL, BFEAE A
class SmartPtr { ... }; /] R ARARA AT ) 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) ; // R

FEIXAM 1 5L, displayAndPlay #¢E 4, — A EREHT A SmartPtrdCassette> X %S4,
HYE B 28 h SmartPtr<{CasSingle>, ATITHIZH I H SmartPtr<Cassette>, KN
CasSingle je H¥ZM Cassette F4kzK FRIT), 1MIH4Z4EK H MusicProduct. 48RI1X /& dumb
FREFI I TAE T AT R IGFREASIX A RS, AT R ERT I 5 B EL, X C++
WPERI S, A SR A R AT 2 R S5 A 1 o DRI displayAndPlay (18 HRA = SCHE,
A M SmartPtr<CasSingle> %] SmartPtr<Cassette> HJ 2& % #: ¥ Jf A [k F|
SmartPtr{MusicProduct> 2R EE Al 5 .

TH s B B AR R S IR T FREF (PSR T A W N B . B, SCRERCR BEAR 1) G 15 4
b, PR ARA AT A R . BSOS o, (H2 A N AE X 55 24
I 55—, IXPPVE TAE RN E T, BB 00 20 2 BER N B A ek K00 FH ) 1R 240
VERE, BaXoR A s i, ASEAR R 250 o S0 A T s 7 eR ORI o AT 875 7 B AHT MR
BB XRPEL Ty, M ENE R AR T X R AR, FRECRAR AT X PP I
SRS, X AR, (HEd TR R — R Fi

ANFEFHPEWA T, HET YU, FRATVAENE KR AR AR AR SS ) SR AT R A R Ty
I, FATWHT RERS LR IIHREH AT 8 S dumb FREF—FFWE? 2R SR . AN e, IEW Daniel
Edelson frift, RIGFREFMISRR YT, (HAEFRE o Bl ()77 248 FH R b A A s 70 e 4t



PR fESTEAE T RGBT casts R, S WAHK M), XA —A5EFE
W7k, Ak CEIRAR T, 2500 N LB UM, DA AR 5 R I 4RE R IL R
A T REAR LB A EAS 1
® RIFFREHM const

XFF dumb FREFKUE, const BERT AR XTFREN FTHR 040, Br] DL FHREFA L, 5%
HHEHEAN S X (W Effective CH+4K 21):

CD goodCD ("Flood”) ;

const CD *p; // p &4 non—const ¥R}
//¥817] const CD X%
CD * const p = &goodCD; // p s&—A> const FREF

// $81) non—const CD X4:
// BN p A const, &
/] IR A
const CD * const p = &goodCD; // p j&—A const FREN
// f8I—A~ const CD Xf%
FATEH AR R e EE A IR R 0E . ASEE REEE— M iCE const, I
HEEFRE A SRR, TARRE X T e X %

const SmartPtr<CD> p = // p A const RIJFREF
&goodCD; // F8In non-const CD X%
UG —METR ARG 1, S . — AR ) cosnt CD [ R 5%
SmartPtr<const CD> p = // p & non-const RIGFR4ES
&g00dCD; // ¥8In) const CD X%
IAEFATTAT LA ST const Ml non—const XA AHREFH DU FIA R 25
SmartPtr<CD> p; // non—const ¥f%
// non-const fE%T
SmartPtr<const CD> p;: // const Xt%,
// non—const fE&l
const SmartPtr<CD> p = &goodCD; // non-const X%

// const 5%t

const SmartPtr<const CD> p = &goodCD; // const X%

// const ¥REf

FERPA LR, FH dumb FREFRATRE ] non—const FREFHILHML const FREF, Tk
fIIH e R ) non—cosnt MR MFREWIUHILIR ] const MR FREr; WG AT E—FF . H1
an:

CD *pCD = new CD(”Famous Movie Themes”) ;

const CD * pConstCD = pCD: // 1EH

{ROE WURFRAT B X R TR AAE R 455 b, s B AR ?

SmartPtr<CD> pCD = new CD(”Famous Movie Themes”):

SmartPtr<const CD> pConstCD = pCD; // 1EffaA?

SmartPtr<CD> 5 SmartPtr{const CD>&5EEANIFIIRM, EdmikisE R, &=
AT, BT LA HL ARG e SRS A 0. B H AT LK N T, eI %
TR (L e 2% 1) M — 7 v R 2R I pR B, H SR AT SmartPtr<CD> 28 Y (1) 0 5 e i A
SmartPtr<{const CD>ZRAL . U1 FEARAE ] (1) 2 P28 SCRF R AEAR, At T LA FH i T B b i 452 779
A B A R s EE ) B AR R e i /e . (TR ek, JLE N dumb $E%TREEAT R %
e, RIGIREFHBREIAT /A L4, TR Ik ATTe HF const M FE 4t Y5 A7 in) i )
WERARBAT IR I G 12, AR 200 5 JIR B K1 T 4

15 const HIZRA LI [F): M non-const F| const Mg 24 1), HZ&M const
Fl| non—const WA L4, 1 HH const $8EHAEMIY F1%, H non-const FREHEAEM, H
#&= M non—const FREFEREMIL E — el (B, WEEAIE. [FFE, F$EM const X4
FRET BRI AR FH47, 4517 non—const X R M4REHE AR, HEH 4517 non-const X} %
TR ET BERE 58 e— 245 ] const MR FREFTARE e F4E (flin, IRAEHAED.



KSR A LK 5 public ZEA&RIBLNAHZRAL (Effective C++ 452K 35). IRAEMEIE—A
TRAE T G e P LIS G, (HJE R AN SEIX R, AR FES TR AT AT FAE R A= 25 B B
i, AEE IR BEXTIRAE A ) A — 2300 . FRATTRERE R X — mUR SR I 3R E, Bt i T LA
EREANR ) T (R T 484EF2E public JRAE H— AU MR ) const—T [ R IGH8EF 2K

~ Smart
pointer-to-const-T

Smart
pointer-to-non-const-T

template<class T> // $&IH) const XM
class SmartPtrToConst { // RIYj¥E%E
// RIGFREREH
// IR R
protected:
union {
const T* constPointee; // il SmartPtrToConst ]
T* pointee; // il SmartPtr U]
b
b
template<class T> // Fg1n non—const X%
class SmartPtr: // W RIFRE

public SmartPtrToConst<T> {
e /) AR R

b

X BT 77, $81) non—const-T MR IR IFREHALS —AN48 1 const-T [ dumb
fREr, FEM const-T PR IGFREFFEAM S — MR cosnt—T 1) dumb $5%t. &L
4517 const—T [ dumb FREFIKAEIEIEHL, #2481 non—const-T [¥) dumb $REHAEIRA AL,
SRTIX PR By 7%, AN SmartPtr ST 5P dumb 5% : — /N2 M SmartPtrToConst
AR, — & SmartPtr H O,

— e C A 2 AR T DU e IX AN ) 8, X g2 union, “EIAE CH+HRRIFEA .
Union fE protected 1, FrLAPAZRHACAT LAV i) e, BALE I dumb FEEFEAY,
SmartPtrToConst<T>XF % {# H] constPointee 8%, SmartPtr<{I>Xf%{#H] pointee 8%t .
BEFRATT AT AAEAN X LA A S (B IS 00 T AE PR AFI$EEE (S0 Effective CH453K 10
WS A=) X & union JERNN LT o S8R PSSR 03 BR B LR EATT H SR
EHIE A FRE . X2 union JTH AR .

R IX RO, FRATTREME SR A T L AT R ek

SmartPtr<CD> pCD = new CD(”“Famous Movie Themes”)

SmartPtrToConst<CD> pConstCD = pCD: // 1EAf
o it

HRRIGFRE TIRIZL R T, ERATE IS 217, W% XA —A . RIY
FREF W EIIRRGL, A, R0 G SRR IR G B 28 R 2 SRR R D% R BBORAR IS

T AR o Bl A R IR RO AL T 453K M29 H 5 | H v B . i H.



I 5P Wos (0, RIGRET AL A AE — L8052 AR R IR, B il e i e e ]
dumb F55 . AR L HANRTR A const [IFRE IS RIS RIGHEE OS2, BRAR
ANAEY 5 ERRIIE T o A RIS HE A th B R A dumb FiE 5T ACHS IR AE. C
W R A AT e Bt ROE A H R R ISR, RER R dumb $54T

IEBFEFERACREROR, M RIGIRE (8. RIVIREIDAZIEEEH], ANEEA CrRE
Jr R s 2 o R EAT 1A I

7.5 Ttem M29: B|FHI%

FUHTH RS R — AT, B A2 M FEE RN GO XAME RSB XA
APH B 56— A A ERERHE P RN SRR . — H— 0 Gl WA new #73Bic
HoR, BB B AR FUEIA XA G, BT — — I H AT T & — — 5o
ARG delete. (HAE, PrABRTLPMN— DRI GAEIES] T b0 5 (i anid i 1%
BIRE S HO, PrUREE DRI BUE IR NAER . % auto_ptr (ML Ttem M9) IXFf
(2] LA B AT, HZR50 o KR 23 B P Ie AN BE IE A b1 B AE 28 . 51 vH 20T BL Ay
EREAXS PR 7, PGS S80S, SR A E . MR NI Er,
EACHIMSREC. B, 51T EBO A SRR R A R

FABE BT AR N WARARZ N GAT MR, FXAMEAE 2 0
IRTCINE) o SELFIR I ME AR T A RN S AL X AME R SE I . X AMAMET 8 WAF, T Ho AT A
AR P IsAT SR, PR ANl SR TE M R XM 75 DL

MURE >R AR T4, XASIHARAT — At m A R gn =y, 76 b2y
AN ERSEIA SRR R . EFFAR BRI AT, EIRATE SR LI . — AN R
FR T JATPRE AT BEARATIE 2 2 A RA M. X )LAT A

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;

¥

String a, b, ¢, d, e;

a=b=c=d=e="Hello”;

BHRK, W5 a e HATMFIME “Hello”. HALMBAIAT String F2 B AL
(K1, ARG 1) SEOLEREAS string MBAT—NXAMENFE V. B, String MIEERAE AT fE
LA IXFE:



String& String::operator=(const String& rhs)

—

if (this == &rhs) return *this; // see Item E17
delete [] data;

data = new char[strlen(rhs.data) + 1];

strepy(data, rhs. data);

return *this; // see Item E15

——

ARAEIX AL, FATRT LAHEI, X 5 X5 K AW T

Hello
(@—={ Hello
@—P Hello
@—.- Hello
@—- Hello
HIUAE BRI . AE—ANFARRIHE R, FoA 175 S0k b IR el oA i
Hello

OICIOICIO,

KHL, AT A “Hello” I#5 UL, pry HABLAHIN String XRILILCHL.

B FR, SCBUXAS EROEANTTRENT,  PROA A5 R ER 22 D3 S [ — M
IR EIIR SR a g T “Hello” LASMKZI M, FATAREHEEAL “Hello”, ik
AWM RHEE . S J5m, WERAE DN RA “Hello” XAMH, 48 H A4 =5 1]
I, BB EATIZAME T, JATAZ0UR EBX AR LUIRE G B8 Yt o

PRAF 2T A2/ 51 A —AMEL IR S H AR SR RS AT AR 7k 1 s 28088 o — >
BAH G-



5 =1 Hello

@EOE®

(LRI use count, HEARIHZ —. CHHAIRZE ACKFHE, &aH
TR — A Tk A4 3] FRIR O 2 4 o)

o SIS
QI — ST String IFANRIAE, (HFEEE—LL4075, PrLARATRIg A IX

FE—AN SRR 3 F B R B S . SR, FEFFAR 0T, IATRE] “ TATH LR
FAAIEAN VB AR T o XA AN BEAE String X5 P8, B TFZE 2 RAS String
AU, AR EEAS String MR — 5T XEWA String 5T
[l — X AR FR, BT EAFRATTR G — AN SRR 5 I O LR B - FRAT I I AN
StringValue, SCIRA & ME— M ALt & H B RATSEBL String 38, JT AIRATH & iR EALE
String KMFAHAXN. H4h, W TET Sting KIFTAE KO B HOE ISR X, FRATH
StringValue HIB} struct. FFEANTEMNE: B> struct WIRAERIIFAEX N, RefET
XA PIAT B 5V 1) 3ZAN G548, BB T H e AR AT S Wvr) CA9R, BT A0
FEARB X FE

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

FATT RIS X NN E AT (W RCString) PABRIACAEH T 5L (HRMSE
A P SOOI ARTE, P RGOSR AH L o A1 5 V80 String
A S AN S TSRS, Hage D1 58 I, i LA A 2 FH S IR 42 KA ) L 45 TR Wi 2
LI FE BN 2 B ARRA A X A0



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;

}

XEHFAHN Y], G, ZIASLSEIA 5T String 38, — W), WAHHEN
IS R EIRAEIE S (L Ttem E1D; Z, B RIS refCount Y#RAE. JiHHLy, A
(MIZhEeRs i String Z84efit. StringValue [T H (R4 — N5 ALK — AN il R {E A L
FIEPIN SR HBKRE K. StringValue 45 T IATIXAS, XEEH T .

FATHIAETT IR AL PE String HIBL IR BRH. #7562 MY 3t R 2L

class String {

public:

String(const char *initValue = 77);

String(const String& rhs);

I
AR R SE IS R T RE TR R . FRATTHIAE AT char *ARF A1 T — N80
StringValue X%, JEHRATIEEMIEN string XJ %48 71X AN B A0 StringValue:



String: :String(const char *initValue)
: value (new StringValue (initValue))
{}

AL AR

String s("More Effective C++”);

PE B RS SR R IR I -

@ -—@ = More Effective C++

String X BOEMAAIE R, AT RGN ZIEAICZE S, Prel, IXPErH
(AR CH

String sl ("More Effective C++7);

String s2 ("More Effective C++7);

7R (1 K S A -

@ --@ &= More Effective C++
@ >® =1 More Effective C++

MR IX AR BIAS AT RERY . il Gd ik String (BY StringValue) X% PR i% CAF7E )
StringValue X5, Jf KA A B3 A GUEEHT AN B o AHGXRE IR S0 A7 2o 0w 25 H bz T2,
TR e A ) B 255

String 145 VUM R AR MR By String S5 485 DU 53k 5241 W] 1Y)
StringValue X%

String: :String(const String& rhs)

: value (rhs. value)

++value—>refCount;
}
RFEIAY
String sl ("More Effective C++”);
String s2 = sl;
P AR R H s S A -



D
€

XEEHEF R NS string 28580, AT E Y H AR string
HABENAE S BTN AE LA N8 DN IR A7 o BIAE, BATT AN 248 DL T — M4 f
BT — g T

String ZEIATH R BRIRE R 2 SO, DR R A 15 00 B B A7 BT Sl . 5]
FVHEAEA R 0, Bt/ 2 AT A String XWHAEAIXAME, XAMEHA T A # %, 2
A4 A BT T (2 S VTHBERE N R BT C 20 1 ID, String IHTH R
KA StringValue XF%::

class String {

@ More Effective C++

public:

“String() ;

b

String:: String()

{

if (——value—>refCount == 0) delete value;

}

AT UH B RA U — N R . R R BU T delete, HARSH M
FEEE IS AT IS TR AR o IRAEHR AL String MG Fr FAT I BATAHIR A, B x4
SEHLAE SO T B Nk b S I T EOR S 0 34T HLAEL

I RAERA ) (L5 VOB T A SR I K, ARBRA AN TS BT R T

XL String FIMEFINTRY, FRATIUAERE B B2 AF -

class String {

public:

String& operator=(const String& rhs);

I

M S TR IR AR
sl = s2; // sl and s2 are both String objects

HEERNZE s1 1 s2 354 StringValue M % . W25 T 50N 1% 78 TR
g, I+ H, sl JRRIFME StringValue S %5 FHvHEN Zk2>, Rk sl AFEHAFIX



MET o W s B BRIMERMME—XT S, EAMEN A%, 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, 18— M Ms#AE (LD, ervrridsh

(BN PR 1l
class String {
public:
const char&
operator[] (int index) const: // for const Strings

char& operator[] (int index) ; // for non—const Strings

b
AR const IRASHISEIARE 5y, PO B — D HERAE, String WA MHEAR
AR
const char& String::operator[] (int index) const
{
return value—>data[index];
}
CEANPRECRIL T CHil g SCEMTTRRR L] GRAEANZU “A7 . WA B35
Ky, XEIRHASN )
4k const Y operator [JMA M & —A 78 AR BMEE 1. BRI 7R —A4



T, WATREROR I TOR'S — T4

String s;
cout << s[3]; // this is a read
s[5] = "x'; // this is a write

T B LU E T SUAE B S o ] I ERAE, LU S const i) operator [1€
AR 7 RSB, TS A 20 58 AN [ 1 7 ok ST

HPEAMESA String W RIMER, BAUVNLPTIEES T 58I EME StringValue
XTI HE String MR I AR A, CHaPEas A INE S PR AT MRf € 1) operator [ ]
SEHMEREHIE S, T AFRA T2 OR ST i “ P ” WHIAE const operator [JHIAT A
I T EERME, (Proxy KA A BIFATIIX 73320425, W Ttem M30.)

h T A SR const 1) operator [, JRATTA IR A I String M RAEILEIX
AN ATRER B U StringValue X 5. i 5 2, AR StringValue X 54 ) —ANF4F
WG IHRE,  D2RRX A StringValue BI5 I HTHEUE 103X JLZFRATRI 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 “HHENGIEMEE R S EREN AP B ORI BT SR
Te&f TRAMZEBALKDIL T, TIRAERERS T BRI NF R EIEIEEA S
T DU B S ke XA, URETH 4T BRI Eigmd
N — NI 5% — —Lazy U0 — — [RR).

e Jhit. FIHEENEN



KBGO, G5 VAT LA I GRAE R ANE ST . R — MEZ AL MRS FH
— RIS

String sl = “Hello”;

char *p = &s1[1];

Bt S b 2 TR -

@ r-@ | Hello

WA G N — %154 -
String s2 = sl;
String [RI#% DU IE PR BUEFT 2 305 s1 [0 StringValue T4, Jr ARG 45445 2 -

2 (2) H?Iln

P

I T R T A AT AN SZ G R 2 R

*p = " x; // modifies both sl and s2!

String F¥5 VUK IE o8 B0 A IR X AR ) j, D EANFRE TR 1) s1 1A Y
StringValue Xf R HFREHHIAFAE. IFH, XA REARR TR BT ANRAE T
—A String [J3F const operator [J ¥R [FHE KI5 FH TS HLF

A ZMTTRNA XA ) . B AR R, B AL XS G
THE String AR NI (K I inl e 4 RARAT 1 5 T8O String 28, —F
LR, BRI o RIS URAS R E IR ERAE (1) 2 7 2 5 LIV EUR String 28,
WU AR — FIXAME] 1o BT 38, ARATReAE A T — AMIXFE R A A B 4.

AN T CA IR S B M I A o) o AT 6 0 7 v A U ) B (A A .l R
BNICRS, w2 s ] X A WARARI A T, APROARE X TEIR AR AR
TRZEAMT A EHEeE ), JHOILE RN, AATaRE: “4r T, FATE R R
XA o7 XA SEIAE F AR 7 8, R EATIER] E T HEN TRZ .

AT SRR IEA [ S ANHESEEL, H R AR MBS T BRI IR
ERIAPUEIXFER: fEREAS StringValue X R IN— MRS LU € /e 5 3L 1. 18
W) Ol ks3I IF, fEJE const (1) operator [J# T IREK & 6 Ml. — Hkx
BB false, ERKTLRFFAEZXARE GF 10,



RGN T LR BB 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;
}
WRAT I, FEATERZ A TEBSI AT EA IR . 498, String MUK
Bt IS B DAL P AN IR o 3K B P8 DR A R 25 S
String::String(const String& rhs)
{
if (rhs.value->shareable) {
value = rhs. value;
++value—>refCount;

}

else {

value = new StringValue (rhs. value—>data) ;



JITA L 1 B B R A 00 20 LA ARL ) 5 V28 A aX AN L A7 3 - AE const (1 operator[]
FRAEME— R IL AR N false [T
char& String::operator[] (int index)
{
if (value—>refCount > 1) {
——value—>refCount;
value = new StringValue (value—>data) ;
}
value—>shareable = false; // add this
return value—>data[index];
}
W ARAEH Ttem M30 Hi ) proxy ZEIUHE TG LA 43 B S #At,  Ril0 H 1T LA R 2050k
AR HEEE ) StringValue MR H .

® 5 HER
FIUHTHEAHIE AR 8 2K b, R 2 AN G BAT A R S T U 51 v 4

S AR UASAT S L TR SRR CAE, MR A ST K LA TR ZAL T o XA ALY
R BATH 5 T AR S i S8 AT BT TE 01, IR e I E B ek B2 4
SRARLF . IRSEIE, A ADIETT S (RS8R0 T 48K 8 w200 AR,

H R AN RCObject, AT 225 HITHERI R AR LM E 4k 7K . RCOb ject
BT S VHECRE, dnkg A 51 VIR R IR T XM AN A A N
SO SRS (25T 0 ). Bn, Bas T — A FBULRESXAME N G2

RS, R A AMERTE S false RS, ARNFE T ILEZRRE RN true [FE
e, DR P RN S BRI IE S i BT 1, — B AR, T A L,
REBAT IMEALE TR N T A=

RCOb ject (15 LUl F:

class RCObject {

public:

RCObject () ;

RCOb ject (const RCObject& rhs);

RCOb ject& operator=(const RCObject& rhs);
virtual “RCObject() = 0;

void addReference () ;

void removeReference() ;



void markUnshareable () ;
bool isShareable() const;
bool isShared() const;
private:
int refCount;
bool shareable;
b
RCObjcet A LAREAAIE (AR AIRAZSSIIESRFAL S>> AIbrA s AT LA 5 | A L if LA
LRl g I Ferr S v n] DLl e by AR 1 AT DR i St = 7. X
& P At ThRE . 5 TARA SRS, XS e AT IR AT e AR 0l o ¥
RN RREL, & IR B IX AN SRR B TSR (W Ttem E14). [A)I 2273 &IX
MMk BRBOE AR, e IR WA R R 2R AT T .
RCOject MYSEIMACHS
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 Ttem 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; }

FIREAR AT RS, BATEPTAT IR s 2CH K refCount B4 T 00 XK S ELE -



s, b, MIEXAS RCObject X RIIRNZRGIHIE ! AEEMIET, H ARG & R 5 5
HiKs refCount ¥k 1T LA T, BT LAFRATEATREIEA TAETEN RCObject PYifl. X AT i 4
(R AQRL A A AR i

Iy ANTFPRZ b R4 DR R B K refCount ¥y 0, T AN B UL RCOb ject X4
[¥) refCount [FI{EL o 33X DK R FRATTIEAEA I B IR 5, T AT IR S 2 AR B AL 2 11,
R G # 5 - H—Ik, WIEE 57378 refCount Bk IEMAKI{E .

RCObject MMAMEIZ S A A TE A PRkl EBRATMUEAT S . XA RO KT e
WM. RCObject A& 5L T 5| I THECKILZ RN SRR, A& N — RS 74—,
7 2% A2 AT X AME R SN — ARG 55 b — Ao AERATXA Bk B, RATA R
StringValue Xf S —AMRES J3 50—, FAVHELAEREL b AT String X R4 K.
fE String ZHREERIF, StringValue MEEA ZAE M, FURER G AT EpE %
T.

A, WTRARRG, IR ERAT S K IR AER R R AT REA RCOb ject YRAEHIK, JfAS
ARV BB E (W, Ttem M23 Fl Ttem E16). WIAIXFEMIE, RCObject MR
EARAE NAZ A AR 0, XA IE A I FERE st 2T 2 HE A . AR 28 T 2 R AT A B
FVFAE StringValue X IAIRAL . X F45 &M StringValue X% sv1 il sv2, FEMRE I FE
EAIR GBS R AR A2

svl = sv2; // how are svl’s and sv2’ s reference

// counts affected?

EWAEZ 1T, D& — 8 HM String MHRIEM svle XAMELEE I FE T BATHE L
Ag, U svl MERACR T o IR, — @8 H M String MG Z B4R M 1T v2,
TEMAE S, FIREECH B Sd8 1) sv2e sve 151 TR A S0 . 24 RCOb ject 7EMRE L
FERBI RN, 45 1) & R0 S EH A 32520, BRI RCOb ject @ :operator=AN N iZi A2 5]
V. BT SR BRI RN ? FTRENE, (HE A IR

RCObject: :removeReference [RARCHYANH G 53 /DX 1) refCount fH, & TTH
refCount {E &% 0 AT % . J5& il delete this KSCHLM, W1 Ttem M27 HAFREIL,
KICH AT this &—MENRN A 24, FIRXAKIER, RATLAHIR RCObject
BB M A HE R . SZBLIX — a5 R VR DL Teem M27, AHFRAT TR VR — AN 50 10 1%,
ROKAEA Sk B G T8

N T AERERATETS 5 FTHEEESS, A1 StringValue &840 f& M RCOb ject 47K
192051 v Re

class String {

private:

struct StringValue: public RCObject {



char *data;
StringValue (const char *initValue):

“StringValue() ;

b

String::StringValue::StringValue (const char *initValue)

{

data = new char[strlen(initValue) + 17];
strepy(data, initValue) ;

}

String: :StringValue:: StringValue()

{

delete [] data;

}

XAMRA ) StringValue MBI JLT—FE, ME— SR HIE StringValue R B
FATHAEIE refCount 7B, RCObject BLEHE T XA TAE.

ANHBEREAET IR, WRARE = EHRESR (StringValue) N—N5EEZK (String) L
KIWZE (RCObject) ARG B2 —IRE LE2AEE P, HEeaH, iIkERNHE
BRI RMFR, FreleAT B A E SRR SRk K. LS, A U8 IX
FRAR AR T

o HIIKITI T HLE
RCObject 2R&5 T AT et 5 | TSRy, JF 34t 78 oy ek gt AT T34 5 T3

B, AR X SR B BRI T TN e Kb . R F A String 1UHE DU I b
KON iz 5 s B0h B ] StringValue ) addReference 1 removeReference pfi%. XIRAE
it FTATRRE XL BB N — A ATE T, DUEAT String XFEISEAIER A H 40
G T EAEATAN Y o RESEEING 2 C+ SRR IR = e 2

feo WA — AN I EK A VRO T TAE A R B ok A —A
JFEAT LU R ER 3 2 o K2y TAERS ik (FE—383rh, fRAT LSRR FTA 5| 40y i
AR, (HIATM String RARH P Z —, A AW REEIR T3, AR
B, B RIRATIENS ke JE const JRAN operator[]. BIHOL b, FATHRLHIN T XK.

B> String MRAE —AMEEE StringValue X4

class String {

private:



struct StringValue: public RCObject { ... };

StringValue *value; // value of this String

I
A1 #AE StringValue XA refCount F-BE, W EATMIHEAT —ANE M & 1 F6 %
5 ERAETAERAABIFE BRI G DR Sfa st E R SR 5. Wi
AR TR E B CARINX LEFH AR A B HPATXS refCount AR AL AHRAE, A FTATH
FHT o AERIE, SREFDIREINGS, XA SRR I IEAE th S AR AT RER . I4F, £
—ANIPERIGREAT]: AT SRR E O R EAEAT, (HIRFEE 2R TR T .
IXFERIXS G R IGFRER, R0 CALE Ttem M28 IXFH ZB'E I E 2 4177 . SERAX LI &,
SUBANER L 208 T . RIGIREIN GSCFFIESE () MRS G X MRIERT,
R ILIIFRET —FF, JFAIN IR — AR 9mR A IRANBER — MR T R TFaE a1 —
AMET RBEINZ
X)L HE T | H oH 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 Item 28

T& operator*() const; // see Ttem 28
private:

T *pointee; // dumb pointer this

// object is emulating
void init(); // common initialization
I
XA L RIGFRE X A HIEA G . W AT IR A4 . X LR AR,
XU G] B H S AT IEA B ERAER AL P E A 145 17 (0 ) refCount FEX.
B, 24—~ RCPtr RN, &R R S 2 g | vl . AR AT SR 0



FLALBIX AN T, K24 RCPtr MUMIE R A A AL RS . PR s 2O LPARIRD, B T 4)
AR BT, T AEWE, FATEERAN—"40 init IFAE UL R A it =%
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 A R AR S ANV U1 i ¢ SRE KO bR RO AR AR 25007 1), (E e BLAE RS IR O,
PURAEREAL, XA B EIAT AN TE A

A UZIX AN Y init FREEAIEE value I—NHTHE DI (DR CARAE RIS DAL T AN AT 3t
IRAD, AT T I A

pointee = new T (¥pointee) ;

pointee [FIZRALESR M T FRER, FrLlX —iBAME T — 80 T X5, IR IR
PRACHEAT T WA T RCPtr J24E String ZEAHE, T K String::StringValue, FrLL L
TR PE FUH I String: :StringValue 45 DURYIE R £ o FRAT AT Ay aX N2 B W] 48 DU IEE Ry
B, TR ERRRE O BATAE R AN o XN B H5 DUR I R HI0% ST CHH 19 30 A i DR i
BRE I, E DT StringValue (5 pointer, 13 HE VTR char * 747,



AERIAT AR LPARATSE CIASGR IV #RKAE, X2 AT AR BAZ TR A
A G FRE IR P AL DR s (RIRAEIZ ) 2450 (W Ttem E1D).
ROPtr<T> R (W IEMAT W HGR T T S IEF A VAT Clnsss DD (188 DUkt R
o A TULAE StringValue 8 IR AE R — AN it o6 5
class String {
private:
struct StringValue: public RCObject {

StringValue(const StringValue& rhs);

b

String: :StringValue::StringValue (const StringValue& rhs)

{

data = new char[strlen(rhs. data) + 17;
strepy(data, rhs. data);

}

TRPE DL A 3 bR B AT AE AN A2 RCPr T HME—BUBE . "EIAZER T I RCObject 4k7K, 2%
Z/DPEHE T RCObject MIFTTEALIBREL. 5L BT RCPtr X5 HUE BT 745 5| H 114k
XY, EAMREIAL . Add, XAMB B2 A 5N SCRY

RCPtr<T> i d Ji — ME B B IR M KRN To ISP 2 WARM . 38, pointee
(RPN T {H pointee AIRESERS BRI T —MNIRAEZR. @ltn, R REATH —A
2% SpecialStringValue &M String: :StringValue 4E&H]:

class String {

private:
struct StringValue: public RCObject { ... };
struct SpecialStringValue: public StringValue { ... };

I
AT LA AN String, f25 1) RCPtr<StringValue>¥g i/ SpecialStringValue
X5 X, FATAHE init XA
pointee = new T (*pointee); // T is StringValue, but
// pointee really points to

// a SpecialStringValue



W /& SpecialStringValue [1#% VIR IE BAEL, AN E StringValue H1H5 Ui B2
TATIET LA AG P il UM PR (L Ttem M25) SRSZPLX— . XFFIRAIM String 2%,
AT M StringValue JRZE TS, FrPATRATTZME XA A #

FHIxFH 7 RSZEL T RCPtr (KRS B EUS

R E R IUAHR R . (I8 SAR ]

T, EAR il BN S Al S Ras R BRI A A T o SR 0s, RN e
AR ME R ES 1) init RECHACEL T o AT BLIEHR I AT S A e -

template<class T>

RCPtr<T>& RCPtr<T>::operator=(const RCPtr& rhs)

{

if (pointee != rhs.pointee) {

if (pointee) f{

pointee—>removeReference () ;

}
pointee = rhs. pointee;
init();

}

return *this;

}

// skip assignments
// where the value

// doesn’ t change

// remove reference to
// current value

// point to new value

// if possible, share it

// else make own copy

B BUR A S o 24— RCPtr HEMT RIS, & FUR TR SR e x5 AT B 219 51

.
template<class T>

RCPtr<T>:: "RCPtr ()
{

if (pointee)pointee—>removeReference () ;

}

WHRIXAS RCPtr /g — Mol HEMXN S, XM ZKESAE RCObject 1K I R 2L
removeReference M. [AIIL, RCPtr X505 IOl B e AT TH5 1) AL R ) 51
)5, RCPtr FRARHUTRET RS2 IR AE Ttem M28 Hh A 2 1) R IGFEN 13 47«

template<class T>

T* RCPtr<T>::operator—>() const { return pointee; }

template<class T»

T& RCPtr<T>::operator*() const { return *pointee; }



o &
i 1 1584 L BATR AN 70 e it #— ANl FAT Y RCOb ject T RCPtr

A5 FIvH 8 String K. 8iVF, ARIEEA B FATHIEA H Az,
AN G TR Sting X B4 SN IXCHT: (1) K0 45 4 -

RCObject
class

public
inheritance

pointer o i‘;;?:: e pointer )

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();
b
class RCObject { // base class for reference-
public: // counted objects

void addReference() ;
void removeReference() ;

void markUnshareable() ;



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;
I
7 AR AL T T T 5 B B ROET, AT Am R LAk Ar a5 R, AT
String::StringValue "I T > init sAL H, WIFAT R 2100, €1 H AR RCPtr
HRIARTRD: T R AL 3 e 2 ) A AR
KHEAT AT REAE: XA String FEHAATH RIS IF A A FATE F R IR A A
[ o #5 VUKt pR BOAE R L 2 IRECE SAER L 2 B Ay e /e MR L 2 3 ) LW WA )8
by b, Wi 8 TAEHREE . WRIREE M4, WHEEY: C+ 7T (prepare

yourself for a C++ epiphany).



PATA P FG EOM L B 71 #05, String XWBNFE VIR, JF H, XA UK
1A AL BERAE 5 T 5 VU StringValue X4, {H String AT ES FHHA—174R
MRk TR BN PESE N String H DA BRI FE DR IE B 80K B 2h i HIHE RCPtr B 51 1)
P2 VUK A% R, T AN DU R AR50 BIT A A 206 StringValue MR IHAE, AL HE
SIUH T E . RCPtr & —ANRIGIRE, FrLlX el se it AR . & R BRI BT A, i
VA String KRFEFEATES HIX R, JATH A H Rk AR =] 51T A3k
1TACSK String KPB R HIa T B IE R AR P MHEM Ve R . BLAE, A
56 T X — i (I RCObject I RCPtr PANE), BT LA & SARTF IR TAE IR 50 ar o« e ARk
Az B TAER .

FEITUAA PUIBAE S, 1XJLAE RCOb ject AYSEIA:

RCObject: :RCObject ()

: refCount (0), shareable(true) {}

RCObject: :RCObject (const RCObject&)

: refCount (0), shareable(true) {}

RCObject& RCObject::operator=(const RCObject&)

{ return *this; }

RCObject:: 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; }

IX & RCPr 5231

template<class T>

void RCPtr<T>::init ()

{

if (pointee == 0) return;
if (pointee—>isShareable() == false) {

pointee = new T (*pointee);



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>
Ts RCPtr<T>::operator—>() const { return pointee; }
template<class T>
T& RCPtr<T>::operator*() const { return *pointee; }
X4 String: :StringValue [F5ZH:
void String::StringValue::init(const char *initValue)
{
data = new char[strlen(initValue) + 1];
strcpy (data, initValue)

}

String: :StringValue::StringValue (const char *initValue)



{ 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—>datalindex];

}

IR E M BATTH S S B RRA AT LU, RS2 IR AT e SR, AR
PEATIRZ (oo o DAOA RCPtr S8 T KB ARTAE String A ER5ERIALBE S | THEURI4H
B BN LR A AR RIGIREN O e T N AR ST . SEBrR b, ME ARG R A
operator[J B, FAIHMH isShared p#fU T HEAE refCount M, I RITIRE
RCPtr X ZIH KR T 5 I #5 DUN T TYedm 5 | -l i AR .

R MR AAAREE S WERE SRl AURD 2 EBE SO BRID I B 7 AR, XA 4T
String JEASH T AP MR & R SEBLAN Y, XA R IR DGR RBA A
EEUFN B AE, XA G BRI R . String MR A SR Y BTN T 51
BATEEIN T ARCHA String MM ILZRIRES, BATR 5V EBEIhREB A —A 82K,
BTN T Rtk ok Az B 5 FTHEL BRI AT EA T E B 2L R, ATk
A2 String REUE X, Pro i B g B, (HARATAE B CARY LR s 3] T
SERMTRY . URE D] T2 Iahemf S MR A A ARG .

o TEILAFR ERINGI A
BIPLAE N 1E, BATHTIHE AR B AT RENE VT R A7 SRR o (H W R FRA T LE — A

RS HE T IS IAE USSR 5 IV B Ar AbWe 2 ANPTRELEE AT RCObject ZRAKH],
Pl A EXT e R I3 RCPtr. AT AL 1 ?



AR B RAT B AE N NIES, BATE AT LIRS VO BT 28 |-

HEH B RCObject QR IITE, FA BTG R RK A AR ERXFMESL T,
PATFZERG In—A~2 ROWidget LA A AE A, 170974 0315 #5 A0 String/StringValue (#14]
T—FE, RCWidget M String AH[A, Widget M StringValue AH[Fl. B AL

RCObject
class

public
inheritance

CountHolder
object

pointer

A TIRAE T LA X AR 35 s D SERURE o (18 268 0 43 e /1S mT LA s 1 o — > o )
JEUKAR YL AT IN— N2 CountHolder LAANHE G| 4L, & M RCObject Zkrk. il
il: CountHolder 3% —MaEHR ) Widget o SR )5 FH A4 i R 5455t RCIPter BAREAR RCPtr
bR, ‘& HNIE CountHolder RIAFAE. (BT “17 FoREFEE “indirect”.) EMUGE K
Wk

RCObject
class

pub lic
inheritance

RCWidget
object

RCIPtr
object

CountHolder

poirter object pointer

[F StringValue —#%, CountHolder XIS, & RCWidget MR Y. SEfn L,
‘Bl RCIPtr HYSEIRAN Y, PrCleikE XA, RCIPtr (SN -

template<class T>



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 *pointee;
b
CountHolder *counter;
void init();
void makeCopy () ;
b
template<class T»
void RCIPtr<T>::init ()
{

if (counter—>isShareable() == false) {

T *oldValue = counter—>pointee;
counter = new CountHolder;
counter—>pointee = new T (koldValue);
}
counter—>addReference () ;
}
template<class T»
RCTPtr<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



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



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 HPALANIH . 55—, RCPtr WS HHEARMMEA S, 1fi RCIptr X 4t
18] 2] CountHolder X438 MIMEN %, 2, RCIPtr E# T operator—>Fll operators,
YA TR W BN SRR const BIHERAERS, RS DL A ST .
A7 RCIPtr, 1RAZ S RCWidget, P24 RCWidget FIEEAS R HHS 2K b HI AL i 45
RCIPtr LLERAE Widget X 5o 287, IR Widget 2 IXHFEH:
class Widget {
public:
Widget (int size);
Widget (const Widget& rhs);
“Widget () ;
Widget& operator=(const Widget& rhs):
void doThis() ;
int showThat () const;
b
A RCWidget K sg 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
R RCWidget (RIS BRBUE B A I ERAE NI ZEOH ] Widget MRgIE % Gl
new #E/ERT, W Ttem M8); RCWidget ffJ doThis /EAI] Widget ffJ doThis BR%LI; LK
RCWidget [ showThat /&4 %[ Widget [ showThat FIIRMME K. [RIFEELT & RCWidget ¥



A7 H P DU I e HOFR R e B, AT R 2. Ul String 2R—Ff, EATEX
HepR . ST RCIPtr FIAT A, RCWidget FRIERIANRASKS 58 B E A (0 s o

WA Ky A2 RCWidget HIAT AARMUBR, ‘&M% AT, IBAMRER1 . AHES /N
P2 I Widget IXFEIIZRIMIHTH RCOWidget IXFEMIZR . WIARE T —DNIXFERRY, iEik
FANIE .

o it

iRFRATM Widget. String. fH. RIGFREFFIGIHUMEER TG — T SAHLEE
— N, RS NE oI EORMEREER, FRATT A S A BN B R
[, A AT 4 A 5 T T 50?

SEILG VRO 2B AR o AR T IOE T — AN STV, HORR B 5
FEULIERP G AR A R AE S IV R IE TR 2N AE, T3 AL B AN 75 2540
T2 ARG, SeAh, s SRR, g T BRI R0 5 A B LEAN T IR AR e ¥
AHIHUTEY String KA T A, MERAREN String FWAREA =AMk
(StringValue. RCObject HI RCPtr) SIGVEMIH. A5, FRATXA B LM iH i CRAEAE
PN R T i AR B T ERERN S AR FE 2, S8 T 5 1 T R R S ) vy
FAME. H, KPYANRBIE ok PR, SORE. Mgy, HpAREEME 2T
. BIMi2E BN R E X s

S FVHEOR RT3 Gl i S A R A R S B s (S, TtemM18) . W LAk %
ANFEALIE, 51 HTHECR L i 1 B8 SE 2 (0 AR T S8 2 (AR . 53— T, iR
PRI Gt S A7 EARKH RME RS 25 | TV HI0Ks ] B 15 2 s TRDR 25 8] o L2 AR BT v Y
RO, RIS SR H B E, A R AR ORI AT BRI IR AR BOK,
PRARWEEE . Bz, 5HTHEEE TP OL R4 s 8o R AT H -

DB PREAR R B IR G 52 o SR 10 o e a8 P Ok 8 A R DA i R A
X /MAE R LR Sy, O B A 5 L T

PG IE R BN SR A R s b, B AT KRN A BIERFE, WA 2
A G F S, 51 AR A T R AT AR 75

HAA A INEARM N LKA R T AL, XA TP EA R SE I B % (W Ttem
M16) o XTI VA profiler B THA M. MM, IR0 LURILZ 50 2
FVE A AT A MRS, PR R /BRI L] . AT 90T 1A T X8, -4
REAT 2 A5 G I TT 250 145 380 (0 4 A Jek e o5

R BT A 2 T, A ST B R AT e e ANl i) . A7 288 A5 (AT 1)
BD ¥ T H0A T IR EEH o IXFE R E s 450w R T BAL I H 5T HIX S, e #o
MAEF, TSR VB AN 23 B 21 22 o BRI I AN TG FH 1 G54 T B B A0 4 ) 485 ) v ) &2
ARG TSI o T AR R 3R AT A A A8 AR ) ) 3 AR SR A XA ) 5 ) T BR AT,



B FRATTIAEAL (R XA T B0 5 | o AR A R I A B D3 AR XA T RE .

R R AN 2, 51 TR ARAR I ST e i RARANTBO O HE Y 2 2 40 T N B 3))
Y, B2 GIHIVHEOE R X BRI T 87 155« AR FERE 53 - XA R R A 5 T o
.

LRI EG — LS S . 24 RCObject: :removeReference #l/b X% 151 vt
Bl ERETEZET N 0. RS2, removeReference it A delete this f5EM %,
AR R AR Gl W H] new AR A 224, P DARRATIFE 22577 LA £ RCOb ject
HAEFH IRk A

oAk, FATTH 2Bk fE . RCObject He vl A FAERE 51V IE 0T G L A
F, IR AR X 5 N % R IS HRER RCPtr 51 o BbAh, (X5 1% H g (& LS o)
GRIAIA; TATA BB H 1 A o AR, EX SR A2 StringValue,
FAE e Y String AL I PR HISLAEH o A String W LA StringValue X%,
JITEA String JEIVEE NAZAH PR IZ LE (X S E BT new BRAE B o

T, FATHRSI RCOb ject HAerEHME EBIEE IR TR & — Al AL XN ER ISR, JF
PR AT IX BB RCObject X5, M ATTREL R (Bif Rt FH—FAS Uiy
A4 RCObject X5 FATTBRSG] T GBI 5 FIvHEO S AU, 4TSS XA BT I
VO ZT RS Bt 2% P A A ) T 52 1 B T 4
® 710

WA CHHSATEER I string 288 (L Ttem E49 A1 Item M35) [AJIH#H] T )73 2 Ay
7230 MAE const [ operator [T R A5 ELEI N — K ] BEIE SOX A string KRR ELT
W IR #GR AR . A G, XA (BRI 77D, Hai RRE . IXFE
HLE SCVFT s string W AR SRR AW BEAE L string (MRREUN B BN true.

7.6 Ttem M30: ALTEK

HARVRFIR ISR K ] R A AT [ — M A B, (g N AT o, W AR . ]
R, CHIBBEATNREIXAF, B, e BA N cfe LU -2l % . 78
FORTRAN. BASIC H:42 /& COBOL ', RAJLAGI 4k, —4E )4 n 4E404] (0K, FORTRAN HEEf!
% T S, R T IRESREN) . (HAE Crrpig? SRR, T Hoh SR SRR
AR

KA

int datal10][20]; // 2D array: 10 by 20

A [F) P 95 40 G A P AR S VR A (0 /N, A2 AN T BATRY

void processInput (int diml, int dim2)

{



int datal[diml] [dim2]; // error! array dimensions
// must be known during
}
T, FEHEII R A AN
int *data =

new int[diml][dim2]; // error!

o S 4EMiA
ZYEAAAE CH+ AP (AT TR BERULE T8 S AR, DT ARSI — DB SR A R R 2

(Ko W USSR CHAR IR E 2 TN ORSEBLIRATBTR Z 0 CHik 5 PR 14t
RIARPE o DRI, BRATTRT RASE SC— S SARAROR S B — 4454«

template<class T>

class Array2D {

public:

Array2D(int diml, int dim2);

I
WAE, FRATA] L CIRATPT it R 8 1 -
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, fFTHIXYE array W EIFAEIET 2. iR4E CF1 CH+rp ik I, JRATIV %R
] [k 51 4 -

cout << data[3][6];

{BIRATAE Array2D 2 N AZEAE BT AR DA 34 TR] LLX A7

FA 1A rh Bl AT e A2 W] —> operator [T []ea 4L

template<class T>

class Array2D {

public:

// declarations that won’ t compile



T& operator[][] (int indexl, int index2);

const T& operator[][] (int indexl, int index2) const;

¥
SR, FAVRPU X Mhs)y, BV operator [T TTRXMZRPY, 45 B AR ) 4
PEARREIOL e . (A AT LA S AT I Ttem M7.) FAI43 Sy bt
WARARRER DA PRI, IR RES S ILEE S O RE G184 . X4l R
H 4K 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;

I

P TR a8 £ -

cout << data(3, 6);

AR Ty S, TR S ) ST ZYER A . B mU2 RN Array2D X G A kKR
WA — A G SEbr b, BIRVITRJCER (3, 6) MHR/EGE KA R £ .

WHR ARG LAk Vs ) S04 T A B R G2 N FORTRAN SR8 REOR 1K), 450K 1iF vk 2 B4 [
ke BHAREH operator [T, {HE N HIZFEHIACAS L AVER

int data[10][20];

cout << datal[3][6]; // fine

YT A

Y, ABH data AREIEM YRR, wk—A 10 TERN—4EHA . L — oo
2R 20 TEEMBA, Ll EIAR data[3] (6] 5205 L& (data[3]) [6], Hiiie data
RSN TR S 7 M. Mmse, H—ARERE N, HA
MOEA IR B 4 v L — N Ie 3R

AT LLE S E K Array2D J5 operator [ RELFIFEHIRE . Array2D [f] operator[]
R —ANE 2K ArraylD K% 3 ArraylD i) operator [JRIR [ Frifs 22 1) — 4E 4
IICER:

template<class T>



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;

}s
WAE, 6T
Array2D<float> data(10, 20):

cout << datal[3][6]; // fine

XH, datal[3]i&[H[—A> Arrayld X%, EXAMNE LI operator [1#AFIR ] — 444l
(3, 6) A B LIV A

Array2D HJH P IFANTT BEAIE Array 1D ZEMAEFE . XA S “— 4804 ” MRS
Lok, AR Array2D R TIAEAE R o T P g I S A AT A A LT ) %
H—FFo 0T Array2D R0 H P XFHIOR BAT R X h T CHIMRETLHR, KR4
WARAETET B T H P T2 7 — A 4R — A e 4.

TS Array1D XSFREPE IS —A— 4504l XA — A AR Array2D (R
o I o BT BN R GOl R O RS . AR L, ArraylD s —AMRBEK.
E RIS 0 — AN EMES DR — e8] . CRIEREEXS S (proxy object) FIfR
K (proxy classs) ARG XA G A NI surrogate.)

® [XriEid operator[|HHAT K2 LR ME L & HHAE
A AR B SR S0 2 4E 02l 2 AR I i i v, (EARBIRI IR i A (EixX 26, )1, Ttem

M5 o T AR ) UGS FE IR B B 250 #a s b ROl iR Y D R e e p K. AEARBESE
R ik, bl ar A2 A B X 3l operator [TEAT IR /2 SR HR AL 2 5 A o

8 — Al 5V SRR operator [T string M. XFEAISEIIAHT LT Ttem
M29o HERARIEA TSI HIC KT Jo ML, IS ABLAEAL L TG Ttem M29 /i) N AR 2N 4f
FE.

X HF operator [J1F) string KA, FVFH 48 N IXAE AR



String sl, s2;

cout <K

s2[5] ="~

s1[3] =

s1[5];
X

s2[8];

// a string—like class; the
// use of proxies keeps this
// class from conforming to
// the standard string

// interface

// read sl

// write s2

// write sl, read s2

HERE, operator [J Al LAfEPN ARG B0 R 3D PREE D71

AEEAE BRAEHERE. OXNAWRE TS, AERIERETN AL, HHE
HMBEIR 2 H AL ) T8, B — DGR B BT RERE S, MR
U ENEE N2 T

BATRAX 3K operator [ GILRAE, D, XA ST Bm 54, o
BAERARM T LI N TSR E AR . W0 Ttem M29 ERRIV, SIFTHEI RIS S
BN B AR P DL, AT 2, AR R [ — M. ASERJE, £ operator[]W

i, BAT IR 2RI, ANTREX 20 e e A 2 A

“fm, Asts v
= ST ST

EERE

PRUIE, “BATATEE. TATAT AT const JETEHEK operator[], X

FERUAT A P BEIE S T o 7 A il i, AR IATTIE A i e ) -

class String {

public:
const char& operator[] (int index) const; // for reads
char& operator[] (int index) ; // for writes

} .

MR, IXANBET A G A AR TR 8 53 eR BRI SR 1K) const J IR RIE 6 1M 18 57 bR 01

const f3E const WA, AT G FIAES. Kit:

String sl, s2;

cout <<

s2[5]

s1[3]

s1[5];

s2[8]1;

// calls non—const operatorl[],
// because sl isn’t const

// also calls non—const

// operator[]: s2 isn’t const
// both calls are to non-const

// operator[], because both sl



// and s2 are non—const objects

THE, HE# operator [JHAEX M iIE RS .

7E TtemM29 1, FRATVE A T IXFIAS IR PPIRES, IR SF BB T A7 1) operator [
WHE R BH#ME . XK, BAIAS XA IBFE . WIVFAWBETE operator [J#IX 3 /e
fEIE A AR, HIRAMDIRAD 7 EA) . T A 25 Mok kiR A St
FIRETERTIR S, A A AR ?

WAV VEFE T IXA G PR BEAE operator [] P EBIX 20 22 (I8 A (AT, 1B
FRATVTS R 15 D0 A5 B AR RIS 48, FEFRATTRE 4 R 1503 2 5 AT A R 2 R AT S TE
operator [ 1K Sk 8 A48 2 J5 18 o« AT T 7 ZE K AT N VB s s 5 1 4 3
operator [JIR[HIZ G, GX& lazy J5U (W Ttem MI7) f—/MolF o)

proxy JEA]LIEFATAF B FATIrH LA B, PBEAIRATAT EME operator []1ikEiR[H]
A (RREEFEFFID proxy MERMARFRAL . FATAT AEBEXA proxy BAPAAH .
WMATEEEE, FATATLAWTE operator (TR 2. WIREHRE, FATLAHE operator[]
(R AbHE R 5

FA S ERFEARN, HE MR MER K proxy 2. 1 proxy 2K E I Gef =115

o QEY, WANE B T4

o CKEAEAIREERAER) B AR, EIXAME ST AT LORHBUE S0 AR AR E 9 i)~ 77 L

PRI, proxy A1 2 A0 (H .

o M MEHE. X, (RPN EA

KRS — Mt 5T TR string RAIE proxy RUAX 73 operator [/ e {Hid 2 A4
{EL A I PR 4517 2

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



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;

b

B T HGINE CharProxy 28 (FATKAL N UHE) FF, XA String &5 Ttem M29 i)
R IRAAH L, ME— R Z AEgE BT ) operator [ BEIILAEIR P J& CharProxy X%,
SR, String FEHYM AT LLZMEIX — i, I 294 operator [T 8IS R LI H 1B ) 745
(B LG, W Ttem M1) KZmfE:

String sl, s2; // reference—counted strings

// using proxies

cout << s1[5]; // still legal, still works
s2[5] ="x; // also legal, also works
s1[3] = s2[8]: // of course it’s legal,

// of course it works

AEBAZERTAE, e AT,

B XKEN]:

cout << sl1[5];

ik s1I5TIRIFII 2 — CharProxy X 5. A A IXFE NS S0E K i sAt, B PAZ
PR S5 i T — AR S B 4 LUATAS operator << H L (M Ttem M5). ‘&AIT4KE]
—/>: {E CahrProxy KW EE W] T — MU 3] char BU#AE. T2 B30T TN
B, SR CharProxy Sy A FATHAT VTt 13X/ CharProxy # char HJ¥E4E fr
A AR GAEAE AL I R A2 B S AT N

VEZAE IS AL B R AS—FFE T . 155

s2[5] ="x";

FIHTTH —FF, RIEZ s2[5] IR M) j& /> CharProxy Xf 4, (HIX K 'E &AL ERAE I H AR
1T ) H B8 2 CharProxy 28, JrEAIH ]2 CharProxy B IRE#RAE . X R CH L,
I LE CharProxy HYMRAE#RAE H, FATHRTE B Y CharProxy %G e A el I - AL,



FAVHNTE proxy P ) FRFRAE AR, D RAT — LE 0 ZE R4 A USSR A5 1K Ao
Bt
[, EhR)
s1[3] = s2[81;
WHAER TP CharProxy X R MM #AE, FEHLERAE WSS, BATRTE 27—
VEZedl, Hi—MELE.
CIEF, WF, R RIE, “PREGIRE . 0K, XA String H opertator []BREIACHS
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 MR [B]—AS proxy X GRAE AT o MRASBAT WIS FRFAEATAT A 2
AV B HEIR ) B 3 B 1 03 2 SR VR 2 4R AE
¥ &, operator[] f) const AR A iR B — A4~ const [ proxy Xt % . K A
CharProxy: :operator=;&/F const [ B 51 bR, KAL) proxy X R ANBEEME 1) H ARAEH] .
PG, ANE M operator [TH) const AR proxy X%, i &I HyE 7 A # A GE
VEAEAEAT ] o ARTTAEM, & R 2 ATTAREE ) const JRAHY) operator [1HI4T 4
[FIFE2LEEAE const ) operator [JIR[AIMEIHE CharProxy X%, Xf*this fHIH
const_cast (L Ttem M2), X{FfF'EiL T CharProxy ZRAIME AT 2, " RIS bR
B —F const B String I8, FMEHIEH ZWAA 2K, (HAEHAL, operator![]
A& [AlfK) CharProxy X% H T A& const [, Jr EAAHIHHL String W ESH 45 AT BEM B proxy
KB
W1t operator [T [l proxy A %dsk T8 T WA string XJ 4 LA I #7035 (1) 7 455 1)
ThE:
String: :CharProxy: :CharProxy (String& str, int index)
: theString(str), charIndex(index) {}
¥ proxy R GAEA AL AR 7 B — — HUT R [ e Brfmist i = APt T LA T
String: :CharProxy: :operator char() const

{

return theString. value—>datal[charIndex];



}
WROLE T string XHRH value B MIE IR data B KIOCRRIEL, 15 HE—
T Ttem M29 LASE5RictZ. PUOAIRABRECR BT — DN FAFHME, JfF HCEDY Cr+ PR g X keI
BRI SRV EAEAE T, T LI AN B 45 o B0 B8 L IR A (B R A
[0k #5F CahrProxy HIMRMEHRAEAISEIL, I TLAALEE proxy X G PTHE 1) 515
PERRAE ) H bR CEIZE(ED M7 o FRATATLCRE CharProxy FMRAE#RAFSCBLAN T -
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;
}
WS TtemM29 HRAE const [) String: :operator [JHEAT HLER, K5 2GR ILA
Bhe XIETRLZ . 78 Ttem M29 mf, FRATARMMAE BT A7 IF const i operator[] i
LG EAE, PrUASEI XA BIE, TATK BRI N CharProxy HIMRH EAE
TARATLL# AR const 1) operator [1HJI A SR A BN T 240 S H8AE AU . BEAE
e —h), EANREEEYN string MR EHE R value. XAE TR CharProxy HIHIY
string KA A o
55 A CharProxy HBUH A RABI -
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;



}
VEN— A BERIPAT TR, AR IRNAZ I BRIZ PN A P AR A, ks
EATEN—RAT G R B I = IRAR XA A ?

o JEFRE
811 proxy FEEAMX ) operator [ME LB A B IS 5%, AHEAEBOA B A .

AR XK proxy XG0 HFTHE K R TC8 A, (HIRARAESL L. X200, A EA N
SEHIEIREIZ SIS DU, B, proxy X B IMAT A AT SEBR I SA—2T .

B PR AT Ttem M29 (O4RAS, LHEMIFRAT A4 M A StringValue X5 N—
AN EERRE . W String: roperator [13R[H—A CharProxy MMAE char &, NI ALIDH
ANBEG 1 -

String sl = "Hello”;

char *p = &s1[1]; // error!

FiEAX s1[1]RFE—A CharProxy, T “=” (A& CharProxy *. %A M
CharProxy *| char *f4Hek %, il p AR RRgR PRI T . T, B proxy X%
Hb bk (A 5 S Bt G i i R A EAS B e, LR AUR AR .

TEHBRIXAAN, URFFZEEZY, CharProxy MU IEIZ 5

class String {

public:

class CharProxy {

public:

char * operator&():

const char * operator&() const;

I
XL PR BAR S 5 S . const RRASIR [PIILHHE A A5 1) const BUFRE!
const char * String::CharProxy: :operator&() const

{

return &(theString. value—>datalcharIndex]) ;

}
AF const BAAT 20— L84, DD EIR P A FREHE ) 745 7] DARE 250 "B Ttem M29

H#9E const 1 String: :operator [JAT AAHL, SZELBAR T



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—>datalcharIndex]) ;
}
HARHS AN CharProxy HHE MO EHIRZ MR, I LRANTE R N EHA— DA
A B L R
char MYRHLE [ CharProxy 5 —ANANRIZ AL H B 5 1 v E A B R bt SR 3RAT ]
MU proxy Fk X 703 operator [J/E/EAH I S A7 E Y -

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;

}
const Proxy operator[] (int index) const;

Proxy operator[] (int index) ;

I
F— NIRRT e BEREAE -

Array<int> intArray;



intArray[5] = 22; // fine

intArray[5] += 5; // error!

++intArray[5]; // error!

WMIATITEL, 2 operator [1E B fif B (AR AE I H AR, S RGEII, H 257 HI 3
operator+=fll operator++{I A MIAF, KT . P operator [JIR[Fl—> proxy X%, i
#AT operator+=AHl1 operator++#{E. [FIFERIIGHARAE T H @ A BRET, Wil
operator*=, operator<<=, operator——4%5%%, UIHLIRALIX LA AR I 7E operator (] |,
WA Arrar<T>: :Proxy J&5E SUITATIX LR K. X2 — MR R AR, AR AT REAN R 25
o ASERE, IREARMOXLETAE, BLARATIXLEARME, AREM4.

AN i) LA . 3L proxy KGR TS BRA B IR B B pR A . ARRETT 2 A
AIREM . i, RBIRATH AT 5T B b PR A B . FRAT 1K 2 L — Rational 28,
ARG AL FH AT & 2 Array A

class Rational {

public:

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

int denominator() const;

I

Array<Rational> array;

XA FATIT AL 72, (HIRA IR

cout << array[4]. numerator () ; // error!

int denom = array[22]. denominator() ; // error!

WAL, AFZAARERE T operator [13R[H—A proxy %41 A & SEB#IK Rational Xf
%o AR BREL numerator () il denominator () RA7A/E T Rational X% b, 1A ZEH proxy
W% B, IR PR A T A% . ZAERT proxy X G EIAT AR E AT KN G — 2,
PR ZBTE B AT AR T SE Bt G i) B — D R B

T3 proxy X GREACKL B G ARWIEOUEAE AR const (51 HIAL4: pHL:

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



String: :operator [JiR[H]—A> CharProxy X%, {H swap () BRECE R E S EUE char &
R, —> CharProxy X G Al LAEN U 4 — A char, (HEAH A0 char &Ik 4.
16 AT BEFE 4 ) char FFANRERCA swap (¥ char &S5, [ IXA char & —AMIRIS X% CE
J2& operator char () (ERIFMED, HRE Ttem M19 FUMRRE, JELHF IR 540 5E A E const ()
SRS A EB.

I J5 T proxy X A RETCAE R SEBRxT BME DLE B U A . 2 proxy X5
T4 0 ' Iy K SE B N, AN e O e s B T . i, A
CharProxy %% 0] DL Jy & #3181 char, L8 operator char () Bi%t. 1 Ttem M5 fi#
FEIR), S PR 0 T FH B BT K S5 46 D L e B0 B S, A — AN - e S
Bk 8. T2, IR AT REAE sRBOM I, A% SEBRAt G IR A% proxy X4 R . lhn,
A AT —A> TVStation KA %L watchTV () »

class TVStation f{

public:

TVStation(int channel) ;

I
void watchTV(const TVStation& station, float hoursToWatch) ;
il T int ] TVStation MR A (W, Ttem M5), FAiTAT LA A4
watchTV (10, 2.5); // watch channel 10 for
// 2.5 hours
SR, 2448 AN proxy 281X 4y operator [14E A2 A (45 51TV BRI S AR T,
A TRAREX 2T
Array<int> intArray;
intArray[4] = 10;
watchTV (intArray[4], 2.5); // error! no conversion
// from Proxy<int> to
// TVStation
T IR A e B AR A e e b, IR MEAR . SEBs b, SEAFI et % B )
Pt Bk explicit, DMERRSE— KK watchTV () [RAT 4 #4128 R . ST Ba Al %
e 24015 explicit ATULIRZME W, Ttem M5,
o tid
Proxy 8H LASE L6 e VAR ML AN TT RESCILINAT o 4B & — M0, 70
JAAEIX 2 A, BRI A e e (W Ttem M5) 2 =1
[, proxy WA H M. EABREGRIMIE, proxy MEZINNX% (W Item19), &



TR IE R o XA G2 1, BRI REM R 2% T X B 5 1R ) LA 2 1
M o Proxy X B RAFAESEIN T AT KRR, DR BS MG In (R S A8 75 A SR vl Sl
R FIYES o

a0 RIS BIAL B proxy X B INREH SR T RME X, K
4 proxy X G R AT N 5 SRR SAT L X AT, AR BT RSN
TRIEFAE ] proxy X5, EARZHHIL FRDAEA 208 proxy MR BEL M. i, R
A P BT 4R A7 P i Array 1D SFG L, AE A AT AR N RGN
% (UL Ttem M5) 1ESEfess — MWRITERMmEL. ERZHUT, proxy MRATLITE
FRRMLERR R o eI AR, S8 2 8o H e ik R s O

7.7 Ttem M31: ibRREURE—ANCL LSRR E B4 B

I, fFH—F Jacqueline Susann [{if: —UORAEIN . BIARAE AL S .
Simn L FEHOKITERS S TAE, {E Redmond, Wshington f—/N& 48 v — — 44K,
LB AT RE . O TARBISINEE, RARERERSE 1 video game. JEARIITET 5t
SRR, AT W RESRMT A,

FEARRAIE (S b (2 0 T R RVIMT AL, e TR RS EAHRES . R e LR
2

® IR KA ()l DA R, KRR s . I, AR IE BT AR

Bu5-3E0F 1787 8
®  WIR KM WA, m el o R A LA, 2 B AT I L TR T 1 4
W

o LIRUMIES WITEEE i, MBSO WM EARRECR, R
27 ) b B A

®  WURPIAS/MT A, KRR ENRMT AL, IR AT RIS

R BRI HAERAINS T a2 T, HIE— N EAAL C+AUS
AL BRI AR [R] AR 3

BATA AT O R e MM IERR DT 4G 2220, B EIzs), Briify—
AR IR IX AN EE) . Tl BRI B — DR, e T ULk & . S
br b, XFERSOLFRAEMEEESE, JEH, WERMREORAE Ttem M33 B, FREL
B BTEL, QRARA R I



GameObject

SpaceStation

SpaceShip

class GameObject { ... };

class SpaceShip: public GameObject { ... };

class SpaceStation: public GameObject { ... };

class Asteroid: public GameObject { ... };

IAE, ARBARTFLETEANTE S NS, S A AT AN Ab B A ] (RO R o AR B2 XA
— AL

void checkForCollision(GameObject& objectl,

GameOb ject& object2)

if (theyJustCollided(objectl, object2)) {
processCollision(objectl, object?2):

}

else {

}

WK T o 4R processCollision () I, #R%N#E object] Hl object2 iF ff A4,
I HARENTE & E 1 45 BB I e T object1 il ob ject2 HIELSZZETY, (HAR FEA G H T 522K,
PRFTAIE R A E A2 GameObject X%, U SFmESE I AL BRI FE L BT object] (IZhZS
% M, fg A LL ¥ processCollision() % K K M ¥ ., I M M
objectl. processColliion (object2) o WIH I T object2 [MENARAYL, ] LLFFEAL .
HIAE, W TR RIS R ER R B — IR 5 L, EA L Uk
fi) 2 o

PR L & — B EIEZ AN G B R CHrR AR X s B T2, IR0
T B ER . AR B AT ?

PR R G, BRIHETE T . b, ARAT LA CLOS (Common Lisp Object
System)o CLOS SZFFHL A7 T 17 % % 1) e 0 Fl A4 2 b BB S 1 4 V5: multi-method.
multi-method JE{EAEREZ S E LIERIK RS, JF H CLOS TEE— P IH AL T B afdas il 4%



FAL multi-method KUl " (odsbE.

EPAUR Y, R C++3230, BT LA B — AN VR SRR O ARy« — I
(double dispatch) "), (X4 H T object-oriented programming community,
LEAS LR RO R IE /& “message dispatch”, T3EMANSEU BT “double
dispatch” SEHRM, #EiM) 2, 2N EMERENY “multiple dispatch”) LA
JHET UL IS o AR AR A a1, XA ZAR . G B “double
dispatch”, BTLAMRAZE C56 g 1PF 45 78 SEILIE R 0N BT TAE (W Ttem M24). i
RO, ATATREAT A A O T, JEH CIET ML T TATEA, 1 HTRATH AR,
JTULR BRI 224, A DNRIET .

® FE %N RTTI
WEERBUSEIL T — A, X PR IRATIT AR SR TR ST R R B

BT AFRATTHE GameOb ject HH B —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 TYRA:2K SpaceShip [IT5LL, SpaceStation fl Asteroid B SE4—FF
iiR

ST, F R L PR A L5 V0 A M R BR A R AR A AN N AL L then. .. else B {EIX
FHRIAR R R T, TRATE Je 2 KL otherObject [RELSLRAY, AR5 MR ITAT I A] B -

// if we collide with an object of unknown type, we

// throw an exception of this type:

class CollisionWithUnknownObject f{

public:

CollisionWithUnknownObject (GameObject& whatWeHit) ;

I

void SpaceShip::collide (GameObject& otherObject)



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) ;

}

HR, BATFHERM P 2 DRI, F—MExthis, BRI EREA R
FIWr. FATIALEALT SpaceShip MBI RKEL, Frllxthis HE &> SpaceShip X%, A
PEFRATH 7 4k H otherObject (2R,

KJLIARRS — AR . EARA LS. AR S L e THE. RTTI R — 4 A4
2 EHRARRRILE . EhRMERRE TG else i), EIXJUT —FH .

AT AL LTI T 3235, BEAREAS collide pRECHR2AZ0 AIE AT LLIL & A s vh
IRRA . JU 2, BB — AN B 2R, FRATT 0 A TR B — AN T RTTT 1Y
if...then...else % LICFIXABIGZEAL, BE R T 4, FUFHEA 4 bug, 1fiH.
EIEAN AR o G AR VT ) FRAT TR AR 22, DA BT AR A AN Bl BAIAE A 4 (2
W, Ttem E39),

KPRV G FRFAE C BT OLRA B T, MmBEATHANE, PR A
J R BT ER  § A AR P B AN TR o K N R A R
K77 A RN YA A DG R B T 4R 7 R RSP LR h m e o M BRATH RITT SEIL - F i
FERE, FATER B & s H

XA I R T C 1 F T S BUT#E, EA CHE F AR S B R . ARSI



CESE, FRAIAE collide BTN L T e )a (AR else THA), LAARBEA1ERIE R —A AR50
IR, IR OSSN EBRAN T RE AR, AHAEFRANTPOE ] RTTT I SUE A RER? AR
2RI PR AR G FURHR AT AR, (HBCH D AR R . XM B, Bl
HPE TP — N, (VARG A X XA R AL BERERS LLIRATT4r 2 /D, DDA FRATT3E
BT A BAIAFE AL AR

o U H He ok H
JCSEAT /70T UKEFH RTTL S TR0 2 7 DS e B G, NI Sk 2 ik 3k

A — IS M e R A e — TR U 1)l XA U 3200 RTTT kAT I R AR (RS A 2L
collide PRI RE, TFRBTATIRAEIREE X, Ieoh, Eibgbi IR B, AR
B AMYRA R

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)

oS o o O

virtual void collide(Asteroid& otherobject)

I

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

FUIEA J S gt FH 9 A B — R B S B A, A U A FR A ) R R 0 -
B IRPE DN BRI BN AR, 0 T UGRGE S A RS NI, Ik
JOE BRSO F T V) 2 GameOb ject RIY 245, JLSHIRE A A na Byt ] 5.«

void SpaceShip::collide (GameObject& otherObject)

{



otherObject. collide (*this) ;

}

%, ESMKIESHPEATIRIARA, WHUEIT IR otherObject A2/ T M H
JE AR ERIRT S, Mithis T E S8 (HAHFMAE — Fib, EARIEA A RFEE R,
G P A AR 2 B AR B Y s T I — AL R B0 i — Ao AEIXIL, A PUSANFIF collide
PRACAT AR AT, (EAR Y this AOFFSSRADKIE b —A BUERERSIRARA A7 AN
JEFE SpaceShip [RGB ¥rf, Fiblsthis 555 SpaceShip JEAY. I (KB fE 4552
SpaceShip ZH(¥] collide PREL, TMA R GameOjbect KM ZELN collide PREL,

BT 1) collide BREUFR S ME B EL, BT LAZE SpaceShip: :collide " il F H) 2 otherObject
HSRM RS collide WA . FEIXAMARAS T, PN RIS AL RE 1, Z2id )
sexthis CEBLZAS pREISRIRILD , AT IR R I H SR JE SpaceShip (HIBIIEZRIL),

% T SpaceShip P collide MSEIL, MUBETERE 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;

}

WERT, — s HAREL, WAL, BT RITL, WATEEN BB AR S A
S ARATERIZ MR, IXHUR A R e BN Ak 2B b, ISR BAT A B
BEAFRITE AR S B AR ) L ) 5 SR T SR

XAEREEZ, AHTIHA 20 RTTL 5k 4 RASRALAURE E I R SR 288 s
I, BT BIARAD R A0S 7 o AL, BB 7 VMR T AN — o 52, A if. .. then. .. else
i BT, (HIE N 22 RS SRARR BN —ASET A RE RR B AUARBIT E, WERAR D E 4
Bk Satellite (4k7K T GameOb jeet), FRAAUNRENIAFZRIGIN—A collide BEL.

BB RA T RARA R . ten, IRAZES BN, JUEIEE AR PR T
M —ANSCHEPE, ARATRETCAUE B GameOb ject B ILAH HIHELEE . JUI, 39 In—ANHr i)
JR A BRE CGRIECRRETD, #EATTREM . M, RIS AT HAE TR 2SS S AL



B, (HSzbs B3AT. AT, R T Nitendo, {fF—MUE GameObject FIILE T2
RSB AT ERAT i o 8RN E AR — N NI XA, A mI R RE 3N TR IR AR
SEAEVRI ARG T 8N — AN BT AU, A IR 0 e S E R g e SRy, ) 4 I A
DB, A TR R TA T IXAN R AR KR T o (S, Ttem M34, DL T /5
DBV i BRI 8 B B B AR IR I8 AT )

ATt WURRTE S TR, S I IR AB s A XA
RN BII G, K2R AU VA L RTTT M7k e 4, (B BRI T IR IRE P stk (e
PRI BB S o 55— 7T, RTTT (7 VEA T B g %, H 3 2 S8 C
Y. H O

o IR KER
AT IR PE . AT LLEIBT Ttom M24, %Pk a0l 3 QI RE AR B EH e

(vtbl) SRSEHLKERREL, IR o& BB T INAE XA B D BT R AR &R 51 AT vibl, %
FEaRmE S TAEM 1if. .. then. .. else §, JFREFENTA I AR BRI EHI MBS A2 BRI REOARHD i
FEIEMA vibl Thr, SRJGWH vibl IXAMLE EAEE TR E TR 0] 1R R 4

B BURAREIX A WX AT, AMEAEGUREE T RTTT B 3 ARG s
REUMBAERE I 5 HEHLL if. .. then. .. else @2 PAERARASH /D), AR RTTT
(A P B R A Ak ARV R B B A )T o ST, B T T 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 B/ — 2218 T

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);

b

void SpaceShip::hitSpaceShip(SpaceShip& otherObject)



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;

}

FITFUEI A R T RTTT (K77 A4, GameOb jeet 28 IUA — AN AL BRI 11 bR 45, e 55
DA ) — TR LA 2 — o AR R AL T KR pR KRR VR ATVCL, A Fof R 8808 e — S ST (1 R
BACHE, AR, XK, XL BAAEANFNL T, TAZE collide. JHITHEE
AR, PRI R W, BT, AT IR E AR, BR TR
F752BL Spaceship::collide (IXFEAN[A) AL R Kwlz Ui T A3t 5D o MDA —#F, SEELT
SpaceShip %%, SpaceStation 28Al Asteroid JStmt ik T .

{E£ SpaceShip: :collide H1, FATHE — IR 240 otherOb ject AR F
A BREERE G NG R A R D . —AME R TR B AU R,
2 FE IIZRAG T AR 4 (R B DA BRI B e ELRRAE ] — NI IR RS collide SEATAT
(K], AEARHG N — AP 1A B2 Tookup I, A5 BEAFBEAF . Tookup PREES 4> GameObject
A R ITHI N Rk 51 e B L

JXJ2 Tookup IHIH]:

class SpaceShip: public GameObject {

private:

typedef void (SpaceShip::*HitFunctionPtr) (GameObject&) ;

static HitFunctionPtr lookup (const GameObject& whatWeHit) ;

I
PR EFREBIEA B A, MR R EBFRE 2= T, FrUFRAME T — /R e

BESRFT T lookup, collide HYSZILUN R :
void SpaceShip::collide (GameObject& otherObject)
{



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 AIZRAJZIRINIFI 2, Tookup il ik HE K 2 AR 52
XA R e B e o ANAGULURN, B4, BRI BN KRR ERAT A4
A Tookup 3R [FIME FFAE L RGO 4l 37 (1 A

Tl B SEBL Tookup 1o R T —ANXF I IR O3 pR 2R T BT R R, Tookup
FCARA S SEIL, (AN IR A RIRT R A G 25 2 AN A S )

XFE I B N AZAE E A T AT A IE AT A6, IFAEA ARG ZER TR o BRATTAT LAAE ]
new Ml delete KT LEIEMMTHE, (HIXNEARUEFERI UG LLRT AR NE? 45 (i
P FE LG S BB, AE Tookup HAEIXMN AL RN AT L T IXFE, AR
— A Lookup HIAIEFIWIAAAL, 7F main B H 5 HEAI 2087 Q304 (W Ttem E47).

1L, FATTA] A A AR AR e B2 A1 F) map RO SBT3, DRI IESE map ()2

an>
o

class SpaceShip: public GameObject {
private:
typedef void (SpaceShip::*HitFunctionPtr) (GameObject&) ;

typedef map<{string, HitFunctionPtr> HitMap;

I
SpaceShip: :HitFunctionPtr
SpaceShip: : lookup (const GameObject& whatWeHit)

{

static HitMap collisionMap;

1
Iehb, collisionMap /2 FATHIBGS K. BHHHKL (— string X H) F|—4
Spaceship Wb BREFE 4. Ko map<string, HitFunctionPtr>X#IH1 7T, FEAIHT —H



FMFEE L. TP 3%, — FAN HitMap F1 HitFunctionPtr XM RAHE E Sk
collisionMap [ FIB. K AR —IKI)

Z3H T collisionMap Jii, lookup SKHLA LEpR kIR . YR TAF & map S HALSL
FERAE, JF HIRAIAE typeid O iR HI5 R FR T LRI CRIRE R — >l Dd eR #iO
name () C(AILAAfiE (VF 11D, BREXRSIERBK LT, ToE, LI lookup, AL
WYL Z I BHAZERAE collisionMap HHR B & X

lookup HJAUABARMT AL, (HUNRAPEFRHERAR R T (FXS I Ttem M35), A
BATERT o JAHG, FEFP I RR T8 DAt 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;

}

)5 —H)4& return (kmapEntry). second TMIAE M # E) mapEntry—>second LAji &
STL #PAT R o FUAJREEIIL Ttem MI8.

® WIIALARIURE B Bk
BUHERT collisionMap IFIEATEL . FRATRAZ A4

// An incorrect implementation
SpaceShip: :HitFunctionPtr

SpaceShip: : lookup (const GameObject& whatWeHit)



static HitMap collisionMap;
collisionMap[”SpaceShip”] = &hitSpaceShip;
collisionMap[”SpaceStation”] = &hitSpaceStation;

collisionMap[”Asteroid”] = &hitAsteroid;

}

1B, ARFAERRHRIAH] Tookup I #RE 1 51 BRAHRET A T collisionMap, XA (1)
TS I e A, AR e R AN .

FA T B PO 5 B R AT NN collisionMap —K, 7E collisionMap MY,
KRBT 52 BAIRFE N RAE RS REL initializeCollisionMap A4 FlH)
I FRATT AR 2, AR5 TR [BE R AT 464 collisionMap:

class SpaceShip: public GameObject {

private:

static HitMap initializeCollisionMap() ;

b
SpaceShip: :HitFunctionPtr
SpaceShip: : lookup (const GameObject& whatWeHit)

{

static HitMap collisionMap = initializeCollisionMap() ;

}

R IR R AT AT EAS H % DUBAE AR (L Ttem M19 FIM20) . FRATIANAEIZX A fie,
F initializeCollisionMap ) IR [HEEFKITE, FATHA T LA XA, (HIXFE T2
P FRETFR 1] 1) map X G 15 REZEAT A K IR AT T

SERF, AP . BATA LK collisionMap Bk — A RIGHEE (WL Ttem M28)
ERAE H CTIIRT delete BroRIM N S 5B b, bk C+HB AT AR HEM B auto ptr,
ERXAER AR FREE (W Ttem M9). M HF lookup Hf# collisionMap W]y static
ff) auto_ptr, FAI I LAk initializeCollisionMap iR [Hl—ANE FAIEAAL T 1) map XF % ()45
BT, AP EIMIE T collisionMap 3811 map X %4445 collisinMap [ C¥EHT
W AT . T

class SpaceShip: public GameObject {

private:



static HitMap * initializeCollisionMap() ;

b
SpaceShip: :HitFunctionPtr

SpaceShip: : lookup (const GameObject& whatWeHit)
{

static auto_ptr<HitMap>

collisionMap (initializeCollisionMap()) ;

}

SEP initializeCollisionMap PRl T IR sV A EC R IXFEIR -

SpaceShip: :HitMap * SpaceShip::initializeCollisionMap ()

{

HitMap *phm = new HitMap;

(kphm) [”SpaceShip”] = &hitSpaceShip;
(kphm) [“SpaceStation”] = &hitSpaceStation;
(kphm) [“Asteroid”] = &hitAsteroid;

return phm;

}

{RRIFRAE R TR H I —FF, XANREgw il o KR HitMap B HBH 6025 — 3 a1 i
PREFREE, e R S HE, gt GameObject. {H, hitSpaceShip 7 [)&—
A spaceShip 24, hitSpaceStation Hi i & SpaceStation, hitAsteroid 7 H+E Asteroid.
H 4R SpaceShip. SpaceStation fll Asteroid HEMEFRZC A 44 &y GameOb ject, {HX}7iX4e2s
HERL ) SRR BT AT AT XA K R

N TR G EEAs, VR RERUEH] reinterpret_casts (ML Ttem M2), 1'E7EMAL
TRt BRI i vl S A R R

// A bad idea. ..

SpaceShip: :HitMap * SpaceShip::initializeCollisionMap ()

{

HitMap *phm = new HitMap;
(kphm) [”SpaceShip”] =

reinterpret cast<HitFunctionPtr> (&hitSpaceShip) ;
(kphm) [”SpaceStation”] =

reinterpret cast<HitFunctionPtr> (&hitSpaceStation);



(kphm) [“Asteroid”] =
reinterpret cast<HitFunctionPtr> (&hitAsteroid) :;
return phm;

}

R DA R, (@ ANA TR R SR A A ) T SRR I G P2
Briit. SUFgmi3E2y, hitSpaceShip. hitSpaceStation Al hitAsteroid #iEE—> GameOb ject
B E, LA LIXFER . hitSpaceShip ¥ —> SpaceShip, hitSpaceStation }j]
BH—/ SpaceStation, hitAsteroid #¥—/ Asteroid. XL cast Pl EHE R, B
i T o

AR TN, X)LIEAT GRS . s A SR, eI, &
MAESHE—MRE M T XAk, SR AT Red = AR R A AR AR, 4R
idkphm W REL, MAHN ) GameObject [PYRAE R & 2 B4k K (1) 8T B LRI
SpaceStation. SpaceShip B Asteroid [ T GameObject #MNAH H & H, RJear KLY
PR FHARAEIX ) LA 28 B A b P ek 25y, HLAT A AR5 R R 28

E—F Ttem M24 FHEIR A—B—C—D M4k AR R UL D XS G180 N A7 A J) 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 FRHIDYAN IR ES Ty, AL ARAN A o SXAREE L, PR BUARSREE AN ST IAT S E A )
(I Ttem ML), Ziifas)™ A AOAUHE hal oS A F T RSl T . T2, ARSI 2
TRALFREERIIL . 29— DN ZADEEIAIN SR (I D FIX 5 51N, e 2 (Rt f2 2
P BAL I IE A K bk — — DU G T 40 o8 SR I TR 2 28 R A



AEL Gt SR AR R P 20 6 45 0V DR 1) R 50T 23— GameOb ject 17 S5 Fr b 22 (1) 2 — A
SpaceShip B{—A> SpaceStation I, KRAAMFA? GikdiG LA REIIHEE, SBUsTM
i o 1T FLA AR HE DL 7 A 12 10 it 8] o A IR 20 AR (1 B4 U ) A A AN S LA FH 28 2R A 4
Xtz —,

OK, LA 4. (H bR PR AT A AUA VT L (1 34 B it AT — AN I KT 1) o
KA MCN 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
FRATI LT R o R e — R B ) L U7k, BT Y collide MURREL. BRAE, AN
PR AT 23K ) LA TIPSR T — 2 R 5% e gt o B Bl i Ak B R A 6 A R) 1 2
HRAY, Pprelb gy e AR 445
U, FATRTELAFAT—EW R 5 20K initializeCollisionMap PR T
SpaceShip: :HitMap * SpaceShip::initializeCollisionMap ()
{
HitMap *phm = new HitMap;
(#phm) [“SpaceShip”] = &hitSpaceShip;
(*phm) [“SpaceStation”] = &hitSpaceStation;
(*phm) [“Asteroid”] = &hitAsteroid;
return phm;
}
TRAEDR, FATT AR AL A3 R BOAE A 3 02— A BEREACH CameOb ject ST AN W1 EE i)
URARRIY . BARAG RN FRA IR AR VY, DA RF R bR O 46 AR H - dynamic cast



(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 M, dynamic_cast & —4> bad_cast . 2R, EAIMAS KM,
Jy Rl R O A I A2 — MRS EERA . g, e i,

® (i FHIIE R A R E AR 2 BR 4
BATIAERNE T 2R3 ARl vib ] (WU R DSl — B0 R 28—, I H3K

ANTREITE T 4620 W 3 (0 SCBLAN A5 355 7E Tookup B . TR IX oK 4075 A2 5 1) i A
BRI HREL, FTLAZERE BT GameOb ject FSRIM AR T ZE BRI X, IXIE f& kA T
A N 25T B i 5, RIS A AT AR AN SG XA B 288 o i, 4n SR B9 0T —A> Satellite
FM, BAIAFFAAE SpaceShip FHHHEI—NALPE SpaceShip A Satellite X5 [HMEf (1 p&
$. T SpaceShip I A ER g e, RIAEMLATHRAMNSE T Satellite X RIFFETE.
XA I UK T BTRA 5 R U R R OR S A, RV RN AN T
U R R AL I FR R I AR S R, IS AT E B T M H, FRHE
A R AL P R HORE L FRAT T A IR — > — LR A (R v vk BRI, 2, AN 2R
b FRAS [ B (R0 SRR 2 ZERTIRI Bl b, WA 5 1 R4 2 i, I IE TR % 1
#& processCollision WZEIA NS E, RERERAEXS S 1 SRR ACEE; Gnix % 2 \ETS e 20ih
WZE, WERERAEXT S 2 ISP AL B . XSGR & SO 2 AR IXFE A, R A



A B 10 BRI N AZ R ANCE A ABANE B AR AR BE, TT7E Y 2 Z AR AN T A2 by
b ?
I SRRl AL B R BONR I AL ok, JRATHESS F P 3R B8 Sk se b, ANHT B
AT B A P B B AT AT K S LG Ak B R ) ST 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,
GameOb ject& 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);



HitMap * initializeCollisionMap() ;
HitFunctionPtr lookup(const string& classl,
const string& class2):
} // end namespace
void processCollision(GameObject& objectl,

GameOb ject& object2)

HitFunctionPtr phf = lookup (typeid(objectl). name (),
typeid(object2).name()) ;

if (phf) phf(objectl, object2):

else throw UnknownCollision(objectl, object2);

}

TR, T o441 i 44 2% (R oR A 15 S AL Ak 3 R 50T o 2 () R B o 44 i 44 4% [B)
(R D AT w3 s (LSER AT SO B I — — IR G R A SCARE T - static
WRE—F . 1T a2 mE, CIHEENT static DA T, HRNVIZRREA
O BT TG4 R fir 44 78 B) L SRR

G L, XA SEBLAE T R G ek E R A S AR R B, A LA RO . B
HitFunctionPtr ILAEE AN ) AE 0 B B PR B 2R I e Lo B8, BRI Z MR
CollisionWithUnknownObject #&NY UnknownCollision, %=, HMiERETEEHR NS
EZHMAHTE DT IWERERATOBGFE=EE T WKL, —4
HitFunctionPtr,

PRUERT map R4 e SO H AR BN R FATAT DL AL FHARHER) pair BIBCRAR PRI
A, pair ATLALEIRATRE AN LMD — DA G . 15D makeStringPair HIFEH),
initializeCollisionMap R4 R :

// 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



HitMap * initializeCollisionMap ()
{
HitMap *phm = new HitMap;
(kphm) [makeStringPair ("SpaceShip”, “"Asteroid”)] =
&shipAsteroid;
(*phm) [makeStringPair (“SpaceShip”, ”“SpaceStation”)] =

&shipStation;

return phm;

}
} // end namespace
lookup PRECHAIAPME S UL B pairdstring, stringdXf 5, JRREEM WL KR
—H
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 O;
return (¥mapEntry). second;
}
} // end namespace
XANFRATT LAY S AR Lo ME— R SE A R B2 X MEA] T make_pair pR#Y
A
HitMap::iterator mapEntry=
collisionMap—>find (make pair(classl, class?2));
make_pair FUEFMEIZAT RPN A A CBUERO (WL Ttem E49 A Ttem M35), ‘&
FHAFIRA T3 S T AERYIE pair X ZRIN 2L TSR ARG, FRATTAKREZXFE S 1
HitMap::iterator mapEntry=

collisionMap—>find (pair<{string, string> (classl, class2)):



XNEHEZE 2T, 1 Hh pair FERAURZ R CEATHUE class] Hil class?2
(1287, FrLd make pair MR L.

A5 makeStringPair. initializeCollisionMap Fll lookup #S+2& H HHAE T4 i &4 55
(], AT AR S AR 6 20 [ — i 44 25 TR o o 3R A2 Ay 03X 26 o B SR AE B TR S 7
T A Tes AR R SR CR AR EATT I H R A — ga BT ). IXFERER AR A e
fff ks e AT e S (ERUESEIL) e AT A H I DG ok

BAVRZIER] T BATH I W RBG I T8 GaemObject I3, BIAFRATT ZE R
Gtk (BRAFENTHE T HZ. AT T RITI FRALAT if. . . then. .. else IANA 4.
— AR T EAO A E ST I REME L AE initializeCollisionMap g I0— ek A
HIWUR G FR, 78 processCollision FTAE MG A (17 44 2 8] Hh H B — AN (1 AlE 43 A 2 1R 00
WA HE TR I TA LRI, HRDE TR 2?7 2?2

RENZRUCHS

o SRR EER
ABEA I Ja — A AT EAL R (R, BEINARAT P A a2, RFs

WIRBI A R AR R IAEE O AT — UK TARRR G, R B3R AN TR AR
FH A A 2 R 5 TR T ) SIS LIRS (1 288 R i BV AT T TR R PR3 AN AR 6 B 1) 0 23X 4
Fo MR A G, FRATEE kAR RAE W T B, ARYE Ttem M33 IR, HgsEqAK
CommercialShip Fl MilitaryShip M5 SpaceShip 4kiK.

GameObject

SpaceShip

SpaceStation

Commercial
Ship

v 52 o KA R e R T AT o — B TR, FRATTEE AT LU AR
[F PG A B R 45 CHE S I P 28 ATt A AN ) JEHZ, 7E—A> MilitaryShip Xf %Al
—A™ Asteroid X GMEES, FATHIEH
void shipAsteroid(GameObject& spaceShip,
GameOb ject& asteroid);
EASYARITM. S2hr b, #7 —A UnknownCollision (5% . B2 lookup 7EHEHE
M4 “MilitaryShip” Ml “Asteroid” #£ collisionMap H#rF& ek i e $k 8. HR



MilitaryShip Af LA #6#He —~ SpaceShip, fH lookup HIANFIIX — 5.

MH, BAABA N RKINERE VR . WUERIRTEESEI I, JF HfR s
1) SRR, AR L BER A FRATTRI T i~ 18 ) — R BRSO Y B 50 (TR It 5 358 n
RIS, BT N6 Z0 F BT 2 1) o
® WIHRBMBRER (FXIT)

R R T IR PTA UL, (HE, T AR AR S5 AU NRART R
(Fro BRIG, ihFRATHBEA YL collisionMap MR FI 7V R 45 0

FHAMEORSE, FATHIBT 58 a2 WS 1o BERIRATEN LR AL P e 2, BT
FIAIAKZ B E o IR IRATALE T RIS TR R R MR A8 ol b 2 e £, H7
AFET AL

R AT DU o JRATTAT ORI BN — A28, JF i e 3R AL 8 A1 U 3 58 R 1
JR A R E.

class CollisionMap {

public:

typedef void (kHitFunctionPtr) (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 IRVE B TAE MRS BEAT Y AR B 11, LSRR SRR A4 068 2 AT L ) Al 43
KePEpR A EWRAT T Ttem B26 HUFAIH SRR CollisionMap X & IANECH 1, PN



IR RGP AT — D R . CHESZRIIRT 22 5k R 2 /T AR Z R O &5, E R
VERRATT 7 A 0 SRS 2 R S8 IR AR PR IO RERE (st ie e, 2R2Y T1 IR Sy T2 X% T2
xt g T1 Rk, HAGGEMER ) KR, & B3RP p e R, HEZE
addEntry #7187 % 2280 symmetric #E%K trues
Hl T CollisionMap 28, HEANAEIG INMRIR OC 2R K H AT LA 360X A0
void shipAsteroid(GameObject& spaceShip,
GameObject& 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) ;

WO ZHUA RAE A E AR T A W S R I T Wi e o — AN & 1k GameOb ject ) 128
FERE 3 BR BC P EAT BN IR S BUEIZ AT — A NN IPERETT S o 38— AN TE 2 B —
/™ RegisterCollisionFunction 2%:
class RegisterCollisionFunction {
public:
RegisterCollisionFunction (
const string& typel,
const string& type2,
CollisionMap: :HitFunctionPtr collisionFunction,

bool symmetric = true)

CollisionMap::theCollisionMap (). addEntry (typel, type2,

collisionFunction,



symmetric) ;
}
b
FH P2 ] AT FH SRR 1R AN 4 Ja ol G0k 1 80 i 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[])

{

}
PR A 3K 4 JRp 0 B AT main R T AT SUAE T, eA /R R 3 ek 25 b i R R BB A main
PR AT R T o R LS T — MR
class Satellite: public GameObject { ... };
A~ B8 2 Al A Ak 2 R
void satelliteShip (GameObject& satellite,
GameOb ject& spaceShip) ;
void satelliteAsteroid(GameObject& satellite,
GameOb ject& asteroid);
XL ek HOnT LA [RIRE 7 325 I N B S5k 2 AN 75 248 O A7 A LA«
RegisterCollisionFunction cf4(“Satellite”, ”SpaceShip”,
&satelliteShip) ;
RegisterCollisionFunction cf5(”Satellite”, “Asteroid”,
&satelliteAsteroid) ;
XA AR SE I 22 TR B AT e SRR T VK g S o AR B AR A 2 $R B 45 B T map
(RSB, An SREFRAT TN Ry 3 Ao S 3R e A AT T 1 5 1) 0 o

o ii 11.
TR L, ARIBA T EEME R CHARMEFF A E type_info: :name IR [FI{H,

ANFFISEIE, HAT M SEX . (g, %FF2K Spaceship, type_info::name [f]—SEHLIR
[f] “class SpaceShip”.) BHUFAE VI & T JCHCH type info X AIHLAE T 45—



K, PENBEA SRR type_info X1 e A . HitMap F3& NiZ 4% H B 24 map<cont

type info *, HitFunctionPtr>.

8. ZRIW

TATIAER] T HAR &5 R IAF0 4 T, X YRR I & — LA 8 TR AT — 3 1o e 5 R o
FHRPA KT CHIRPEF RN, Rl & B & ARG R G T ) X % 10— AN oK 2 b
SECRFRA, IX AN SRR IR AT A0 R S AR IR R AT AR A R BT R

WRIG, AW EALE R —FEF BT C Rl CHHB A gfE . XK FEE [BIE 522 A
(RIT) R, AR CH+AFAE T Bttt b, P LA I JRAT 06 250X 3K o 15

W5, THHER C++iE SHRMELE (The Annotated C++ Reference Manual ) HEJG K
AR IR, BN S ASEEAT R R AT KRR (S Ttem E49) . WHRAREA
SIRFRE I R, B2 T RRIRNZ 0 — — IR 2 AR A AR TF O

8.1 Item M32: FERRMNETFIHFRER

HYHEAAL

AT RN G, BATBVFRIERAZ , HERAFIE T2 BA TR L 2R
B AR AN, RABUSE AR, U AR, R A, HEAEIE: )
W#R AL

UF BT RE GG N AR . EAR OV RAYE, G N EIHTRT &, WA BT R, AL BUE
A o BT RGEYE S e WEEVEASROR B TS ERFE RATIFERI AL T BLAE I
SRIF R TR P BE S Vvt FISE I H SR o SXFERIARAT (B2 /NSRRI S IRSEAE R
KRINZS P IFRAE P NS ORI

BAERKRIN S NIT AR, Wi Y o kA2, PR T HE& . XA 1%
R BT AR PR ECRE R I 21 e 5028 rh B ORI W ) e K
TR MER s BIER SIMAGRZ U, IUAEIIR A A DUR IR, I O e v
Fos G HURTHI N A, BRECR BT RE AT IS M A, BN SRR & b
IBATIER R HAES N SRR AR R 5 AN, LN 285015 2 T 000 N B
Y Fd 7.

XA — Pyt s HY Cri 5 A COREIE B EIARAE, A2 AR B0 »
P, WA ADRPB ALK, AZFURAEHSLSC AR, T Cr R ik
BHAEZEA; Ttem M26 Wom TIXANHE. QR —ANRAEEILSLG i ald A, A2
MR T4 —f), H Ttem M27 (A5 20K omIBIX— mio WIARFE DA IE AIR R R — 02
AR, I EAT A RELIEIX S AE (UL Ttem E27). CHHft T a8 KA IIRE



RAGRERGIE Sy o FITE 5 S AL 10X SeRp M R e R P A et

K4 J5 s e B AN, 5 REZRSZ 3R AE R S ok R o R L B (K2« i 46 “ demand-paged”
(WQ: “HI SR 2 2RI IR RE R, FEAT A PRASBAT 5 e R B80T L3047 AR
KGR S R RERR 7 AR — AN BRI 5 R, USSR AR 2R SR T A
o WAEAE S, T, MR ASLRVE E e WA, ek
R I HANEAELUE b T T 5T S 50 A R B S ) 4N 2R (K38 AT PR F S T 7 1 il
ZAEAEXM (W Item E36),

Wb BRAEAN S IR AEL AN 3% DURIE R 25, B N NIRREAE 7o AT TIRAE B AT I A M T
SRR AT LS ANIX A4 (I Ttem E18) 0 W BUIX L pR B wf LLSEIRIY, A W &A1 A
FAAT o XK, Ao AT N G B 42 S I BROUARSAS T A = G AR BRI N4 DR it bR 25
k& RA, W Item E11),

BET e MBI 85 IR XA 12, AT BRI B BT B AR IR TR R A LI T
Mo FUAEEIRRAAT HORFE— 3 A F RN, Ui int kAl

Tkih: HEDRRE AN, i NIXafil (WQ: ZAREND. fbfisimd: <M B
O H CIRME: BT A AT A I 5 4 S T LA s SR Rl o
NP, — RIS, REREm IR, A A NS At bl ZERE CKEST
WA AL P T AR o BERAFH P AT REARAR DY, BT AR AR IR B v 15 T BABIT 1L S Ek
1B IR LEHE R (B 7O Ttem M33 A1 Ttem E46).

BTG SRR LA TR R AR 2, A TEEREN)
LB R AR AT R I S5 AR AT EU (UL Ttem M16D o BRSO gt s (B0 B T (KR 7
WMAFEPRA, KRS0 JUEN S A — MR R PRI . TR I A A A 4
TESEHT G LR S, B AR A, W SCRATFICT & o XA RIS T 5 E R
NI EE SR

AR ACR Vvt 45 24 T Z AR AN, SR SRR o ST e e s K SEIRAN T B ] ok
AT (7 W Ttem B20). IR HE, fHI TG4 ) i 4 2 (AR STAF P RO AS R Gemlesi B (L
Ttem E31). A FEURIRMI BT, BRI PR TERFANIRA R HEA G e — — B
SR EE A R AEK (WL Ttem M4 H1 Ttem E43). M5 3 RTITI A, BHE
if... then...else BUHIEAMEH (FHRS W Ttem M31, SRJ5FH Item E39 LIFIT). 4
Wy BIBAZIRAZ T, B4 if. .. then. .. else A EEH, WHRREET A, K
Ags NG B8 A BT 15

X A IR R MR 8, ARG R AR TS s BRA—AE L CHE R
Y (RAE, FZEEHXARD:

LGP IR E, HEH N delete — LRI D HI B *.

X, B, DRILURAR, HAihul, XAMERRR, WARIRR AR KL IX



FERS, FEANTEEL B A AT R 4L

class B { ... }; // no virtual dtor needed

class D: public B { ... };

B *pb = new D;

SR, MARIIANIX A —RJI, SO T

delete pb; // NOW you need the virtual

// destructor in B

KERA, P AT — AN — — 3T A delete 7] — —SEbr L 32
PUEM B 1 o WAXRAE T, I B I AR B g . RN T IXAMEH Y
i, — 2B G IR S EOC RS ) B PR R . XA AR vt

W — 8, S MEHSE

AR — L TELER G REHTFIEREC T HIIR A TETETL Il o e E AN % B P ) e 2

WER UL, XA ] -

class string { // from the standard C++ library
public:
“string();
I
class B { ... }: // no data members with dtors

// no virtual dtor needed
{HMN B k7K —ANFIRIG, ML T
class D: public B {
string name; // NOW "B needs to be virtual

I

=%, — KT B WA I /NN AR A G B8N T — AN B85 13 1T 44 o8 501 1l
XFGIIRAEZD AT RER ZRRACED (K T PERERE R . (HAE RGP, NN % R AT /N
FEM o IXANBEV AR LRI T .

Fl—EHS T

UIRZ TR R IFZITRIRE, FFA TR 2 DT R R 4L

ARG, AR BAT NS E . P IR B AR E 2 a2kt 4
JRIAFT TR BRI E? AR 7K R G A A AT BT ) o 42

KRS R o A W —ANKIE IER B A, 12 M XA IR g it
NEAEAEN . AR SIH RN R — AR AN (RMEBLEE
BAWIX 2L, NI — N ENT L (UL Ttem E14). IXFERISEAEIAE R R AR
ITIER, IF HB RN EANRAER AL e P . (B, A gm,



FIHATH R B . R TR E R ASME S, He P2 5. )

AR (FE CHAsdEz T EEH W] string VAR A8 T — AN AT 6 2001
string K. HAE R RS

NI B EHIEDTIIEREE, KBNS string B vibl. BN TEHZ LG
— I string #* AL 1 Bl TG X L AT/ HT A -

AT N A 0% JEAE 2 AR I S I 2% 18 2

MR, vbtl ABAR LR (W Ttem M24 AT Ttem E14), K#B4) string Z(1SeBl
AR RN EAT—A char 5%, Froldgin—A vptr @EEEA string FEH AN .
P AR ABEAR N AT AANE LB, JCHZXN T string XSS LS & AT 2. X
(282 JE T2 M RE e PERE I 20% K582 (O Ttem M16).

WA, —A string WRMEIMALE——"& A SN LRSI R HED 7 57— — i
KT ARAF—A char sREFI RN AT IR, vptr HEINEIAE 2% I A28 4 B %
Mo AL, XUPBREANGIEN B IE. (i, [SO/ANST AR#EZR ST IX A KN briE
string ZRAAT —ANHEME AT R £

SEAT ) AU 2 AR R R “ AT R ABEAT — A string *, JT LUXANECN )87,
XA REAE AR, HABATHRAS string FOE PR AL E LT IC M TT AN S A8 HT B SR P i — 6
Iye HIMEHITRNG, BN CHIEARFE LA, BN AR 7 1A AN o
X NS TR string WAT REATAL BRI 5 SRS 2 A2 P R A A Al AT TR 2 SN AT RE BT A R
Hort, Hl string #3541 delete XJ RN AT RE CAEA LA, 7E string MFREHAIS ] LATH] RTTI
BAE T RS B AN IER S RS ? XA 5 T IEw A I i A2 2 RS e 2

XA R B AR B A WA ) SCR LAFR AR string SE8EATHEBTHAS nT B gk 2K 1, (RN
R 52 B0 R B AN R BE B BRSO N 2 R A AT 42

— AR TTE R CH+EH EORFH Ik K . Ttem M26 #iidR T /B A BRHIXT % KA S 4,
LA H] auto ptr X ZORIFAEHEP N SR . Wi string X R4 LA S LGB AT,
it EEIXFE

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

KAEF XA

String s(“Future tense C++7);

B, 228, N TS AERR 2R AT A 2 A AT B BEE R . (6 string 28,
XRPRG S, XS, XFERAH R B2 EA )

LR, HEATIN SIS BB 2 T B o AR TF R I A AR AL I P4 B LAE: IRA



HEAS 21 L 2 dofT A SR ME (R i) SEIL T o "B ZRE LA SCHF A B AT, s dil
EARIIH  CA W G BUE N TR RARRIRIE R S TR G SO E B . b0
AR SR A T2 I VEBE s ARVEUE 5 SE /N SEAR AR PP S8 AR S W P o T2
R PR 2 R M, WEEHE CLRM T (vhich often means some time in the
recent past). IXEEHEEER ARG RAREZEE EA ]
AR N ZS (1) 7% f HUR f b g i T — LU ARSI
o RALERMIE (W ItemEL8), HMEILLLE NI A WAL . WRAE T HT
K, ARAH BN Sk 28T

® CERURIEE BV HAE T W BRI B 10 WA IR (W, Ttem E46). 132875 5 1L
fFERITAS G . B, BEIEE DU I RURE B4, W R e DA A R X
(G (UL Ttem E27). BikdfiortfE (W, Ttem M33).

® LR EA FRHIRAREE FH AL ARG ARES, S ABRAG S . B, an SRS )ik g
B, 26 8N el A4S ] LAAL BEAT A n) AN A &

RRITARIIE EIG I TARPARRD v T Pk AT ded k. ot rl, O RAEIE R AR
RN G TAES &G AT N A AR AR AT AT I o R 2 R DU RO TR I
B, SRR A M T AR KR e . RS AR, R EEHUER, fEARKN
NIRRT

8.2 Item M33: ¥iiERMGRE T hME K

BB IEE NG ADNRAEIH , BB Y. EXANRIER, KZUWREsh %5
AEH AL, HPIFF B — — WG AN — — S 2R A B AR, TGN/ 5 B R VI
ARIEIXFEN:

S A B TS ST R TG 2R/ XS 2 A B S LU X P R 3h 4 1)
FrAT M.

X EN R E X

class Animal

public:

Animal& operator=(const Animal& rhs);



b
class Lizard: public Animal {
public:

Lizard& operator=(const Lizard& rhs) ;

b
class Chicken: public Animal {
public:

Chicken& operator=(const Chicken& rhs);

I

FHHEH TIEE R R, HOSBRAM T FHZAERAAS:
Lizard lizl;

Lizard 1iz2;

&lizl;

Animal *pAnimall

Animal *pAnimal?2 = &liz2;

spAnimall = #pAnimal2;

KEAGHA ., H—, BE AT RMEZ H A2 Animal 2810, BURADCH BN
KM Lizard. 5%, HA lizl B Animal FB08E . XEFMMME. AWM, 1izl
(¥ Animal BCO3A T oK AT 1iz2 M, (A3 Lizard 01580 AL .

B ) U B AT AR RAEACRD S XA . FHER B R X RIRME I AN W, Rl
HREEXT C A+ @ LI HAL B CHIFE T 01 o T LA, AT TV oK A ¥ v 73 584 B o 41 Ttem
M32 4R IR, FRATTI SN A S 4 A TR AN S e R, 1B XS 2R 2 O 2 2 i H
o

—AMERTT VLR WA IS S D B pR B B Animal : s operator=/& HE B, A
EIE AR Lizard FOWVERRSE ONZBRAIMRCAD . SR1, FH— N eSSk
fta:

class Animal {

public:

virtual Animal& operator=(const Animal& rhs);

I

class Lizard: public Animal {



public:

virtual Lizard& operator=(const Animal& rhs);

b
class Chicken: public Animal {
public:

virtual Chicken& operator=(const Animal& rhs);

I

BT Gl F Bl AR B G FRATTAT DUME SOk MIE 2R A T R AN ] LA R 28
R THD, B CHRRE I FATT F AR [F) (K S8R A . X EUAS Lizard 28H1 Chicken 251K
WA B A e Z0THE A5 R S AE RS Animal X5 Wl U, IR BATTL 20 I IXAT: (1)
F AR S

Lizard liz;

Chicken chick;

Animal *pAnimall = &liz;

&chick;

Animal *pAnimal?2

*pAnimall = *pAnimal2; // assign a chicken to
// a lizard!

MR RIIRA : et Lizard, A7300& A Chicken. JR&ZEIIIR{E 4
CHHHIE A I, DRh G+t S S PP e e AT . AR, Gl 4 Animal FROTR(E
BAE BN R, BATIF TIRARAMRAE R,

XA BATAE SN o ATV A% SOV AR ST WEAT (RIS BRI 4% (b Jd i [R) R 1 4
FREEATIR G AN . ergifive, AV AVFIZH:

&lizl;

Animal *pAnimall

Animal *pAnimal2 = &liz2;

*pAnimall = *pAnimal?2; // assign a lizard to a lizard
AR AE X

Animal *pAnimall = &liz;

Animal *pAnimal2 = &chick;

*pAnimall = *pAnimal?2; // assign a chicken to a lizard



HBEAEIBAT I AT, B RE*pAnimal 2 T4 +pAnimal 1 47N SZIER, ATIFAZ.

BT TR T SRS AT IR R (P PR Fd . U, FRATT 5 AR TR A R A I i 1
TE operator=N# &4 TH G, TIRBRUAH RIS,  FRATTIHEE §2 30 5 1) 7 X5 O A
AT LI dynamic cast (UL Ttem M2) KS:Bl. FIHZ/E AL Lizard IR {E#E:

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 B R AE rhs 15258 Lizard BB IR 25+ this. MR rhs A& Lizard 287,
PREUE L Y dynamic_cast FH RIS bad_cast RAYA o (SEFR L, SRR A e
std::bad_cast, KCAFSHEIZATIERIALEA T, QAR AL 75, #6 T a4 std
e X FARHESATERIMEE, L Ttem E49 AT Ttem M35).

RUAEATE AT %, XA R ECR R 2 B ) S 28 By 5t — —dynamic_cast (A%
SIFH—4 type_info &5fy; W Ttem M24— — [R5 0L F & /& Lizard X3R4 55—

A

Lizard lizl, 1iz2;

lizl = 1iz2; // no need to perform a
// dynamic cast: this
// assignment must be valid
FRATT AT LA BRI A 5010 I 75 59 0 52 2% FE siqE 2% dynamic_cast, BT Lizard 380
— 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



// a const Lizard&

Animal *pAnimall = &lizl;

Animal *pAnimal2 = &1iz2;

spAnimall = *pAnimal2; // calls operator= taking

// a const Animal&
Szln b, g T ST operator=, WAL T T ISLHL .
Lizard& Lizard::operator=(const Animal& rhs)
{
return operator

}

IAEIXAN R HGR BIH rhs B4k —A Lizard. WSS, 305 (IR E 40 .
FW), —A> bad_cast S B H .

YLSETE, EIEATHIMEH dynamic cast FEATRAAGI, X AR E K G —HFHEEE,
— L PERAN R A SCHF dynamic cast, FTUMERE A BARB I E AT R RIME, Sk
b EAS—5E . HHEERE, EEKAGH Lizard Al Chicken K] 2o 25 AE A R AR 45 VE IR 4
HEA L3R bad_cast Fp IEAEAANAC I . A AR B X A1, A8 AANE RT3 3
V3L Ak 75 e S T 7 26

fE TR KT B ERAE 12 NAEH AN R RPRES G, 7RSI ) F 4 s L)
TR B AN TR B P 5 AT T 5 A ) AT 1) o Lt X PR AL V5 U A1 G
PR, BATRA SN HE T .

BRI TSR Animal ¥ operator=8 4 private. TJ&, Lizard X% a] DAGRAE
25 Lizard X%, Chicken X% n] LIR{E Y Chicken Xt5:, {HHR/> BB A AU w2k 11

class Animal {

private:

Animal& operator=(const Animal& rhs); // this is now
// private

b

class Lizard: public Animal {

public:

Lizard& operator=(const Lizard& rhs);

b

class Chicken: public Animal {



public:

Chicken& operator=(const Chicken& rhs);

I
Lizard lizl, 1iz2;

lizl = 1iz2; // fine
Chicken chickl, chick2;

chickl = chick?2; // also fine
Animal *pAnimall = &lizl;

Animal *pAnimal2 = &chickl;

*#pAnimall = *pAnimal2; // error! attempt to call
// private
Animal: :operator=
AL, Animal 2 SEAASE, XANTFVEFIN K Animal Xf G0 K BAE VP2 A HFE T

Animal animall, animal2;

animall = animal2; // error! attempt to call
// private
Animal: :operator=
i L, A AN AT REIEASE IR Lizard AT Chicken ZE8AUIRAERRAE, N IR S M E
A R BT DT AT I LSS A T (E 45 A e 2
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 AN )] LB LS Animal::operator=HIB]J protected SKfg#k, {H “suif



Animal %% ) (IR T BELIE Lizard F1 Chicken X%t Animal FIFEEFHEAT B0 WAE " 1)
PIAE i) BATISRAEAE . FRIT B AT8?

I Ty IS AR Animal YR AIRME KoK, HBA 2 M SEIN 7525 Animal ¥
%I NS, Animal AEERESEHIL, FrUABtEA T Animal %% IR ¥ 7
KT o MR, EFET A, FOYBATSAIN R Y Animal X200 . fH—
MR G AR TTE: A Animal BO%RE, JATE— 82— — 0 AbstractAnimal
—— KA Animal, Lizard, Chikcen MIIEAEME, JHEEBOUMERIR BRIk A SLER
M AbstractAnimal 4k7K. &S0 4k AR F L IX AL :

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);

&
class Chicken: public AbstractAnimal {
public:

Chicken& operator=(const Chicken& rhs);



I

XANBEU AR IT LAR TG B AR P o[RS R (R B A AV, 308 20 TR A [ R 28 1 17
TG 28 1 s JIR A A8 POV 458 1 R 80P LA FH 28 PO BB 1 R 250 U4, T % Andaml
Lizard 8 Chicken KRG #A T A K, WAHXLERTREE, HAT 55N
AbstractAnimal HIERFFT —8l. HE, XL EE ML, HXZ NG MR T 9
PRI I P WAL V5 ) PR AT DA A TE A CRY T AT A ) R AN I i P TR 5 ) A e il o ™ £+ AR AR
NEARHT

PAFFFIX— V) TAE, AbstractAnimal KUAUEIZ K — —ELMEDH AR R
RIBAEOCT e — AN IZXAER R EUE B W B, BAERD WIS BL T, R4 RINTG Z 01—
Uy AbstractAnimal IXAEZE, BEATMEAN 0L REOE HARIZERE KA. U, AL 057524
ARG R PR A Al BR A XA RIHIFTR I T R4, SR BT B AT R 3 (AL
Ttem 14), &7 2 SR SUHE (1 E— BRIGUSE f2 A7 E SR IR s L2 AMScBl e (91 L P195,
Ttem M29).

CUn RSB — ANl s B AR b o TR, AR IR AR IT I . H B — AN Ok 1§
AW AL, EEREA:

® YRR HZ

® (T AL YRAE I S A S0 ZIUKE I R BRI O — A Ul (0 R R (L 2 it

Afgt “= 07

SR, Aoy Al oA AT S, AR BT R R AU AR . e AT T AR SR,
DRR e AT T IR A 2T 40 o 50 R P I ks g i L, e T8 AT AT 55, i Wik
JBCRUE (I Ttem MO) BRALSEV R o SEBLAlE s — O H L, (E 2T R, EAR
SEH L, EEALA)

PR AT B 203 2 B3 LI PRl JE A4 e AT IR D 1 ) R0 D TR SR 26 Clan
Animal) HEAET . AR CEITIABIERT, RATREARH, BAMASH B, N
HOE (0 SRR A T 1 S ARSI 22 42 1

JOEHR T AT LA SEARR SR PR il e Kk, B BT RE A Bl oy, Bl
EAIRBAT o WA AT BEAT B R, AREAE AT U A o) ) R A R B e
BN, PRI AIKIE (B0 Ttem M32). WIRIXANIER B RS H E K, A
CIAERAZIE RIS, B B LR 2 Ak ?

Fln AbstractAnimal JXFERAHG AU Animal KB SEAHES, JLUFAbiE LG &
FLHLAE 1S operator=[4T 4 5 T TR, BRI TR E B 2 &M TTEe, XRIT N
(K14 NANT DRI J5 RS T Ttem M3o ARTT, XA I KGR R AAE v R b,
DA XA S B VR W A A P AT AR R AT A (R Sk . B2 B, e AR o A H (1 J5i 7Y



(concept) fllith THHMZIE, RIAEARIFA RITE X AT H 0 S5 28 (P A7 A
WRARA A IR C1 1 C2 I HARE C2 AN 8kA& H CL, RN 1% AR 4k 2
RCK ZANRI AR AR 2R, Tl AE — AN H 525 A 3B C1F1 C2 A& 4k 7K -

C) (A)
e ) @

Your inital idea Your transformed hierarchy

PG B B SRR E 2 A IS 2B, CL ORI C2 A IEE; bR A4
EAVH AT AR AE RS (W Ttem E35). BMUG, VR & X Lotk B 2 A
Lo MTH, RDAH CHIM IR X LI PE A UK, B ARG AT T, EEA
T ARSI, AW SO 0L ek BRI i s SO T S

XY FET S AAZ I T, REARARE R T RS, RATA
IVAZAE L 4 AR AR Z B AN R B X REAN A (AN R R R IR AR AL ) (to
embody the abstract part of the abstraction) , — Mg SEAAIKERA GRS (to
embody the object-generation part of the abstraction)) ? RWi%. WHIRMRKIXAMT,
KA AR R R Z . IXFER AR A A F 2 AR, 3 LB 1, gt i AR
ot e IXANJE I )0 S BT H

HHMZ: S %, Jrmaei] O B RATEND BTG IXRE 1 sS4k
EEARAAT RS ? WERE AT A SRR R AU AT 2 W R PO AL R 2 AT 4 2
AT4kR?

T, FAFE B AT AR R R AL, BRREE . &
LG AT RE HU& 53 1, AR 2 A 5 T B GOB 2 A = K B4, A7 Al G 2
Lo 2 AT LIS . MR U, BATAR S TR ed] A O S 2 I (b,
AR GIE AR D, I B e T — A AR A A G F AL .

FE— AR B — R e B, AT TC A B [ I i — AN 538 O TIEANEZELD A
—ANSEARSE O T EBO RN R S EMIK, E58 S, IR e X A 0
(1o PAMRIE A8 5T L SEI T 3X AN AR, I HAEIX AR rh sl vk AR 7 54
RIS BT FH A S, BIASARA AN RN A S R B R . Sl T A A5 A Sl 1 e 1 Tt A
1T RIRE S

FRATE — N AN R o SR A Gt — AR P DA A B R sl o v S5O L R )
B e I, T8I e 7 o s G AR SR D SGEA T AR i . FRATTIA A B Sk R 7R ik 4



PEAAEA, I HIX SRR R R D
TR AR AL AT — M i, B AT — . WVFIRIT I T e P sOR s .28
RAEAE, (SR SR, AR AE AR SRR e AT RS WA (for the
concept that a packet represents) BEBCUF—/MMZIE, ATE— AR bl i) S
WY RARIZ AT AT LALE DU 385 D008 R B 0 1A FH SR 328 o A4 R B8 o 14
ol QRIS R P AN g v o (HIXFP Bt 5 22K, ARIAE AR 2 A CEEXE TR
AL FH R RO () o SXAHAFNG, N vevh B 2B UL ARV AR, XA R
FREMAN AR ?
RJLBAT O EMILESE, (AR WoR: ARATEA TR T RN A BT 2R L
PR ANARER) o W AR AR QT T RIS, IREARIEE EM, JUHRIEIRIMER K5
BT ME— PR B A SR B 2 04T, AT 7R v HE ISR RB A ok IO 28 N e b T AN 2 e 4
FEATIE SN, ARA e NEHE I R D3RG Ak . (IR e THERAB L, IRAFATE g0
P A B (0 2R AR, AR BT 4F 4k )
AR K A BT tH— N R R B 38, BRAR RS I &R B £ 1) X1
PARCEATTAHIN A RS o S8 TR BRI 250, RO EEE S8, 253 LUG 75 2L 5%
RGBT T 0 o
P UL VR R AN IR T R BN BRI 5, (AR k. B RE
Fe i ks YRR R S AT i1 EE B IX R 5. ORI SR N — AN SRR AR
H ISR 7, XA AR ME TSI SR T . AE B AT, HEEE A
IR AKE I SRR Rk, W RRTTE g ..
MG B2 A L, BT LS 1R T AT . S =071 CH2R RO, 4 R IR
s L NP o R SEAR S YR A — AT R SRS, T AN PR FUAT BB, REEE A
PRASBEAE BERE UM — AR5, T DRI IEFRAR TR . AR TG
®  \UAFFER SEMISIRA RN SEAASS, I LIATAEA Ttem FFARIN 15 21 1) A 7]
B URIEEVE AR Ttem M3 i (% v .

®  GCEITE SR (F Ak AROR 1) BE iy bR B AN TE BT AR R RO A TR A 52K,
CHMTARK . 28R, FTREBCA GEMZ; M, IRATREAEIAE SR E Oarr
R D SEAARSE szl T A ZR 1 .

o OB ARSI I ER BRI HZE (W Ttem E40 Al Ttem E42). 5T
B, RAG— SR R GO B S 0L, IFEIRISE P S e A

class Window { // this is the library class

public:

virtual void resize(int newWidth, int newHeight);

virtual void repaint() const;



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;

Xy s EARAE SR PRI N h EHOR IR B NSRBI T BRI HE X
FRPEH ISR R BB BE ST, ORI A2 4K
o iR MEHIREPRZE, ToRIR B SRR B EAIARKE ] . AR5
PRACKIEILY DI E. ORLEAREUMAIA R M BAT MK o 45K, FeRrR A UK
PO AR I . WYED S TR, (HEAESER T RITHR MR
IXIGIR P S ARG, FTEMRAGAME AW RS e 85 25 . XA B2,
EAEAH I UL IR SRR E IR E & GNERATHEN) B L, K iR
R R o FEls T CLLECREII T BB, BEIN TR A3, RSt w] e dlecicidt o
B, BN ARRIERRNZE AR I FEALBAN R ISR, (R AT BE S 2238
Fi St WU PR (30 o 9% el TR A P A R IR o 9 TR T3 6 SR .3 3 o N P T
RN

8.3 Item M34: Wf[7E[F—FEFFHIREMHAH C++F0C

VAR, R BEALLG TR — #AEH] Cr+— ] C, sin 7 4 C 4
PRI R A 2220 1 e o A SRR e o INEZ e e, BRARAS R #4745
FE5 SEBURSC IR PE (i int A1 double PR, 4220530 B (HIXA A
H AR R RN T, BT LAME— R I p 2l e P A G R I 2R R AR U E AT IS . CHAT
CIR-GYMFEN FFE XA, Py DALE SRR S P il , BORIRIK Cr+amBEdsfl C g1k as e

e

7.



ARG, AU IE R . A48, FRaSPIiatl, WAFShAII, Bdnd
PR o
o LA

YA, T CHAERS T ARG M TS A T £ CH, AR
ST, PR RS, (H)LP T CHRE P HAT B 4 (B, SastT ek i
BT JLANRRAS ) operator<<Hl operator>>). BN LRI HERALT, K hiEEfs
P ok 7y PRI 44 B BR B A4 AR R R R AR P 1 22 b PR P A0 5 1R 455 R 44 I 2500
—

W AR CHHEfl N, ZRIASEIIR. WERARIRA — A REY drawline 172 B4
BeLHh xyzzy, IREMEHAST dravline, NETEREIIEIGN obj MG HIE xyzzy
¥

R drawLine f7 7 CIgATErf, JRHUZE — AR 7o AR CHIESTIR a5 2k
SCAf R ]

void drawLine(int x1, int yl, int x2, int y2);:

AR A P 5 2 A drawLineo AN A A4 G 136 ds e 46 DA 1 T 44 22 )
PG FTLVE N2

drawLine(a, b, ¢, d); // call to unmangled function name
ob j ST A R FH IR 0 -
xyzzy(a, b, ¢, d); // call to mangled function mame

{E12R drawLine j&— > C B3, obj SCMF (BUE EBIASHERE LRSI P&
G 1Y) drawLine pREUIIRIY drawLine; AT 4ARHENNE. HURIKEKS obj SCAFHER AT
P, H5 58] — AR, OV BERRRE P AR T 4R — D xyzzy ITRREL, 0BT IXAFE (1 BR B AE

BEREPOXA ), AR T EE— P VE RS VR CHdm iR AN B AN BRI BT 4 2 4. IR
AR AL e S SR EEAT 448, W C. L4, Fortran, LISP. Forth Bl &, (&
[y, 3k e e W i A AG COBOL, (EAISH A3 #5 2414 2 (Yes, what-have-you would include
COBOL, but then what would you have? )) &2, WHRARHAH IR FH drawLine 17 C
BREL, ESEs R drawLine, RIY obj SCFNAZE S IXAEN— A5, AR ST
T A A o

AR IE A AR, AEH] CH+) extern * C f7R:

// declare a function called drawLine; don’t mangle

// its name

extern “C”

void drawLine(int x1, int yl, int x2, int y2);:

ANELLAH —A extern C, MAN XA —A extern Pascal’ Fl extern



"FORTRAN' o %1, E/HE CHbriEdf . AEHE extern " C FHAELZH XA REUZH C
BEEH, WAZEE P UEA BN SRR C B — AT . (ARG
s&, extern’ C BB KEA C 5#, HRXNEARILLEENB AWM. A, &
SERE g 2RI T O

filtn, wn RASERB B g0 S — AR, AR AR extern " C

// this function is in assembler — don’ t mangle its name

extern “C” void twiddleBits(unsigned char bits);

PREER T LALE CHERZ B extern” C o XAEARA] CHE—MEGH AL EIETNE
JUEFIIS A o S A8 X8 CH+pR B 44 A i, URIR 2 A] LA IR 16 AR T B
4 AN FASE FH AR PR 20 16 A2 s P 2 80 J 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, A HERR B T A A, BN IN extern” O I . SR,
KWL E . extern ' C A LI —H e BUAER, HEDR BTN X K5 -

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);

}

XFEALTH] extern * C fajfk T 4E S LL 2[Rl I (i C++A0 C A RSk ORI TAE . 4
CHEEER, FRNAZIN extern " C, HH] C Gk, AN ZIZFE. WIL AL CHE et g
X% __cplusplus, PRATELKE KO U :

#tifdef _ cplusplus

extern “C” {

#endif

void drawLine(int x1, int yl, int x2, int y2);
void twiddleBits(unsigned char bits);

void simulate(int iterations);

#ifdef  cplusplus
}



fendif

MAE B — ", B BniE A A4 A4t o AN [] A i 1 4 T AR AR T AS [l ) AR 75 5K
11172552 _EANTR] (10 2 1 5 T I A M) o 3T PRI 2 AR ITAT (0 G0 196 24 A5 P R £ A2
W, AR A ENE A 2 AR . BE, WURIE S BERCR B T ARSI E 10 obj
SO, BT RETG BINAZ B R, USRS 4 T AN LEC . XAMERIR T, JRATREIS A
FUE AR R, F R B L U SRR ET

o MR
FEHER T 25, VRAG B A CH S 7 main SATRTATHAT 5 #AT KR AR

PERARAT . JEIRE, SIS SN E AR SR iy 4 25 () i (R SO AR IR R0 S A
W RRHOR AT main BEHATRTREBER A . XANS RSV (S0, Ttem E4T) . XH
ATTRE C++F1 C R/ Pl AR S, FoAT]— B30 main MAERRFIIANC . FIFE, @A
WIGEA A2 B A B R AT AL A b U ] AT A R 8, IR I R 6 & A4 main R0
BATZ )G

N T R main () ROZE SRR, TN O H AR main O AT HTBIAL G 1 P AE o] 2L
VFZ A AE main O BB ITIRAEN T — MR R AL, ek ors S yIiath . [FFE,
G AR main O S AUCII AN T — N BRBORIT A FRS N S 7R AR 3 B K GOX

int main(int argc, char *argv[])

{

performStaticInitialization(); // generated by the
// implementation

the statements you put in main go here;

performStaticDestruction() ; // generated by the
// implementation

}

AEEE T X% L Y . K Hl performStaticlnitialization() #
performStaticDestruction ()i H & WK 45, L2t BRI AL CIXINAEARI obj ST
FOB R A FIX S B . B SE: WIS CHg 3L SR R 7 v S I e A RN R e At
%, BrAE main O 2 CH+5 1), XU GOR WS ATIAAATH o BEA IX R A6 AL A AT A i
ARG TR el Y, BRI 8 CHE R, RN CH+5 main O B

AWERAN €S main O AR —— WAFR PG 452 C 1, CrHior Hg—AN 3
FRPE. AR1, IXAS CHRRATRE S A A % (RMEBLAERA, UG RESfT ——2 I Tten
M32), FTLAH C+'5 main O 388N TR . XA RRE IRTTEE SR C AR, Nk
CHHmain() 544 realMain ), KRG C+HIRAH) main O i/ realMain () :

extern "C” // implement this



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 N bR R R AR SR A

WARAGEH] C++'5 main O, UREEATBRIGTT ,  RIA AT H e T Ml DR AT 52 1 A
WA SRR T o ARVER T, FUR AR LR RO — 28, G deas 27 Bl 1 x4
), JLP SR AL T — MBS R R KR S SR AR S TR A R o KN T AR 1) 2
PR B AN, 29 e R BENL SR B AR A R

® &N
IAESE BN Z A W A7 BC o AT HAR 7 B C++3870 A8 new Al delete (Z I, Ttem M8),

C # i malloc (E(ILATE) F free. N new /AL WAFEH] delete BEM, malloc
SR free B, MAmtE . H free B new SECHINAFEUH delete BIK
malloc ZFBCIINAE, AT WBAE Lo WA, ME—Zd A RImEieE: KIRH new Fl delete 55
mallco Fl free HEAT ™A KRG 125 o

YA Sy o B — FIEAHLRE ((HAR 7D 16 strdup AL, BIFATE C R CHasdE (ia
FPPEY T, HARHE L

char * strdup(const char *ps); // return a copy of the

// string pointed to by ps

TR A WAFME, strdup (KR AR D 20BTBAE strdup O) HAMECI I AF . (HIX N AFIX
2RI FH delete? H free? WIRARIAFIN strdup K H T C BREE, MG H . Wf
EAEH CHEI, IRARERTE . AR strdup JEITHEMUNERE, AR ERE RS
A, FEARR GRS NG . S AT B AR ) 2, AT REIRE S o IS L AN
PRAEZATEES (0L Ttem E49 Al Ttem M35) &AM B (FERXZEOIENTFEGT)
PR

o RS HMRICAN
R Ja— AN A BURAE CH+1 C Z ki it . AT RELE C HURREL T CHRURFPERY, EA]

IAZ LM BR E AE C RN RS o DAL, ARVERE, AT AT RS ARLIK koA i 0 5 sl i
o) B R B FR BN C SRS, g, C 7RSSR, BT LUEAEARIY CHRI C giedt
A A R A, PR T R) 1R RS AT LA 22 A AT S 1) 6 SR KR T R 1) S A 5% PR RR
B A DY R . AR, SRR (A int. char 55%) (AR AR R] B g,

PRy CH+rP ) struct FIRENIHEA T C FRAREIN, B “ PRGN PRas T g LI TF] — 45
AL Ry sCEAT AR B 2 24y o IXARIZ R ] LAAE CHeA C ML 22 Aok [ml A .



RARAE CHRRCATIGIN T AR, LA A3 se, Bl JAARR R B 4k (5L

IO XM T ENE C AR (g SO F 35 T IX 2858 55 pR 501 FTD o 890

2 PR ESCRE 5 AR O HO SR — AR AR (S Ttem M24) . MILE S

(B BEATQRAR (R 45K, T B SR IL N A 45K, PTLIA SRR ST A RE S C BB T

BRSNS, G102 fE CHMl C Z[AX PR LA Bl 45 M) 2 242 () — — A C++

HC R SR AL FIFE E SORBEAT O 16 o 75 CHRRAS P 9 AR - B 5% p& Bl v AN s e ek, {3
JLT-HE K SR AR R WS o

o &
WRAAE R —FE P RS Cr+5 C Ywfs, 104 FHnr+s 5 5.

® iR C++A1 C giddn ™ LA obj 3.

FEAEPIANE T AL A R BT W extern " C .

HERE, M C++5 main() .

] delete BEJH new ) HEHINAT: KU free B malloc 3L i) N A7«

HAE PR T 75 TR A 328 10) 2R V8 BRI C 2 3 P 50l 45 R RS Bl A 5 TR B 254 1) C++
FEASRT LA 25 A R R 5% R R

8.4 Item M35: it H O IRERIRUE C+HHES

H 1990 4EH AR LAK, (The Annotated C++ Reference Manual ) (MLJ5H45 P285, Fffsk:
WA e BRI S 2% F ISR AT AW 202 CHa A A2 . BB G
[RIXLEAEK, C++F) ISO/ANST ARt L R AE T KRNV T (CEELRY 7). MRS
Fht, BEEARTEHT .
75 CARMY ZJi5 CH+R ARG H W T 5 MR P AL REERE . BRI, W)y 50
MR, BAGR CHbruE IS CARMY Ll (R SR AS [ AR F L1
ISO/ANST CH+rifat ) 1 S G PR NI ZEZ IR0, A A& B A 220 AT,
SERRIP UTIAERS CH+ R AR B ) I FH R 4R AU R 1. 78 CARMY 2 J R AE I di AR At
LUF 2
® AN TOHAEYE: RTTI. 42500, bool, J&HET mutable fl explicit, XfH%¢
MEHEAE, CRAESRME CTHIIRM const static R,

®  BINH R T AR ARVE T BT, BN T RGBSR S A TR, AR e AL
RVFLRMSE, BT LR EAT A BT S 4.

® i ALIRALANAL T S RS TR G R IR AT S S RS A, unexpected ()
PR BOILAE P LA — AN bad_exception X% T

O NAENEREBHNE T MINT operator new[]Fll operator deletel]pR%Y,

operator new/new [ 17E 4743 BT R MCRPREIN H — AN, A —ANREDY 0 ORI



D BIRAMEIERE . (W Effective C++ Ttem 7)

® MINT MR ME NI static cast. dynamic cast. const cast, A

reinterpret cast.

® IEFEMINBET T HE X o AR, R PMEATR e A UL T Cn

R JFOR IR I 2 G b Fe B a5 | L, IRAEZS AT LLR [FIR A 281056 4 Frt ks D,
I o %o 5 () A A7 AT T R M S

Y KA HR IR T (The Design and Evolution of C++ ) (JLJET5 P285, Bffs%:
HEFFEM) . BUAER CHERIE OREEE T 1994 4ELUS ) MiZh#a s 7T, Cnxk
A EAT, AT D Thh, ABAE T Ly Fok R AR XL FrRe e . A%
A, HERTIE.

CH R IX LA AEARHEIZAT PE (AL T T A BE SR R A0 RAh, FRAEISAT EEIRIB AR A5
EEAGIXFE E . #10, (The Design and Evolution of C++) JLF¥A & Mbnifkiz
1T PHEBAT MBS L I, OAISAT AR 1994 )5 KA T 4B BRI

FRAEIZAT EE TN RE T A R A5 (S0 Effective C++ Item 49) :

®  SUEFbRUE CIsATE. AL, CHMRICAFE IRV . AT T LA 2,

U453 CH A CIBAT NN, T C++E0 P IR ARG A, (HILThRERIAR, 16 C i
TSR B AR, 18 CHriil 2B AFE.

® UFFstring KM, FRifE CHHB AT EESEILAL I AAT A M) Mike Vilot Bl st “dn S
H—AFAER string BB, ARG T4 CHE A Wb#sh ) Fig—T,
OB P2 FIAR N — —hrdE CHHSATIHEA T string A,

o CFREAMML . ARSI FRFE, BLATE W HEAFIR ] 5 e
B 4 BT AR+ - SR AN R A ST AR AEIS AT PERT A M AR 1) S T I [ IS
PEAS TR SCAGHE DA FH R FE P

®  SCEF /0 #rAE . WBAT R B DR B AR CHebrifErh, (HARUEZR D12 E T /N
b BRI M2 T G2 dostram A1 fstram), #7r2Ku i T (l4m,
PL string HFEREAT stringstream 28554t T LA chars &Ml strstream 28, UAE
OB strstream 8T ), HARMER IS LA DR S ML T LAHT 1 S BLM RE A
hRg.

® URRHUFIES. BHL CHEURTLRIARTE, BAMNT IAESATIE. Jish, 18

ITHEAL S TR AR (valarray) DLGIRE . IXSEHUZ  LE o g 2 20 (1 25 2
HHELFITERE, JUHAEZ CPU RS R . 47 PEARIRAE T 8540 % I A03s 5 sk Bt
AT o

® CSCFFIA A ARAB I . FRE CrHsAT EAY T A BRI B 2, BRI AR AERSTAR
FE (STL)o STL fEhnifk C+Hig AT e i S dw PE i 43 o KR N THERR & e Pk



FENE STL |, MZUSERERRAE CH+IB AT e KPR
Py BT L PART AR P AR . AEATS R, BARPILIEATE Y string
X, b EEATIXFENSE . S, A MERARSENY basic_string KANIEFRIPA, EHE%
it

—NFERFR IS HOR G TF, X1 EHER R char H. wide char #i. Unicode char

>

H A

AT H K 9 string 2552 M basic string<char> ST R o B T8 4% F 45k
]z, ARUEIBAT AR T — R AT X

typedef basic_string<char> string;

X HSEAR B T IR Z 4070, KK basic string Bid = A58 BT 28— AN
TRINSH. AT string KM, WAHXIXANAKLMATH basic string:

template<class charT,

class traits = string char_ traits<charT>,
class Allocator = allocator>
class basic_string;

A string BT T AKX T 5 3CE, RSB ST & R IAT R AN L
W CRARTTELE TIAEN string PR, BORROIX LR AT Ry, 8=l iy string
FINAE, XA basic string SR ASAELE IR SE X L5,

Wit string 28R R LT 1% — — AN AT ARG HE AR — — e brt C+HiB AT
JE) 2 K o 10stream? ‘EATEMHR: —MEUSHPUE TIEATIMRAE . FH? 2B,
— AR BHE T W B AR . Valarray? BN, — DRSS HR I T 541 B A
TH A WRARARBHN, IAEIE A BB .

AN BB RS ARUEISAT RN LT T WAL S e A 8 E) std e AR
PRUEISAT P HLTH (¥ AR VH I G AR i IS AT PR A4 R, ART LA using FRon B A CRE 5
¥y using ] (S W Effective C++ Ttem 28). Ei&MJE, XFHEE TAEAfR#include
K Sk SR BT
® IRAEIEIR

Pt CH+I2 47 P s KRR B2 STL, AR 2R . (PR CHzAT R M LT BT 4R
PEHS AR, XA STL A B AW T o AN, BT P s sy MLy, L2 e
UFE IR, OEIAERRI T3X 4 )

STL AR AT RERE IR 2 — — MR LK Z B — — CHHIBATEMZ5H, T AR & I SE AR
HUEREEN . EANFFAMEER . STL T = AMEAMS: A% (container). T

(iterator) FHIE (algorithms). WA EWAAENRIE LR LT RIIRE NS
PR B R P R B A SR T PR 8 A — R AR STL (RIS s SRR A (L A 2R AT Ab 2
(FIRRE, I TR 1RSI



AR —"F C++ CFIC) PN, oK 2 B STL BOARNE T o JUR) T W) 1 —
e ANR A I FR BT AT DLIE A 4 H O AT R e 2R s90 1 A L TR T R
AR TS EE R TR, ek R B S Ve I AR BT AT sk PR XA T
B, HER R AR E L.

FRATT AT LA HI X 4 U0k S BAE B2 rh B e — MR e A I e B, 0 — AR, R
HOrT Be R IXFERY

int * find(int *begin, int *end, int value)

{

while (begin != end && *begin != value) ++begin;
return begin;

}

XA REAE begin 5 end Z (0] (AELFE end— —end Fi [ NINIE H BB R 6D A
Kk value, R[EIH—AMEN value FIJTE; WHREH K], iR[H end.

R[] end KRR E], Bl kAL 5, & [H] 0 (NULL 845t ASZ 5?2 fifjs NULL
AR HR, HIFAZERET “4F 7. find () B&ECL IR [FIRF 5 FREHE KR I AR RN,
B H M, end $85F 5 NULL $8 5 RCRAHIA . H, 3N TR2EE 201, end FaEH7EHE 2
et 74 R L NULL $R4H4F

ZIYL, XATREARAREI find O BRI T7VE, AHEANRAVIERR, &R PR
If. FB5E FHE] T, Uk AR STL AR,

PRAT LK A4 Find () 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
}
Pl UL AL — 00
int *firstFive = find(values, // search the range

values+10, // values[0] — values[9]



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 O BRI FBIFEAT BRI L BEXT int BUECAERAE, A LLe ) BLSERR b —MEhR:

template<class T>

T % find(T *begin, T *end, const T& value)

{

while (begin != end && *begin != value) ++hegin;
return begin;

}

FERE TGRS, VIR “ARAE” SO T “A% const BUGIH] 7o UM BIAE AT LAR PIAT:
BRT, FAIAGAFBAERAN T o FERF AR T, BAMEAE I S A F ik
PR BCNINT R R B T o S 51 CEANRZERE AT AT 50, AT S 13X AN IT
B (B0 Effective C++ Ttem 22).

XSRS, IR AT LA I s . 3 A begin Fl end EREEME. A “A
S W, RS AR (30 More Effective C++ Ttem M6). #% U1 b ek ik ]
HHEATIY, B W More Effective C++ Ttem M19). Xl ZFA 1 K B4 uB#AE, FrLlh
FEA BRG] find O X BEAEHIRENE? JAH AA SRVFIL B SCHF IR SRR AR RN R e 7 IX R — Kl
ATLKE find O PRSI MFREN TP RO K Fln, BATAT LU —ANBER 2 AN fa
X4, TS B ERAERAT A CHe 1 BRI T — IR

XUt STL AYIEFE ML . e it bt 94 AF STL IR A Es SRIRET X 5
EATRE Ttem M28 FP PR IGFaEF I L, U@ RIGIREN DI REE sk . (HNBERAEE,
EATRISBUE N T R .

A TAENEIREN N SRS T O, FATAT LTS AU find O PFRE. 505
JEH) 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;



AV RIE TS T PR UERBRR ZE I — 5 73 o STL A TR 248 H A 284 I8 7 1 4
%, findQEHHPZ—.

STL PRI ASSH bitsety vector. list. deque. queue. priority-queue. stack.
set Flmap, PRWJCAZEHAPAE—8A FAEH] find O, 140:

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))
LT, FRWT BRI, IR AL AR AR T Wy, (HE
KR IRIEAZISNIE find O BAEAAHIA .

TN List WRWMA £ind (), ARBAHRIE— AR List PR ICRIERE T —
AN ist SR AN ICERMERE o W list ZERIRUEIHR, IXRAT S, ORIV
HNE list R2EASBIN. S24F, list CRIHEIA STL ARG ) ot 4R fhpu i
# begin O Fl end () o XS 53 bR HOR IR T 75 ZLE PR 7, ARMESS find O H.

1 find O PAT TSR, EIREl—ANERE TR SRR B TR (WRTRA ) 5
charList. end ) CHISRBEAH IS o RO URANAITE 1ist &SI, BTl EikmiE 1ist
PR IERE TR B AL . Thg, EAKIE find ORMT AR S ? e prfy
STL AL —FE, list PRI T HW): ST —AMBRAHEE L, iterator st list
PFAT R P 7368 BESR charList & —/MU% char ) list, ‘& A HEBIESE -8
Wit list<char>::iterator (Mgt LEIAIH AR (A STL AARSRRIbr LiE
ST AR 728, iterator Fl const_iterator. Bl — M iRE, F— 4981 const
MO JIHE=CA )

[FIRER 7 e A0E P I8 8 STL sas. thabh, Cr4REHb2 STLEF T, Fibh, &
I ECER B 7B e IE A STL 1) £ind O B4

int values[50];

int *firstFive = find(values, values+50, 5); // fine, calls
// STL find
STL HsaR R i 5 & SR AR 1 T R RE D F SRASERS R bR BB . STL (2 it
] begin () Fl end () IXALHIRREL, IXLE R HCR NI A2 SRR NI FE X 5. STL Y5
VR BT FHIE 70 SARAEIR L2 . STL (I % IR T 485 . Xaliad STL (4il. &wA



PRI AR AR Z U BEAT RE R EL . IR M SRR e B, S e AT s < X R

XFET HA A KB STL A Y . ARATEALE STL KR I B A s, &
TARESE 7o RVEARIESY STL (RN, STL P Aas s vl LMEHIR L, IRI A s b
WAMER] STL (5L 28R, ARIIBRA SO ARTE CHostr R — 7Y, (HEN TR RFE
(RIREI RS 1%, JF PR o

CHHIa AT P I A B 2 e 5 ORI 2R Y o AEURBE R RUAE IS AT T, AR 200kt
FERXJLEAE L Z 2 IR0 fEURBES H O STL AT, IRLERE LM STL
N bt CHHzATELE CIsAT R ERRZ T, AEM R K BRI (S Ttem E49).,
BEAh, FEIRBHSATER RN GEM . Iy 7E. rEd mak. ATRERD MR EA . W
5 2 BRUE CHIs AT, ARAGEK T RRANE A A2 DU T AR A SRR AR, R 2 2
DA B R RO A ] CH+ ke, eSS R T BE v S A A 2

9. B

9.1 #EFEIEY

FREVRRAT CH+ AT AR BRI R ML o JHHL, I 22— 2192, BURAIH I
CH+ BB HERE o FRABA BRI B, HERE AR T A R RO HERE
R BRI, ARAT IS
o ffE

C+ PEEETECT BT IISE 43 IR AR IN AR R ah 2 e BOFRE LT AIX
SRR, franbd s AR AR 2, EERKARE, HPANARRL, AR ARAL

NHETFHOR A IR I A OAE CH BARTT A RS 18 21 1) U ) e o oAbl
MR, HRERR A O, BT AT LS

MR THEEAS ] BEETGR, N2 MR Rl BRAMRAE R e P IX PR S E
FRUESCAF 2 T8 ) — 2ol e o, & M B ICUR A 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 PR TE S A R, AR T BTt 2 N A S — .
SR NE TR E S TP 3R AP . The Annotated C++ Reference Manual 14\ 42
A oEdE CEMRZAR, CH SO T — 88l SRt — WA 350, MAEJrmd C2eid <,
eI IETE F 10 )7 1 (F145 templates Fl exceptions) (2% 15 4% The Annotated

C++ Reference Manual Jgtilwi 88, K4 it The Design and Evolution of C++ 2



H, MEM/RER Standard Template Library (W4%3K 35) MIifit. XL ERARA L ) F0
BEB, CAES% 05, HNERA T XL HBEE IR AT, SENREYEEIE T i
CHto

R Ct 5 MR UERE T T ) — R S 2% 10k, ARG b G+ RS el i
ETE LY

® The C++ Programming Language (Third Edition), BjarneStroustrup,

Addison-Wesley, 1997, ISBN 0-201-88954-4.

M CH B FUEAEG, Stroustrup fE3S K BE Sk ML BLEARHEM . Ath%niE
R LEAT AT AR NS Z o Mot C++ B S HRFEIRNR, TERL T IX A B ) . %1
SRR, PO ERAZ . B CH RS ERE, #0857 c+ E
TR — RSN

W RARRDRE S s 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 R RAA S, HIR T A O BB AL 18 .

A AP RFEMILR Effective CH ZEAZ, {HIfM T BAR.

® (++ Strategies and Tactics, Robert Murray, Addison-Wesley, 1993, ISBN

0-201-56382-7

Murray FJ457E template AHSCBUHIT A2, f/EX BHioiRk 7. 59—
BYER TN C IFRITAESR C+ IJFR | XAEEBH . A} reference counting (ZH]
WL 43K 29) ITHRIRIELL C++ Strategies and Tactics FIANAR A FEA.

U SRR T B B I R rp 2 SRR BN, R XA A

® (++ Programming Style, Tom Cargill, Addison-Wesley, 1992, ISBN

0-201-56365-7

PR3, — TR LA LE N T RATI C+ RO BT, 7Ry an o] IE A HEA T 5
B, SRR Cargill JHIGMRHI— WEMMETI— REARE, R wT e IURRBURI L AL A
RGBT EHe, WS EYE . LIRS AT R . SRR MBS R — M7, W
BRABLesh . i, FRARD AR LYY EASE NEAS B, I B
REAR R SR M R ARA] C++ FEANOL, Rp ol 0 AR e A [ ) ARSI N, Bl gt B
O FATI PR

C++ Programming Style WA THEN AN FZ exceptions. Cargill AN THF
FRVEAT RS S DD R M ARAEAE LR SCs b, 200 R3RA], At A5 THX exception K
SR22 4 (JITiH exception—safe) | IR, G IRE L LB A FE X O3 BT T fift 10 S IR e «

“"Exception Handling: A False Sense of Security,” C++ Report, Volume 6, Number9,



November—-December 1994, pages 21-24.

WIRARERL exceptions WIEM, BT A BRCH.

— HARRIE T G+ SR, MERITARION,  PRAZITE A O

® Advanced C++: Programming Styles and Idioms, James

Coplien, Addison—Wesley, 1992, ISBN 0-201-54855-0.

FH AL A "the LSD book” (PE7F: Lysergic Acid Diethylamide j&—FikZ]2y),
RO EARERET, 1 HESERILAIZIK. Coplien ins Lt Ham WK 241, H
b B AE PR A AR TR 5 PRAR WM A C+ TR A3 R AN AR BE 8 A3 PR 155

ECRE AT R AR o — A2 B 2 bl YRR IS A i, AR [ sk g 20 20 Sl e 56
(strong typing) M ? ABLSAR—AN 7k MUEAEFE AT N classes fi bR pg = ?
A A AR APERE AT AT o PR IR, AR SR A5 P BGE A B AT E, SRt v, H
A I I ARG w] AP AR T b AT 1 e 1 9 25

VeATHES , EdREE T Crr WTLMIEIT AR ENs . XAFE R IR, ATREAE /RS
Ry AEEMIREESEE, IR AL BT — PGSR CH T .

WERARAT BT NS C++ R, WA LLT A4S, Ui 5L

® 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 SEHI T ), X E877 1) 3 A A
g R ERR S TRy TP RE . BE T {E template HIULINAOUHERE
Bl sk, HARME . BT — D AREIGIA R Bk —TRER, P DUUR A 20 BTG .
Designing and Coding Reusable C++ BGiFIXUEH 5, FEHEOLILSZ L, EURIRUIATIA K
PRTIEFER) H A5 o

ARG BRSNS TR, REN B B RAA:

® Scientific and Engineering C++, John J. Barton and Lee R.Nackman,

Addison-Wesley, 1994, ISBN 0-201-53393-6.

BEAS S04 4 FORTRAN P2 B RE C++ GR T PHME AT LA LA, (HEME T
ARG I BA L T3E M. %t templates 1)) VZIgH, fiEG % KXok
VR H AN (b S HEI N ], 30— FARE I IXSEEH LA templates SERAIATIE, PR
A UM PTIE templates RARE EE macros #F— rifBLE Lo

H SR AT SO RER patterns INZk (I p123), XA TR -

® 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.
EAASXSA patterns TARMIMES, F0ET 0 @Y. FEZUTBkAE RO TN T A A



YUz 23 NEA patterns, NI, AR NBIBIIXAD 72 H ok, JLP—E T LAk 2l
— MR G 2B R FAT R WK pattern. I RIS AR LT — & 2 R BT 1 B LR
RGBT A BT patterns ZFK, LT CL ST i Bt S AR fEREL . 2R
AFHEX A FR, TR PR A () S 2 TA) 94 T RS Lo e Joll TR AR L 2% G e
BOAISEAE, A RER AR ISP N (L2533 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 AN T, A P I P2 o e — (1 S

® (C++ Report, SIGS Publications, New York, NY.

AT T — AETE R JOE, JBEE7CH only” B AN b AR R n 55 %F
JE WURAE € R GAT RIS BT 38, JF HARAS RS P DARIAE C++ 5 i (AR /R [HE
PEAMGIR |, BT S T RARAT I

WARARERAR C FLJA O+, BUR WK I C++ Report MM A, BLVFAT ATEIX A
TP PR LERF A B ORI S

® (/C++ Users Journal, Miller Freeman, Inc., Lawrence, KS.

WILAFRPT7R, RAFI e C M CH+o Jorp Cr+ SCER BB R LAY 2K, B C++ Report
PITESR G BEAN, G IR A I AR S, P LA R R SCRE AR PR it 3 AT B R
REUEFAEBIA SR RS, A X BRE TARIIER 2] T80 ] SRl .

® 4B (Usenet Newsgroups)
A=A Usenet BHERFLEA CH XK. —MUER . AHA#n LB in it

J& comp. lang. ct+o IXANIGPITRAT 2T T, s R BRI A it 18, 205830 \iiE o)
IEEPOA CHEMEE S0 C++ BhE,  HEUEWERT IR C++ 1R, 15 B4t SR A% AR AR I Kb Jre e b -
KRNV RS, #AT L XA THERE LB SEAE R RZ T o BRARIRAEA /N A B, 3
KR 2318 P BRSSO 0t HORDBR IR /N2 o 3 —ANF UL I DR AR AR, KRR 22 W !

1995 4 11 H, —2H X AT K comp. lang. e+ HE/AE T . XA 4N
comp. lang. c++. moderated [RIUTIBRE, WA Cr+ RIHAHC BN —BiTie, HIEFEA
SMEREREE T & LR R ML 2 BH W %L (on-line FAQ, #7134 Frequently
Asked Questions) TLMEZMIMEE. HZKM CRERN T2 BURRG C++ FRAJF K
B LA RO ER [ 15

— /MU TR RS comp. std. e+, B LR CH+ FRERAR TS . TE T T
LR 2 MBIAMHE R o W R B SRR C++ 1) 7R HAR R HE B H AT A%,



SRR, XERR I LT o IXATHERET RN, TEL TR/ 2] T
W ARASAERX LR UL MRS E.

9.2 —/ auto_ptr AJSEILSLH

Ttems M9, M10. E26. E31 M1 E32 W] T auto_ptr K HAER % 7ER] . AR
s HEMRAD A Gieas bt 7 —A “IE6” BSE GF Do Ttems M9 FI M28 KEUIA T
PRI 2 B OB A, SRR H A AN PR MR BRI T .

NHEZMA auot ptr PSR H— AR SCRIAL T 2 IR IR 58 ARSI 5230
T IR PR 3 AR BT 1 7 03 bR ORS8RI T o 7530 B, S A
S, B EBRA BRI DN 7 B k. {H, auto_ptr H&— MR
(2, BTLASE AL SR — NS £

KR LT I auto ptr AR

template<class T>

class auto ptr {

public:
explicit auto ptr(T *p = 0): // Ttem M5 i “explicitfor”
// WA
template<class U> // B VIR I pR B DA R AR
auto ptr(auto ptr<U>& rhs) ; // (UL Ttem M28):

/) B — AT
// auto ptr X%
// BIHEAE—AN B auto_ptr X4

“auto ptr();

template<class U> /7 TRAE B AT B AR
auto_ptr<T>& // (U Ttem M28):
operator=(auto_ptr<U>& rhs) ; /) 5 AR
// auto_ptr Xf %45 EIRAH
T& operator*() const; // WL Item M28
T#* operator—>() const; // W. ITtem M28
T* get() const; // RPIELEFRER
/] METE
T* release() ; /] TFRAFRET
/] AR

/) IFRIEI 2T



void reset (T *p = 0); // MER R,
// IRIFFEER p BIFTA AL

private:

T *pointee;
template<class U> // AL auto_ptr 28
friend class auto ptr<U>; // KR TG

b
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; }



template<class T»
inline T* auto ptr<T>::release()
{
T *oldPointee = pointee;
pointee = 0;
return oldPointee;
}
template<class T>
inline void auto ptr<T>::reset(T *p)
{
if (pointee != p) {
delete pointee;

pointee = p;

RO R EE XAESOE SRR auto_ptr B WIRpT I,

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 ()

{

EA AL AN



T *oldPointee = pointee;
pointee = 0;
return oldPointee;
}
void reset (T *p = 0)
{
if (pointee != p) {
delete pointee;

pointee = p;

}

private:
T *pointee;
template<class U> friend class auto_ptr<U>;
b
U AR BT I R 4 D SR AN ST “explicit”, W] LAZe4 i fl#define BUN & HIAELE
#define explicit
XA R auto_ptr AT IIREIRSS, (A FBURMMM 2 kTS . VAL Ttem M5,
U ARAR IR G BB AN SRR I AR, A mT DUAS F SRR ) auto_ ptr $5 DURL I R BOR £
A GERTE Ttem M28). BOKFIE BRI auto ptr ZEAE ] A28/ NINKIA T8, (HEA 1
EITVERERT AR AT, MR I RS B (B P S R R
2L, YRR AR . B I P EERTIE SR, SRR R S AT
® JfI:
X EZRPN auto_ptr MARHEK R — A ME .. RS HR YR T 1997 4 11
Ho AW SR BMET, 8, AN auto ptr BRAZESIL L IE 2R A EE k40
W EAHANNAES: 9205 b auto_ptr A7 T4 AR std T (W Ttem M35) I HLIL AL 5 R 4K
RV ANIUAEAT 5755 o

9.3 &£ C++ Ti+EWEAE (Objects Counting in C++) #FH: BB

1 C++ H, XHEAS class PR HokI objects DRIFIEMMTHE, ZIMFZIN, KR
ARAR D 2R T

GAlETE: ASCHRACRT (FEFP i) 2%3& 2001/08 HISCHE . PR, HoRM . ABEH
MRS (REFP ) REMTTNERIGAES fL, Fedohtt, DURaMmIs, G, R
RS AE SR N R, AR AT 2R e S A 2

PR ACRFRHIW C++ Standard k& HIPE, HXHWEERFS C++ Standard.
PECAR B JRAEIZS, JEARBM. BLR 21 ST R I LA 0 e = RS



client : Bl o

type: TG o Shy ke G A HAB AT A ATE VRV, AN [R5 mdkE [2R8] .
instantiated: HIfb. T[EFX—4 template, HEARSZILH ik ] 1 ld,
instance: SeAk,  [Z ] R RR R

parameter: 2. BB, BE

argument: gl BRRSRBE, WA,

ZHA class, object, data member, member function, constructor, destructor,
template ZEARYE, BREATFE.

HEE, BN BRI Y, (HENEEREE MY . 24007, BRRRaA
class %44 Widget, 1RAEA I IMNEF HREAPAT IR ST TEAFAEH 2 /DA Widget
objects. JikZ— (AMHZEGSEAEIN HERIEM) Stk Widget #EFG—A static THEL
28, B2 Widget constructor #HPENY, rkriZihEgsin—, 4524 Widget destructor H{WF
W, BRZ RS . EAMRIE TR E A static AN howMany (), HR[EHR H T
fFfEZ2 b/ Widget objects. WIS Widget FHER#RALA, HrlUZIBERIL objects ML
billPSE sy 56 PN SEY s

class Widget {

public:
Widget () { ++count; }
Widget (const Widget&) { ++count; }
"Widget() { —count; }

static size t howMany ()
{ return count: }

private:
static size t count;

b

// count R Lo JXNILTIAE AR

size t Widget::count = 0;

XA LA RGEE. AT T S2/EH copy constructor, PR 4mikss A Widget
H RS copy constructor ANLIHIERF count -

WHRAR L THE Widget MOS0 TAE, IRELTEM TIRIMTSS . (HA WIS A i
% classes MUAHFEIMVFECTAE. — M7 EE N TAES A ATTRIMAR, ol 5 K%
RS SEER R R A . A T FILX R R, SAFaer LiRm [t %)
(object-counting) FEIG B K, FERBHEATM class EEIEH . HAM QRN 1%
FFE LU 44

o HEATH — iBLETHEBAE RS class Wit A/ DR AR S3ARm
THOLE, AT AT s, N HEAR [REXXM AL objects BEAT I )
LA o

® (IR — AT BEREAT T A 2 ) A [ B s () B o

® LN uAa — AMTRERRFE MR . (AT B2 IR L E Bk ok
B, a2 ERE TR, £ CH d, IEIEEI A B e RE4k 2
IMEAGH AT B I Ja AN BLIAT )



PE—F, A, RS — AT R T &4, Rl B H
bro X EGVF AR BT PAR AR I 2 R X o S B AR AR I AR R IS R 25 2 s URBEAN 23 AR IX AR )
Y EERIXRE T .
® new, delete, 1 Exceptions

HARRIE A O AR T2 ARG I, 1 AV FRA A T IS D) 48 21— AMULF
TR G o XN TF M2 [ constructors EH T, new fll delete Z[AI[F)RA] &
MIRESR CH+ BhASRCE — object, REGXFEHAH new 125K :
class ABCD { ... }; // ABCD = “A Big Complex Datatype”

ABCD *p = new ABCD; // IXJ&— new iz$7i{

EAS new BHANEXAEESEHCEMe, HAT Wi Bk . e
HiG. H—, CEIFM—/%N operator new FIICIZMARLE PR o XA R KW THEZ R H A2
i B ABCD object MICIZMA. WIHRHCE ALY, new B85 =0H: Tk e —/> ABCD
constructor, ff operator new Tk FAHZS[R] 37—~ ABCD object.

B3, % operator new EH—4 std::bad alloc T4, <XERE? R R ER,
BT B RN T « £ LRR new 1I25H U, AR TR HIXFE 9
FH—A & operator new, ‘EARKEIEH AW FICIZAAKICE —1 ABCD object. H —ANMEEE
FRBATIF ABCD constructor, ‘&4 EIFEAECZAAREL A — N E R ABCD object.

WA R K E operator new, KR A ML AR AL E H K AR T AR operator new
BT ABCD constructor K iHmw, REEM—FFpl 2% operator new Pt E 12
R . WA, A S R A CIZEAE R (memory leak) o Kuiy (e 2k ™
H:—~ ABCD object HBBAEAND) ANA] 8 %0IE 2 JECHE— AN bR XU H 70 .

ZAELR, X2 CH FRMEFE P I — NI, 1995 = H, Ct+ bR RN T —
AP WERAE new I8 H N EWINA], operator new ft B ACIZAR I MAZAK ] constructor
EHFE, PATIRS (runtime system) i H B operator new il E HIKIKL
AR . IXABEENE R operator delete $W4T, BEEAA ML operator new. (IFEIWLAI i
BHYEEH N [placement new A1 placement delete] o )

XA [new 128 A operator delete ZIAJIICHR] , SAETRATEENG [ THEHL
Wil ] AR R, AR .
® EMMH/ ¥ (Counting Objects)

H—ME O SR, WO A TP ) 1) class. 1XAS class
FRREVFRR (HELER5E2) MHJE/RI Widget class:

[/ WA L he, SRR AT BEXFE ) B AR I
class Counter f{
public:

Counter() { ++count; }

Counter (const Counter&) { ++count; }

“Counter () { ——count; }

static size t howMany ()

{ return count; }
private:
static size t count;
I
[/ BARIZATATIAR N IBAE— N SR o
size t Counter::count = 0;

KPR Z, AT classes WAL MAAEMIIEA %, HFAEH Counter
RAEFEAL TAERI AT o A3 PN B 2 17 VEmT BLSE ORI 55, Horp 2 — & —4 Counter
object, B HA— class data member, {RiXfF:

/) EFEELE class TR kR— Counter objects
class Widget {
public:



..... // Widget AW public i,
// HRIBAEIX HL,

static size t howMany ()

{ return Counter: :howMany(); }

private:
..... // Widget ZAMITA private Hiia,
// HBAEIX
Counter c;

I
AT Counter 4l base class, {FIXFE:
// BT EE class 4k7KH Counter
class Widget: public Counter {
..... // Widget ZEMWFTAH public A,
/] HIBAEIXHL
private:
..... // Widget AW private B,
/] HBAEIX

PR ELES A IS . AR e 280, BATLIE R, ANk H a8 DA
BB ML Counter WA count. XFEMEASYIERG —A, HERA1HTH
BRI Counter 1) class #E& Ao 2811, WERFRATFT XS Widgets F1 ABCDs
WL BATHEEP static size t objects, MAE—4. ik Counter::count &K
nonstatic, JFAREMEGIXANFE, K IRATFEERZ T class #EGE—MIHEES, A
A object HEFA— I EES.

B C++ i) A NFMEZFR 0 7 1 — N, FReAT s vl CUUS BAT TR L AT 4 -
AT LR Counter JMIHE— template W', #RIBiLFF—PMAEEAH Counter [ class,

[LLHCHN template 51%(] HILHIXA templates

BTV —K . Counter ZFEK— 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

TP I PR 5 — P SEA RV U A IR
// PEFTTELEUT class T HFHHR— Counter<T> objecto
class Widget {
public:

static size t howMany ()

{return Counter<Widget>::howMany () ;}
private:



Counter<Widget> c;
I

MR (4RARIED e S IR
/) TR class T 4k H Counter<T>
class Widget: public Counter<Widget> {

ERAEXHAE LT, BATZ WM K Counter HUAX A Counter{Widget>. — WA
WP, B—MMEH Counter [ class, #RLAE H AL, AILHIEA template.

[7E—A class 1, LHCHN template 514%, HILH—1 template, 5H MM ,
XS B R Jim Coplien A JF. MMLAZFMET CAH C+) JERIXMPSERS, FERRIL
N—A [curiously recurring (S 1MifE#F 1)) template pattern]) [V 1]. AN Jim
WX A 44, Ak, fftt—  pattern CFFEU. ARO[ IR LU At By B 24 B G 15
%, AT EREES, DA pattern MIARRIREEL, TMRIAERTE BIHIX— DMK, ok
[T AFEE, afrfieds | 80

patterns a4 & —F2AR, FAIFAEK . A REVFSHIXAS pattern FRYIE
i [Do It For Me] XA, WA L, F— [# Counter f=/EHIKM class] , #fE
k%) T# Counter HIUL] A class, $fE—FPRkSS, HEIAZ DA objects.
FTLL, class Counter<Widget> mJ L[4 Widget HIMIM-%iE, class Counter<ABCD> w] LA
T ABCD MPHECE

BLAE, Counter & T —A template, ANIRWIKRINE T ogbA& Xt #nrLlizfE, Pr
DLERATIEE R I A2, VP AR X ()5 B RN 55w o FRATTI — NV AR A, XS 20 5

[T ) DLRENAZAR R 5y 3k 15 o LIRFE A ARTE R o 5 R AT, Gk vl b ik =ik
WDy, RAHT# HESREE ) [Counter J&—A base class] , f&#FHERMIE X—4
Counter data member, JFE KA FH & LAE H— howMany () DAMEEE Counter HJ howMany ()
[V 2] BARXFE TAEtA R RZ (i) howMany () HFFZANR A inline XD
(EBSR G Ui 22 SR QR Lo R0 T D O W e bl 0 = WA 7 R . G i
® f#if Public Inheritance (AJT4E&)

IR Ak AR BTk 2 T LLRE s A, 2R C++ fRIIE, &85> derived class object
Wy (BRI B, HPY base class & sepliidity (BB MR o ik Counter %
A—A~ base class, {FHEMIR: EXI4k&K B Counter [ class, £ —4> object #r~
RS, S Counter constructor BX destructor #ML.,

SRIM, ATA N LAY base classes IXANFM, WIAZSIC virtual destructorss
Counter MIZAIXFE—NARVNG? RUFH) Ct+ WM R RTEBE, 20, ENIZA—
virtual destructor. MR EEH, BE XA TEL — base class pointer EMER—1
derived class object I, £FHEATTUNH CRAE SO MR, M HEHE 2 A
class Widget: public Counter<Widget>

{... 1
Counter<Widget> *pw =

new Widget; // 3% — base class pointer,

// ¥8IA—4 derived class objects
delete pw; // MWK SERMAER — WH base class
/] B=Z— virtual destructor.

W rAT i R BATI T R & AT R EIRFE S B AT A G H# L 2 AL, RATH T9)
PR ] B BN A 45 2 AR . AL, 1XJ& Counter WiZA ™ virtual destructor
(o ZU 3 e

T AT REA R AR (WU A T E ] TR AT o] 2 B T BB AN
FFD , HBRAEX B — SR K24, virtual destructor (EATAEHIEL) 1Y
I, BEEEE— Counter (BYIATAEZRF) Y objects #RLAINAN T —A (BRmH) ML



fabr, MXSHMPERIRN — R EARA I Bk p (A 3] et i,
W Widget ARG IHTALMEREN, AN Widget MRS GRA T
Counter<Widget> M AN 5k, FAIAAEEFIXFHE DL

ME— [t o B e, B —Fhorvk, BHib% o (&L —A base class pointer WP
—/ derived class object] . ¥ Counter H'[f] operator delete EH154 private, f
Pt MG INE:
template<typename T>
class Counter {
public:
private:

void operator delete(void) ;

HuE—%K, delete IBH A TIEGm I KI):

class Widget: public Counter<Widget> { ... };
Counter<Widget> *pw = new Widget; ......
delete pw; // &%, RN H:MGE private operator delete

oY, A, BIEABRIZE, new BH A MWA N LML Y i:
Counter<Widget> *pw =

new Widget; // X—47Nizcikidst gk,

// K24 operator delete +& private

W2 — TR R AR new, delete, exceptions (%) i, it C++ HIFAT
ARG (runtime system) 3 5tAERIUHE operator new Ft'E HCIZE — T A% 4k gl oy ny
(1) constructor R, FHIERIZ—TF, operator delete & KIATICIZAREIL
AERIR . HRFATTH Counter ) operator delete B4 private, X4fiif [#Eth
new, #4 objects f7/EJA heap| A K

JEI), K R ER ), WRR GRS A SRS, WEAEEE . (FRIEE R, I
RIAT A& BRI . BRIk Ao HA I W vk Ret fH L [i&E5d Counter® pointer MHIFR
derived class objects | HAEATE LI L[ 7E Counter HIE'E —> virtual destructor ]
AL CERSIRAES RS EFD , FrUARU, A TEGEEA BRI R
TWAE T — Counter data member] .
® fHFH—4> Data Member

BMeaFmL T [%HE— Counter data member | IXFhBE Iy KM AL : Rty 420
[ 2 X — Counter data member FF#E—/> inline R howMany ( ), FH3kmEY
Counter [#) howMany () B, XL TAELIRA A NN Fmfe & Liy, £ 7%, (H
A RIS BT B . (HE, BRULZAMNER F— oS A class #Ehn—A
Counter data member, fFfESY 5KH objects MK/

KJLFRA ERATEEE R AR 5, H—4 data member M2 objects MK
ANEETIN, S ARBEVANS ? (HE A IR, A4, 1EEE Counter [H17E X:
template<typename T>
class Counter {
public:

Counter () :

Counter (const Counter&) ;

“Counter () ;

static size t howMany () ;
private:

static size t count;

b



T EIEE A nonstatic data members, EBEA—NH5HIN  Counter ) object H
SO N EARFAR VS . BIFERATS LA RE— D504 Counter () object, K/NA 02 i
W, AR IEAIER . X —mi b, C++ MRIIA G . A objects #iA 2/ 1 byte [
KN, HFREIXLE objects BEA (LT nonstatic data members. ARIEIXFERIE XL, FA
HILH Counter template [RIEF— class, sizeof &IKHEIEANEME. Tl —D [HWE
—/ Counter object] [¥) class ¥ AW Counter object] HIMA 2 Tk,

CHBM A, ZXIHFAE®R A A Counter] 1 class, HAR/Mgt—Etb THE—A
Counter | WYL apA S RIIMARL, HOZR AL A HFIBR S| (alignment restrictions) TJfg
DI . BT, G class Widget WA bytes HIBEEL, [HRGE R AL
4-byte KIATIAAHS, PrLlfE—A Widget object ¥WNEZ A bytes HIAMA, 1M
sizeof (Widget) MIZEHAN 4. W, WG KIS OUIK:, dmitas #Buie [AEmarmR
INAFEEN 0] X—55AF, JR2R—A char 4% CounterdWidget> W, JIFJEE
sizeof (Widget) M2/EM 4, 4 Widget WE— Counter<Widget> object JR¥R. I
MEENH Counter<Widget> object {VAXIAR T JRAK AN AIPIA bytes FHI—4 A
b, XFFEARE WG, BRUIERA TSR R AE BT —A T BT, e
Xw. >

PAE BV T 46 B i, Bh2E 1K R S0 CIEAfR H 2 BT R, X VFRet% kK
TR, PR RHUX AN EEW T H. L), MERIEY DR T FEMTHA
SRR, TR A A AR B PR R A B A R A A MRS T .
® f§iF Private Inheritance (FAFH 2k&)

P ER AN BT, B 2EIRATLA0, Counter F[E—> virtual
destructor:
class Widget: public Counter<Widget>
{... h
Counter<Widget> *pw = new Widget;

delete
pw; // SEUKE X CRANMD 4558 —
// W Counter = —A> virtual destructors

TR ATG 2RG# H [ delete i@ FEAMAI L TE | ML X — &5 E, (HE2K
IR, RERABBHIE T new a8 MRG0 1. BRitbz b, A7 F A I 8 A G 2 3 A7)
LA, FRATTAT LAZE I —AS Widget* pointer (UX/& new [I[RME(E) #Fa A Ny —
A~ Counter<Widget>* pointer. #Ajifitht, FRATA LA IEGR AR R FEAR A0 e 4. 3R
{1 —FH B st 2k Tpublic 4% ] MOk [private Zks& ] -
class Widget: private Counter<Widget>
(...}

Counter<Widget> *pw =
new Widget; // #iiR! AKX EK X (implicit conversion) AJLL
// ¥ Widget* ¥4 Counter<Widget>*

Ak, FRAVRIF O I, LL Counter M4 base class, FEAZIEN Widget IR/
— SR Widget JAEAMARI /ML . &R, FRIERA WINIS R R, AT
class IR/NA 0, (H2 — M, IHFARKIEMEL. TEESDE, BAEM—
A~ objects HIK/NA 0o CH+ ARAERIME BIAFIRTE 2, —A> derived object ZH'[¥)

[base-class Ffy | IR/ ATBLE 00 3L b, F2gnidde AR ITIEN [ 25 A 3EahE
MIAEF AR ] (empty base optimization) [VF 4].

K, H—4 Widget & —4> Counter, Widget I K/M—E<HiN. A4 Counter
(1) data member SEAJEINHC, MAZMAN base—class ifi, PSS IER RN,
HUR Widget 4k7K H Counter, ZwiEasflifs LUK Widget MIR/MRAFFEFSEIRE. XA
SR [ e AZ AR AR RS SO 2R e v s A s R ) e, R T —A
HEFN]: 24 [private 264 | f1 [ HEH AR (containment, composition) | #RHESEK



MFEHBIE, REEH [private dk& | o FE: X—rr/ERZ N Scott Meyers [
(Effective C++2/e) 4%k 42 A PTHkfil. %K Bet%— B UURK, WA Tprivate 4k7K |
A TREEGEAR] #eee B H B, REEHEGHEAR RIEIRER, A XA
VoA AT . )

AR LI 536 . E L T AR ISR, BRI e B [ 28 R AE 2 B
fE4b]  Cempty base optimization) [WEEJ), ith—k 487K H Counter] IX—=HSIA A
SEEINR ZIAE RN B4, BT Counter member functions #AZiijE inlin bR
Ko EFERBIMRLER T 22 K, KT EZH Counter member functions H#hkk
PR, IRLepR 4y Al CH+ IENY, i) private 4RARMLHIAIAE R R IE T BN R — [
KA | Y derived—class objects #2444 base—class objects —FEHuANIE,  (HFIHE,
PN, EIFELEXT A Widget FEE RESIZHLL—A Widget LDAAMAIZEI K H Ik
Counter, WHLZEVL, fhrlEELE Widget k&K H Counter<Gidget>. FRIFiXFhm]GEM: fiREL
IS A, D

EFEI BT R i S AR A, (S T e N bR e, Jen] DU, fi
private 4z, ZUR howMany () SSTERTAEZMNP A private, BT EARTASR A 26250
EN— using declaration, f#f howMany( ) K public, A REMREumATH:
class Widget: private Counter<Widget> {
public:

// ik howMany ¥k public

using Counter<Widget>: :howMany;

----- // Widget FIFERIBA A U,

I
class ABCD: private Counter<ABCD> {
public:

// ik howMany ¢ h public

using Counter<ABCD>::howMany;

..... // ABCD HFILR B3 A UL

X HBLETFA L EE namespaces (473D Mgikdsin s, LA EHMERT LIS B
R GRTE N (HIFABEE)D -
class Widget: private Counter<Widget> {
public:

// ik howMany ¢ H public

Counter<Widget>: :howMany;

..... // Widget FIFEERIBAT A ML

U, HLEPAT [P0 PR, LR BRI A K P T
(JRENh class AN —4r 1) [ classes, WP HZENS: # Counter A5 AH—
base class Jfil: howMany ( ) "J#HCH [ 5]

SR RAMLH AL, & S B MEAE Z IO 28— RS 2B 1] Cambiguity).
TR FRAVFTE RS Widgets THEL, 1ERA A B iLX M EEAE— s . —WsEar T,
AT Widget 4k H Counter<{Widget>, %4 Widget::howMany () 38 public. IALE
BB FRATE —4 class SpecialWidget, LA public J7X4k& [ Widget, FA1AvHEERMEL
SpecialWidget /& —l Widget i # Prag==2 MLEE. Wi, 54 SpecialWidget
47K H Counter<SpecialWidget> EITJ,

{HIX B BT AR AT Cambiguity) ). WE— howMany () %} SpecialWidget Ifij
SARTHWE? Z4kKH Widget IS, o4k H Counter<{SpecialWidget> I
AN AR BN, 48R JEK [ Counter<SpecialWidget> HIHEAS, (H &A1V IMEAE AR W]
i’ 5 SpecialWidget: :howMany ( ) HEHL FULH AT O, FERE, B HE—HE
Bl inline MR
class SpecialWidget: public Widget,



private Counter<SpecialWidget> {

static size t howMany ()
{ return Counter<SpecialWidget>: :howMany(); }

KA TS FH AR ALK 5E AV BT AE | SR = AN ILE, Widget: :howMany () f%
[FIEA N ALFE Widget objects AN, WALFE Widget ATAEZRMIPT =4/ objects. il
R Widget WyME—RTEZIE SpecialWidget, T—3LA 1A Widget FRSZAFFI=A>
SpecialWidgets A4, FEEE Widget: :howMany ( ) ¥if&nl 8, Yeix, &—
SpecialWidget MtHy, tEINF< 58 BRI (Widget Hefd) HIHEAY.

o HE
DA H s R T AR 1

® WA TAER A S AR X, (H I dE EWARG AR EE R . .2 Do It
For Me” pattern (Coplien FTiEf “curiously recurring template pattern”)
A Re AR IEECRE T AL e . I8 private ZRzRHLHI, nT LA HEM AR 4RE
35 T XAY KA

® MmNk T4 K H > empty class] 5 [NEHA class object il
data member | B, 4R CEAFIER:, BUOAE SOV S 14T

® A Ct+ R—VI% JJEAE heap objects M ANVE I Wi it b A AE 1012 44 s ]
(memory leaks), JTUAIZTFE AR operator new Z R0, M th 752 H 3
SN[ operator deletes

® Counter class template AL FAREG LKL, AT EH—1 object. BF
R —HFE. Rk, Rumn] LLH BHIERAE T4hapL ] 8t [ 24 (A6 R,
FE A [ — A N AR R 202 I A [ Hb e A FH A [R) 7R SRS o

o HEEETR
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[4] Nathan Myers. “The Empty Member C++ Optimization,” Dr. Dobb’s Journal,
August 1997, 1] H LR M ukgke
http://www. cantrip. org/emptyopt. html.

(5] HEXS XA VA S A8k, winl Lhik Widget PA Counter<Widget> vI%&
WA, IF HANERAN i Widget %P ITH, ARV
Counter<Widget>: :howMany () #{ELEWFIY . "N IIXANZE ] B I ] 784 (P BE 38 . dhskishie
[EEZT
o FH—LHEd

W RAREL 2] 2 0GR new M1 delete 40T, W3¢ Dan Saks fE CUJ 1997 4F—
AZtAREERER, 82k More Effective C++ (Addison—Wesley, 1996) 453K 8.
W ARSI 2 IS AR U8 Cobject—counting) [rldl, ALHGAIATFREIFEA class R
WAL IR, 15F More Effective C++ 453K 26,

®



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 {EH

Scott Meyers 2744 4E Effective C++ # Al More Effective C++ MIFEH (W
AP ERAH Addison Wesley HR) o YRFTLAM http://www. aristeia. com™ $R 25 L45 R
iy AP AR RS . BRYE: (Effective C++) 55 LA Meyersi%) k3.
o X¥
Mgk, Hh#EEf A, LK C++/Java/00P/GP/DP. 15 AHVIH K S FRIIKA HIEAR, LIAH)
S 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() K& free() AN[EFIJE42, operator new fl operator delete
HB AT DARE A, AR I RAS il 4552 5 BERRAS RN AN 288 XX operator new
Kl — ) IEH, (HE 25T, A% operator delete k7.

operator new [FJIEW#RIC (signature) J&:
void * operator new(size t) throw (std::bad alloc);

CNIRAERS, AT TRk, PO ZI R 205 exception specifications (PEyE: Htit Lk
(1) throw (std::bad alloc)), B EAT TN H i S50 B sl A AT R VIR &R - Doperator
new [MHEFMA HGEM N EEL, TLL—A operator new FEHMA ] REKIX AT
void * operator new(size t, void *whereToPutObject)
{ return whereToPutObject; }

EANFFRRRAY) operator new #52—MNEIAMNE voidx 518, Fif bk N Bl A& AT
BEFERR o AR IRTE AR CH Ay R xQ2E h 2 anuth i Wl A H CE S TAZR LY <new>),
BRI T —ANER H 24 FR: “placement new”. XANMFREILHIHHIP: AV TR
H[—A object WAZUEAPCIZAKMAL] .

BEAG N Tk 25, AR [ BERAAM 155 ] (1) operator new WA, tERHTHTRA placement
new XPMARIE ., FE FIXMRIECEHEICH Cr+ bR, Kk, 2 C++ 7 k3
Prifi) placement new Bz, AATIPTRA AR BRAEAS [FEAIF—A voidx &%, H
CLFR R B IA T AL | RS, (R ] GEAE TR L [ ol B i —m 22 size t 514K
W2 | (AT operator new A, 4% FikeaA, MAFEHARL (5128052 | 1Y) operator new
PR o

Pea) i, A HEE SEPIEICIZIRR AR, “placement new” M [operator new
(PR RS, B2 A 514 o XN ARIEAE AR & v] g A7 Fofh 2 S, (HIRMTA TGRSR,
Bk, 2bA b, WERARTFEE 2407, 1EE% AR NN EE LY.

1 placement new ZXfL, AKiE “placement delete” EWE [operator delete [IHEAMEA,
B WA 80] o operator delete M) [1E% | bnicd il F:
void operator delete (void*);

FrLL, AFMIRRARIY operator delete, HREEFEAZINGIEZ A LRI voidx, e —1
placement delete MRz,

AL FRATE RIA SIS I — . 24 heap object FE@AHANZH— R,
SRR ? TR B8 LA XA S
class ABCD { ... };

ABCD *p = new ABCD;

ik =k ABCD object B 3BT — /MR . Wi ESCH AR, W RH K H ABCD
#HX, operator delete ¥ HAIPEMLE, B operator new JFlcE Midizfg. (Han R
operator new ¢ ZHA, HEICKWFAT? WRARAL operator new ELAN[EI 77 AL E
WA, THHSCE T ? operator delete WHAKIIE % /BB MA G IEMIREBOLIZ K2 HhAb,
W ABCD object FRLA placement new 7K (RFHIXFE) , XAz
void *objectBuffer = getPointerToStaticBuffer() ;

ABCD *p = new (objectBuffer) ABCD; // {fF—ERASLZEM X 24—/ ABCD object




LIRIBAS placement new FEABLEATATICIL L. & IEAERI— NS, &S E T
B HEZNX . MR, ATHFE R ENE,

IRWAR, operator delete FrKHUMATZ) (AR HXTN 2 operator new FIATA)
WAL E AL AZ AR I TR FH ) operator new JRUASTE o
N TR R EY SR [P RR A Z operator new AT N ] , C++ bRl
WEP T C++, SUF operator delete HAEM WY 23 k. 24 heap object [ constructor
AN, FEANIERMENOE 7 — 4%, IPIYEKFERIY operator delete A, Mh—hR
KA BN EON G, XL B N A S HT Ml 2 operator new fRAS,

TR ET—NAS ] placement delete FIERANEEGEWE TN [ Mt 2
placement new HIEIANEH |, B, i ASH /] operator delete ML, ™2, operator
new AT R BT K I R M g JCVERE B BR o X IR HIBLE [placement i) [f) operator new, iX
Wi, B EATEA R IER B SR, — MRS, R AR 4 — > HE R [placement
W] 1Y) operator new, FRULNIIZP=A— XN EHE M [placement iR ] operator delete.
W, KB 2 P s B IE VA5 245 placement deleteo. IXFhZm RS T = ok RS,
R JLF B A3 52 52— ORI (memory leak) o WIHAE heap object ZEMJMMRIA —A>
S EL, BOAANSHTA NERR constructor #M 2 BB EC & IS 1244

PR AR, GNU C++ 2.9, Borland C++Builder 40, Microsoft Visual C++
6.0 = HKYIEBRACAYTIE placement AN operator delete., HHLPL Visual C++ A
R, 2 [WHEA—PNRASH] placement delete FREIANEERENE TN AR Mt 2
placement new [{J#IANEEL] I, Visual C++ 45K ANVEEIAR:
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 ASCHRAER (BEFP L) 24 2001/09 HISCE . PR, BORWIH. AiEH
BRiESEA S R i) S T N RIE B AL, Feduitit, DURBMEEE, AR, K
PRGBS e N IR, AR AR IS 20K SO P 3

B BUR ARSI R AT I LA Sl B i R AR

client : B

type: R e Ay S A AT AR TEIRE , AT TR mEE [R5
instantiated: HIfb. [45%— template, EARSZILH—0s2ik] HIEE.
instance: SEAR, [ SRR IR

parameter: 28, S AEY, &,

argument: I BFRS AL, SEE,

user—defined: fff#& HE

£JjA class, object, data member, member function, constructor, destructor,

template &FEAIE, BIREATE.

HIRBEE More Effective C++: 35 Ways to Improve Your Programs and Designs
(Addison-Wesley, 1995) K, FAEHART T —EM: #Hefebs (smart pointers) .
iR, RWERIVFZ ), PR AT — AN HEK H Andrei Alexandrescu, i E]: [—
MNEIFARG R ERI RGeS br, ZANZNT operator—>% SZJEZ AL ? M AE TG NHLEE
M) o 2, FRAMARE IS NI, P DA e k. RIS I 45 FRk B A ks
I [SEIL operator—>* | TEZ, byl RARA BAA I templates 1z =K.
® Ry% operator->*

WERAR A K ZHAFEA R —FE, IRRMEA G IS operator—>%. PR, 7EFAERE T
X REFRAR SAEIXAS operator ZHT, FRAFIEHIRELN — FERNEIT N,



kB —" class C, —Mabr pmf , HLURI C IEE4L member function, LLA—A
fabr pe, HPAFRI C object. PAFiEf:

(pc—>*pmf) (O ;  // 1F *pc & Ml member function *pmf,

AE [pe FHEHIIBAS object | £ EMuEE pmf Frf&HIEAS member function. —uif:
AFER 7R, —A481H member functions HI¥EFR, HAT AR — KN FEEs, R
TEEMME 2 o F XM AR S, 358 pe—Dspmf  II/NESZLER, K
TR Ak (Ml N

pc—>*pmf () ;  // EEiR!

LA :
pe—>* (pmf () ; // HiiR!
o AR —
class Wombat { // wombats JEMRYNEE [ —Pa 854,
public: // R S
int dig(; // %[l depth dug
int sleep(); // A&l time slept

b

typedef int (Wombat::*PWMF) (); // PWMF: —AM4&Ia Wombat member function FIF&#5.
Wombat *pw = new Wombat;

PWF pmf = &Wombat::dig; // % pmf F5[1 Wombat::dig

(pw—>*pmf) () ; // X pw—>dig(): AHFE
pmf = &Wombat::sleep; // % pmf 5[ Wombat::sleep
(pw—>%pmf) () : // IR pw—>sleep () ; A

® 33748 operator->* T

WGV 285 F—FF, operator—> g —Iul: BERZRA T8 HIAVE S R aE R
FrRaEAE operator—>#if, LZEGIHURAN R Geiebs, FRI—DRG0N T Mt A 55
NEbR, $8IA class T [ member function. FFAY operator—>*2 1%, AN
fHME—ReM FE e s e — 285, e —A [anpny | o rEL, operator— >
(1) [ 4L B e Ho R [operator O (JFl function call operator) fRFLARATIA b1
IRV . operator—>% [ LA AR — AN a1 BEA 1) L R 58 ) ek XREIY, BT LAFRAE operator—>
AERIIYAE R SRR PMFC, 2 & —41 “Pending Member Function Call.”
XL Sk, AR TN IR AR Z RS (pseudocode) -

L %1% — (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;
// PR (2)

¥
// BEF: B (D)) return type Ml parameters @AZIAN (2) HHRIX NI TE A —FF.



HATE—/> PMFC object #RARRAG —AARIEMAIFENY: FEIY operator—>% FrE EIf
member function, [ member function Al PMFC: :operator () i HIEEH 5¢ 24 A .
KT i, B T ) member functions ANESZAEM 514 (FE SR R TR ED
X B RAR ] LR R ) 38 —F08 e O aR .

L TR =
class PMFC {
public:

return type operator () () const;

b

template<typename T>
class SP {

public:

const PMFC operator—>%( return type (T::*pmf)() ) const;

I

& [pmf  FrfgmZ member function] [WEMERIIFTTE 2 T EE? HIEEE int,
double, tHHHE/RE const Wombat&. JEIF), ‘& RIRERALMIALN . TRV AZKFXPIICTT ol BEMI 4
4Ll template REHL, A, operator—>% MAEAEAL T —4> member function template,
IeAk, PMFC 125 T —/> template, KW [operator—>% HIMA] SA&RIA 5
(f] PMFC objects. £~ PMFC object #E}: operator () M, #BLAZ%NIE [ 447 5|
AT

— HRERL (templatization) ZA4%, AREATLAEF MBI (pseudocode) , Hifh
FLIEH) PMFC A1 SP::operator—>%, UIFEX LD,

o TP

template<typename ReturnType> // template, HHR—/ [[EMLEHYH]A ReturnType] 1]
class PMFC { // RITEHH] member function call,
public:

ReturnType operator() () const;

b

template<typename T>
class SP {

public:

template<typename ReturnType>
const PMFC<ReturnType>
operator—>*( ReturnType (T::*pmf) () ) const;

I
® L LfT&% M Member Functions
G H—NARFERI member function call, PMFC FFEEHIEMFEARTY, A REL/EIL

operator (): (1) "B ZEEMFAYWEEA member function, (2) ZEMEA object & Mejti%
member function. PMFC constructor Wi RHUXLES [ E ) — NGt aio HAh, K Bk
PAFEZR PEIRAE — AR HER pair object WRLFAHEAMNF & PRIRABRARELTIE 1.

o PR L
template<typename ObjectType, // Bt mem func B4 class.



typename ReturnType, // mem func MEHETLH],
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—>%calllInfo. second) (); }
private:

CalllInfo calllnfo;

I

EIZ T EARITAR R 2, S YR R 9k — PMEC, fR2AZ0FE Y EL0FnL i
—Fl member function(PEyF: IXHLE iR MemFuncPtrType BIVEF), I35 HAEME—Fh object
B bty G Xt LR ObjectType HITERD) o FHAE M4RMEE PMFC ) operator ()
R, AR PTG XA T AL Ok s 3t A7 (ids%) Rk ] [ member functions

R BRI operator ) RARYETE T W operator—>+ SEAEH K. ZHiE, KA
MEReTRAS [ B e operator—>* | #EFFNY, A 2sr=A:th—/> PMFC objects, 1X
i [ HE 2 operator—>%] NAZAMRHE 15 F NEER operator—>%] SLAEH K. XA
BATIT G LA F8g — MBI FR: - [fEH#H A2 operator—>] AT N, F [
HWHEZ operator—> | UILIKIE, K4 C++ X MEM#FHF HEZ operator—>] H&F—4
WERY, 2% (Bam) PEny 2] (355 NER operator—> ] o WILHIXIFRILG A N2y,
Lo BB v B IE R g ) b

PRATEE AT RS T, ObjectType, ReturnType, Fl MemFuncPtrType  — template
parameters LT SBER. KO WA I MemFuncPtrType, FRATHL AR HEE
ObjectType F1 ReturnType. Y5 AL ObjectType 8% ReturnType, #B&E MemFuncPtrType
f—dB . HR, FRATRERSAE N [ B WAF | (partial template specialization) £
AR, M MemFuncPtrType #fEFHH ObjectType H ReturnType, {HHIASHE [kt ] HoR
Z IR IERS BT N A n Visual CH 6 A 088D, FTLARRBAIERFX
PR . W RARTEN [mFrAL R ] R AT 3evt, AHOCH i B/ MR [Partial Template
Specialization 5 operator—>%] JrE o,

4 TRRHNEL I PUFC SEEAZ, SPXT> [ operator—>% JLFE&5EM. & ik
M) PMFC object FFEE—4> object pointer fl—4> member function pointer MCHHIH .
—WREATRANFIR, Haefabe W ESH - data member HIKAF/X object pointer;
A JA member function pointer, HSUHLJE operator—>% PRSI Kk, FEFHIEE
GRS %] DA RasfE . LTI PN g e (Visual C++ 6 F1 eges 1.1.2) M
5, i,

L ESEWIE AN

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 P:AFIEL

#include <iostream>



#tinclude <utility>
using namespace std;
template<typename ObjectType, typename ReturnType, typename MemFuncPtrType>
class PMFC { ... }; // —nbAE
template <typename T> // —nbAtE
class SP { ... };
class Wombat {
public:
int dig()
{
cout << “Digging...” << endl;
return 1;
}
int sleep()
{
cout << ”Sleeping...” << endl;
return 5;

}

int main()

// —tLE, PWMF ZEANMER,
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—>%;
// EH “Digging...”
pmf = &Wombat: :sleep; // % pmf ¥ Wombat::sleep
(pw—>#pmf) () ; // MR IRATINY operator—>%;
} // ENH “Sleeping...”

B, RIT, XA S IRV (resource leak) , PIAHE new HisK[H
Wombat MARE delete. IAb, XMFEXILMH T —4 using directive (HFk&Z using
namespace std;) , M FH using declarations Wik T . FilEH A SUAE
SP: :operator—>% Fl PMFC I H.Z) b, ABRHP UMY aRIR TH#E (pw—> *pmf) () 1)
AT MK, 2T BRI 52 ) nl 8 A5 IE A DG TA G A XUk b i 2k

A —42, B operator—>% member functions FIfFH ) PMFC member functions #E
A& inline PR (HARIFEWE TS » Bk, /0] LR, &0 LU R a) B 7= A ok 16 -

(pw—>*pmf) () ;
HAIZH SP A1 PMRC HHE DL, KRN LR 25 A A B s 28 H R B 31T Wk -
(pw. ptr—>%pmf) () ;

Hh B HRANEEESIME. Bk, [ SP’s 11234k operator—>% F1 PMFC' s [f1%
itk operator (), AT HARATT DL 2 FEADGBIAMA ) 2, TERHBIAM AN 2,
MR, SR AR AR B 2 B s IR B AR AL BE T ARIOARERE XFEXT TR pair FI make  pair 1)
SR E o AT WA g B as (R ILR iy dsERE X e W55, 47Ty St Abig
1%, A—NRIEHRSPFEPATIIRBAR] operator—>% SAEM, H— M5,
® Jii Xt const Member Functions H373%

HIFAEFE SP<T> [ operator—>% B MIEREEL: ReturnType (T::*pmf) (). ik
FHIHHER R, A ReturnType (T::*pmf) () const. IXEWE, WHEA—A (351
const member function] M¥8FRA] LLHEAL#E4S operator—>%, IXMELEWME operator—>% A
X% const member functions. UHLEEH AR FRHEL A BA RGBT EAAER G



S TCHALIN . SIS, FRAVRA SRR Sl 2R SP il B2 —A operator—>*
template, #EMFBUFHATIEHA T8 const member functions | HFEFR; WHEXFIE .
AR L, PMFC N BT AEATSAE, KA E4 MenFuncPtrType 23 R 45 2L
—~ member function pointer HUHIE I, ANLHA member function ;£754 consts

o FEAZIFE/N
template <typename T>
class SP {
public:

// WTEY
template <typename ReturnType>
const PMFC<T, ReturnType, ReturnType (T::%) () const> // M.l const
operator—>% (ReturnType (T::*pmf) () const) const // #i_E const
{ return std::make pair(ptr, pmf); }
// Gy
I
® i [HHEEEH Member Functions]

BT EEHNARAT, BAE N RWIESAE [— MR, 4817 member function, 1%
member function #IH—NEH] « NS T ﬂﬂé%:ﬁﬁ%%*%gﬁmﬁmw
M operator—>% P2 EEA, RBIEIL PMFC fERXINAE, F5¢ b, fRAE
IR 2 A operator—>% IEIN—ANHTH template &4, HALN N AZ &R 0] 1 member
function T (FTIE) FZIBHN . BB SOLAREE—FET 225 L ORFE — SR R T
BN, B SPAT> WV AZFIN 38 (2 NS5 ) member functions Fl [#:%—>
2401 1) member functions, FTRMENAZ A EIIN—AFiF] operator—>% template. fEFE
AP, THERITIA nonconst member functions 37 4%, FH5Z X const member
functions MISZHE M NAZIA N 5E

o HA¥FEIL
template <typename ObjectType, typename ReturnType, typename MemFuncPtrType>
class PMFC {
public:

typedef pair<ObjectType%*, MemFuncPtrType> Calllnfo;

PMFC (const CallInfo& info)

: callInfo(info) {}

/] X¥E 0 NEH

ReturnType operator () () const

{ return (calllnfo. 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) {}
/) XE% 0 NEH

template <{typename ReturnType>
const PMFC<T, ReturnType, ReturnType (T::%) (>
operator—>% (ReturnType (T::*pmf) ()) const



{ 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;
b

— HARBEW A PR AN BER — AN BH,  ARA D B S A 280k J A,
NTHZETEE nNM25] ) member functions, iG4E SP P ESE P member template
operator—>%, —PMHFEEE nonconst member functions, —/MNHFKZFE const A, fF
—A~ operator—>* template #NIZIRMF ntl MUIEH, Hrbh n AMECHRAEHATH,
TR IBA KRG e X PHE R0 . $2 Rk, 2 PMFC Hfin EXFR ) operator () template,
RINE T
® KFTEX operator->* KSR TAEALAGERK

V2 N BAAXT R Refibn 2 MAFARILIZ H, an FARAT T 20t R — PP, R
IR TAE, AATT— AN % R E B R e R AR AR AL N Y, B AR R F— MRS C++
R, & KevinS. Van Horn [ %5 http:// www. xmission. com/ ~ksvsoft/code/smart
ptrs. html. SEiE )&, % operator—>* (KT 8% T1E, vl LA aEE N —4 base class %Y
X, WYL

o AR+

template <typename T> // IX@&— base class, HIREILFAEtaIr
class SmartPtrBase { // %t operator—>% I IE.
public:

SmartPtrBase (T *initVal): ptr(initVal) {}

/] X0 ANEH.

template <typename ReturnType>

const PMFCLT, ReturnType, ReturnType (T::%) ()>
operator—>% (ReturnType (T::*pmf) ()) const
{ return std::make pair (ptr, pmf); }
/] X1 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

NRA B operator—>+ 4R AE IR REFabs, HFE4k7K SmartPtrBase BIn] . (H/E,
HA Y [ Redabs & — > —Medabs, LS IER e mshE] i, EiRwirA@EH. [TH
T RdEhs ] R WA — A Re e bR v T 2, (RIS SN R BT, X RN R
e ELUANFRA BEAC BT i 7728, K operator—>% HLEE R K. o dedr ity 20 Ek
VPR private 4k&MLH], B WHRATA public 4k2&HLH], A L2 SmartPtrBase
E—A virtual destructor, INIMHEINFARN (BLEILHHAT derived classes [FR/N) o
Private ZkAMLHI AT LAk G XA AR, BAR, BFFE— using declaration (ML.F%
KA F+—) LUELE [P private Jy gk KKK operator—>% templates] &4 public.



IR EA IR B 4F, LUK SmartPtrBase A1 PMFC template #JCE—Nw 44 25 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 M

// operator—>* templates] %A publics

// FReFRAR ) — M e URAEIX L. operator—>% HLHE WA #E 4k &N LHIZRAS o
I
o KL

TEFRGEER X B BEFRAR MARTY) operator—>s SCHE TAEAR, IACIMIMHE AR Usenet
IV B4 comp. lang. c++. moderated, HEHE KGRI T B, Bt Esa Pulkkinen fi
HTUNER:

PRICTTTVE 2 DA A ) s
1. RIGHEAER  pointers to data members (HARXIRZE TR o
2. W (& HE (user-defined) | [ pointers—to—members. WA AL
T operator—>%, 2B [17NFAL member pointers] fIHLE objects, fRAIHESAR
HEYRI smart pointer class PN “smart pointers to members” o ANIEMIE,
RTGEE traits classes A REPFRAFIXPIZHALIZIN operator—>* [F[AIfE R,

Smart pointers to members! WEKK, Esa J&WfH). (FHZ ELWIREVIFT T MERIEE E
o AR S AR SRR Z AR AR FEI TR] Y, FA— AN R BB T — )i, i ) i ] LA
ffiH smart pointers to members HARMiFE ., RBREF. ) FiEl&E, AXCEW
K7, TP BTk, EEYE Bsa BTFSH TAERHSTE . T @ X B,

o fHE

WRARE H b oe ZALIR A e FRAR (smart pointers) AT AR AT HEAH AW (A
fabr, IRNIZSZHE operator—>%, FUAZINEFRbRI/E N —FFE. IEH class templates il
member templates, FATITFLLELAAA M SR AL SO iR e ) o X LSRR e o — A
base class, WJUAMEINH MM, i@ HALR geFabriis it & .

o Zi

Andrei Alexandrescu [& T 5N operator—>% [ 4, IR G T Fxt
PMFC [f15E4F o Andrei AT A SC U BRG S AL T AR & UR %0 = W WA, By 4GS . Esa
Pulkkinen Ml Mark Rodgers Al T AHFIKIDTRR. ABRATTO A SCER AL WY, HRZERZ .
o f{Ek

Scott J&—f7 C++ i), /& Effective C++ CD-ROM, Effective C++, F More
Effective C++ HIEE . RAILLE http://www. aristeia. com/ FILEEZE
o X¥

MRk, AR A, L C++/Java/00P/GP/DP.
® sidebar : Partial Template Specialization 5 operator->*

PR TR S A SO, Esa Pulkkinen Fl Mark Rodgers %5 1f3%, Bl LA (partial
template specialization) RJHKM—/ [ pointer to member function] HYjrhZEHH
1% member function JTJ&¥) class B4, PLACRR UG A0 o E— 5 20 21T traits 4%
K, WRE—Fi) Zis IR CH+ R RERHE A, KA traits HAR, 5% Nathan
Myers [ #: “Traits: A New and Useful Template Technique,” C++ Report, June 1995,
HoC B http://www. cantrip . org/traits. htmls

Mark Rodgers @WFEAFIE A _FrdlILe templates, EANTHREZENSHEH—
ANZEP) member functions. EEA RMERZ L E2E, MIRZIC BT HARE 4>
HiET M. A 7T1XY templates, PMFC mivl A4 A [T —/ R0 2% JRE]




MemFuncPtrType| . WRZHEA, AIHEADTIHEE 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 0, typename P1> // partial specialization

struct MemFuncTraits<R (0::%) (P1)> { // for one-parameter
typedef R ReturnType; // non—const member
typedef 0 ObjectType; // functions

I

template <typename R, typename O, typename P1> // partial specialization

struct MemFuncTraits<R (0::%) (P1) const> { // for one—parameter
typedef R ReturnType; // const member
typedef O ObjectType; // functions

I

IEHIXEE templates, FAEAIIRIGFREARSIZR 1 =P PMFC. AT HALIX B &
R traits PIEEARANTT, WAFTHMR A typename YATHILAE template P HIAYI 4
M2 AT FiRixts templates HJ LA KEE{K smart pointer classes [ 8K 3E operator—> |
I TAER. 58 F, Mark Rodgers #EJE 7 3Al], HEE— operator—>* template HLAJ
DL FEFT A A BEMY member function pointers, ANBEE TR member functions 3%
%% /OAEE, WARIELE member functions Z&T5A const. J&f, HIZDK SP (BL
SmartPtrBase) T operator—>% templates AESHUAC AFERAIZR VUKL EIAl, 7Y
WE% MemFuncPtrType ¥4 R4 HMET—F pointer to member function 5| & F, A
1% member function [JEEANE. MUER . WEME (constness) o #EA pointer to
member function HYJ|&WifLifsy PMFC, fEABH., MWAFALHLH] (partial specialization)
SSEIAT, FFFATTAE T B A BT H K
o FEAyFEt=
template <typename MemFuncPtrType>
class PMFC {
public:

typedef typename MemFuncTraits<MemFuncPtrType>::0bjectType ObjectType;

typedef typename MemFuncTraits<MemFuncPtrType>::ReturnType ReturnType;

// —ntE

I
o FEAFEAIY
template <typename MemFuncPtrType>
const PMFC<MemFuncPtrType>



operator—>% (MemFuncPtrType pmf) const
{ return std::make pair (ptr, pmf); }
MRikiE 1. sedEfeXad s, FEMAS NS0
// veblx] cb4[x] gecc2.91.57 on win32[o]
#include <iostream>
#include <utility> // for pair and make pair()
using namespace std;
// partial specialization i ARRF GCC Fil BCB 4%, VC6 ZKIK.
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 0, typename P1>
struct MemFuncTraits<R (0::%) (P1)> {
typedef R ReturnType;
typedef O ObjectType;
I
template <typename R, typename O, 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 CalllInfo& 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) {}



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 4%, GCC R, i+
public:
SP(T *p) : SmartPtrBase<T>(p) { }
using SmartPtrBase<T>::operator—>%; // (2) 7E G++ Ha[4sP{HICAEH]
// normal smart pointer functions would go here

¥
/%
® i

R (1) FKHF private 4kzk, {HR2 GCC A% $E [LL using declaration ZEHY
private inheritance [IFRE ] (AIEIN AW (2) BE%wEE, B! D, & mainQ) 2N
A pw—>k RUHIRw PR R . RPN public. BESRSKMA public inheritance, (2)
KBTI REE T (HiE, {(C++Primer T 3CHY p. 981 ¥ [LL using declaration 5
filf private inheritance WJPRHHI] , FKLL 981. cpp 2, G+ HINRIMEEF. MAHER? i
£7%. well-known bug in G++: “Using declarations in classes do not work!” i
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; }
I
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) () : // Sleeping. .
PWMFC pmfc = &Wombat::eat;

(pw—>#*pmfe) O ; // Eatting..
PWMF1 pmfl = &Wombat: :move;

(pw—>*pmfl) (2) ; // Eatting..

}

WREGE 2: AEBAESCH RS wombat & FIBYHNEF ™ (11— P A48, Al KA 8.
BB ARG I AE W, wombat SERATTESNY), FXIE L, FEAXSL. FHZ wombat ]
B

VR W VFRRE 57— FRNES P dingo, AREEF AR XIS 501, AL, B4
INEAOX TN YIIE o
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