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2. BiE

XfC+ B AT E, HFRIPA SR afd. BN EMALAR] 10 4F, C+H+ HIPEAR K
J LT AT E BRI R G R AGE S 8 o IR 8T h T AR EL B R e R 2 ) R
AN AW CH ML RS R CH+ N, B g ) (1 — N @ g R
FIEAT AR TR C+o CH+ ARiEAL D 5E R, LT 2 FRAERE U NR )R, A
i C BREUE, WA ARG, XA — N KRR AR FRATIAA ] BEAEAS Lo RS AR 1 1R 17
LT SR AEAN D MK RS AT SVE R SR A5 R B0 T 5 58 ek H i B 125 Fih &2 R 2
CH+ G PEas M ECEANWIE 0, e AT HE R 5 35 R IO 78, e AT 7= A2 I 5 ot S AN B
M. CH TP R CHMIF R A EE, B RREmA, R (robust) MRS
007 NN |4 R e WS N I 14 A e St VAR Kb s R DR L5

— FABF REAN I, RO e AR @2, BATIrEr % b 2
BUE . 1990 A AMTARANIE C+ 2T AZRPG. BT 1992 4, MATARAE WS e, s
Cr+ R 1n) (1) 1) 880 B R . FRAAT BB 12 v HH i N AR 7 SRR AR AR 2 FR o] e 8 143 F2 2
B (R R T AN TR A R0 2 F Ak 2 TR B SEA HE 5 R R LA SRR RS T HLRE 2

XA AP IR EL A IR B ] @, DL R AT 22 A0k e

AR FAR ] B LS T IS Cr+ SRR, AR AT NIRRT S i
TERG TR AR, S EBAENE BB SRR RS U RS N R TR
GBS ] PR IsER L RS IEMIEH; EARG R . 8 P i ik
RART LT

AANEEGr A 35 Ao BN FARERE R 8 RSt C++ R AL T 22
R R o RSB 45 Rk LAAE DU B 2R SR TR, R 1) 0 B D) o G S 4 HE U A A+ A A7 A, W RAS
RS R 2B R, PLEAT AL A DLA B SOZMEN] . BT 48 3R o B . 3
L 2 RO A2 [V S PRI, R R VR TT RE A A 56 11— L6 Bk i Bl 4kak 9715 &
T exceptions (Ff% Tom Cargill, Jack Reeves, Herb Sutter [k 3R MINEEZe 6w
Do FABS I MRRE W] 45 55 5 (A [FIRE I LLS e b H w453k 25731 ik an
A BRI PR AN B G AR 3 1, AT AR i — A CA_E A 2R 000 7= A AU UL ek =X AR
WA=/ smart pointers %64, HAMSFHM R 28 H . 43K 16724 LiEACER L1
VOB . AIRWE—2%aK, $eptp#R 2 3L 38U O¢ HE X KIEYE . 75 More Effective C++
— PR 2 ) B e] S SEACE R B A ] CH+ o KRy C+ R RO PR A R A
o, HEEEEATH— T sRime.

X Fp A BE T AR, AR N AL B B2 AR P 2 B R C++ o FRABCE IR T T AR
(classes). R4 /Z24% (protection levels). FERIFIN. dEERIRS, IR RRCHEE
templates Fll exceptions TARMIME S . TIFAIHBRE IES LK, AL R ILT
C++ FRMERS, IR HE— D IRe .

2.1 ABFTRE C++

WAEART TR FTHIG C++, & ISO/ANST ArufEZR B2 1997 4 11 F5E Rl CH+E s
WHEE BT (Final Draft International Standard). XWE7s T FePm il FH I 3 L8 iE =%
PERTREIEATENR I gmE 4 (s) SCERAE I 280 o AHHL, FRAA R & ME— il [T ) Rk,
Ni% R A templates, T templates W14 JLF A& K ikas M & HLAE. iz H
exceptions, JFREHEPIALIK 9715, WRKIIGFRS (s) KAESLE exceptions, WATA
KAT, EIFA WA AR I A 25 IR 4 b o (B2, W3R e, HAAEARA T H 21
exceptions, RIS 9715, RIIBLESEK (S HAHSCRIE) L T AN 43
B T RES N Z TR T

PN, WEbER RSB B TR B TR S, AR RIE e S
FrPE OO AR BT gn B as L, OSSRV ol N H A RE A I G . — H XS [H5
HEZ T Be | A [ SLIE R B0 E 2 5855 | MM IE, B AEA LA IS, 5
SRIRILSE LU S AL S S5 AP A S, PSR gnieas (s) Ml CH FrefEA—EL
i, AR CARBIR, Rk e B AT B 1 2R R g 15 4% (s) WA S PR TR S 4F



PE o T PR e B — L8 SRR SR AT (AR T8 LU SCBR B8 5 RR AR, AR IR mT 5| &
e

EEMRG R g iEes (s) B, RAHEL. ARMIESRT CH brvEr e E £ A
FHE, BT AFRE IR AE 2 D PR G B2 (s) P& bR JEREAA . X 2 AinT LA B R S A 22
AR AN G A L B S T AR IT, B 1R FH A G PR R A BB 1R s . 3K
AT DA B s e A O B2 S ik R G RS BRI AN oK) iy A A B SR SRR
WIRF A S EAE RS R (R 2, BEAPERIESE, sU2MWE M, 1 G+
FEAER X LR RS Z AT 25, TSR N LR . THE BB EIRES Ny, 22
PRI E bR R E = TSR, Rk &0 s OF Rgte 5 N61E) 184

AT T AR REAE R C++ PRI, BB A A C++ brifiz . St
G ias SR EA], AR RAR I G RS A SCEE AR AT S DLAR P 28 0 HAth 1 TR BERL EAT T

FAEFUER] bool, HAHMNIKET true DX false. WIRVRIIG RS MARTE
bool, HMAIIER UKL E . FH— DIk H-— global enum: enum bool { false,
true };
X ARVHREESHCN bool B int FIA R & INELZ 84k (overloading). i, W [ L
a1 (comparison operators)] Ui==, < >= ZEZEAIHALF] ints.

B ACAR R 2GRS 47 A A an 38471 1441 -
void f(int);
void f(bool);
int x, vy;

fCx <y ); // WY £(int), (HHSZEMNZFEY £ (bool)
— HARSH B IS 8E bool [M4iieas, 1XFP enum UTALLE AT RE & ke AT M 11
B

Ti MR R typedef SKJE X bool, FFLAREMIMMMN true H false:
typedef int bool;
const bool false = 0;
const bool true = 1;

XM FEARIAL SR C/CH+ B o A X P BRIE I RE S, FERAE 2] —A 34847 bool
T gm s -6 218, T AR S e TeiEER A Z Bt (overloading) I
X 73 bool Al int. LA EPRAPTAMEHAERE, WHEFmIE AR —H.

oA, SRR I E H T static cast, const cast, dynamic cast,
M reinterpret_cast. UIHRIRAATX L E -, WERIRIZK 2 AFH I dt b iy 2.
AR C IR T2, WHar, e m e 3G AT 2
e, FHEAEAF KIS H 1.

CHt+ HEESAGEEERI AR &1, CH BF MR HER S E (L5
E49). AT HeAH AR UERE T HRAE ) string BEBISREAR charx $845, 1 H AR SR
XM, string objects FFANLE chark—based FHMEEEAE, CATTILFAb A& AT DL A BRAR A
B HACIZAE T AE, T H R &4 exception [ (M43 9 1 10), string objects Lk
AT memory leaks GICAZARIRZR) 1 ) i,

SEAE AP string Y52 nf FIXS N IF) chars ELEERCR, M H TS im (453K 29 £
EVRRA D) o WRIRANFT FAE HFRAER) string B, FRGRSMEHIEL string 13
filh classes, AZML? 21, HE, BT RIS EEAMH chark k434 .

PRI ] Re Al AR HERE RS L I TR 65 i . IX e B RS589k H Standard Template
Library ("STL” — W43k 35). STL H 7 bitsets, vectors, lists, queues, stacks, maps,
sets, PLREZ AR, IRIVAZS B HIXLERAEIL I BRI S50, AEA A AR S — AN H
CHIMRA . VRIS RS BV PR A B STL 254%, HANEPIYXFERAEH & . & Silicon
Graphics A HGLy, ARATLAM SGT STL Mus R 23— a2 7= i, &0l LLRIZ Fhga R a8 45
fic o

T RAAR H AT IELEAE H — AN N S SR AR gk g R g R A, i B A AR S e, T8
LR LB T Thadfe ] IO STL. AR WRAREE TR STL) Al [ HAT#E



[FISEThRERIY | Z ) Ay LA e, AR ik B e ] STL. idfRE iy = Py 2 STL
LR brERE U A 4L ) Z R V2 it AR R s .

2.2 BB EARE

ATA I an SR 31K 2] inheritance (4k7&), FAIEIEE public inheritance (JL4aK
E35). WIARILAZFE public inheritance, T FIMHIFRIH . hldh ik REIR, FoXT
base—derived X ARMHIIAR T, EM derived classes 1f base classes H ik,

Bilan, TRIAE SRR 31 Bk gk AR R

GameOb ject

SpaceShip Asteroid SpaceStation

R R T NAIRAE Effective CH+ B—h (GERE, A 0O FrRH A
Ao IAE TP AT X Mdee ) 4 2 I 4K A i Sk 175 . M derived classes HIfE base
classes, I HIIREXFIHLRRIAN—%. HIORERY, %2 (abstract classes,
Bt ) GameObject ) #¢F N LB 0 H % 2805] (concrete classes, 4 b [
SpaceShip) ARINEA .

Inheritance (&AM 25|% [pointers (B{ references) $HH P/ NAFTLH] ]
POE, AT B ST (static type) FIzh&ZYS] (dynamic type). Pointer &%
reference M) [FHAM] ] eI E 5 M B8], T30 ) W eI sEbr B 8 ik
PoE . T ERYE BTSN
GameObject *pgo = // pgo HIHHAZLLSIE GameOb ject,
new SpaceShip; // shZ&AMH)E SpaceShip#

Asteroid *pa = new Asteroid; // pa MIERASHEIHIE Asteroids,
// BT IE Asteroid#,

pgo = pa; // pgo MIFRATLAMIER GKIL) & GameOb ject,

// BIRILENZS TR W4 JE Asteroidsk.

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

// BN Asteroid.

XL sy T FE R — Mg 4477 . pgo J& > pointer—to-GameObject; pa
JE=—> pointer—to—Asteroid; rgo s=— reference—to—GameObject. & & UL 72k
A pointer Fll reference 44 -

WAL XIS EALFR: Ths Ml rhs, ‘EA170 /2" left-hand side” Fl”right-hand side”
M4 0T T IEZEE AR R IEARIZEE, 155 E— M kKR4 (rational numbers)
1 class:

class Rational { ... };

WA A DLEL PS4 Rational objects HIMRZL, FAIHELSIXFEE &
bool operator==(const Rational& lhs, const Rational& rhs);
IXAF AT LS H X 05«

Rational rl, r2;

if (rl = r2) ...

{ERFAY operator== [ FE, vl AR"==" Zcfll, #REA 1hs, r2 AR"=="4 M,
B R 54 rhs.

Fe At F ) HoAb 45 5 Z R 45 ctor f8#£ "constructor”, dtor fU#”destructor”,
RTTI fCF C++ X} runtime type identification FI 3% ({EMEJRT, dynamic cast &2
B AT — AR



B RAC B AL AT RIS, VR T memory 1eak (ICAZ 44352 2D 1)@ . Memory 1eaks
75 C Il C++ A, HZAE C++ o, memory leaks Jrit RIIEAFZIAMZAE, BRIy C++ 2%
B re A, AIIFEIY constructors, I constructors A & 0] EJRHC A & Ui

(resources). 2541, FHRELL N FE LU

class Widget { ... }: // ¥ class — EftAFAEE,
Widget *pw = new Widget; // AN E > Widget #1f.
oo /R pw —EARBMIER (deleted)

X B st RAacdZ Ak, A pw Prdai Widget P MCRBEMIER . 412K Widget
constructor Mt & T H Ath ¥ Y8 C 5 41 file descriptors, semaphores, window
handles, database locks), XHEHYRIFANIZE Widget YIPFHIESIRE, IAERBL
AR —FERRIR KA T o O T 9RIAE C++ 1 memory leaks fHAF L ovist RHAMBHYR, KA+
Ll resource leaks —1AH{AX memory leaks,

PRASHEARAT T HERFL inline HRl. HAZRTAZTK inlining, L LIRAME
inline pRUZ CH+ H—IE M. SRR E — iU B NAE inlined, 454143k,
U, M HEFEAX (WA E33). PrUl RSB S inlining, BRAFILHAEAICH SR
[ inlining Anf. YREAPZPEHE|—A non-inline X, HABEKRFNNEEE
N inline MR ER, MIEU, & [£&A inline] 5XBHHEH 3B,
A —EfE5 1 CH+ PRI AR 2 I S HERR o IR IR Bl B IS 5 TR B AR H
ZH PUABE A, BB AL Gt 1) AR AR, 1 HAMS S 4. XA 3RS
KRR BRI PR T, FE U AR o AR 2 S A FH B R PR e, (e i e B A
W, gmEEds) RO TR R, SR JIRAE RIS, B DU Sl s (1) v iR £
WSAFIH I 24

il client, EfRIRFTERIREAMME . s et N CREaC D), sl ey

(classes B functions). Z8AMIF, WIHRARE T — Date class (HKRERMAEH. Hi%

HARR . HRERFF X BRI H 4545, AT TI1XA class N, (H/2EFRMT cliento ATf]—BAE
FH T Date class M5, tHZ2FRK clients. Clients &[],

HL b clients WA EM. WHRBA NHIRE FETAAE, RXATLEEN? R
RIMRARLER WL clients SHEFS, WH XS FRRPATIEIRAE, FVLFRERAE TR
BN MRV TR, AR AE— T WSS AT A AER classes 8L
functions M&? WG, Rt ECH client, FTLAiE clients B, HEzmZilA
CE R, FAFIC.

BT class template B function templates VA HEANIFTT A H KN classes
o\ functions W, 1 AFAR B Ao ALR], AN——5 H templates f1J: instantiations (&
AR Z 2R 284000+, WH Array &4 class template, F/MHEHIZE T, AT
el Array fRR I template BIFEAME € HIIA (instantiation), BAREST Array<T> /4
SEIEIH) class &ZFR. [FIFEIEEE, WA swap &/ function template, H NN SH T,
AT RES LA swap MIAE swap<T> KR HIAAR G B FE ) 18] B R R VR AR S I DL F AN TS
%, RESHERRS template HIUAR N E template %,

2.3 R, BREML, AFEF

PITNEARB ARG v EetE e, 1 HAH, R IRENE— A G2 .
WRARKIUEATE R — BORMER . W55 BB B BRI AR P — 1S Rk
B EABH T EIEZ o WRAREE M E RN, SRS IR IR G =3
AEHSC (acknowledgments) Wo WHRIRA SR, AR D,
PR AR AR C++ R BT SEAEN o a0 AR AT 7 T ARV I IR 5 IR =,
T Torm%e WHRARIED IR IRIAEPE. LRI R IRy, %4
Scott Meyers
c¢/o Editor-in—Chief, Corporate and Professional Publishing
Addison—Wesley Publishing Company
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Reading, MA 01867
U. S. A

B R T LI HL - B 2] mec++@aw]. com,

RGP H D APE BRI EIE %, PR RE I SCEEN. DLEH AT
B o ARAT LAl B A 3 i s, LA FoAth 5 AR AR DG 1 78 . /Rt nT BUIZ IS anonymous
FTP, M\ ftp. awl. com [f] cp/mect++ HxHHAGE . WFARA BIHA X BRE, HIGE EK,
Ay ) Eak il SRS AR

XSS KR, AEIRATIIFAR I e,

3. ERKUGHR

AU, 21, pointers (38%F). references (G ). casts CEHIEHL) . arrays
(B4). constructors (FJidi) — FRRA HLIX S ILA A UE T o Ui b ) c++ FE
o H B A RO R, 2T a2 LR PTE R

JVEAR A R L& 0 BRIE 5 X —8B4, MR EATIE R S ARz I Rl 2 X T4
M C#3] C++ WFEP G, AN references, dynamic casts, default constructors MZXL
‘B non-C PTG W&, A — R A B

1&—® IR pointers F references MIZSR, WA VRIREAINIE LA HL. ARFA
AUHTH C++ KA (casts) WL, WM A 28 XA L4k LU IR X1 C AL e 4k
Pl ARFEAWAR C PEAMELL L C++ 924 (polymorphism) M, AEUHEHA A48
EXWEREGIEHEAR 225, TG, AFEITL default constructors (BRINIERRED 11
WET R TR, W — e Bk, RARRIEE S R e (KON FERA T default
constructors MIHEIL T, C++ tBE&ER—14 .

SUBER O NS4RS TUE S AR ) 25— (R L i H bt s AR B A2 7= (R 3 A mT A
TE R AR B AR B R

3.1 Item Ml: F84F55[HKX 5

REFS55IHE EETBRAR GREHHERIERT <7 F1 “=>7, IHMEREER “. ™, H
AL AR h e . FaEh5 5 R LR a1 5 | LAt G o AR i g s 7E AT 2 i) i
FEHAREE, TEAT 2 WA R 51 W 2

B, FHARBIFEARATIE B0 N AR R 10 B AE 5 T H o — A5 T 20U 2 8 1) it
X% BRI ARARAE ] — AR RIS D%, (H 2224 BRIt ] B AN 1]
TS, XIRN A 5 5 o 4RE, ORI T DR (45 1R 7 AR, WA
BERR —NR, BIRRKIBEA VAR R A, IXINRE AT LAHEAR A G ] .

RS, SR, URIEEL, CIXRERARE S A AR E R 7

char #pc = 0; // BCEARE N AHE

char& rc = #pc; // kg R AE

KARAREAEM, 2Bt SR RAER (Gniedsae™ L —hl, SEULTHE
THEA R R A NAZPIFE HIXFEAC N, BRAEMATR R SOER e A RO I,
AR 25 AR AR 3R R, IS A R I e e Al e A 5 L, AN SR 25 AR 75 I AR
Fefllte FRATTLL S K 2% —AN 5 | AR ) B AL T R

A GIHE E S8 m—MNE, 75 CH+H, 5IHNIHA.



string& rs; // B, 5l ia AL

string s("xyzzy”) ;

string& rs = s; // 1EMf, rs¥gM s
FREF A XA PR .
string *ps; /] RPIE TR

/] EFABSER:
ANAFAESR 1) A3 A 5 )TN F S RS (A 5 1] A A RS 0% LA PR B A 2 o KA A
A8 51 2 H AN 22 ) A
void printDouble (const double& rd)
{
cout << rd; [/ ANTFENR rd, &
} // HEFRI A double f
FB, SREH N 2RI, B2
void printDouble (const double *pd)
{
if (pd) f{ // Kt A5 ) NULL
cout << *pd;
}
}
FREt 5 S T 5 — A EEEA A RS SRS ) DARE FFT A LAR 1) 55— DA R0 5 o {H 2
TN SR AV B R E X %, LU AR
string s1(”"Nancy”);

string s2(“"Clancy”) ;

string& rs = sl; // rs 5IH sl
string *ps = &sl; // ps ¥&M sl
rs = s2; // rs JHHEIH s1,

// AR s MEBAE
// ”“Clancy”
ps = &s2; // ps BULEFRI s2;
// sl WHBAE
M RRAL, LU 0N ARNAZ AT HIARET, — 2 AR5 I BIAFAE AR A0 SR A] BE (FE
MEILR, URBEMBCEIREI M), TR AR E AR AEAN R I ZFE 1 AR B (R
FEOLE, RAESCRFREIUFR R . WAL E TR 10— X SO0 H— Bdg i — Mg E A2
AR, S ARINAZAE 5



TEAT—FINGE, WU R TR AR T KBTS MO 1 TR R
e BAIER IR RLIBE A FRRRTS, LRI

vector<int> v(10) ; // AR (vector), K/NA 10;
// AN EARAE C PR ) — AN (WL 453K M35)
v[5] = 10; /) IEABEIRAEL IR H ARt G A B A A [ Bl )i
WMRBAERF 1R, WA/ MERAXHS:
*v[5] = 10;

ERRXFEMN v B LXZE D REfE. PRt m—rg .
CXAT M7 BISE, 2 W23 M30)

S YRFIE PR AR ]IS G I HAR AR IR [N, 805 AR AR AT T 0 B 1B A
FRTE SRS, ARARAZAE TR MAERRIEZ AP AR B0, WAL AR E

3.2 Ttem M2: REFH CHXAE KA

AT AU AR AR AT LI (KRB 4 T RE (cast), HAERREP BT b7 st % goto i H)—FF
AN e AHREIEARTCES NEZ, AU R R B0k, ROl 2 1,
KN AL T

AL C XU RIS B e D e

RN T E, BEARVIIRTEAR ISR B T AT e e o ANid G REEE AT SR 1) 28 28
Feffe, X — MU AL AEIREEMEA P AR B RIANR], B andt—AM 815 const X4
] 4§ %1 C pointer—to—const-object ) # #t ¢ 45 11 4F const X % [ 47 &
(pointer—to—non—const-object) (RI—AMUALZ:FR const FISEAEHR) , MR ISR
(RFRET e i dR 1) PR R A (RS8R BUE N G RAD . BRI C XUk 1R B A AT Bk
PR AT X I o GOX— BN ANUF, KA C RS (2R 42 h C 155 vk, i
AJEh CHIEF D,

ok C MRS R B AT AR v A b o DA FETEE b, SRVt [ 45 FRR TAAT
IR, XL DUHAE C+ + P ATy o X Af 45 1 GOXFE— A I AR A B e it
(4 i) AR AFAR A “AEXAMRE P @ A 7B 46 2 70 3 DRI N 524K W e 2
TR, MRS grep I L AFBTFABAGE NEAIR R EX ek,

CHHIELIE 5 [ DUAN T () 2R R 3 B A E A v IR T C RS S AL S i R e o0, I DU /MR AE A,
static cast, const cast, dynamic cast, Flreinterpret cast. fERXZEIHEM T, T
X LERRAE R UR H R BN SR AR 2 5 T IX S

(type) expression

[[0FY % ROISINAL e = AER

static cast<{type> (expression)



B, REARAIE—A int 24l double, DAMEIRALS int ARG 1Rk 2R H
FERBAEMAR . W] C WA 1S i, IRBEIXHE S -

int firstNumber, secondNumber;

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

R BB (R T8, AR IXRE S -

double result = static_cast<{double> (firstNumber) /secondNumber;

TXFE R T S AN TR T 0T N Tl 2 0 A P AR 25 2 R

static_cast fELIRE LEEA 5 C Uk R AV —REaR R, & B —FE. WA DhRe
BRI B, URARER] static cast ZH C RS IR B —FEE struct Bl int 28
RUEGEAE double AV HLRFREF2KAY, J34b, static cast AREMNEIEA T LR const J&
PE, BN I —ASBT R SE REEARAE T const_cast HIXFEIIT)RE.

FCEW ) CHIR B R A AT T AE 5 258 2 IR T o const_cast HIT-2RAS g
ik const B volatileness J@YE. MR const_cast, VR AATHIZ S iR /R0
Tk R EE WAL ) AL A — S8 4G () constness B# volatileness J& M. XA kg
PRI . R const cast RIEMAEE constness Bi# volatileness J&1E
AN, RIS AR A . RIS 1

class Widget { ... };

class SpecialWidget: public Widget { ... };

void update(SpecialWidget *psw) ;

SpecialWidget sw; // sw &—AHE const X%,

const SpecialWidget& csw = sw;  // csw & sw[f—A5H

// B const XH
update (&esw) ;  // By UAGREAL I const SpecialWidget® AZ %
// Y AKEPE SpecialWidgets 2R AR B () b6 40
update (const_cast<{SpecialWidget*> (&csw)) ;
// 1EHf, csw i const #EE L s (
// csw Al sw IR E{HTE update
/ /BB RER BT
update ((SpecialWidget*)&csw) ;
// TR L, ABAT — AN SEHER )
/ /) C XK (R AL e 4
Widget *pw = new SpecialWidget;

update (pw) : // ERR pw [RIE Widget*, {HjE



// update BEALPI)JE SpecialWidget+2K Y
update (const cast<{SpecialWidget*> (pw)) ;
// HERY const_cast {XAERTLE M
// constness or volatileness [/ I |
/[ ANREFHAE R 4R 1 S A T R A 4
FIHFT R 1L, const cast fi il (1 & H s 501 const J@ 1k
SRR AR AT dynamic_cast, ST AMUTE Rk R I R 7 Rt
AP, Xk, RAEH] dynamic_cast O [ HE A FRET 85 L Husleds 1 JLUR 4
FEH LI RFRET B T, Ty AR BEANTE e e 77 BTl RIS e ek aiz [ s fig el (Cx)
TREF AT RBULHIN D BEE P 5 CUX 5 AT R B4 )

Widget *pw;

update (dynamic_cast<SpecialWidget*> (pw)) ;
// 1EMf, ARi645 update B MREE
// IR RN SpecialWidget I pw [FFEE
// AR pw BRI X,
// A I 2 R A S HR
void updateViaRef (SpecialWidget& rsw);
updateViaRef (dynamic_cast<SpecialWidget&> (xpw)) ;
//1EMfi.  fLi#4y updateViaRef pR%Y
// SpecialWidget pw R4t W pw
/) SR T RS
/) A WK S S
dynamic_casts 757 B AR 4K A 2 X ESE AT BRI o & A RER Tk = 12 R B i) 2871
(S HEHN24), WABEH BRI constness:

int firstNumber, secondNumber;

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

const SpecialWidget sw;

update (dynamic_cast<SpecialWidget*> (&sw)) ;
// E5iR! dynamic cast ANHERE R

// i const.



UNRARAE BeAT AR AR OC R R AL P b AT 4, AT REAR S static casto WIRUEN T X6
const, RETFH const cast.

XY BRI T AN reinterpret casto A FHIXANMEERF ISR EE S,
S0 B e g5 LT 38 % AT W X Cimplementation-defined ) o [H B, A H
reinterpret_casts [fRTSIRAERS .

reinterpret casts IR A T2 AL BB EH IR AL [ IEAT B . it ABse
AR EERE A -

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

/) WtREL, ZRBOH S8
// BREMESER N void
FuncPtr funcPtrArray[10]; // funcPtrArray J&—NHEERN
// 10 /> FuncPtrs $rEF 1541

AR BAR A E (R S 2L 5 42 HAb g B R 48— N8R 1) R 1l s U 4R BHE A
funcPtrArray 34

int doSomething() ;

PRANRE At I 4 T B 228, AR doSomething BRELNS T funcPtrArray 24k
YA —MEIREE . 78 FuncPtrArray 04 B s H0R [ME 2 void 282, il doSomething
PRECR B int 2R,

funcPtrArray[0] = &doSomething: // g RBUANURD
reinterpret_cast A LIiEARIEEgwiEas MR 1L LB ReA]:
funcPtrArray[0] = // this compiles

reinterpret cast<{FuncPtr)> (&doSomething) ;

B A R R B I AR SR AN T BB IR CCHANCRUE T AT 14 R B R ST #54 H — FE I VR 3R
N, ARSI R IXRE R R s EAN IEIN S R (S AR M3, BT AR 1% 38k o e
BREFREFRAL, BRARIRAL T T 7K — SR JI B MR IR e SN 2. — BRI I — R
AP

T SRARASE T 10 it 1 8 S5k 22 50 T R R AR A 480 07 R S8, R a] DL A G SR AL 45 TV EAR
# static cast, const cast, PLM reinterpret cast. tAJ LI T I 22 B AL BT 1
KRBT

#define static_cast (TYPE, EXPR) ((TYPE) (EXPR))

#define const_cast (TYPE, EXPR) ((TYPE) (EXPR) )

#define reinterpret cast (TYPE, EXPR)  ((TYPE) (EXPR))

PRAT LG X AEALE AL -

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



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

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

XA R B ERAERT — FE 224, AH I AR G PR T LA SRR T IR 1R S 200 4 4t
I, B ATTA] DATRA AR AR T 2 1 i

WA —NE L TR dynamic cast FERAE, (ORI Z REERIL T K%, L4
M AR IRA R IR (A AT R A e e o Gn SRR AT 3K 28 R BT VR AT A S EA T IR A () SR A e
e, PRt n] AT 3] C XURS (R BG4 T b AR X RE IR 16 R4 AN RE IR SN 2R B 4 2 A1 R UL
28R, AR AT PLE AR dynamic cast [ITHAE, BUSABHILE IR A e —FF

#tdefine dynamic_cast (TYPE, EXPR) (TYPE) (EXPR)

I, XAMERLIFAGESE S dynamic cast [NINAE, ©BA IMNEMIERE R K
.

ENIE, SEr, FRANE, B HARAE R AN ARSI LT S A B A AR R, 2
FARKIVEANTE L ZIAEL NV, C XUtk IOSE B n] AR A ] OF HG7%. AR, 1F
2 PR R Bt R B AT h Z SR I REAE R AD 1 7R SORSRATE AT AT HE A LRk e I HL,
A3 BT B L S AT (R RS P B G AT ORI N LA T L RAR ), e R vrg i
AR JEORAN B AR IR B U o X BEHRE BT C XU SRR 4 T VL (R Ay T B o 3B AT 28
SANE s WVFLE R AT AN SR BN BRI —

3.3 Item M3: AEXNHHAMHAEZE

AR (1 o AL (R R M R 1T LOE i B SR B | R R E IR AE 2K X P it s |
HATANZEME, S enmE RG2S, CHRVHRIEE ISR 5| kiAE
TRAREGA . AT IARAAE — MR, BRI RS LT A I 4R BT IS M S R IB AT

ARA— AN BST (L2485 Figkzk [ BST 2K JRA:2 BalancedBST:

class BST { ... };

class BalancedBST: public BST { ... };

FE—NECSERRE B, X RNAZ AR, (AR IR AT ZEL, In BRI
AU S HE B 32 O 748 11018, FATMEGBE BST Al BalancedBST AL E int S8R K.

AIXEE AN, B RESTEN Y BST 28504 i —> BST X% (0 4 4%

void printBSTArray (ostream& s,

const BST array[],

int numElements)

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

s < arrayli]; / /¥ BST 2%



} /BT HAERTC
}
GRAGIL LR K5 AT BST X R I A AL S IN, B RENS IE 1817
BST BSTArray[107;

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

SR, IEHERE T, MRS BalancedBST XT4IEAIAL RALESS printBSTArray
BRAIT, S A AR JE R

BalancedBST bBSTArray[10];

printBSTArray (cout, bBSTArray, 10); /] ESIBATIER A7

PRI G e 25 2 B g DX A iR 8, R TG — NSRBI PR AR

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

s << array[i];

}

X array[T] M2 MR REN4 S EIrURIK & (array) o FAVENIE array
Je— AR AL IR, (R array T 0 ER A AE LS EA R Ad bk 0 TR Y
A2 RWR? EATMNAIGE ixsizeof (—ANERAIR N S), FENTE array $041[0]£)[1]
A T AN S Gtk oA T @ B DTS A T4, & U2 RES i e B4l % 1K
N, IR RIS B . B array B AWk BST 287, BT array B4 h 4
—ANJuER AL BST 2R, PR Io R S B AR MG ik i ()RR /2 i%sizeof (BST) .

Z /DRI G PR A I AR I o AFR A RAR A — AN 545 BalancedBST X G 14041 AL & f%
45 printBSTArray AL, VRV PEARSBLSI0HEIR . FEXFMEOLN, Sadeds it i
A ouzy BST W R I AN 5, (HZ IR AL B — MR Z KN EIE BalancedBST —3.
PRAE IR T AR EL LK . BT TRHAE BalancedBST %4 KB EL BST Ko SR Am itk 1)
%, printBSTArray pREUERCIIHRE SR U, oA NENIE W H] BalancedBST %4
KT printBSTArray BRECKE SR AEAT AFERIG R e AT 4 J5 RAR 2 AT .

WRARR BB — S A IR AR G AL, SR AEEFEFER R . DUR & —F R
AR A LIE Al R A

/R —ANH, RS s AR R

void deleteArray (ostream& logStream, BST arrayl])

{

logStream << “Deleting array at address ”

<< static_cast<void*>(array) << '\n’;



delete [] array;

}

BalancedBST *balTreeArray = // 3N — BalancedBST X} % %4
new BalancedBST[50];

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

X IR G R A BN FREH S U — AN R, 8 — N T R TR e
BB W 45 1% 2B B IR MRS

delete [] array;

B B G AR

[/ CA R MR A S PRI >k

// fER array B B KX S

for (int i = BATRMANE 1; 1 >= 0;—1)

{

array[i].BST::"BSTQ); // A array[i]f¥)
} // Hke A

PRk R BT g 55 AR FRE AR AR ANRE IEBFIB AT, T LA g B T AT ARAS 5, AN AT B
WIBAT o B RGP Bl N EIRHRMER — AN S A IR RGBS A A
SE Mo IXSEBR R PATX P e NS A 208 R . ZRFRE AR RRIRGTE—
KA, s 2 S AR .

EARVEE R IR ARA N — A BARZE (concrete classes) (il BST) JRAEH Y —A
HARZE (B4n BalancedBST), MBARSA AT BEILIXAMAL T 2 SPERAL R B4k
M33 JrfRBER), ANMEAREIRA AR 2 4i4b . BATEIRBI 3 T 40K M33 [ 4%

(WQ bnyE: Ve, REBAHERMSR, BAERABAEA new/delete FHLL)

3.4 Ttem M4: BEFTEHKIBETIERE

A G R (PR S EIIMIE R D 8 CHAlE T — MR A k. 1
I PR REA AR AR B2, T4 R e bR HIOU) AT LAASA A g 8 SN2 36 S 1 b i ot el R 4
XSG o AT IRFER IR A o 18— 847 55 B3 A1 017 IO BRI da A 0 25 B
AN E IR S BRI, JEAT LEUnBERR L WA R . S A 4 Mt T AT AR b S s o

(AP IR S e T BRI, AR Z X GOk, AR RIS S 384T 56 2 (14
IS I . Hn— DN EAT A LEA LT 5, BT o ARS8 R I,
P IR A HR AL bR A — A7) 1D 545, BT AR ST R LR — AN BEae I, At —
ANEIE ID ShY, L A SR AR AT =



FE—ANSE AT B, JoRE AT HCs B Rl 376 5 1) 28 T LA 2 Ak )0 ek B, 1 R 2
KR B S ASRE LB A MG R A MR PR BRATT IR S A SR 1, T
AT R T 2 IR R 38 o RS A R — /N R A M RR B, it s A E Lol B PR
il o

HEE— TR, ERRAFNRS, IR ADAF R ID AR, EA
1D AR5 e i AR ) 3 R ) 25 8
class EquipmentPiece {
public:

EquipmentPiece (int IDNumber) ;

K24 EquipmentPiece JEWAT —MREMIERREL, I LAE =FE S0 FAEHE, sl i@ 3|
) o S5 —rPE Ie HESTEALIN o —FRORUE, B M IR R N G I 2 3 R
24, RUEE SO, A fiedar EquipnentPiece X R4 :
EquipmentPiece bestPieces[10]; // BRI

// EquipmentPiece it &%k
EquipmentPiece #bestPieces =
new EquipmentPiece[10]; // Y 5 R )

ANREE AT =7 R R R XA PR 0 T ARMER (non—heap arrays) (RIATEHE
P I NAT . BEEVED) PR D5 V2 AR 2 SURHR 0 B 28

int ID1, ID2, 1ID3, ..., ID10; // AFs 1D S
/] TR
EquipmentPiece bestPieces[] = { // EHf, RO T R
EquipmentPiece (ID1), // BREI S
EquipmentPiece (ID2),
EquipmentPiece (ID3),
EquipmentPiece (ID10)

AAREE, X FTEAREHIAEHERA (heap arrays) (7€ X L.
NS ] B AR RV R R B A R A — 0 R A
typedef EquipmentPiece¥ PEP; //  PEP ¥REH4RM
//—> EquipmentPiece % %



PEP bestPieces[10]; // TR, B TR IR 3 R
PEP #bestPieces = new PEP[10]; // BIEA
FEFREH B AR N EPCEHTI, AR 10— AR ) EquipmentPiece Xf %
for (int i = 0; i < 10; ++i)
bestPieces[i] = new EquipmentPiece( ID Number ) ;
ARERX IR AR L BB VR U B A AR AN R BT DT 0] N G RS T
W RAENAFMR . S5 38N T AR O R, DU IEWR 5 S R 540 EquipmentPiece
MR, AR E S AR R R .
WRAR KB 73 IS raw memory, ARA AT LABE S 9% W A7 . A1) placement new J7ik (&
WA MS) fEN A #4i& EquipmentPiece X%
[/ RN K10 BEEL J3 e 2 0% (1) N AT
// EquipmentPiece X[%; TEANTHHLIGZ W45 M8
// operator new[] pR#
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 W4 M8)
for (int i = 0; i < 10; ++i)
new (&bestPieces[i]) EquipmentPiece( ID Number );
HEARIIA43 45— EquipmentPiece X RIRMIEMIE MESH . XANER CRIFREEL
A TR —FE) SVFIRAEBAT S48 M 3E BRSO N AL — 0 A . B A Sl iy id
BB HT R, SLhr EARAAS] WUORAEME B, AN BE CRUEXT S E i W 4Rtk .
ffiH placement new Rk SER T 2 K2 B P UM S ARSI (e e i 1),
AT BARA AL E R GAFA A I I, 620050 FH BN GBI ATT R e K, AR T P #RAE
7f delete[J KRB raw memory (I #Z W4 M8): (WQ ik, ©4H placement
delete/delete [JHAERFT, B B3IHAITHRE.)
// VA5 bestPieces X % AH & 17
/] FRE

for (int i =9; i >=0; —i)



bestPieces[i]. "EquipmentPiece () ;
// deallocate the raw memory
operator deletel] (rawMemory) ;
WA T IR SR AL ] 15 PR AN SR T 3% I8 A AR e RIS AT K S AN AT Tl
o XN HEMER - NASZH new BRAERR BN AR5, JLE AT #oE L.
delete [] bestPieces; /) WA EN! bestPieces
/A2 new BEAEFRT /ML o
A% new, placement new MIEATUIT 55 #IE s H . TRy & B AT EZE R, i
LA M8
XF T8 HLA A 8 Sk A K 3 R BT 3 R B A ) B AT O VA AR VR 2 B TR
(template-based) [ZAFIE AT o M SLEIL—ANBRRUIN, BRI S 2OV iR 11—
AR PR, XN IR . XN ESRE R B TR, B AR AR S 4L
RIBA I . a0 — S EA AR -
template<class T>
class Array {
public:

Array (int size);

private:
T *data;
I
template<class T>
Array<T>::Array(int size)
{
data = new T[size]l; /] WA KA TR
/UG T::TO

FEZHUEOLT , LA A0 BT REAR AT LURE 2600 i by it bR 2 755K o BIUIFRHER) vector
Bt CER SR TR FEELKIZR) W (ST S BB i A A Ky bR B 25K
ASERIE, RSB DA LBt X0, B s Hid s B SN RE 5 17
ZRMARA . 2 CHEEIF R A TR BT LS, SRR G BAZ AR AR T X
ALK, e T NG .

dgJa Yb— N AE BT RE SIS B i s P 2402 (At sk A A 3 R 04 2 AN M il 2 Hg 3 o K )
PXE PR AT R PR RO RS, ARAE S LT S 4. DU LF- BT AT IR A2 2R A 5



5L T R DA 2T 465 i R AL Tt R B2 (U 2 B0 Sl SR T b 80 S0 2 A B 50D R 2R 4k
IRIIRAEZR TR A7 2 28) H 0 AURIE I BE AR S A 45 e B 18 bR U 2 0 & 3L IR AE2R
(I 2 A AN 2 AR T S I o R 2 1

AT Ay 36 6 5 380 o6 44 1 3 ek ST S8 B R R B, — 28 Nk I () 2R 1% ik
AR R, RIS f 4 Ry 3 R AT A 08 R B0 SR e AR AL — S0 B o BT A J ) ) 47
PE XXM EquipmentPiece -
class EquipmentPiece f{
public:

EquipmentPiece( int IDNumber = UNSPECIFIED) :

private:

static const int  UNSPECIFIED; // HAEAREK ID (A E -
I
X RVFIXAE ST EquipmentPiece X%
EquipmentPiece e; [/ IXFEATE

XFE B A HA S 7 bR B 2 2%, RN ANFRBEMfOR EquipmentPiece M RBEAT T
A& SUBIE A . B E L — N R 1D 13 & U EquipmentPiece X%, A4 K%
HOB LR B AT 1D SR AEAE . WIRAAELE 1D, EAT PR Z0dR B A0 I 1. AN idid
WAL E 2 2, IR Z A LA A B A3t PR — A B — e
BELFRT o X R TE AR, AR HE BB AR A A T BR BT IBGT T — R GRAUEN LI e 2
5 BE R i B 1 A T B

PTG 7 IR 44 R B 5t 2 S S 1) T AV A0 o R B 7 B B 2B T AT 3 4
SE T HRBE IERA AT AL, TS 13X 6 o K5 PR U FH 2 3005 DA A H 50 22 PR N T o T HLB A3 A H B
2 (ARAS, DR A XA A AT AT SRR B R AR AT B K o B AT T A A IR R W Pyt 7 7 4 R o Ak
PR UR . AN SEIRE bR BRI A ORI AT (R0 0 B AR AR Ak, T I LB B 1 et
o SR FIE BR B — IR SAR BN RAIE, T DAYE S ATT ] B A R AR T S, R ek
FAFFEAT. AP CEA A IERET)D RIHAE — SRS, 2SR er, ©
WA VRIAE T —FILRAE:  RBEAE XA S A b gl SR v 80 S

4. BEFF

IBEATEE — —RAFAEREN] ! ENT VS TARE) & B HE C+ + Ak
MRSEAAFERITETR, AT EA, e SR VIR 95K 1 fE e AN 2 SR 1 e (K eR Btk b, 1
RN ENCRYTBEE . 299%, IRAEMS LIS IR “+7 M1 “==" XFEIIFT S5
PRABIL XA SR (T I2 AT AR T RE 'S R P o8 e Bk B . C++ 1



TRNTE U e 2 BUS FAF B A TR AT RN

BRI, IRA S FEUE . P EIMIE s BN R R R R U IR T, A
EAT AL BA AT RIS 2o TR FER T 7 o X2 3 BORE e AT xE T 2
o — MR B AT “&&” A |7 IXFERIZ AT, R AR ) 19 5 X
M SR AL TEVL B T — AR 22 i, miX— AR B8 &), ¥F
ZARAEAT A LR 7 A AIBCR A, (H B A AT (A9 R I 22 DA I 2 S AT
Ao

FE NI A, B iR A I AT I T AT g, s, el
REAZ AT PRI AR, AR M SR A8 5 T (R IR . AT T I — T M fe &, fRml LA K —
FEE (AR — M,

4.1 Ttem M5: PE{RE CRAIE MR

C+ + P a BN AL AT B 2R A 2 (M BEAT R aUe e (dmplicit conversions), E4kzk
T CHEBF AT L, B SRV char B4R int FI short BaxUEe4h double.
UE MR —A short HALBAHER T2 double ZEUE M BRET, AR T LLINIZST. C
VP2 XM T e SRR I Rk, EAITE CH P HORAEAE, B4 int 3 short (1)
FE A double F char [RIFEH.

PRy X SR Z IO e N I, U EATTETE 5 A S iRtk . A AR5 A Sk
RUI, R AT DA SE 2 B2 g, A PR e e A5 4 ek 5k o 3 e B AT B AR T 4t

APPSR G AR AT XL e . S Mk i R B (single-argument
constructors) FEFAERHHAZ AT . PR S Ehy It & HUE 4 T — DS AT LA AT
KA ZREOT LR I UE T A28, WAL BE X T 2B HEE NS HLE R
T ZHHAT A E . LA

class Name { // for names of things
public:

Name (const string& s); // ¥ string 3

// Name

b
class Rational { /] FHECK
public:

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

int denominator = 1): // HHEEE



B USRI IS ST U MR T AT PRI L pR B operator XY, HUSER-— A%
RIS o ARASH & SCRR B IR RIS, DRk ik e 2 Al i 1A BB 44 70 0o T fudr
Rational (f7 BEEQ) KEEA A double A (FEHIAT BEEGIATIR A R BISSEI, AT gAY
HD, RaJ LA A B Rational 28:

class Rational {

public:

operator double() const; // ¥ Rational S
) // double 27
E N XS OLT, XA RS H A3
Rational r(1, 2); // r WMEE 1/2
double d = 0.5 * r; // ¥ r 2| double,

/) SRIG R

DA Se i) o — AR ), FRITIEAR LR 2 R A A ARAN TG 2 S Fh IS R 45 bR 4

RS 1) {2 VRTEAN T AL 40 R T, X e 1 eR R B S IS AT 4521, X s
AN ERRIRE R 20— 25 AN it AR SR 07 H s R

RFRATE S i — TR B ST, BT R A S A B o R R — AN b
A Rational 2K, FRAEIZZSHA HTENG BECH R I0ThE, Ml et — AW EZRA,
I, RS IX A4S
Rational r(l, 2);
cout << r; /) NAZATEIH1/27

FHERBARS T 4 Rational %4 5E X operator<<. R BEALST ENERAERG I, BRI R
HIE M operator<<BH . (HZIREE T o Mg iEas A operator<<if, £3RINKA XK,
WKL, AE S R BN E I I B TSR TR R 45 LA A3 e K0 FH s AT . 28
T B 0 PP F R ) 58 SO AR, AR AEBLAE X MG BL N, S s < R B EATRE I
Rational::operator double PRECKIE r #4ily double 2RAL. FrLA AT BN 4 2R 2
—NF R AR AN X AN IO, HE SR ] T B U A A
EATRAFAER T B R A

fift P 7 L P AN A P 5 O B S 1 A5 () ) o BBOR B AR s B AT . Bl h T AT
Rational %% #: k4 double, FH asDouble PREIfCE: operator double pRi%k:

class Rational {

=3

public:



double asDouble() const; / /%7 Rational
I // W double
XA B R A e e AR
Rational r(1, 2);

cout << 1; // AR Rationa M EA
// operator<<
cout << r.asDouble(); // 1Effi, F double 257!
//ATEN ¢
TEZ UGB, 3T 2 2 8 R Bl ERSR AN T 58, L2 R 30 P 40 U P PR I AN
SR, X RBVRIEEAT . — R UL, AT ERIG I CHRE T DU B X T S8 A s B
o WIUNTE CHARHMERE (S UL Effective CH 453K 49 AIM35) Z 514 TAERIN DR LE AT
A AR, MATINTEEE R AT (1) string JEANRA EAGRE U string F0 C KUK (1)
char*[{JZhfg, Mk XTI R cstr RO AN, XREIHA? BE AL,
AL PP 2 B 3 bR KSR AT B S B A e TR MV ok o T ELAEAR 215 00 T I 26 ok B0 5 B
i) L LT B AR A s A
B, A array BB, IR HZ T B e A FIRS R RR
template<class T>
class Array {
public:
Array (int lowBound, int highBound);
Array (int size);

T& operator[] (int index) ;

S AN R BTV T e B R S LS L, It 10 ) 200 B — DS EY
T RRE B IS BB S A4 R o 55 ARt ol B0 1 P 2 A SCEUER e 3R A i (A
755 W EBEA AT AR, AANFE R E Refoh RS B, G T8O 1
IR o
Bl b Array<int>XF4,  HRRE R
bool operator==( const Array<int>& lhs,
const Array<int>& rhs);

Array<int> a(10):



Array<int> b(10) ;

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

do something for when they re not;

BTAEH a BN ICES b BB TCRA AL, (FU2 R a i, A IER D T4
AR AIRIATIA B AR BEAR HE S RIS B, R EARARBAT . P ESERAN
ME B Array<int>ZH G T a) M1 int T bl1]) ZHEMH] operator==p& ¥, RiMAEA
operator==PRHUEIXFE NS ERA, AT AT 22 ReEL WA Array<int>R)1& ik
ek int RMP) Arrayint>RAY, ZXAMMERBAHG A int REKSH. R)5%1F
AL, A A SR
for (int i = 0; i < 10; ++i)

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

B IEAHAE a FNES — DR b TR EA (WA E XKD . X
AANE] BELLIERG I 77723847, 10 HAS 2 BRI I o BN RE— AR IR TRA T 00 ST AR
T Array<int>X % (LA MI9).

W AFHHSEAT (operator) WIJTIE, AT LASE IkFE A SRR Az FAT I BR R, (H2
SRR IE BT IS A T R M5, URA S AR g PR i — AN S B s B RISt
A B 7 1 G PR AN I 20 b R X ARG R B RIS, N DR A S R A
Ao FL BRI TIE: —RBESGTE, 2 ARG A A SCHFA 2 IR T N i 23
IR 7%

BT ERRH — o m e as R, explicit JCHET . A T ARG A 4
REA N IX AR, B AT AR b B . A3 pR B explicit A0, W LIXFEAL,
GiEar i gn o T KR SRR i A G R A S CSRB HAMAR B ik
template<class T>
class Array {

public:

explicit Array(int size): /) EEA "explicit”



I
Array<int> a(10): // 1EHf, explicit MJi&EEA%L
/) FERENL G eI AT

Array<int> b(10) ; // BIEH
if (a==bli]) ... /) R WA IR
// Bas e
// int #| Array<int>
if (a == Array<int>(b[il])) ... // 1EH, WA int

// Array<int>¥Ef#
/) (H AR 5
/) AEED
if (a == static_cast< Array<int> >(b[i])) ...
// FIREIER, [RIFE
/] AEH
if (a == (Array<int>)b[i]) ... //C RAK IR et 1A
// AR
// AKIAAE
G HRAE T static cast (BULAHK M), PIAS “O7 PR EARE R, WH
XA
if (a == static_cast<{Array<int>>(b[i])) ...
KIE—AAE I XA o B CH+g ARt “O> 7 S — AN 5 R iR . 7EPIAS <07
AT M, RS AR TR R
WURAR ) G P28 A SCRF explicit, ARANGANRIBIAAE I A Ko R Y B 4 o K i) B 2
PGPSR
FR T 0 I 2 2 R ) e R — A B SR B e e BRI, WA R AN BRI o X B R
W EeA — AN e e e g 05 - B e SO G S0 2 5003 o BB R B s 54D
PREER XA KR I E GRS AR, AEAR0 R AEWE IEH A, (A 25 B iR AN AR i) B o2k
T
FEAAR— MR, VR B HI R A WA R 38 o 5 2 MO A 2 B RS, B [
N85 1 b N HEEG AR 1l I H 2 0] S 1) B AR A e e . AR EEIA B IXAS H I, Se i sr—A
WK ArraySize. XARZIG A H KSR SR HA AN RDIEH Array
WS R, A ArraySize STZoRMAF int. RLWIT:

template<class T>



class Array {

public:
class ArraySize { [/ XA TEIEH
public:

ArraySize (int numElements): theSize (numElements) {}
int size() const { return theSize; }
private:
int theSize;
b
Array(int lowBound, int highBound) ;
Array (ArraySize size); YUy =% iia)=L!

XA ArraySize KEN Array H, K TSR 2 Array —AfFH o AR 250 B
ArraySize N AAT, h T iHARAT AHBEAEH]E

RN, Ml SR I R EUE X Array W%, o RAEAAFERFS
Array<int> a(10) ;

PRI G P 2Kk ] int SEOMA] Array<int> H R B8, (H 2 AT IXRE IR 1 R 3
G PEA IR B E RN int S DM IR ArraySize XF%, ArraySize X H &
Array<int>FJiE s BT FREEN, ARG BEASIEAT T He 4. sEOR A (IR R i
ST .

F5 FARIIABEAS 22 LG I Array X5, ANIEIXFEARENS AL VR G 2R e e . %
MR AR
bool operator==( const Array<int>& lhs,

const Array<int>& rhs) ;

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

for (int i = 0; i < 10; ++i)
if (a == bli]) ... [/ WL T N Talil”;
/) BAE AR
AT operator==pR%, HIFEEER Array<int> R BAE” ==" LM, (EJEAFEAE—
ANSHOH int BIESEUIE R EL T H AmBEas VA int FHei— IR ArraySize X548
Joi A 3K A s I RE S g S AR Array<int> W %, B I 8 I AN T E X



(user—defined) FIZRAHAL, — MM int F ArraySize, — MM ArraySize | Array<int>.
PN P4 AR ), BT DL B AT LA I S P25 1 08 25 AR R

ArraySize KIMEHA LS M HINWH T, K& AT HEAR RN S . 21
F ArraySize (L H BFR N proxy classes, KX FERHIAE—AXTGHE N T S HF oAbt
N TAE. ArraySize X G SERrt— MNMEHCRI B, FISRIEEAL Array X G I 2 4K
HR/N . Proxy XS BEH IR EE L b2 R A RO AE B8 5 T IAT b, 5 WAR AN e il ix L84 7
s HeAneE BRI GO, AT R R e R, BT LA BE AR 2 ST R o k]
RES VRN 2527 31 e ? — T B e m 4k M30: &L 1118 proxy classes.

TEARBE SN S M30 T, FRAFA% i FARSR I A 2 o kg BEas B4 T B B A e e i
T R B R TR I R AT AL, BT ABRARR S 5 2, AN XA 4 bR 4

4.2 Ttem M6: H3}¥ (increment). B (decrement) BIEFRIBRER S EHRERNIX I

IRARAET O\NAAEAD, BEA INEX I+ M ERT BT S 5 SR T o XA ) g 21
FEFF RRAR, Tt CHrii 58] T e, SRVFEE increment M1 decrement #AEATHIPY
T

SR AN E)VR AR AL, 28 R K] (R DO DR T e AN I SRR B 257, (HEA
WAL increment 5 decrement IHTERILIE G ZEHE A — NS HL Ny TR IXANE S [, C++
MEJRBIBRAH —A int RESHL, MBI, Hdfeid—A 0 Moy int Z 801918

AN

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

UPInt& operator++() ; /] ++ S

const UPInt operator++(int); /)t a8

UPInt& operator—() ; /] = WIS

const UPInt operator— (int); /) = Ja%

UPInt& operator+=(int): // += FAEFRT, UPInts

// 5 ints HHizH

&

UPInt 1i;

.y // WA i.operator++();
i+t // A i.operator++(0):
—i: // A i.operator— () ;

i // W i.operator—(0) ;



RXASAT — 2t P, AR IR, C I R R RT A S JR T
IR PMERAGEA A K ArEE R A5 H, JRENXIR A const KA, R HA]
R+ HRAEAT RS S IR S0E A, X L8Rt [RI I H 34175

MARFF U C RRFP OB KIFAR, IRkicE increment (K FTZRE AL A U« 58 4R Jis B
517, JR R A “HRIBIR S G N7 X AR AR 2, DY EANTRE increment HIZE S )5

2P W s F S
// WGBSR IR
UPInt& UPInt::operator++()
{
*this += 1;
return *this;
}
// postfix form: fetch and increment
const UPInt UPInt::operator++(int)
{
UPInt oldValue = *this;
++(xthis) ; // M

return oldValue;

}

AR AT RS B8
PREATERR BT IS, VPG i 2 s

// &
// WIEE

// WA

/R IRA P A

HOURRIRIX 7 st 5 Je 28 e B0 A - 2k
%\

P ey

AR NI, T IR 1

s

B PP A 7 VR A R I SRR W B TR,
RIFE—/NE4 increment DAZIR[M—AXF% CEIR MBI BEINETRIED, (H2 A4
J& const XHWE? fREAZE const X5, T A IER :

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

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

// WX increment J54%

R, B— AT operator++p& HOR [P S UH H T 55 =4 operator++pR%i,
B PRI L% LR IX R, F—RE N ERET A HJikt—
ANRIE B R, — AN RHENDE 2R AT A int 8880, 1 int KA SRvFiE st

TPAIR)G 4% increment:
int 1i;

i+t

// R



B AP I M EA increment Fr AR S5 R T F WIEERA 2 a0 L
R, T operator++ U R A S U HTR DO RIAE,  TTAN 2 AR R 5 (R 4H -
PRI T 2R -
1t+++;

SEEEI, 1 KA N T — IR X 5 NI EAARE S, AR RO T int 2874H0 UPInt
R, FTL R IF AR EX 20

CH+EE 11 int ALK AL, AR5 IEIR B OS5 MR XEIAT N . A2 M5
P48 increment R[F] const W5, 244k 2B B IXRE AR
ittt // same as
i. operator++(0). operator++(0) ;

ERIMEE—A operator++e Bk [ const %5 i operator++ed ¥, SR
B K e non—const & EKEL FTEA const R EARE XA L. U SRR Sk AR 1
—MRHEURIA const X RBATATATE S, IAEARBATE A WL 24T I, 528 increment
Al decrement gl 1o CHZ 12 W, Effective C++ 55K 21D

U ARG ) 8, AR — OB B G 4E increment RRAN, VR AT BB 137 L4 ) .
XA R B AT S — AN IR I S O & IR [FHE, (S W41, FIR SEIARRY (57 T
— A BRI X ColdValue ), 3X AN I I S 00 200 4 1 38 JF 71 d5 S5 A BT /) o i 4%
increment PRECA A XAEMIIEIN NG o FHILAFH— AN NIA I Z 1R, RO T4 s
R, UPInt HIHIE A% B I ATZE increment, /DHJEZE increment, FRIARAASL T2
iS4 increment. EFRATHIH—F, ACEH e SEBIRS, JX0] g A H HT 2
increment, FAEHIBERE M.

FATHE T RS S ETE increment FAETT . EATTER TIRIBUEANFI SN, o BurI D fg
e HEm, BMEM—. @S, SNk aE k. B ARUTHI R IS4 increment
FIHTEE increment AT AH—BWE? A FFEF 01 22 4E9 FIA ARSI, A A4 B R e
AR Y BRARIRE S LRI B S ), XA RE AR B DR o IR A BRI 2 S 4
increment FI decrement NAZMUE E AT BT S RO . MRAUANFF ZYES T RAS, KA
JREE R A ST AT A — 2.

EURFT BRI, FARFTZEMIG2E increment A1 decrement &2 5 . — H. T fi# T il
LA 3R B 2 Y DA R e SR 1 I 12 DA AT SR VR A b FE AR SE IR BN, w298 T

4.3 Ttem M7: Z‘\‘Eiﬁ a&&» , u| |» , ﬁ a’ )

5 C —¥f, CH+¥ AT /R T E T RV (short—circuit evaluation). XE/R—H
e T AR /RFE I EABAE, BRI AT 3 R A ik, A /RRiAsiba i,
an:



char *p;

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

X HANHEL 2 p AN strien TGIKIERIEAT, BEAWIR p ANGET 0 HUMHAZRIE, strlen
S . [FIRE:

int rangeCheck (int index)

{

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

}
Wi index /T lowerBound, ‘BAN4s Y upperBound #EAT HLEL
IRELCLET, AT ARl pl S S HERE C R CHRERP B3, BT LIADAT T i i v
T AR AR T B SRR SRR o BlndE Bk — ARG, Y p A5 HREF IR
strlen A& AERE R, KA CrbaEdi GEW C rERTI0) F 2 HEH A strlen,
g5 R E .
C+ FRVPRRARE F P o U A, ke IR | | B0 4F  J V22 R EL operator&& il
operator | |, FRAETEA R EALTAFAN I B B AR U0 SR ARAE X RO, R AURE R
IEAERR R H S AR i R o DR A R DA R B0 P AR T R SR AR o ARl @ i SRR 3 T
BAERRE, TR X R 1)
if (expressionl &k expression2) ...
TP UL, AR TR AU
if (expressionl.operator&k (expression2)) ...
// when operator&k is a
// member function

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

XAHAGBATA AN, AR oA H0R P V2 5 0 SR B2 X AR TR o 1 40 22 e g 1 P
N, TEEHHPTE S8, Bl %L functions operator&& 1 operator||if, PHAS
SHHFEE, 52, BARHEBRIIEE. 52 CrHlE SR A & kS5
TR, B LA I RiA A 1 51 2 W—ANMETHE . se e mTRe s B WA S5
A SO EIT R R SVEAR R

PR AR T Q& | [, 3t A MBI TRy DUARAT BT S SRR R FOAT e, i A
ANEEHELH | .



R () BE h ARE ] T2 SRR, (HRAERATRAWI U 20T, I8 F T, bR
ARV, I THRAERT? WA IZ SRR 7 HISEARAE . 3 SRR I T Al kil s,
WG HAE for JEIANEE B4 (update part) BB . B4 R KI5 T Kernighan' s and
Ritchie' s £#L4E The C Programming Language 5 Jik (Prentice—Hall, 1988) HJER%L:
// reverse string s in place
void reverse(char s[])

{

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

i< j;
i, —J) /) W SRR
{
int ¢ = sl[il;
s[il = s[il;
slil = ¢;
}

15 for FEM ARG — N4 1L, 1 M INEIRS § kb o 7Rk AT SR (8, B4
feEd e —AE oy BB ] — ARk, 0 F A A0S 1/ § IR AGTLM.

X T A EERIREAT | |, CH+A — S8R SCeA i s, SubrE, A mnske
SGLGEAERT T T — MR S MRIE N E e 5 Al RIE A, e 5E
SATLZRIE I BRI SRS T 5 A RIE I P LE_EIREPA K4 B0 L
G e o B, KRR —], S RIEAM LR 2],

WVFARAEA A AR ZERNE XL A AR 2 DR AR BT I AN T I, W SRARAERC
W5 A R S BRAERT RE ANSEREIRICIERA

WS — AR PR EL operator, PRASREDRIE 221U I RIE A e T A T I IE A5,
R s 8 Coperator) i FHIR PN ZRIE MO S E AL 1 2o (HZIRARESE T R B 24
VRSN o B AR 53 e B R R AN T

RN KT E 1 5L R operator [URTAENE T o BIAFIX BRI ANBEHSE T8 5 /e RiE
A S RAT ARt PO SR AN — g b AT 1 25 B DRI URAN B EE A 544
75, DRAIEEIIAT R 5 R —FE . e e R IMAT N

PRAT REIEAEAX A R ST A WA 8. e i RAR B UL S AERT, R4
ANBEEAMIE? IEUWI SR, AFAE—LEERG], ARAREE R R R4

Kk o ?:

new delete sizeof typeid



static_cast dynamic_cast const cast reinterpret cast

PREEH L

operator new operator delete
operator newl[] operator deletel[]
- % /% & | h
! = < D> = = %= /= %=
== = > 2= K= o= 1=
= >= & || + — , o =
0O 0

(5K new fll delete I operator new, operator delete, operator new[], and
operator delete[]{FHZ W44 M8)

LR AE X SRR A S L A M SRR U H IR AL P,
AP, A AR AR LR BTN o GERURBAT — N B R AT, AN
o (BT, ||, F1 o, 0F, R —ANFEHORRAMER, R LIRIREAS ), BARILE
ATHIAT H e 5 B SR A —FE

4.4 Ttem M8: BEELFIAES X new Fl delete

M NG S HUEAE CHE 5 R TEXE LUFIE . LNt new BRAERT (new operator)
F1 new #:1F (operator new) X5,

AR E XA A
string *ps = new string("Memory Management”) ;
PRAEHIE new 5 new #AEFRT . IXAMEIERTHIS sizeof —HERZIETNEM, RARSERER
T, IR RE R B SE R TIRE T N ER I o B FR 2 2 IE AR W B A A LU
BTt RIS o 5 o E T IE B BTG AN A7 TP R B o new RAERT L2
PG, URANRE AT T R AT A

YR IIT BE U B2 Qi) R 6 A0 BRI A7 o new BRAERTF IR FH— AN BR 0K 78 BOb 75 I W A7 2
He, PRAEE B E B B B BCKR SR E AT o new SAERT O 73 BE A7 BT HI eR 20 44 5
#& operator new.

PR operator new M IXAL Y
void * operator new(size t size);

WRAMESRALE voidk, P BREGR PN RELLEE (raw) BFREN, RYILGLHIN
fFo CHIRAREXK, RS — M operator new PRAL, 7EIR[El—MEEZHTREB I N A7 LA
it — L850, HE— AKX A ) S size t M@ L% D WAF. IREERG IS 1S40

R E operator new, {HJEH —NSHERMAIUE size to (5K operator new B Z 1]



f5 A B Effective C+ 45k 8 443K 10.)
AL HHIH operator new, {HE—HIX M, VRAT LG A& R —FE
He:
void *rawMemory = operator new(sizeof (string));
HAERT operator new KR [l —MEER, R — PR WA A string RES R NAF.
M4 malloc —#f, operator new MJHRTT HIE/MACAAE . BN AL G B To T Al
operator new JJT J RIS NIEAM . 1 operator new i [H KR FEIFREHL B LT — 0]
%52 new BRAERTI AR . R A S0 P8 18 DL IXAE B
string *ps = new string("Memory Management”) ;
B A B 2 D B R TR AR AR CBE 2 405 WL Effective C++4%3K 8 FH4%K 10,
B IRMICE Counting object BRI RE.):
void s*memory = /] AFFIAR G A HL P AT
operator new(sizeof (string)) ; // A String X%

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

on *memory; // AfEH
/] G
string *ps = // 7 ps fREHE R
static cast<{string*> (memory) ; /] IR

VERCGE A TS e B R, RO — AR SR AR IR LA R AR G s
B XA, E A LU AR — D0 o PR i AR AR N — D HEXT GOl 20T new #4E1T,
ANBE FLAR A AR 3 o BRI IR XS 52
® placement new

A I RA S AR E R T AGE iR B 7R CAFFE RN S A 3 R B0 B0 2= Y,
DR g e e BT R BTARAE RS B, it RS AU BEAE 2 EWIE I W aR it — U (ERATINAR
1L LA BCEE MR AL PER (raw) AT, IRT BAEIXLE A7 P AgIE— DX SR . fRAT L
1 —ANRFBR K operator new , ‘E4FK A placement new.

NTH T placement new Wil ffH, HHE—F:
class Widget {
public:

Widget (int widgetSize) ;

I
Widget * constructWidgetInBuffer (void #*buffer,

int widgetSize)



return new (buffer) Widget (widgetSize);

A RECR AN RE, $RIF A Widget X%, X GAEFLH L AT buf fer B L.
R P FH L2 P A7 5K memory-mapped 1/0 B IXAN AT 64T FH, DR AEIX RERE P B 52
IR TBCEAE — A e Mo ik b el SR B RE o BE R A . (3 AR M4, — A>Tl 4
placement new [ —AFE] 1.

fE constructWidgetInBuffer B[, & [A[fF)RIEAE:
new (buffer) Widget (widgetSize)

XAIFE AR, H R E A new BAERTI— AN, 7 248 ] — DMAMR AR (buffer),
4 new BRAERTEE ] operator new BRAUN, XML AL LS. BT operator new
BRER T R RIS H size t Ab, IEIER voidsiREFZHL, JRIMIIEN R AN
fr8[A). XS operator new At placement new, EF LXK

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

{

return location;

XA A LRI S 0 A 2, {H R Xt J2& placement new T B FHG o BE 3% operator new
(K1 H 2 R0 %53 BE N AE AR IS IR IR 3% N AF I FR . 748 placement new [FTEUL T, i
3 DR AT THR I AERIIRED, DU A 38 R SN AZIAE I HL . placement new W40
M IR [ e s e R Er . (AT FIG (EZSREID 28 size t BB AT, LUBIIESM
BRSPS B A W4k M6.)  placement new JEbrfE CHZE—#E4 (I
Effective C++ 4 49). 4 T4/ placement new, YRUAZAEHTE f#include <new> (B
T SR () G P 45 58 AN SRR IR AR (0 3k S 44 (52 W, Effective C++ 453K 49),
<new. h>),

1EFATM placement new [M3K %I, & new #AESF (new operator) 5 operator new
IR, PRABAEHE B — A0, A% new BRAERT. T BEZMC P A7 S S8 FH Ryt o
o MFARAAARM AAE, SN %] operator new B3 AN M R H . R
PRAEE I 1 CLR e S T 1R A7 O, RIS R H LY operator new BREL,
SRIGAE R new BRAERT, new BRAEFT S FH AR 2 1) operator new. MIRARALTE—H L83k 17
FREF N A S %R, Wi placement new.

(HREZIIAFT new 5 delete IS I Effective C++ 4k 7 FIFRIISCH
Counting objects.)

® Deletion and Memory Deallocation



KT RN AR, AR WNAL T EC IS — AN E R A S deallocation XM, PR
¥ operator delete 5 delete #EVERTINIC RS operator new 55 new BEST IR —FE. 34
PR BIX AR

string *ps;

delete ps; // R delete #EAESRT
PRIC D12 2% 2 A2 AR SR AT Ry 5 G TR TEOR G 5 A TR N Ao
Operator delete HISKREEIMNAE, THEXHE A

void operator delete (void *memoryToBeDeallocated) ;

(Al 1
delete ps;

G B AR A R T IR () A
ps—> string () ; // call the object’s dtor
operator delete (ps); // deallocate the memory

// the object occupied
XA AR 1R B W R AR AR BRI IR I N AF, RN %580 new F delete
PAERF, T operator new 3Rf3 W AFAI operator delete BN AFL R4 :

void #*buffer = // RC RS
operator new(50%sizeof (char)) ; // WAFLLZEYN 50 4 char
/ /B VR F ) B AL
operator delete (buffer); // BEANAT

/B RS R
X557 C R malloc Fl free Z5[A],

WK placement new 7E NAFFHEESLX 5, JRNZEE G fEiZ N - ] delete BRAERT .
K4 delete #AETFIHM operator delete SRBEMUAATE, (HIEAL NG II AT IAIA 4
operator new 7L, placement new FUZik [ 45 & (MR o HEAIEIX e K B ATT7 2
AR 122 468 2 P X 5 (R AT ) R B8R P e e 32 R 8014 52 0 -

// AEFLZE AR 43 BB TBA A7 ¥ BR £

void * mallocShared(size t size);

void freeShared(void *memory) ;

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

Widget *pw = // A ER,
constructWidget InBuffer (sharedMemory, 10); // {#i/]



// placement new

delete pw; /) R ! HENRA
// mallocShared, T4/ operator new
pw—> Widget () ; // W BTk pw R Widget,

/) ARSE BRI
/765 Widget N AE
freeShared (pw) ; // 1EHf. B pw HR A LS A7
// AR B A VR AT AL R 5
W _EFFTR, WAL #Y placement new [ raw WAFAE H CEh &S ACH) GBI — 2R
7500, WRARA BB N AE R, RIS . (S ILERIMCE Counting objects
Hfi% T placement delete [ITFE.)
® Arrays

B H AT VIR, RS EA43G 3E « B H §7 A R FRATTT N0 6 & — g — Nt
%o BRESEEA? SR A
string *ps = new string[10]; // allocate an array of

// objects
AT new 73R8 E new BRAERF, (HUZE T HUAL N new BRAERFIAT A HIRA N R LA
DVERE . R NIEATH operator new ZrHt, UK LSS [R] (504l 70 Bl ok %, 4
operator new[] (&I A array new). 5 operator new —FEREH TR . Xk LVFR
PRI AL IE, R AR R RN R AR B — . (R AT — SeRI T ui ], 20
Effective C++ 45K 8).

(operator new[ 1%~ CHAiie— N LWECHIM AR P, BT AR IS P28 0] BEAN SR e
WMAEAIHE, TR N RRAR 4, 4225 operator new Rig HI R4 R EA
IECAATE . FEXFERIG e T € BB AR e WAER, PO e EE 25 operator
new, X[ AR MBS RIS . AT, 2R operator new ALFEFEE T A )
ENA WAL, T LUEAT A AT SR HOR AT IR AR 388 (1 500« 1) H42J5) operator new
H—MEFMZ4 (normal signature) (M4 size t, 20, Effective C++5%
AC9), BBl Ry E - A CrIRES Y, RS ZMEIRIRE T 5 HEEAINRE (W%
M2 FEFIXLEH G, fEBZ operator new[ ] S FFAIS 13 2% BN B 4L E B N A BEANE —
ANEHIRTE D

AR new SRR IR s B BORE . 0 TR, R LR R
T PR B WA 254 <

string *ps = // M operator new[]X 10 4>



new string[10]; // string XG5 N AT,
AR SRS Eibive L
// string WG HIHRAE F I R AL
[FIFEY delete HAERTHITHUZLIN , & A A2 o3 W HIATAL 8 25, SR J5 T operator
delete FRETHA 17
MBAREE S B E L operator delete —FF, R EZL operator deletel]. &
EATEE M ITE Al S E T CHE . (AT CHEMIIE R, W
A5 285 TUIIHERE)
new fl delete #AERF N BN, HATHASZARMEN],  FUR EATR A 1) A A7 U AR
JECEREN T LA MR AE T new Fl delete BEAERFINAT M, B ICAEVRANRE B E]IX
— Rl IR B EAT A e e TR DI REIT R 7592, 10 e A1 o6 B Ll e I 55 il 2
Tk, AHEME. (You can modify how they do what they do, but what they do is fixed

by the language)

5. W

CHOFIEI S (exception) WLHISUE T H-Ledifh, XRPSCEEHRZIM, MK, WEE
S NANEF IR o A9 e A FH AR £ A0 30 (¥ BR5UAR (R AR A AR A B s B st 1) v e P
T B AR AT O (R 3 R 5 A B SR A S IN IRAE o R N B LR AT I
RN PATFEFPFIERE e RATHEIN T, RN AT K T .

AT RAIENTE K F0G o IRZATH CH+I NESAENIE AR P S i, REHAA
FIE AT ER AR AR I S AR A AT O HA TR R T S, AR A T
RS WEA A BURINERMERX . O THZ TEA T, 2K Tom Cargill 5
(f) Exception Handling: A False Sense of Security. f35<iX4b i @ik i 55 v i1 B,
%W, Jack Reeves Hff] Coping with Exceptions Ml Herb Sutter Hff] Exception-Safe
Generic Containers.)

FAVENTE : FEF BEME A A AL 7 IO RGBT IR H I8 AT 2 IR e A e ISR AT T8t M
ASER R I54 . 54 (Exception—safe) [MFEFAZMARE . —AEA % R
ATk R P AEAF AL W B D0 R I AT IR A 5 — N #2222 SR AT vt 1Y
FERPAE 2 SR HIAES N IsAT IE R IR AR, A% 0.

AT 2RISR HEDE? B C S HRIIAIR, C R R 2 T A5 54 (Error
code), FTLAAA AT TR, FEE W FE 5w w3 b BT Ui IS FEAE AT A ol . 25
SOET N S AN REA S o W R AN R BOE I B ANIRES AR  EUR [ AR R R R
NSRS, WA INE DRI R B0 R e Al AR B R A . S5 RN
BB RS SABAT, R BATRAER, PR LR AT .



C R hr b1 ENE DU set jmp A1 long jmp H5E AL 57 H AR BEAH LK) DI RE - H72 2 Tong jmp
FE CHAREFTIN, EAFAE - LRHbE, B EHER I AN BEXT JR SO0 S HI BT R 2. (WQ A
E, VC++REREX— /M, EAEKBIX— ) MAZEH C++REF A0 T XSS e
B, BrEL set jmp A1 Tong jmp ANREME R H AP . WIRIRTE— N5k, Refsidm
AT ZWE ) S ORA, JF AR AR (searching the stack) LA E] 5 A PR
I, AR DR SR BN BRI AL BR RO T XN PRt ol B Cr ) S AR 2

DU BATE 20 A S W AR B R e B AT TR T, R IR 5 g — 5
5 H %4 (Exception—safe) BATFHIATERMTET . R ENLAEMAE Cr+r T AL
BNA T — S 2 UAL, Gl B R R AR T, RREW S B R IER T, st
PEATE AN, I FLARKS [I38E TV 22 A5 A0 5 A BRI 22 38 21 1) [ il

5.1 Ttem M9: f FIATHIBRKBT 1L F IR MR

XHREHUL I I 2GRN s ARAIZHRAN S B R 4T

Ok, ARASHIRE AT BT L, AR R T 206 HERERIR BT (Local resources)
RHREE B L BBE, ARIEAER AN CR B g S 3, NS s g — 3B/
IR EN D RERBCA TR AN SO, W R E T BSOS BERHE
PRI T AR S AP IR S SCAROR RN S W REAT 36 2 (K AL B Cappropriate
processing).

SEMIXAN R — DN E B AR 2 X M%E, ALA (“Adorable Little Animal”),
IRJE A NIRRT IR AR o — AN RESU B B processAdoption 73 BilXE 5 ARSI B REA T
AbFE:

class ALA {
public:

virtual void processAdoption() = 0;

I
class Puppy: public ALA {
public:

virtual void processAdoption() ;

b
class Kitten: public ALA {
public:

virtual void processAdoption() ;



PRt EE A BRBN S P 25 6, RS AR ST 145 B A2 puppy UMD X
ZEE kitten UM M XA TAEEFIES TRAUMIEGER (virtual constructor), fE
e M25 VRANAIR T IXFPRR AL O T og ERATHY H s, FRATTIXAE 75 W e £
/) s P ESE R, R)E RN
[/ FR TR LI RN A AN G
ALA * readALA(istream& s) ;

PRI P IR B 73 2 XA R, TN s
void processAdoptions (istream& dataSource)

{

while (dataSource) f{ /] EATEAEIN, DRBAEFR
ALA #pa = readALA (dataSource) ; //ARE] R
pa—>processAdoption() ; / /e BB B )
delete pa; / /I readALA 32 1] %)

XA R EAEFA 3 7 dataSource WIIAE R, ACBUE B RIKAENIH o ME— B0 —
ROEAERFHRAEIAG: AR pa. X&), BV RRRIA readALA #SHEN. —AMHEX R
WA 5, AFRRE ™ A B U5 -

MWAEEE—T, WH pa>processAdoption T —A i, oS RAEM A2
processAdoptions WA RN, P LA SR A% 4T processAdoptions A& . fLidH,
processAdoptions EREP I pa—>processAdoption iEA)JG (KT A TE A EBHE Bk, Xt
U pa WATHMIER. 45K, AEMTINA% pa—>processAdoption i i — A5 % #f 2 F 2L
processAdoptions P AFM

HIEMI IR Y -
void processAdoptions (istream& dataSource)

{
while (dataSource) {

ALA *pa = readALA (dataSource) ;

try {

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



delete pa; // W A7
/) AR

throw; // AR AR
}

delete pa; // TG BRI

} /B S

ERARAAZUH try A catch KPR AARBGIEAT /N el o B T B2 )2 AR 06 20 5 LA B R,
AN IERRISATHERS, — DR R BN . FEIXME LT, DTS IS delete AR,
S EGARD -, XPRAD S KA NS T4t i B B b R AR A )
ANEEA 1L processAdoptions IFF IR IR H 55, AT ZLMBR pa, FTLAHA
PATT IR B 22 b 5 9t 5 I A Wi 2

(WQ fuE, VC+437#F try---catch--final £5#JH SEH.)

TATAT LA B AT FOTS SR AR TBON. processAdoptions BRI 4 J5) 35 6] 4 AT H4) R 8
L, GXRERT LA G AT S PR AR o BRI A bR ASOR ] 1 SRS B R R RS, TR R U
BT IR o AU — P AR 24 R Tong jmp I o Longjmp [RIIXANG £ CH+ 537 Ff
SR AR A F D

FARTTE R — A GARE R EL pa, IXASWSRIAT A S5HrEHAHL. 4 pointer—like %I
G CEIRENRG) BRI, AR S M R BT delete. BARIREN XS SAAR N
smart pointers CRIGREN), 22 ML4CHK M28 MIffRE, RAE(EFF pointer—like X HARH R 1Y,
TR, BATHAE X AW MieE, TATAFE—A pointer-1ik X%, e BETFALED
[ I 1T B3 & 4 1) R0 5%

5 HIXFE— NI R, FRBAIATE D LS . bril CHPER U & — AR,
M auto ptr, IXIERIATEER . 84 auto_ptr KR ECE, ib—MEEHER—
MHEXTS: (heap object), FF HAETIINTH R EEMBRIX M0 % . FIHIFT/RIVZ auto_ptr
e Ry I
template<class T>

class auto ptr {

public:
auto_ptr(T *p = 0): ptr(p) {} /] PRAE ptr, FRENR
“auto_ptr() { delete ptr; } // MIER ptr FE 1A XS5
private:

T *ptr; // raw ptr to object



auto_ptr KM TE ARG LR T AR, PRI SRR S bR b N o (AT
Z /N b3 DR s, T8 operator FUREAESR K M28 YFIR ) pointer—emulating B
O, AR BT S FTAL S R BN AZ ST 1. H auto_ptr XFRARE raw $REF, IREAFE N
HEXT GASRE BRI, RUEAEMD 5 1, 6 St R S IR . (R auto_ptr RIAT
He) bR A P 12 B R B delete, FPLA auto ptr AAEHI IR0 S 8410355 ik
Mk auto ptr REIT NI, RULATH S A fERXMEEM T, H vector AU
array A BESE4f. )

i auto_ptr X% raw Fi%l, processAdoptions Wl F Fis:
void processAdoptions (istream& dataSource)
{

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

pa—>processAdoption() :

XA RA processAdopt ions 75 AN 5 X 51 T JE K 1 processAdoptions BT 5 —,
pa AW —> auto_ptr<ALADXI G, TAZ A raw ALAxSRER. 28—, 7EMEIIISE IR
17 delete f). HARMIPH—HE, BOARR THHKITT, auto_ptr XIERMAT H S — A
WIHREL . e ARINE S

BEBiAT auto ptr JEMEARSE: /MR SAAE T 20 A SRR PHE, AREIKEEX %
(RIATT L) B BBORRE TS U, X P AR HU& mT Lhis e FREE b, B A 7R & BRI 43 FO AR
L AR ANME GUT B PP, B2 window R A —46f5 .
/) AR R A BRI, R A
void displayInfo(const Information& info)

{
WINDOW_HANDLE w(createWindow()) ;
£E w TN window A B A A

destroyWindow (w) ;

R%Z window RGLH C—like 11, ffiH% like createWindow Fl destroyWindow pf%K
ARICFRE A window BE . U1 RAE w XNV window H o s BN, — AN tidith, w it
X window K 2K, B ILEBE B TIIR—FF.

R ITIE S R PTIR ), AL — AN, B b S AR R ORISR EURURE T8 %
e



[/, FRICFIRETIC > window 14K
class WindowHandle {
public:
WindowHandle (WINDOW HANDLE handle): w(handle) {}
"WindowHandle () { destroyWindow(w):; }
operator WINDOW HANDLE() { return w; } // see below
private:
WINDOW HANDLE w;
// N TR O RAAT, Bls 1N 22> WINDOW_HANDLE #% D1
[/ R ARG ITE TR TE 2 W43 M28
WindowHandle (const WindowHandle&) ;

WindowHandle& operator=(const WindowHandle&) :

XE EEALEG auto ptr, FURIMEERIE S DIiE g B AR L (S WA MDD,
A AN Ba R i e e /E BB WindowHandle %42 WINDOW HANDLE. 3XAfg Jy%f 148 F
WindowHandle X SRAEH EEL, DA IXRAAG IRBELEAT M 7 S AT H] raw WINDOW HANDLE —
FERAE R WindowHandle. (ZMLAEKMS , TR AT AR AR A B U B A4 4D
WL 1 WindowHandle 28, FATIAEHS 'S displayInfo B4, 40 FFiR:
[/ BRSSP, XA R R G 5
void displaylnfo(const Information& info)
{

WindowHandle w(createWindow()) ;

7E w X NI window HERF S

B —N 575 displayInfo WGP, #% createWindow V2 window tHRERE LI

TR NOZAE BT — XS, AR AN RN, R30S AEIRE o /A A e PR B R A
BRI o A& AURARIEAE 2 FE DS U IN — A W, SR EAT AMEBUE? 1 2 IR AL
T resource-acquiring ZEIHE BRET o IO W R IXFE I TR IEAERREUNT, — ANk
Py, o R AAT AAE BN ? KAt pR BRI AL) o T SR IR IO o AR BELE 53K M10 MIZ%K
MIT i3RI SR A SR

5.2 Ttem M10: FEAJIERREUT P 1E R IRMHIR

W ERARIEAETE R — A AT 2 AR D) BE B TR o X AN E TR BR T REAF il 0 3 1) 3
FORANEA L k. S RSN, GEREAEAEIE TN O LGS A 14 I IR A D



N T SEBLZANEAE 3, ARAT DUZFE BT

class Image {

public:

[/ TR G

Image (const string& imageDataFileName) ;

class AudioClip {
public:

AudioClip(const string&

class PhoneNumber {
class BookEntry {
public:

BookEntry (const string&
const string&
const string&
const string&

“BookEntry () ;

[/ M A

audioDataFileName) ;

s /) AT RS
// B4 H

name,

_

address ,

_

imageFileName = "7,

audioClipFileName = ””);

// A I L 5 A5

void addPhoneNumber (const PhoneNumber& number) ;

private:
string theName;

string theAddress;

list<PhoneNumber> thePhones;

Image *thelmage;

AudioClip *theAudioClip;

R

WS (Hbhk, B S

/1 NI

// AbAT R MLk

// AR LA

/1 AT B

/] AATIE— BOR B

i

SR MR 46 H #AT 2h 2 8l P AR 200 S ki s 30 (AR, A
© F SR HGE RN . T

NAZAEHIBERSRE (Tist) {7k

il



HLE S, XA ARUE CH+281%E (STL) P MA#IE (container classes). (S
Effective C++45iKk 49 FIAF 43 M35)
%5 BookEntry it pR BN R R E, A7 M LR T2
BookEntry: :BookEntry (const string& name,
const string& address,
const string& imageFileName,
Const string& audioClipFileName)
: theName (name), theAddress(address),

thelmage (0), theAudioClip (0)

if (imageFileName != "") {

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

theAudioClip = new AudioClip(audioClipFileName) ;

}
BookEntry: : “BookEntry ()
{

delete thelmage;

delete theAudioClip;

Ha) 18 PR BAHT T theImage A1 theAudioClip HIAGH NS, AR5 U RN I AR AA 36 b 20 2
AR, IR R R S e Ml s B Do R IX L2454, #ifR BookEntry
REA IR . B iR IR SR B2 242K, PTLL BookEntry IR B EE
TR ARET BT AN T E A IX LR B A diR 1) T IESEX 4

B LRI B UIRE, FEIERTEOU NS, ERAEARIEFRI T (BlinfEf Kk
FEREOL D EATRMARIA S R T .

AR BookEntry (IR BUEARATH, — DRI, 2R AR
Weg? .
if (audioClipFileName != "") {

theAudioClip = new AudioClip(audioClipFileName) ;

— AN, TTLLURE RN operator new (W44 M8) ANfEZS AudioClip 4rfc /2



W ANAE, WATLARY AudioClip MIMIE AL B O — s . ARt a IR, e
BookEntry A&)3t s 2 N It 0, XA S ORI 27 BookEntry XML (FEMYIE B
ARSI . FEEED.

IRAEARACEE ST, theAudioClip XFZENIRE, —ANFpERIOH (i B AL SR 45 A 2
BookEntry A3 B EIAMED , A MR DT IMER theImage CAFR 1M HIN G ? & 5 AR
%2 B BookEntry Aeflf, {HAZXAME IR E S5 1. “BookEntry O FRAA LB, K
LA,

CHAUX REMIBR B 58 AE XS (fully contructed objects) , HA R4
KBS BT e, RN R A e it . PrEAAn R —> BookEntry X§ % b 54 R
XGRS, W
void testBookEntryClass ()

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

I HAEME b R, — AN st b TR SR . i B R R A
KT T-BAC B RGO, B2 535 R A A delete, TR FTR:
void testBookEntryClass ()
{
BookEntry *pb = 0;
try {
pb = new BookEntry (“Addison-Wesley Publishing Company”,
“One Jacob Way, Reading, MA 018677):

}

catch (...) { /) AR R
delete pb; // MER pb, ZHlH %
throw; // A S e R

}

delete pb; // B MBS pb

YRS RIRAE BookEntry Hiti RECH N Tmage ZMFECHIAAAAIIHBE R T, X E P Wit
new AR A I SER, FEIFASKT pb BHATIREEE. Wik BookEntry [RIRIE BE £ —



ANFEH, pb ¥l NEMH, PTUAE catch HrpHBREER TikAR A QOGR4 AN AT
EH . FRI5¥5%F (smart pointer) 26 auto ptr<BookEntry> (& W4k M9) % raw
BookEntryst A WAt A, BN new #AF D58 HT, WBATX pb BEATIAE #4F .

CHHE 2 A BT 58 B IEARAE BN G T BT R e B AT SR R Y, T AN 2 ek ARl
WA AL EIRZAED X AMOE B B, ERRAHFR WA B A 70 ki
SRR G AT A BR S B A eR ] 25008 2 D ISR AE RS R R BL I — 2874
KAGTRAL I B BAT T 2020 2 SR G LT R e SR IS 481 T BT 1 AT IR LS4 o IX A
KIS AT R R B IS AT IR, ISR RIS AR R, Gl b 1 IXFHITAY, (H2AR
W ANGE E S HUNERBEB /M R R o G FERE AT A 5 AR I R BT 4 2 b L1
] FiEn] LIS WL Effective CH+453K 13)

DRI Ay 250 A Rt il e 5 CHAN AT B B 5, BT ADR D6 25 8T B R IR A4 3 Ry
HLALEN B CibRR. W IR LRI 5, RIaHAT 28GR AR, f)n
B b e gk s . WNTR, 78 BookEntry A4 R 0P Y FHIXAN Tk
BookEntry: :BookEntry (const string& name,

const string& address,

const string& imageFileName,

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

theImage (0), theAudioClip (0)

try { // X try block J&Hi AR
if (imageFileName != "") {
theImage = new Image (imageFileName) ;
}
if (audioClipFileName != "") {

theAudioClip = new AudioClip(audioClipFileName) ;

}

catch (...) { /) AHIRPTA
delete thelmage; /] SE R E R R AR
delete theAudioClip;
throw; /] AREEAL R N



AR BookEntry HvRIAEHR B A B A Bty , 75 IRAIE bR A T FH 2 AT B s o et A
H ARt . LR BookEntry 443 pR BRI 4AIAT, X4 1K) theName, theAddress il
thePhones ¥ i 2 O AW 58 A MIELF T o IR R o] DI O 58 S IE IR %, Bible
TR BRI AR N o AR I SRk 6568 G2 (1 KA it o 250008 FH T BB 2540 H S 5 D
H, TSR] 3 bR B AT [ 257 R AR S 0 JF A1 4k SR AT i X 6 S 2 T 50 s 75 RIS
Bk

PRn] e D403 7 21 BookEntry #438 BIZL catch HHp (175 A 5 4F BookEntry [RIAT 4 bR 41
(B LT o 31X B ARRS T AT R LA P A 200, BT LAl 1) U 5t el FHAR RS A N —
ANFAFT helper function HY, hA4 IS B& A5 M A & B T & o

class BookEntry {

public:
// TA_L
private:
void cleanup() ; // EAHERA

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

thelmage (0), theAudioClip(0)

try {
// Tk
}
catch (...) {
cleanup () ; /] RIS
throw; /] AR



}

BookEntry: : “BookEntry ()
{

cleanup () ;

RELFAT T, HREEEEHLER] T KPS  Bse RATIE s — i, ik
theImage #l theAudioClip +&7% & (constant) FgEFISHY.

class BookEntry {

public:
// T\l Lk
private:
Image * const thelmage; // FREFIIAE &
AudioClip * const theAudioClip; // const 257

WA I BookEntry #4)3d bR ) il AT IR BRI GRALIXFE (R HR £, BRUR PR3 Hee
M LIS const FREMIR(E (S W Effective CH4EK 12), WX FEAIIGH thelmage
1 theAudioClip:
[/ AT REAE R P I SO s (1) SE IR T
BookEntry: :BookEntry (const string& name,
const string& address,
const string& imageFileName,
const string& audioClipFileName)
: theName (name), theAddress (address),
thelmage (imageFileName !'= "7
? new Image (imageFileName)
: 0),
theAudioClip(audioClipFileName != 7"
? new AudioClip (audioClipFileName)

)

IR SR S — FLARRE Sy DB R R L R theAudioClip HIAGALIN — 4>
WA, thelmage FTHRIIN GA SRR 1M1 HIAIAGEE I AEAL 3 R BP0 try A0



catch iBHPRARYLIRIE, B2h try Al catch &N, MR W RN ARV RE L GXh
SN ATRATTIALE thelmage 1 theAudioClip HIFILRALTAFH?: LIMCEE if-then—else
D o
ORI, A5 5 A% 338 2RI 50 s B AR A ME— D7V Sl R I e s, i DA 2R3k
MIABEAE AR R TIRN try Hl cateh A, AU EATE RIS EHIT . — Ml aee (s
A A R, PSSR SR PR ET 4R [ WT AR ) theImage A1 theAudioClip Xf%t.
class BookEntry {
public:
// AL
private:
/) BAEEGLR L
Image * initlImage (const string& imageFileName) :
AudioClip * initAudioClip(const string&
audioClipFileName) ;
b
BookEntry: :BookEntry (const string& name,
const string& address,
const string& imageFileName,
const string& audioClipFileName)
: theName (name), theAddress(address),
thelmage (initImage (imageFileName)),
theAudioClip (initAudioClip (audioClipFileName))
{}
// thelmage ¢ SCHIUGAL, Pt LRI XSG 40 2K A,
// AL BEIE MR, XA BB T EAT 7 i AL
Image * BookEntry::initImage (const string& imageFileName)
{
if (imageFileName != ””) return new Image (imageFileName) ;
else return 0;
}
// theAudioClip #¢85 —AM¥1E64L, FrLAIn RAE theAudioClip
[/ WA R e, LR theImage KT8 IR
// ISR AL A try. .. catch o

AudioClip * BookEntry::initAudioClip (const string&



audioClipFileName)

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

throw;

T R RV, AR T A BRA TS T I R . AR SR 7R R %
J& T I8 R B AR BN 73 B LA BB, 1K A JRAT IR A

FE U (AR P 7 V2 R 453K MO (R, B thelmage A1 theAudioClip $§ [ (1% i A
—NRUE, LR G L XM R IE NI AR IR — NS B thelmage
theAudioClip JEBAMEEN, FRIZEDSBIXIS, RILSFRENY R IOIHE, XL 5V %
BiMER . auto ptr BHEIETIXAN BRI . (ZHAHK M FIEEAHE thelmage Al
theAudioClip raw 5% AU MK auto ptr AL,

class BookEntry {

public:
// TRk
private:
const auto_ptr<Image> thelmage; // eI

const auto_ptr<AudioClip> theAudioClip; // auto ptr %%

IXFEMAESS BookEntry AR pRELBIAEAE A7 A3 NG DL b th BB AN DR U, 1My 1L
AEBRATREBEAE F BRIIA R KA 4L thelmage Fl theAudioClip, U1 R FR:
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)

FEIXE, WERAEYIIAAL theAudioClip INHlH 4, thelmage V& & — /M sE A 1)
X%, BTl e ASMI S, % theName, theAddress FlI thePhones —kE. 1M HLIAY
thelmage F1 theAudioClip HL{EZAL &7 BookEntry FHKIRI%, 4 BookEntry #MHERIN &
IRERE QMBS . PRI 28T T ER e AT TR (R 5. P BLIXAE L BookEntry [1HT
WAPSEAE
BookEntry: : BookEntry ()

{} // nothing to do!

X RN RAESE A BookEntry [KIHTH B& %L

g5 BRI, AR R auto ptr STEEARTREN MR R, T AR 1E AL I R A
AFAE S IN B A BRI PR AN T AR A R B PR BT, O HARIC e % LARTAE I AR
const F&EH—FEEH] const F54F, IR

TEX G, ALBR ST R e Re, & NMMTRI R, (H2 auto ptr (B# K
LT auto_ptr (38) e BT &AM NANGF BRAR AR Bestie ke, i BATAS AR P A
TR S TR I 0 T L RE LR KR IE #1247

5.3 Item M11: ZEIFR%E{FBR (exceptions) {&3 M & sh

FEA PRSI SRR B A S — R AR IR TG 0L PR — X 5, ot S8
T eI B deletes 85 L AL 6 D HERRBRIL TP (stack—unwinding) 7%
SR A R GNER AN S

FE FIRPREGL T, I8 FHATAL eR 50N 5 05 ) REAL T IR At v] RV Ak T IR 4
TRV 112 VB TEAEATT R R 25 P 358 DX T P AR 00, o DR 55 A ) R B30 R DB 2R 7 i AR
WA R H S o IR — A WS I TR, AT s BB e, IS SR T
IR BUHTRI BRSO, CHeB ] terminate P8, XA BRBNIAE F IE L4 TR &R 10«
CEALRREFIEAT, T HAR LR 2k, HE A RN ST BRI

NIz, —A Session FHIREREREL T H ALY sessions, session ii&igfT
FE ARG SV HNUIT AR — B RGN 1R X B R SRR AR 7 . 84 Session X4



PRER:pyEee avAST Y GBIV IR EIR
class Session {
public:

Session() ;

“Session() :

private:
static void logCreation(Session *objAddr) ;

static void logDestruction(Session *objAddr) :

PR 1ogCreation Al logDestruction 43l FH T-ic s AT S 8 SR . FRATTPA b mp
PLUIXAESm S Session MIHTHI EREL:
Session:: Session()

{

logDestruction(this) ;

—VIE L ERUE, H2E logDestruction Ml — AN, SRAAMAFHR? FHEK
AW Session IHTHYR& B BRAT, Fir LLE e e 338 ST AL) R 25000 1 P 208 L o AELRE P SR AT 4y R0
HOR S T o2 05 A T s e i 1Pl i, 4 terminate sRECKAE HANM AT, R4
IEARIIERY o XA IR A B R ARG . B IR PRI R IIME R, IXRANEM,
PR R KRR AT R E R T DL R FIs AT D 742 WA, R
J51EAE logDestruction WHBH )5 H A% 3] Session Al pREI AT . ME— K752 M
try Fl catch blocks. —HR FRHIMIE S IXFEGR S BRI AL
Session:: Session()

{

try {
logDestruction(this);

}

catch (...) {

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



B XAEMOT A LEAR IR AR 22 420 URAE catch T operator <IN ZE—4 7
WA, FATHOGER] TZ R, A R Session Mk A A T o
FATATLUE cateh RN try, (HRXEGA DR, SWSBEATEA. RIbIRA17E
BN Session I LA ZUZME P T AT E UL B0 572 5
Session:: Session ()
{
try {
logDestruction (this) ;
}
catch (...) { }

catch R b4 AR & A MAE T 5, X —ME%R, b b bk T 4F 0 A
logDestruction $iliHH (1) 5% HeAL % 5] session HTHIERELIOANTT . TRATINAERES LTSI 1)
Toit session WGIEAEEHEARIEFE (stack unwinding) FHEIK, terminate HEFA
SR

AN SOV 555 A 10 BT AL) bR A M TR A 58 A B R o 2 SR — A 57 e T 40 o 50 s v 93
TERRE PR, IBANT R BURA S 582847 CESIEAEM =8 N7 B
RN R BANTEAIEAT, O R S8 A B e AT <t o a0, AT session ZKAi—
Me, TEEET session BEBI— AN A% (database transaction) , Z Ik session
I 45 ROX A 55

Session: :Session () [/ TN,
{ /) EA RIS KA
// Kb
logCreation(this) ;
startTransaction() ; // JA#)) database transaction

}

Session:: Session()
{
logDestruction(this) ;

endTransaction() ; // 4K database transaction

WEAEIXH 1ogDestruction Y —AN T4, £F session it BREL N B3I transaction
PR AL, BT VFREN I B A% session M pREC N 10 28 0 FE IR S i 142 1)



A, SR endTransaction WHLH—AN5w%, BATER TRIZMEH] try 1 cateh 4h, J100
P

gE LRnd, PATIFITESE b A BT A e BN PN TSR, 28— BENS £ 0 e i ) HE
IR T (stack—unwinding) HURRET, Biik terminate #¢if/H. 28 — & REW WA O T
R R U BB 58 R 1A SR AR T s o CI SRR IIARAE IR IR T i i B e, W DLE
Herb Sutter [f) 3% Exception—Safe Generic Containers , il &“Destructors That Throw

and Why They’ re Evil” iXE).

5.4 TtemM12: HEf# “YWi—MRE” 5 “E— IS5 R “FWHIERLE” RKPER
MiEZ: EE, ERBUESESHSTE catch TR A SEJLFBATHA 25

class Widget { ... }; [/, AR A
// AR A E S

void f1(Widget w); [/ —YeR L, HSE 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 TH], =k
catch (Widget& w) ... [/ TR, R R
catch (const Widget& w) ... // Widget, Widget&, ¥
catch (Widget *pw) ... // Widget*

catch (const Widget *pw) ...
PRI AT AE 25 A H throw it — N5 B catch )b S s B0 AL 4424
P FEAAH A o X HLE AT — S [m] s, (R AAT T A AR BRI 2 5
EFRATSE AR A R A% bR BS80S e i AR AE mT LU A AR L A3 5| ] sidt i 45
B, XA AR UL RS HN R I, RGBS I R I R 2 e AN [\ )
FEARIEAN 22 S ) SR R AR UR T BRSNS, R R A e 28 3 2 3 B 38 o 5 T Ak, AR
HORPAE N FE N, EHIBOKIE AL B3Pl 5 T .
HIXFE—A A, SHEEAE Widget, FFEPUH—> Widget ZRAY 1) R
/) —AREL IR EAES] Widget
istream operator>> (istream& s, Widget& w);
void passAndThrowWidget ()
{

Widget localWidget;



cin >> localWidget; //A%i# localWidget 3| operator>>
throw localWidget: // W localWidget S5

4L localWidget FpR%L operator>> B, ANHUEATHE DUEEAE, 1AL HE operator>> P
(K5I HIZR YA & w 3R ] localWidget, AEATRT w KHRAESEBR LA E] localWidget Fo iX
5t localWidget 53 A AR AANIA o ANTRIE Ik A A4 3k 576 I A2 3@ o 5 | 3k AR iE
FRE AR IZAN T, RO B BRSO ARG HEAT 1ealWidget (9% DILERAE, il Uifki% F] catch
FAIHIZ TocalWidget M9#5 Do AKX 248, Pk localWidget #5JF T AAEA A i, JL
WA R BRI . AR AE localWidget A (A E M5 VD 4434 cateh 4], EA
TAIR R A — NI T (0 Widget, —A> Widget [ “ 4K, IXIEICHEAT K,
I G+ L SRR Ay S 4R S (R0 G i 2 5 7«

BRI (R BN SR, o BEAT 48 DA . 9 i 2R passAndThrowWidget B
] localWidget AEAL R (static),
void passAndThrowWidget ()

{

static Widget localWidget; /) BUAEEFRASAS R (static) ;
//—BAE RPN
cin >> localWidget; /) GUARTIRREEAT
throw localWidget: // PR localWidget
} / /AT HE DUERAE

M3l e IR I TocalWidget M —/N5 Do X IR M@ 5| FH ki sk e
WANGELE cateh BRAELL LocalWidget; AXNAEIEE localWidget HJ#E DLo X 7 0 R itEAT
S S UL, IXAS BRI B T BRATV AR S B s S S AN R I R sAT
WS H LB ENE .

R GARE VU, $5 VIR AL d K48 DR I8 pR B8 B o 288 DR o 252 0
ZIEFARE (static type) P NIEIIHE DIMIEREL, AR LR MBIAFA (dynamic
type) XJPVZEHE VIR E R AL HEn bl R IX & D VFE L) passAndThrowWidget:
class Widget { ... };
class SpecialWidget: public Widget { ... };
void passAndThrowWidget ()

{

SpecialWidget localSpecialWidget;

Widget& rw = localSpecialWidget; // rw 5|1 SpecialWidget



throw rw; //EPH AR Widget
// W

XRS5 N B2 Widget, RIS rw SIS 4> SpecialWidget. BRIOY rw HEHA
HKI (static
type) J& Widget, Ififi& SpecialWidget. VRIIGRIFAHIRAR A ERE rw FIHIZE—A
SpecialWidget. #PEasl e rw KIEFARA (static type). XFAT AR AEL VR T
FRIIA R, ARRIX SRR Crh 38 DR s BUWAT b — 30 . CRd A7 — i
ARATPHEARAR I S 1 5) A58 dynamic type HEATHE UL, 2L M25)

S e HERT G UL, XA S B VR AR 7E catch SRepipdd il — ANty
XA catch B, E—FHUIHE—FE:
catch (Widget& w) // i3k Widget 7k
{

// AEERSRH

throw; // B R, b
} [/ BRsEAL
catch (Widget& w) // i3k Widget F

{
/) AR

throw w; /) AR )
} // ¥

XA cateh B2 HIE T 45— catch B B (02 M AT H AR 5280, 028 A
catch B T F HH IR M T SR 10— AR K4 DL SR 2 A A DL R ST

BY, XPRP VAL ZE A

MR o AN BRI 2 24 BT 2 (current exception) , B E A4 KL,
o St XA S TR AR R B SpecialWidget SR H ), IR 4 S —ANHerh 4456 221
W& SpecialWidget 55, HIfH w IFRA&RA (static type) J& Widget. XA HiH
S H I B AT H DA 55 cateh SREDFHDH IS B 7, FRALEE Widget, [
Hw AR (static type) A& Widgeto —MBeRil, VRN iZM throw SREH#l H 24w
S RN IZREAN S R WAt 38t 2 10 S 2, i L8088, TR AN FH AR e — AN DL
CBSEBE— ), S AR R4 DU — NI I X 5o TEAISRER 19 REIN, IR0 S AE Lk 2 ik
BARAE A (optimize it out of existence), ANIEFRABMRIKIG IS ARAEIX 444,
PR AR AR AR AR S, I AR IR ) AN S 7R 7 A KR RS ) o)

AEFRATIR — F R X = A Sk 3k Widget SEH I catch TA), SRR



passAndThrowWidgetp $iH

catch (Widget w) ... /) I AEAE R
catch (Widget& w) ... // AL G AR
/] S
catch (const Widget& w) ... //RAL B M) const FT1H]
/AR

AL R TS S SR A5 — S x5 (NI i
Bk, R AN SO W L G R SR ISR 1M const MR HGIH]
(reference-to—const) fifi3k. 76K ECHH P A RVFE I — NGNS % 2] —AHE const 51 H]
KB HR (B WML, (HELERH P AW R

IERRATEAE XA ZE 5, 1B 5750 G DI ok o JRAT SN T8 4 HIAL A 1K) 7 A i
BB EL BATHIE TR R I (S Effective C+ 453K 22), JFHERXA
P DAl B R B ZHUE o [RIREFRA T AL B R 7 ALt — i, o iX A . 23k
ATXFER A catch FAJI
catch (Widget w) ... // AR

ST S B EE UL, — AT S L AL I IR I X 5, B AN AT
0SS DL w b (WQ A, EE: READ. FFE, ST g R,
catch (Widget& w) ... // RS R
catch (const Widget& w) ... // W 5| A5k

XATIIH 2 S 0 S48 DL 8 DL R — NI 5o AR S A Tl 5 |
RS HUN, AT S DL A — A, REMIER (UGS 1
Bl 0 S A4 DL DAAH AL A8 2 Bt i 4 eR B0 R 1) 3% DULBCE 2 — A

BAVEEA THEE IS TR 8 1 DL A, R e Sl fe s s
HOSHR ) o ARIEMITVERGE — DM REFRIE DA id . 5, IRABEN S g FaEr 22—
TR R R FREE, A 2 5 B T R A B (R AR A A (RN, R AR i AR T
Catch JHJRIRAF — M 10 CEAAEAERNS REFRER . ZMAT A E BRI 1% T LU 4 . (WQ
vE, MEREY: WHARERKERMET K.

X5 G\ BRI P Al A% 326 ) pR B S BUE 5 S H A A58 3 cateh TR HLITER
THEANR, XIS H 3 5 e AR I DO — N7 I 55 AN 22 3 A ek 0 P 2
Hh R 5 R R R ) R R B L RC i AN o LR e bR HERC S (the
standard math library) ' sqrt pR%L:
double sgrt (double) : // from <{cmath> or <math.h>

FATREIXFETH S — AN EH I, W R s

int 1i;



double sqrtOfi = sqrt(i);

ZEEN, CHRVFIEIT I int 2] double MURSAIMEA, PrllfE sart BRI, 1 44
TH I A2 double 2R, JF HILIR[FIfEIE double. (7 RKRASRALFLIRINTEA TR S
WAFHME) — K, catch FAIVLECL 3 RBIN AN A TR e IR T A GAS

void f(int value)

{
try {
if (someFunction()) { // W someFunction () i1
throw value; // B, P — AR
}
}
catch (double d) { // FUALEE double 67 () S

75 try Herh il (0 int S8 A SPALEE double S0 catch AUk, % 1) H BEH
RFEMIILIEIEA double M5FH, AHATHRAEH . KIMLQUREARAER int 8, LAUE
M int 8% int&S 41 catch 4.

AT cateh FAJHREAT 7 ULHCI o] CAREAT P AP I A4 o B — R R 4K 7k 8 5 HL 2K )
. — MK IREEE ) cateh FAJ U T DAL FRYR A ZEBAL I 5 o IAn(ERRHfE C+ )%

(STL) & XIS 2R E R (2 Wik s> (diagnostics portion ) (S0, Effective C++ 4%
K 49)

i3k runtime errors S [f) Catch 1A ] LU 3k range error 25%UM overflow error
KA W LMRIOIREE exception S8 1 catch A REIR HAT RURAESRE 7 H

XFPYRAZ SIS (inheritance based) [RIf¥) & AL v DIAE R T4 51HLL
PLE R o

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

// overflow error
catch (runtime error%) ... // can catch errors of type

catch (const runtime_error*) .. // runtime error,



// range error, or
// overflow errork
MR RN A KA RSN (typed pointer) # AR LKA FEES (untyped
pointer), FTLAHif const voidk FREF catch T RESIRATA AL [ FREF A 0
catch (const void¥) ... /AT AR BT R e
A 35 B BRI b 7 T B e — s 25002 cateh FAJUCHECIP B2 B g T e A I4ERE P
I o DRI —ANIRAR S e v e A PR L EE R S B 1) cateh FAg4fi 3R, RIS [R]INAA AT
AR EHACFZIR AR 1) cateh 4], SAHFR try BUHX .. Fln:

try {

}

catch (logic error& ex) { // XA catch S ¥k
// B4 logic_error

} /) FE, ARE RS

catch (invalid argument& ex) { /) EANPGKEA AT
/ /R A BT

} // invalid_argument

// S R B
// catch THJHfisk.

Y BTBE AT AR B, AR — AN MERL R 250NT, ke 8 FH 1 BR800 T 5 % R ek 0 1
XBMENAHER (dynamic type) HAHITIZEE . FRATLLIZFE UL HCR F IR LG5,
T S5 5 AL B R FH P ot S0 7o R — AN AR YR A 2 S H ) cateh PO T BRI R
(¥ catch FHJGT, Hikdss K IHES . (BFOYIXFERARRDTE CH+ LB E R AAVER ) Aid
VRIS UF AT TRAE T 0 s AT AR I 5 1) cateh TR ERIRAE K FH 1Y catch TA)
AT . % ETAMI T, WAZIXFE RS

try |

}

catch (invalid argument& ex) { // WL invalid_argument
/5

}

catch (logic_error& ex) { // REFFA B

// logic_errors FH



L EPTIE, X GALILE R B G R UL pR B S 3SR BN 4
H, X2 AT =ATEEDON . 5 FRN RSN ST I 2l AR 5 3R
I, SEHOR GBS UL T IR W B S8 4 pR B AN — 0 o S5 DL 250 X3l
N W I S 8O SR 25 s ORI EL, i RI R4 U A 2 D GRS AT R e e
Ao W ni, catch JAJEAT R AL ULHC A2 EA AL YAt B AWy, 55—
ANRAVERL RSN catch R4 HRIAT o 24— XSG AN HE AU KON, B #5148 Koz
TG R ICRC R FE 2R L, R A AE A 1 B ik o

5.5 Item M13: #id5[H (reference) HIRAW

MRS —A catch TR, DAZUHE Lk @ A A7 AL # E) cateh FAJHEL, fRATEL
A=ANIEHE: SRGREBULIL SRk, W3R (by pointer), LM (by value)
BB 5| (by reference),

AT e e 5 S\ sk FH (catch by pointer). M throw AbfLid—AN R
F| catch FAPE—ANEIBMEFE, FEBS TR 2 A S FaX AN Ih FE ok 2 s d i
(K70 A FEAR 6 5 A5 B, AR AL S Fr 0 e 17 A BB B HE DU % (S
LA M12), filhn:
class exception { ... }; // K EBRE CH+E (STL)

/) ISR ERIER
/) (BWAH12)
void someFunction ()
{

static exception ex; /] FRERG
throw &ex; /) P —ANFREE, FR ) ex
}

void doSomething()

{

try {

someFunction() ; // P — exceptionk
}
catch (exception *ex) { // $ii3k exception¥;

/] BATR G D



XF L FARAE, (HE LA T REERE S IE R BT, B i e S
XGRS A5 DR R PRI BT I AR B A AU, RP RIS RENSAREL A AF . 2R RN
ZAREMAMRNX — £, HRFEF BARAE S BICE AN AR AURER AR, TS
AR
void someFunction ()

{

exception ex; /] RIS
/738 R B A A 2 T
/IR GRPORE L

throw &ex; // P —ANTRE e
/] ORI 5

XA BRSSP ARBIZXAS T H K cateh AR BIFREL, HARIM N % DA
FHAFALE

Ty PR E R AL — N HEX S (new heap object):
void someFunction ()

{

throw new exception; [/ AR, FR T AAESE
/) LN G (75
} /] BAERF new — S W4 M8—
/A OB A
/] FHD

X3 TR AN R CEGRBON S AFR B DL (HJE catch 3R] SR —A>
RN AT AT DA% BRART RS2 (44T 2 WA P L i R R 5, T At
MILZMER e, 50 23 ST o« W SRAN AR HE @ (R 3 B, AT AN BERH B
s AR AT R AN RTIEN o o fYe ?

RORANFRERE o — L8408 T T e & A0l 4 R B A Btttk g — S8 nT ek
HEFR R SL I WO R I o ISR B SRSRR REE R 2R
FEAMIER? X0 HE LRI e BT AR B RETE

M H, IR R R AR S GBS AT, AR R — —



bad_alloc (3 operator new (2 W4 M8) AN/ BL LW I N AEIN, #elth) , bad cast (4
dynamic cast £ % — 5| H (reference) eAF M m, # i) ,bad typeid (4
dynamic cast X FFREUHATEAE, P Fl bad exception (M unexpected 5%
S WAH ML) — —HBASEFR D G IFRER, T LAR DA 08 3 8 505 | Rl 3R AT
WA R H (catch-by—value) W] DAk IR 1] @, 1) i 55 5k G M3 1) i

AT R bR A e S LI ) L 2 R AT DA IS R G R S S P DU IR (2 LA
M12). T H & 4e 4 slicing problem, FIYRAEZEM 5 AT QAR AMCA HLE 750 SA IR,
WE IR AT AR T (sliced off). IXFEM sliced X4 Sihr bie— ML 4 .
EATRA IRA I EE 0y, T H A AHEA T e AT 10 R ek 50T, AR GEAR AT I R (0 2
FERX R REL . CH— DGl 7 B ik 8, W kA —FREL——Z )
Effective C++ 45K 220, HU1 N HIX/MEFRH T4 A bRiER 8 2K 7 8 K2 IRE R
class exception { /) ks X
public: /] AR R
virtual const char * what() throw();

// 3R] T R A

/) (AR WY IR &5 2 Ak

// 1 throw()”,
b [/ RERIE R

/] BIAK 14)

class runtime error: // WK B bRAE CH 5 2R
public exception { ... };
class Validation_error: // B ABIAANSE

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

[/ B AR H R

// REAU R
I //
void someFunction () // Yt —> validation
{ /] S

if (a validation JRZM) |

throw Validation error();



}

void doSomething()
{

try {
someFunction () ; // Pt validation
} /)R
catch (exception ex) { / /AR AR UE SR 2R
/] BERIRAEE
cerr << ex.what(): // W exception::what(),

// TWiAs& Validation error::what ()

P 2 B 2B 1 what  BR B0, BIAE B 4R 0 R B X R & runtime error B
Validation error EAJF HEAMTCAE N E L TIXMEL KL XM slicing 7T h4iA =
PRI IHER 1) o

BRI T 5 m il 5 3% (catch-by-reference). it 5l I3k AEAl
PREEFE SR AT ) f o NGB PR AR 0, IX AP AN S AR G MR 1 ) 31T HAR B 4l
PArUE R A, ARG IR, XFI VAR slicing problem, 1 H 5% X%
e Ik

FAT R At 5 | R e o 1 e B S i Ja A9 7, W N o
void someFunction () /[ IEAS BRABUBAT AR
{

if (a validation JRZM) |

throw Validation error():

1
void doSomething ()
{

try f{
someFunction () ; /] BB



}
catch (exception& ex) { /) X, AT R IR
// RAEARE R A3 o e 3R
cerr << ex.what(); // IRAE R I 2
// Validation error::what(),

// A/ exception::what ()

XHBATR throw HEATAEATEA, MUNSAL T catch 4], 8T —MFF5. AR
AN AR gt T EORIIAZ A, BRh cateh Berb (gl ok B e % dn AT T OIS KE T A
T: YK Validation erro pREUEFRATTE B w Xk ¥ e 40

W R RE N G A3k R s (catch by reference), RELAERETT FIRPTAT M8, A4 h
S MBS H X A s RERSIESF slicing St REBSHIIRbRVE 7 288 YD
X G R DU o BT DMRIEESE A4 2 @I 513k %Il (Catch exceptions by

reference)!

5.6 Item M14: &H{EAEFHRE I (exception specifications)

ZTCREN, S AR — AN TN H AR . e AR B S AR, DRA e A
BT A BREOT U AT 2RI S o AR AU — AN BRI RE . R PR A g PRI AT I
REAE AN 3] 5 5 A RO AN— B8 10 HLA R AN R B — DANYE W AR YO L 2, &R
GARIBAT N REME A I Y XA, RJE — DMRFIRBRE unexpected F 4k AT 5 H R0
1% BE AT LUBCA — A Fig M SRS R 2 e A R i U RPLAR, e ir A E AR S A4k
.

AW EEIN, R 2K, IARPRWIHFARKHLNER R R
unexpected #4147 RS2 BAEL terminate, ] terminate S I A2 1 FH B L abort,
JIT A1 S S A BORR e LR AT a2 halt (F5113847) . FEWOE AR T 10 = AL
HERABREII, KA abort 7556 AIREF I AT IXAE VG BRERAE o 0 7 A% I AL AR 1 1
— ALK AL KA

AL, BARE 2 s ae % 9n 5 H 3 BUR A GHE 1K) R Ao i B 4 AU 7 s
S AT 5 W A OR8N ERH T A, JFBEE TREI
B RCHT SRS R, (A BB B s, AR B RO BeIL HH—NANTE A BREU:
A Z AR, BT DO B0 I R T A BRI RIS BT SRR AT I
FrE OCHEA TR, JF HAB S Fr it 2E kgn e ds i g A I 5 2 O T LB R B 55 RO

U R £1 AT P B S MRS S R 1 BRI ) DAG B AR RO 2R 10 S



extern void f1(); // AT VA AT R S

BB AN RRE £2 T8 I e 1 e AR R 7B B I UREHE int SRAY M Sk
void f2() throw(int);
2 WA £1 2 AER VAR, RIAE £1 ayRedlth—ANE S £2 500 A% 1 7
void f2() throw(int)
{

f10; // BIAE F1ATREPHI AN int SRAYIK)
/), XM EER

AT S B AR BT A B AT 7 AR (1) S AR 5 A AR I, 3R R P st
R E L,

PRI Ay VR P 24 36 gt SR VR AR P — A e B, LA S ) SR 5 A 0 P ) R ) e RIS AN —
B, I HAXFER R T Be S EURIM AR P PAT B 21k, BT LATE S S B A IR 912 R RS it e b
AN SN B D o — P T R G A AT RS BRSS9 TR
FRN, E AR AN BENE HATAT 57
// a poorly designed template wrt exception specifications
template<class T>
bool operator==(const T& lhs, const T& rhs) throw()
{

return &lhs == &rhs;

XA PRI E T —MRAEFT AL operator==o R TR0 AU ] X
%, IR SAT - FERMhE, %R BORIF] true, HIRE falses

AN AL 15 1R AR R s RS Al 1 R AN RED T S o (DR TSI REAN IR A,
b opertork il ERIERF, Z2 W, Effective C++ 453K 45) gt — LKA S Fag, Wk
FHHIE, MM operator==p& Z N I H] opertor&if, opertor&m] e — N5,
RFERUE B T BATAH RS, (AR H S 21 unexpected.

IR ol B AR R PR A5, XA B AR At A B N I SRR S
MBHA AT ZRERSH o BATLPASFTREN — MBS E S5 S . P A
B IER AN T AT IR SR 710 A RE R AR S o R AN R 5 AT

RERZ L 1 T unexpected BREUI ST AN TR dIRAE — > s B R T L EBcf i
% 1) BRI BN 12 2 B A BR BB S R o IXAR A 2 IR, (R SEBr T A Dl 2 . B e



VERL P A [aT i oR
// A~ window ZR&E[R1 bR £ FRE!
// 24— window RGEHA K AT
typedef void (*CallBackPtr) (int eventXLocation,
int eventYLocation,
void *dataToPassBack) :
//window RGEH, AT R EFRE
/%P1 R ERE R window RGN 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
I // function

/) AT SRR R, FRATTE A R A
/A IAERR S M AR RS2
void CallBack: :makeCallBack (int eventXLocation,

int eventYLocation) const throw()

func (eventXLocation, eventYLocation, data):

X HLYE makeCallBack WIHH] func, %EHi 55w H RIS RO, OV JCikENIE £

i A2 B
M AEREIPAE CallBackPtr typedef FHERF B4 K 57 5 HURS SR AR o [ il
typedef void (*CallBackPtr) (int eventXLocation,
int eventYLocation,

void *dataToPassBack) throw() :

XFEE X typedef Ja, WERIEM— AT RESILH S H IR callback KR ZARIEI:

/AT SRR A [T o K

A
=~



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

void *callBackData;

CallBack cl(callBackFenl, callBackData)
/ /451 callBackFenl 7] B
// Pl
/ /AT S A R T s 2
void callBackFcn2 (int eventXLocation,
int eventYLocation,
void *dataToPassBack) throw();
CallBack c2(callBackFen2, callBackData);
// 1EM#fi, callBackFen2
/AT S A%

e 3 bR BT IR EA T AP S R (A £, 208 5 I ROBT IR I, T LAAT A AR 1) 4 36
PEASCRFEARFE . WA ENIASCRE, SRR B R TR A BEALIX TP 1% .

G unexpected FIEE AL REA G IO 75 o 1X 88 55 s i WL
J& bad_alloc, 2PN AE/ BRI & 4% operator new Fil operator new[ ] #liH (2 W4 M8).
W RARIERBURAE ] new BAERF GEZ WA MS), VRALZIN s AT AEF] bad_alloc S
VELFHES .

AR H BT I T87 (B ABUEAT AR SR M2 BE V), (EAT I 2012 Tl by N A
VYT 25 5 . U i A I ELEEAL PE unexpected St HLBT LB A TR0 B2/ 2. Bl B4R 11
TE9m S — AN, RERHAE T 5 A, (R AR 250 A5 A P S RS PO R 3 e v o
BRE, ZERT IR unexpected S RIS, KA IX TSR B I ARRD .

BARB LU unexpected FrEAILSEN], (HZ CHARVIRHILE A 1 8 R0
e unexpected 7, MRAEMER FHIXANEEE . 1 U10R A 2 ITH I unexpected 7 # M & 4
UnexpectedException %%, RALIXFEG SA0HD:

class UnexpectedException {}; // BT ) unexpected S % G4k
/ /R XD G

void convertUnexpected () // W —A unexpected 53 #

{ /) P, XA R A

throw UnexpectedException() ;

i@ H convertUnexpected MR ¥ unexpected bRAL, H Al IR FRESIFURIZAT . -



set unexpected(convertUnexpected) ;

BRIX AT LG, —7 unexpected KA A convertUnexpected RN
Unexpected 7% 4 Fl' UnexpectedException B i FM e, U RS B 5 kS
% UnexpectedException 3¢, IS4 s AN AREL T 2, IF (5w UM SRS 2 2 . (i
R AR BAT L UnexpectedException, terminate K4 i, b (8 4 54T % 4
unexpected —Ff)

75— unexpected 7 H AR BN A4 R U7 1 B e unexpected BRI, 1B FHTIG
HUYET RN, XA RO 8 #  bad_exception. AR PUIXAESRS

void convertUnexpected () // W/~ unexpected 5 #l

{ /7 XA BRI
throw; /) E R

} /] S

set unexpected(convertUnexpected) ;
// %% convertUnexpected
// ik unexpected
/] HEAR
WX A, VRSB A B S AL 7 bad exception (BREMIHESR, PRk
exception)o RKEANLFHLOWIRIES] unexpected Fi & FEFEFIEITL L. AT ANTE
(1) 5 K R A bad exception, SXAN AR IR R 1 4k 24k ks
FIIAEAR I 12 B A 7 0 FAA% e SR 0 BRIG o  13E h AUAS RE F18 2 oA I B AT T F) e
B8, BB EN SRS, —ANEREATIRE 5808 Kk, I BAESE IS T
EAIBEE RN 25 PR P ALIBAT . S RIS AT NS 2 BT RE 8 unexpected B
filiz, BAE—A> high-level I ZHERALBRBIO N )58, L XA JLP—FAZE
K H SR MLL 457

class Session { // for modeling online

public: // sessions
“Session() :

private:

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

{

try {



logDestruction(this);

}
catch (...) { }

session (NI SR logDestruction iL3kF K session X RPREIMEE, © W
T ZH SR M TogDestruction il KT 57 o (H2 logDestruction [#) 57 H MA% /R HA
i AR AR 7 IRAEAR B TogDestruction W IR 17— N5, T logDestruction
B AR R A KRR TR, (HIEWIRATHT L, 1R 5w 235 H 3 s 5 RS
RIS . IX Al logDestruction f£idi oK, unexpected ¥G4EMAT, Lok
SERFLAPAT . XA EMIAT R, (HIXJE session M sREMVER BT B IAT A
A2 AEE AL BT W RE IR S5 S T LUHR A RIZ AN session HTH BB catch SRAAT
ML IERE T Wk logDestruction AT HIMS, XFFEMASKAE (—FPik-
(072 b BTtk (SR 4 unexpected).

DA TR £ B 236 A e o RS A A T2 1) o e T B T 75 1 SRS A 8 BH — A ek i
AR, I AR SIS OL Y, Al Mg R, FPEOrRZal, g ef]
SXIX A [FIIS G s e MR DU AT DT — 30k, I DUMBAT TR 28 2 i AN 28 i i e . i
HARATI2 B high-level S AbFEAS K AL unexpected S, BIHTR 40 S5 4% L B 28 130 41
1] 224

Zi LIRS A I AT T R o AESEEATTIMA BRI e B B, N
JEEATTT A K AT R T AR A ST A

5.7 Item M15: TERELCEKRGITH

N TAEBATIN A, R LD s R B IS B TR PAT R A Tr, 2 p# s fe
B0 A AR B AR S TR0, R BRI 5 BT AN NN R
DUMEM try BeriB s 0f FRE—A try Je, AL AR ER 5 OGN cateh 1) B J X 46
catch THJBEUE R AR o M o IXRIME B SRAZ BAT AR K. BRI R 7 1 7
RS AT ELEATIN A L (runtime comparisons), M H. 255 5 ol il H It AR FI 4505 M 1) 74
SRR R IR S AT I ) cateh A1) H 2 5o Ab BRAA 2 AT AR I, BSR4
try, throw B catch X, IRFEFEGAS H L.

AEFRATISE AARANE A Ay S5 35 Ak PR 1t 2Tt R RN RS o AR 5 2 % [0) el S M 45 1)
HIREFRT Gt TR 5E MG (constructed) (ZWARGK M10), RULFRZL CPU I JH] fRIFIX 48
Bs G5 AW SR o XA R RAR K, R R AN SRR 10 7 0 m PRI R P — R b
SCHE S H (RRE A8 AT 1 L S PRI o7 23 (A B N

EER b, RABEXXEARM AT ERE: e CHH—5, CHdBEai b A FF



o WHLEU, AURANHI TR H AP I URAN RELE S P A R BRI 5 T BT 4, PR —
JBEH 2 AN ST AR B H bR SCHE Cobject Files) HMe, HA—NHARSCHEAIEAT S A BT
ANBEARE A AR SCAFANEAT S b B o 1t L RIS R T AT SCAR IR F R SO AN AT S
KeBE, IS AEATENIPTHEERLRIRE P ZENE ? URAE P AR — M T 5, B i
WSR3 WIS AT I RE AN v] BE S I LA 57 Ab

ALK PR, SEBR FORHB 2> SRS B2 18 2 25 R AR AL VROR B el it A AE ARk
RIACRE LA BESRF S N B I RAR B PR R AR T #RANME ] try, throw B
catch, I HARWANEFIER KR W BATAEN] try, throw B catch, FRELATELRITASL
FE AR B T AT i, IXA] AN (0 RO AN e T, A5 MRt — AN 2
Rk AT HHACHY o BRI TRIRHERS , (8T AR B KR PP R T IR A9 M 1, BT ARk
KW ANRENE I, AECEARIE H AT AT R TGRS WRAR 28 pR @ AN AR (10 7
ks IS ARIAN SRR A5 I 7GR At MR R M S Bk o [RAREION T ARG TT 5
TR R — M BEOU A IO T30 TR REDRAIE S 5 AN o N2 i e P A et B R P P
B, AL TR SR S 5 5 T S R Py TR SORE P I 7 WY (R AU e K, JF HAS SR VR 78
P i 5 SRR [l R e K

R AL 26 AR 1 try B iR ATIAEHT e, 2 IR AR R il ak o+
HI, ASARHARAT N AT AR o ANFIFRI G 3 SEDL try SRIGTVEANR, I DL 22 5 G 13 4%
[V T AN o I Al v, A SRR try S, ARSI RS RS 0 5% —10% Jf Hiz
AT LR IR LEG S . ISR B A P 4, FIX A 1 R AR AT try
PTFRS h TR TERY, RN ISR try B

G 1 s 9 S RS A RS 5 EAT T try SRAERIIACHS— R 2, BT LL— NS R —
At try e HEZIRGE I ATA T ARURIA 75 MR U — s 2, ARIAN
EMIAST AN ? AL, DR ZA A BT T

DUETA R EN T B A% &R 7y, BE IS H T S5 EIRATA ARG LE A
L PSRRI, X B R AR RRIA A exceptional R, KD,
80—20 B (Z WA MI6) 5 I FA AL IS AN SR AR I PE REIE B KI5 o
(L FRANTE VAT TH 27 AR T A SR Y — S 5 B AT 2 KT, B2 Xl g Ll
BKe 5 ANIEFRREORFIAALE, T 5 e B R A A] g 18 = Mo . XA
TPASARK o AERALSCH ORI H 520 WA A AT, — A2 Rk A BRI AR 5 &
7 P I FRPIR DL 51 e Fotet 30t 4 ) 13 3 B8 R NI 3A ISRl DT T LA
F&.

AEE R, PRI BEIE B AR I LG IR ? A R SCRF 5 X TR 2 S P sk
Yot —NEOHTIRE, W R A AN R (K090 1 & 10 5 i ANTR], A A Bl e DR O R
HEIG R 5%—10%, & R Bt m] Ll oaleh, iy LA SRA KR S e, R is T i &



EHCELNIRIENE? B SIS NN — AR AT LI UEINA (benchmarks) (L4
A M23) o SRR K E I N AEG ER A™ R AL W AL B T L P B A A8, PrLleE
TRAVJNTE S B A S R TR, SR AE T L T R v R

IR RN A SR BTRGR T AT 1, (BRARIFTRR SR (HUETEA E B3
LD AT AL BT AT 22 KBATERAS e fp FAT D U IR AT Y AR st o g T A4
570 T A de /M, AT e SRR AN SCRE 8 K ik g R, A oy S
FU FRTAE Prf S Ze TRy, IF HRATES A A H UL R (exceptional) A4l
S o WERVRAENERE EATIIHAT R, SARTEAL — N ORI BT DAY S W SO A — ke A
IR WA, s SRS UE I Py, REAE CH+57 0 AL By T AT S e SEBLAAR
INETIES

6. REK

FMBE— L NAE CHERIFIT RN 53 5 EREAT R 1A L ATV AR, A5 W A4 32 21
AT IEANEIR, VFEFRT RS K. (Scott Meyers EUHABR  PEHEVE)

FE N, AR AT RS . — DNRREORE AR EAM LR 2 45
NEH A NN o ARFNAZIXFE . Bt AR B BATE b T A, izt
JEMS A JE AP, Yl 2 32MB NAF RE S LU 2 16MB AAF IR FP4F, Bd iy il 100MB
Pt IR R e LA o P 5OMB Rk 23 8] (O RE Y4, IR R M2 R T HUE L
REFFfR N T AT RIS S A" by I BE 2 (I (R RIS 1R], ER S VR 2 Rk it L g )44
TIRERR A BT A PR IR G R o

FE CH5 RSO RE P Z T, AN RE CHA B 2o 15 AR B s B AT R e L )
AR WERAE H— SRR CHEER?, IRIMITE JGRES H— s A Sk RZHTT K
N OVERBAL TR a2 1, TRIARENS T TRIT, BA#RAE (shift operation)
RENS e, (B G AR P A P F) e J2 B0k L A R R ARG, SRSt AN 2 AT AR
NS AT I e A3 ] O REsUEEA ? Ao 5 — i S v SR R (e ?
FURIE, AL A S ST AR I FE P g s> WD, RIVWERARAT B I 1]
AMERER -

ASEE IR N A NP AN S P PR A (R T 28— TR S ST R, RTE AR LR REAEAT:
T 5 AR ARV o CHof eI I TR I | NI SEBLIR AR, DRDA e B R 1R S0
AR 4 AT RE S S PR 5302559 Ml S R R AR A SRABL S B, [ I 2 10 T GRS AR o

B RVE CHEE AT o R RER S S s A BARAR T 4, HAn RS ER g AE HAX
TS HUAHRRRS , BRI 2 o 1RSI SOR M R 2 DA S U I AN 5 52
B R PR IR X MRS FROR B (K0 Rt — PO R B U o I 25 (R0 B OGS BORE T



X TR IR PP BER B G2 AR L, AERE SRR BN 5 S S R v, 52521
IR AR E T o XA EAE CHFR /P AR i, Bk T YA SR 1 B I 26 0] 5 MR 1L
KM, AEANEIAFR A RRS IE P 1 Al S i B AT

ERVAY N AP B A /Y e N1 D A = S g Y- L i S E e 3 A ) 5
(P22, AFEFET M BB RIE S92 (implementations of language features).
L5 TR AP ALK 2

TR ) TART N LU, IR[MRR R IR R PR RE I LA U], X 28 Jr vy L& F T
PRIT S AT R o RE 01 S eT At b 77 1 E AR B A B BN T B2 06 %, I FLG it
A AL AT BAT AR (AT S A7 2 BB 1 S

BRI %o (forewarned is forearmed)o JIT LA R IHI ) A 2 AR RS2 ik S AT ARV 4%

6.1 Ttem M16: i 80—20 ¥ (80—20 rule)

80—20 HENIWEI A KL 20% ARSI T 80% MIFE/F#EUi; KLy 20%FARISFER T K
25 80% MIZATIN Al K& 20% RIS T 80% N AFs K& 20% ARISHAT 80% [1fi
BV 80% MILETHEN T KLY 20% (AR I B LE AL /e RGN AR I
(I SB35 YR D) 28 0 P = M BGAERT . 80—20 YN B — 44 ic BT, B R —4
A RRGYEREMTR ST 4, AT 12 I3 FH AN R S () S 56 i«

AR 80— 20 HEMIIT, ANEATIHARE 7 A AN, —58 A S0 74 1) 90— 10 HEM,
I HARA — S04 S R . NEUERI AR 2/, BRI e —FE: AR 1Y
P REI R TARRD L B P 1 — /N 47

LR B Sy 4B KAGIRTHRAF (LRSI, 80—20 YENIBE T4k T 4R 0 TAE MAE ARG T A%
G, — 5T 80— 20 HEWIZ R K 2 BN RIIRREAS 4 5 1k B — AR A, R0 80 % IR
(] FUX AR B AN I B R R G MERE, Xk > — S8R AR ) 55— 71
XA HE M7= G RAR A B T PR RE o) R, 0RE T — S R HEFR) A, PR ARA 23
B G — N HACR AL B, 3B H0F I eIV R o T BT 55 v e PR X
—BoE KBRS A EAPIANARRNER RS KZH R ERE 75
e

KEZBN FHIS T Em A B4R, HiE. Hadi. SR, Loty
HEROHMIAR TG, — A AFER 5 — A IE 2 B FORE (M R ) 0 gk 1), DR 9 4% 1) 42
B, ANIEGRIAAEIT, s AT HEAT 208 AR B — Be ok B AR /e GBI A
AEHINVE G o JXEEPIAL AL DA— Rl A7 W) S e NI 2R AR AT H ke, T8 X LU 53
HUBAT T TS #2 B R o

R ZHREP AEABAT TR P PR REARFAIE b 1R L AR A2 AR ¥, RO R P PR RE R A AT AN e 4



HWERAE o G5 RN IR LT A BRI T KR RRE 1, AFR R 7 IR B AT A ¥
1 TR o U (e R LA e 0 Je /MU UH S K B R SRV R 45 4, EURE G SRR T
(i BEBR 1 = 22E 1/0 I (1/0-bound) JBAmh 22l A EEHT . R 1/0 MRS MRe T
PEARKE G DR 28 A 5 I IO PE (B W40k M23), WHRFEFP M S 3= 24 CPU I
(CPU-bound), XMkt AL 4 EH .

TEXFMEDL T, S AT H A AR El b H it 2 WAEIIRR S, iz nf fidle ? 80—20 #E
WU SO s SRR 3 A R P I BCR AN AT e IR KT B o BRP PR B IE A A AN RESE
T E , XA F 8 RO R H PR BRI SN T e LU L B o — 350 70 R 1 e s iy vk
PRI J5 . IR ASIEAT 445 Rl ?

S5 ARG LTI 20 % 1R300 R4 S BUR O . IEMI 775 profiler B2J¥
B NIRRT (1 20 %6 8853 o AT I LAE#SLE profiler A, fRARIE & 2
HuIU B ARG TR . ) A SRR RGNS, ARAHLE profiler i URRFET K& AN 4L
FEL T 2 /DI IA] o ARG ARG TR LG Jo i 202 RE A AR R B8 R M s XA SRR i i v 2
IR

profiler & FIREFAIEFIPAT T 2 RS BB T 20K, Ke—MERH AR
T H o AFEE RS SR, IR S — 4B A sk — R R A T2, Bl
/D B P BRI PR U 3 AR AT T R 2 B R B A TR 2 RS I R A L
P, WA NSO E ZDEARIAT, RTINS, A AREEZ AL i
IR RRARAT OGS, W R ARMFE i AT T4, A AT TR 25 RGAR
ANEE, I AT SRR A P AR, A I RE TS BRI S A I AT Ry o Bt SR
PREENL T 100 MHEFRRIN %, 23 RIVAR A ZR MG B0 BT, & AME BEEZ
AL o i ELTE £ R0 B 510 U FH VKB )12 3t 355 B AR R AAEAS e LB 00 B RO B AR A T« B,
U SRARAN e T 32 D S B 25 YA I FH 5 520 J0308 P A7 T, bR SR PA) 1786 o 501 o R AT R A
BRI . (WEtE, operators new, new[], delete, and delete[]—2 IL4k#K M8)

IR RIS B UF 1) profiler 1h & A2 Ho Ak B ¥ 804 B s m o S FH e = AR SR M K B
profile fRIFLT, VREEANBEIIAS profiler FEURMALTEITIAL 80% KI5y,  MIHIAS X
PR H EREE A4 . i04E profiler AUBERS 5 VRIRTER—WIBAT (B JLIKIEAT)
I —MEEFPIZATIE O, B AU SRR AN BAT AR PRI 4 N Bl profile —ANRET, B4R
171 profile M ARER . A1 SOXFEMARTT B FBUR L IRAA T FHITERATAT B, e
(i FH AT, DD B S Ak R e AR S A T CBRBCR R RD 6

B IEIX RIS IR 25 50, S lef R 22 LR T BE 2 18U profile ARICER (. BEAE, IR
WA IR B AR (B /D e LR ) ] i F AR A K 7 T e A7 AR . Jd s
SRBCEARENE B S IRA L, B VF 2% P # R LR AR T B 3EAT profile. B
TR T AT SR A



6.2 Item M17: ZJBfFH lazy evaluation (JETHEE)

MR BI RKE, BEERIVE S RARAATE 5, A8, A W R AR A A 471
HHIE, A ALEREF I A IR AT Ve 2 9F HAan AR T Z AT, B4
AT DA ZIA T IX LA A W 2

X R
HECAI AT SR TR, (RIS REI SR ) A R T HE, 2 i

(), SRIGARSEAIR B QR . RANS 38 H UK 5 1) AEARC B A B s 1) Bl AR T i
JERIRLE, Sebr B E BRI WA EE T 21T R A AR 55 [R5 75 DA BRI, R4 230 gt
1 CL A D) L P B DR PR B TR AR B B . SRR 08, IRASSRE AT AN RS AR (1 55 1), F08
FER TR AR BEARAANHIHE B 55 8] T

)R P A 3R SR AR IS FH T LA FLAE T CHRERe R T AR B fETHEEHLRRA T, 341
PERRIZFEREIR Y lazy evaluation (WFETHEE). HRMIH T lazy evaluation J&, K
FHEA VL SR THE AR 1 B R 7 B e S 25 2R . RN TR B8 R, FA
TV, AR FIRIACRE—FE, A4 B
VR R AR 00 T 1 X S B R AT A R S . AN A LT B R B . lazy
evaluation ) VZI& H T &Rl N A, T LAFAG 23 DUASER 2 PHIA

i

o SIFWH

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

String sl = “Hello”;

String s2 = sl; / A string $2 WA K5

MWH string ¥ VUG REGE 2 7 s1 WUAIS, s1 1 s2 4T H 7 Hello” #5L,
XM DUREG R B o 5 DESACR I IT A, DR EEHIME s1 MEIHE UL, JHEEIRSS s2, IXlH T
T new #RAERT 73 BCHENAF (B I 43K 8) , T ZR ] strepy pREEE I s1 WINEHES) s2. 1X
Je—> eager evaluation (FANGTFED: HIHF] string ¥ DIMIE R AL, sEEHIME s1 (M)
P VU EIRGS 20 SRMIXIN Y s2 IFA TR EXAMERI$E UL, Bh s2 AT BT .

WG REA LD T4 . ANZIRES s2 —A s1 5 UL, 1ii2ik s2 5 s1 = —AME. Bl
H— e s DB ATE YEAE LA 4, e A B new FIFE DU R F4Y . sk b
sl Al s2 JLEE— AL, IXKTT client SRUEIBEM M, XT R FRB, XEH
a2z, B AT & B AR -
cout << sl; // sl WE
cout << sl + s2; // % s1 R s2 ffl



XA EIBA string MEBAE ST, SEER—AMER IEA G Rz AUUE
A string P, AL NBEAES, X — RUEOY RN . Gl WX 4&iE0):
s2. convertToUpperCase () ;

KR RN, B s2 ME, TAEE s1 E—HUEK.

N T IXKREHATIEN), string B convertToUpperCase EQEUN i%EIME s2 MMM L,
A R ANFA A OIS s2. 1 convertToUpperCase P, IRAIASREFHINE T« W40
Sy s2 GRZEID MHIER WAL s2 AR . 5—J7 T, WG s2, Bl T AH HI1E
B COEEE W SR E R TR Y . WRRAVRTIE, s2 ASgE, X
O FATACE WA ARG E ST RMEFE DR )

AL T VA S IAT CRUARFTA RS ) 7E45aR M29 g fit, (R L2 1
Mg 2 lazy
evaluation: BRAEIRAASETEZE, AZMAEMARPGHIMERE D, A% &M, HEn]femt
SEEAF e AE— S A, AREH W] LUK A4
o XFHNAFEEMEA

ke FIIfY) reference—counting string %%, KEFHMH lazy evaluation {14
TR B IEIEFERA:

String s = “Homer’ s Iliad”; /) BB A

// reference—counted string

cout << s[3]; // M operator[] iHL s[3]
s[3] ="x"; // M operator[] HA s[3]

H5EIRH operator [JFHRILEL string IFBAME, (H25E IR ECE R T 58S
PR BAINBERE X A S RIS WA, UM reference—counted string &R%¥
S, TENIEAS string WFTFEAES NFTAHZ string (EHIE—N8#5 L.

AN T WHEZ F e AT RIS, T2EAE operator [T HURICA Al (R4
Je N T 5E B IR E TR PR 0L 2 0 T 58 S N BRAE TR A e O o F-AT ] A4 W7
H operator [11# context f& BHUERAEIL &5 NAEWE 2 Tk 1) S 2 T TAS T R BT HE ok o
WISAEH lazy evaluation FIZcK M30 W IR proxy class, FRATA DAHEIR M H A2 S
W BRI, ELRITATRE AT H IEF 0% X
® Lazy Fetching (Wit5HEED)

A lazy evaluation MBI T, BRI T —SHA 52 FBINAED %
XL G A AR TR Pas AT, LA e T 2 AR AE B e L o R — AR — A
ME— TR SR TRAT, SR B v 3 TR A 0] 4
class LargeObject { /] REFEA B



public:

LargeOb ject (ObjectID id) ; /] MBI R 5
const string& fieldl() const; // field 1 HME
int field2() const; // field 2 HIMH
double field3() const; /..

const string& field4() const;

const string& field5() const;

IAEH 8 — N ALK LargeObject HITTHS:
void restoreAndProcessObject (ObjectID id)
{
LargeObject object (id) ; /] REXN G

Pk LargeObject XfGSZBIR, Ak At i SAaRIUIT A I, 2ok Pe (R4 (6 T4
K ARF R, e A SR AR S AR A R I 0 28 R B I o TR LT
AN B A B . B, ISR AT
void restoreAndProcessObject (ObjectID id)
{
LargeObject object (id) ;
if (object.field2() == 0) {
cout << “Object ” << id << ”: null field2.\n”;

AN R filed2 MM, AT LUNIREGL B 7B AT 55 ) #&IR 9%

1 LargeObject X Gl @ AL I, AN WRESRE Sz BT I8, IXREmiE i v 7 31X AN 1)
o AR ARG “Fe”, UTFEREANEARN, XANEE A BB P
[, XAl “demand-paged” W GHIUAA IR SR IT V52 -

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; //Z IR A K
mutable int *field2Value; // “mutable” fR)iie

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) {
MEAEPEF G filed 1 S2HUE, A
fieldlValue §[IX/ME;
}

return *fieldlValue;

X G PR BOER L — MR I i R KRR, LargeOb ject #4)18 BEETREANFRET 4
AN o IR RE ROR 7 BOE WA W P P B U . B> LargeObject B BR A
Y )7 B ER TR ] 80 2 B A BARE RS A IPIRAS o W RARE N, AR HE A TR
AR 22 T A6 250 DN SR P2 P B UK T2 ) 504

SR Lazy Fetching I, RIETIGAE — MRl AEARART RS 03 R 250 W] e 7 S0 aa b
FREH AL IR ) SCSE B, BARTE const MU RREUR, AN fieldlo SR1T 4RI EITE const
J A R A OB N G PR RS s LB Bl () e P T B R AT mutable, X
TRAEAT AT R BCE S I BE RS S, HEAAE const BB (S0 Effective C++4%3K 21).
X A4 LargeOb ject AT Ay mutable.

KB mutalbe f&—MECBUHTI C++ Retk, PrLURITMgnieds ol ge Aok e ik
R, PRATEHRE Y — T il G P 2% SR VFURAE const BB BB G OB R . — iR
mf “fake this” (Phidk this #&EF , IRE.—/MEN non-const 8%, FRMMIN %5 this



fRt—#E . AURAB S A, JRIE “fake this” Vila)E:

class LargeObject {

public:
const string& fieldl() const; VA &KX
private:
string *fieldlValue; // AEWH mutable
/] PR g P A
I /] HFE

const string& LargeObject::fieldl() const

{
// FWIERER, fakeThis, M5 this 45 [FFERIXS S
[/ ABRR CA LA T X R
LargeObject * const fakeThis =
const cast<{lLargeObject* const> (this);

if (fieldlValue == 0) {

fakeThis—>fieldlValue = // XM A IR,
the appropriate data // BI2h fakeThis & H] )
from the database: / /3B AHE const

}

return *fieldlValue;

XANRBAEH T const_cast (B W4aK 2), LR T*this ] const JEME. WIRARM G
PASZHF cosnt_cast, FRA]LMEHZZ R C WA K cast:
// AFH A cast, KA mutable
const string& LargeObject::fieldl() const
{
LargeObject * const fakeThis = (LargeObject* const)this;

// as above

PR LargeObject HLHRET, WATIX LRI AT 2, ARG REALT T E A T
WAHEATI, IS NP B 5 S8 Rk . SRS AEH] smart CRIYY) fiagthaT



DA Bt e X fhs 224l BARN AR BLZ WA M28. W SRAE LargeOb ject HLHTH] smart
BEF, IR RIS T 2 H] mutalbe A IIFREF . X FUREINK, DA S RSEIL smart Fa5H
RIN R &2l 5] mutalbe.
® Lazy Expression Evaluation (itER L)

A% lazy evaluation WG — Mol TR B T8 7P . 5 IBIXFEHARID:

template<class T>

class Matrix { ... }; // for homogeneous matrices
Matrix<int> m1(1000, 1000) ; // —A 1000 * 1000 FrI%FE
Matrix<int> m2 (1000, 1000); // 1AL
Matrix<int> m3 = ml + m2; // ml-+m2

% operator MSEIAEH] eagar evaluation: EIXFMENL T, B tHEAIRE ml 5
m2 (PR SXANTHEEAR K (1000000 HNZIZ ), 88 RG24 0 e AT RAT I 61 .

lazy evaluation JIVEBLIXFMLAERZ , T LA ANEE A, e i — AN
SiRRAR m3 EE m1 5 m2 (A1, FER—A enum RO EATTRR IR . RO E, #57
ARSI ml 5 m2 FNERVFZ, BAER TS KB AAE.

F ISR SR TR AR 7> WA, AR m3 2R, AU AT 0 T
Matrix<int> m4 (1000, 1000) ;

// TRZE md —LE(g

m3 = m4 * ml;

AR FRATAT LGB m3 & ml 5 m2 (R0 (B4 TSR TFRY), X BTN %l A
m3 /& md 5 ml BEMEIR ANBUL, ATAHFATIEIZA . BB W, @i
22

XA FF L LHLMAE, B — NIRRT A IEFE SRR T AR 1 R
AEHEAN AR E RS EXAGE BRI AWML BRI AA ST AT E I,
(R AELEd h R BB ST R RBR A, A5 AR T AR 13 8T TR, X R il 2
O o JE I e SR AT AT HEAT VS ek B R LAy b X A Bl R AR B T RE T (S0
Effective C++4%3K 32), ANILIXANAEAR/RATAR S I

ERWMPX AL lazy evaluation ME—FINAL, MHRAMER T —DFE WKW
P B T T B A5 R — 3o B o Bl B A IR AR AL m3 ({EA ml A m2 1)
A, SRJE GIXFEALE ] m3:
cout << m3[4]; // FTEN m3 ()5 PU4T

R, ROTAREFMIE T, MiZit5 m3 I, ERRITARGEE TR, &
ATEAT B V5 m3 S PUAT LA S5 A m3 AR R A7 1H DR R T SRR S T B0 5 75 2L



e, RiEis, A HATFE.

WAVE AT ReX 4 LB e ? FERE TR AU 250 Won X R BePEAR K. 565 | lazy
evaluation HUAF/E T APL iEF . APL ZA4E 1960 FAUK RGRKIE T, REMSUEATHE TR M4 10
RS BN BIsATE TS LRI SR )ik A I HL 8 v, APL 3R THI
FRERE AT HEATHRER . e, LR ARUE R 5 KA BEAHBR | R I Tt g lazy
evaluation. XA HE AT, BB APL B9 In . SR sl DURE B AN 2 PR 0 A A7)
ity SEREANFERE R, TR AT 2 — /N B . APL 1] 1azy evaluation SKHEIEEAT]
(TS 2R D M N3 T SRR R SR, ARG AT SR —EB 7). SR b, IXHE
VEHI P AE— B RRAARETE I eager
evaluation TS A H A 58 KR MTHE . BRAEVH LI AR, (HEH s et
K, Rz G, PR Z AR R ER 5 I 1azy evaluation.

AR, WA I s R A SRIX RS m3:

cout << m3; // FTEN m3 FrAT (R4E
—YIERE T, BATIEE m3 (A S . R A B m3 Br ks AT — AR, Tk
B DA ZST B4
m3 = ml + m2; // e m3 A& ml 5 m2 A
//
ml = md; // BUAE m3 A& m2 5 ml (IA{E-Z F!
//

XBATBRA TR FEA L ml LUS ARS8 m3. 78 Matrix<int> I {E A
PR, BATREMEAESUE ml 2 ATH3k m3 MME, B FATTATLAZS ml R IH B A — 4% D1k m3
AT IXANE ULTHEE, FRATT IR WA R m1 B IR LA S m3 (B ARFEAAE . e T sy
8 SRR B P o 25041 0 20 FH DR 1) 7 XA 3

PRk 75 AR P ME L I AOC R, B AR E . RO R B FIR PR, SRR
BIUnRAE R #5 VURAER N84, Brd lazy evaluation FERCFAIEN AR Z . 7— 7
T AT R I e 8 1 48 K S PRI T 60 % [

o &

DA FSXPUAM] 7 7R T lazy evaluation 764 MUEAS & A HIIN: BEERATZ NN S
PEUL, A operator [1DX/: tHILERAE, 8GN S R URAE, 8 AT 2
HOFEAE . AR EIFA R ZET o hIF S F AR SRR RO ARAS AR IR s 18], 8 i S 1
D ALl AR T AR . Sebs b, I RARIITH S R K, lazy evaluation AJRES
S G I A AE A, DR BR T AT B A RS RS, RIS e 4 Ectis 5k ik 1azy
evaluation JEFJREMLAESH—BISAT . 7FFLeIG B0 T BERE AT R AT LU S 5
XN lazy evaluation 44247 HIf.



lazy evaluation XJ T C+HRULE A H AR AR TE . IXANFRREIZ T & A5 5 1,
JUMHE S I W25 41 APL. dialects of Lisp (ZFSZ LATA MEHRMIET) #EXF TR
B N EATR Ay o BRI IR T W5 5 R/ eager evaluation, CH+i it
Ho AL CHFRIE G S lazy evaluation, [PRAE BRI SRR REAE S HL I
lazy evaluation, IfiIARAANHILEZE AL HI HiE o

A N LR AR 5 B, IR REANTE R ] eager i lazy evaluation, fE2
PR L A P Rz o X B IRAT T AT LA B #2H] eager evaluation JjZRsSEHl—
AN, AR AR profiler TAE (ZHAHK M16) o 2R SEIAT — AR,
T L] lazy evaluation FIZESEPISKEE (S Effective CH45aK 34D, X Tl
FH R SCR AR PERE M = (OB P RIRERE 5 ) o S8 2 B IR R A 2 5 K
AL AR 56 A T LA Ay B T O

6.3 Ttem M18: Z;HAMEICHAEEK)THE

TEGAMLT v, FARJFRBEMIE (00 5, R n] REM A eI (8], I HL B AR RE i Wb L frr 42
AP IS AT AR o AEIXA S R FRER I — RN AL o XL AAAAEWE . SR
LR G LR R IR 22 2, I IX A 77 2R SR A (R R g o IXAN SR A ol 2
over—eager evaluation G BERE TR : FRBSRARMELE S, AR s se e Al Ban~
T AR, T RF R KR R i —AMES
template<class NumericalType>
class DataCollection {
public:

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

NumericalType avg() const;

BB min, max FI ave BRI MR ML ANME S I BME, SRR, A =R 5
SEIUX =R 2. ] eager evaluation (FETFEVL) . 4 min, max Fl avg p&EUHE 1 H]
I, FATRIEES WA B, KRR AN EIER{E. ] lazy evaluation (Hifit
BRED) , LA Ml S 5 o 5 PR [ P AT T A 5K o 5tk [m] 5 FH Sl g PRERA B8 A1 ) it &«
fiiH over—eager evaluation GEEEHMETIEIL), AT IBER ERER H TS M/ ME, &K
TEAPFIIE, 3XFEY min, max BE avg BRI, FATTAT LAAS HIH S8 20030 (R Tt R 2511
WARSTEAIH min, max Flavg, FAHCEREREE S I/ME . SRR T B I TH8 40 P2 o A7
XL EU R L, RERR BRI BT JERI T LE eager evaluation B lazy evaluation



BN,

BaiAT. over—eager evaluation J& [ ¥ EAR I U RARIA N — MR TR B AT, 1Rk
AT RABETE N8l S5 AL A A B e v SRS, I AT LA AR O S SR N R TR
KHI over-eager S fij BTk iE caching (ZE47) S L8 CLA Ak vH 4 oK i LUR AT Al
T EME. BIWIRI'S T — AR, HDRAREEA DGR A R, XEE B A w i
iy AN b /N RS S TR 454/ AR E SR g d o et R (PRSI AN 2 INAS Vs 95
K, BRI S H R ARG, B LB PEA B ST A o A T AR IR R 4
Kl PR TR 9 4H, FTLAgR'E — % findCubicleNumber, JHSRZEAF 7k 2%k -
DU i B ORI R )51, W RASE cache JLERE, 1A H i) £5cdis e 246

PLUF 258 findCubicleNumber [)—F773%: e TARMEBNRE (STL) HL) map X
% (% STL 3 W4k M35).
int findCubicleNumber (const string& employeeName)

{

/) ENXFA map, i (employee name, cubicle number)

piil

=

// pairs. X map ;& local cache,
typedef map<{string, int> CubicleMap;
static CubicleMap cubes;
// try to find an entry for employeeName in the cache;
// the STL iterator “it” will then point to the found
// entry, if there is one (see Item 35 for details)
CubicleMap::iterator it = cubes. find (employeeName) ;
// 7it” s value will be cubes.end() if no entry was
// found (this is standard STL behavior). If this is
// the case, consult the database for the cubicle
// number, then add it to the cache
if (it == cubes.end()) {
int cubicle =
the result of looking up employeeName s cubicle
number in the database;
cubes[employeeName] = cubicle; // add the pair
// (employeeName, cubicle)
// to the cache

return cubicle;



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;

ANTERAN STL ARRD I SR B (UREZ5E4K M35 LUG, RS HUBE A8 . Mixitid =
JITEATIEA R B Tk b AN Tocal cache, FTFHSARRS AN K1 Py £7
WOk AT B AR I B e A ) . IR ) S A R R R, 1
findCubicleNumber PN FH 48 A7 25 kb 302 (W 585 1) 5 1) ~F- 25 F 4

CERRBEA AR T, &a—MERIREIZ (kit). second, MMiAZ
WM it->seconde AfHA? ZZEXEN THESE STL RN, fRiFiiii, iterator j&—
ARG, ASEAREL, FTUASRECRUE” —>7 $EEAN B Fif. ASRE STL Zak” 7 F17 *”
7 iterator FJEAvEM, Fril (¥it). second ZEHE WL L BARLECEH, (EIEARIEAEEIT.)

catching J&—Fh MR TS IFA 10 715 Prefetching (FHRE) /&5 —Fh ik, IR
A LA prefech ARG S AL RS i 17 3RAF I0HTH0 o 491 n A8 42 T 28 ARG B BBCBAR ), e
A2 BEH— R R i DX (R R, BRI o T DRk — Rk
Hds AR AR I TR) B AN B AN k. T HL2R50 2 o i SRR 2 — AN by 1 48l
AR T et 75 2 S B« IX AT EACING . (IERDAIXMIELE, KRGV A A B
MRS MEHAE B cache FINAF cache, A fIIHI4E4 prefetch,

PRBARAS T GG AAHI B 5L CPU cache IXFHRIUN AR P A I, prefetch 761
g B AR LA IR dynamic 2SI — AR, dynamic #l& PRI A —E M
RoF, CUGTTRLE BN EEE, B AT R S i R 5 1S Ak

template<class T> // dynamic #{4H
class DynArray { ... }; /] REHR
DynArray<double> a; // AR, A alo]

/] ERENEATE
al22] = 3.5; // a BBy RE

[/ BAERG] 0—22
/] FEBRVEN
al[32] = 0; /] HEATTRE;



// BAE al0]-al32] ATER
—> DynArray X RUNATLETTEIN HATY FENE? — M BRI VAR 43 BT i A A A R K Y
1o MBI
template<class T>
T& DynArray<T>::operator[] (int index)
{
if (index < 0) {
throw an exception; /] PR GIIAETE
}
if (index >MHTE NIRRT MH) |
WH new AL MBS NAE, LIRS
wKylai%;
}
&M index {7 & FEAITE

TR B I FE I, X R A new, (HZUH new 2filk operator
new (Z W45 M8) , operator new (Fl operator delete) FIH I H TFAIIE Ko PR EA 1K
SEURZRAE RGN, RS0 IR B — LG IR P9 o B0 F R A . DRI BRAT T 1%
R RG]

ffiH Over—eager evaluation J5¥%, 5t DI FATTILAE A 200884 AN 20 (¥ RO AR g R 5 1,
TS KR B A DA S U BATT AT BEIE S5 38 I AL ST ATEASR AL 1 KL e &G T
G A FRETTEAT 55—k (PR ) AAESM L, FRATIRAERS N DynArray (9 RSHLLREAE 1 &
VEIRCF R, BAIA AR IS R S AR TR R ALV B Y o 9] A 3RAT T n] LIRS
DynArray: :operator[]:
template<class T>
T& DynArray<T>::operator[] (int index)

{
if (index < 0) throw an exception;
if (index > T KIIRTIME) |
int diff = index - 4FIEKHIRGIME;
P new 2} FC LW IS N AT, AL index+diff 572
}
IR[A] index 17 E A ITE,



XA SR EEE T BC IR N A7 2 B R BT R A I I o A SRR T PR — R TR & 3
HEFMEDL, #iosiEE S DynArray 43I0 T RSN A AR, B R 5R RT T e T PR
DynArray<double> a; // AU al0] & HikH
al22] = 3.5; // VA new ¥
// a WA IR B %5 44
// a W8 RF
/] ALh 23

al32] = 0; // a WA R
/] RESE, v al32],
// ABRBEATIHH new

WRFFRTEY T a, HERMEIHRIIAKRT 4, §RIIFHHA K,

DUEE AR 2 — A0 IR A28, SR J P 280 e T AESE 22 (A A o BRIEEIZAT I ) 5
AME L BORAEFFIE, X FERSMNA SR, (H2RET A N ] Cache BRI THE T L1
WAE, fHE— ELRR B GAE (¥ 45 ALk e ool 75 2 A0 AL K I H) o Prefetceh 752275 AR
B prefetch MZRPE, HZEHECD T U5 R EAIFTFRINTE.  AMA T TN AL 14
W ARBELAA I ()0 CORTITAS BRI, Al RN S R AN & AU N A7 B cache
o 2SR W OL T, JEAL RN Ras AR R e, TR 23 TCERAE IS I CPE R A
RGEPNAFE R PEFED, cache AT ARFEAK, sl PR AFIN A A A0 R AR IE T8 EX
FE ) W 2 RIS profile, profile, profile (W4 M16) .

FEAR LA P AR A, BIEE over—eager VA TSI 74, B4 caching
Ml prefething, XIFAGHASH MLT B IIA K lazy evaluation MIEBAHTE. 4
PRI RSB E T AN R T B 5 N, lazy evaluation S8 IR F 16 FH DASR &0
FEP R B o RIS RS LR AT 25 A LT B R B A 1 — IR =5 220
over—eager JEAEIXFHINAGALFH 1 H AAR S B P RCR I — PR . e 10 AR i BRI P g
e UE B AR 7 AR LR ) SR A3 14

6.4 Ttem M19: PEABIGHT S KISRIR

R DL RIAT AZ R, AT B ARG /I B o ) A2 BRI A2 e il
FE R IHIXBE swap (B2 H) iR L -
template<class T>
void swap(T& objectl, T& object2)
{
T temp = objectl;

objectl = object2;



object2 = temp;

WHEH temp MG AS . A wh CHIMTE,  temp AAEIGI AR HL, B HUE /N
KO SRR 4

15 CH+P IR I I R E AW, EATIA AR UEARRS b o 57— AN A i 44
BAEHE (non—heap) XG4/ IR G o XN AT 44 0 GOl HAEPIR A AF Rt BT
A7 1R K Dy 1 FH T A T 8 A 2R 2 R o 5000 [0 X 5% I o SRR A R Ay 1 N X S B of
GORAREZLN, DR R AR JBCE AT TR RS TR IR Pk B R 1t A 5 AN m] A )50

T 567 R kAT e S T U P T A ST IR0 I G L o 2tk 4 e RN R 2
RIIAVC LI 257 AR IX A B o 491 40— R E HIR VS — AN AR AR 4 H o B KL
// IR ch 78 str s H LA VR
size t countChar (const string& str, char ch);
char buffer [MAX STRING LEN];
char c;

/) EANB A FREERR R, ] setw

/) BERGATHEH, HEIC AN AT RN

cin >> ¢ >> setw(MAX_STRING LEN) >> buffer;

cout << “There are ” << countChar (buffer, c)
<< 7 occurrences of the character ” << ¢
<7 in 7 << buffer << endl;

B— N countChar MM . H— AR NS EUE TAFEE, (FIEXTRY s B IE RS0 e
WS RALE const stringk. PCHTHFREBIAILACS, A BERIBEATIZA A, RIS
PR R BRI IR T, IS A string KM HIGIN 6 % . i LA buffer fh S8
WH] string HIRIE R BORYIIBILIX AN MG countChar FIZEL str B0 E(EIX AN i
f string X% . 24 countChar IR[AII, G % H SR

PR R B AR DT OXERSER — 2 WA M5), (H2 WSRO, I
string X RIIEFIREBUR AN DB IR . WH AW IET DUERRE .. —Mod st
PRIARRS, AR ARG . X BN IEAE 48K MB TR SR 3 AT oy — ik & dd
B SRR AT T AN P BSR4, 5k M21 YRR T U] 234

PCHIR AL (by value) J7 AL Z oliflid 55| 1] (reference—to—const) Z4
I, AR AR, ULk — N ER I (reference—to—non—const) ZHN 4,
AR B NEA R
void uppercasify (string& str); // A str I AT

/] BRNKE



TEFREE ) 5 B, e g il D5 char (13 countChar H, {H& /X HAKIE H] char
HALMH] upeercasify B8, WA KD
char subtleBookPlugl[] = "Effective C++”;
uppercasify (subtleBookPlug) ; // R

BT R AL ISR I 5, gt A ?

RBCESL MR XS 5, A N S AL 156 5] upeercasify 1, Ha B doX i
W5, EERERER RS . HEXN subtleBookPlug 5845 HI (£ E S 80K A AFA 500 ;
AN SAE T IS AN subt1eBookPlug A2 fiff) string %5t . ToREIXASERLT BB Ay 211 . P
FAL#: subtleBookPlug 240 % uppercasify B, WEEM subtleBookPlug IE . 24F
P B RS AR IR X e, 3 AER R GIH (references—to—non—const) #H47 I A
FEAR AV UGS X 5o 3Rt AT 4 CHil F 45 AR 851 H] (reference-to-non—const)
PRI RS SXFEIEH DI (reference—to—non—const) Uk NS B M ] 9

FAET I IR G () B Bl RS S pRAIOR [P0 G . Bl operator+ DA ZIUR Al —ANKE S, LA
FORE WA EESIA (B Effective CH+ 453K 23). Bilfngh & —ANKRM Number, X
T ) operator+H{ X R .
const Number operator+(const Number& lhs,

const Number& rhs) ;

XA BRH) IR M I IN TR, ROA B Bl ar 44 & PO R R R [ o AR 28R BRI
Wi H operator+ia) i MR X AN G AT AR . (AR AIRBIE 2 const TEL R,
Z ), Effective CH4%#K 21)

W ARAEAS X FER T RS . 0 T XM e 2, AR AT LAY 3] operator=, 1735 T4 .
o M22 HRFRATHAT IXFP A1) J7i5 o AT TR ZH0R I G s ek i, Joiv) s
AN R, AT AT I T S b 3 MR RO [P o /D AEME S EAT Ipikit 5 e . SR TI AR
RS 2 ) S A R, SO, A EREE LSRR O i S AR R R s L LA
VEIR B BES LA I I X 5 o IXeeiferh,  Je WA A )2 R IRME AL, I/ 453K M20
A2

ZEEPTR, Wi X SO A IR, BT DRI T et 2 BReA], SR 2 IR
H O R TR IR0 G g o AEATAT B S L 2% 55 | ] (reference—to—const)
SR RATAE LIRS S HR e LS H BRI RENE o FEATART (5 22 0 21 o BOR [316 52
WA — NIRRT G (USROS FHOX L I, Rt Ae B Hh b o iz
T G Pt T B A T B TS 5 TT S I AE

6.5 Item M20: 1Bh5ERuREMEAL
— AR [RGB AR MEF 5 i PR, DR AR (R [P 2 S 38000 FH 6 5 N FA g 36 R AT A4



PRE (S WA ML9) , XA RERE ey o DBUAR fa B — >R BCEL A T PRAIE IE A 1Y
A7 M MR E B A ANK A WG IR TSR, AT INAIR R P 5 o i
BIX.

%18 rational (5 BELEK) SR 54 PR AR operator:
class Rational {
public:

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

int numerator () const;

int denominator () const;

/] RN IR [BHE AL const [FIfERE, 2 L4k M6
const Rational operator*(const Rational& lhs,
const Rational& rhs);

R AME operatork(FALY, FATHANE S & IR0 %, B SR AR 2 P
MEBE RV EIR . XA REAT R HIEUF . operators i) BERE S LT GOk A
AT R ? XA TTREN, P RLE AU LB R IR [ . AN CHER T AT
SRACD KRS ) S AU 77, BB SRR B0 % (S Effective C++ 4%

K23 FIZK 31D,

A AAT 2R MR EE, AT S BOX M FE I A7
/) RAN G BRI E Sk [0 5 1) T 1k
const Rational * operator*(const Rational& lhs,

const Rational& rhs) ;
Rational a = 10;
Rational b(1, 2);
Rational ¢ = *(a * b); [/RGEAFIEFEAR “IEHE” 42

ARG AR Y SN R EOR [FDN SR FREE 47 B RIE R EER, JF

HABH 2 S ER IR .
B R Bk B o X OTVERE R AR AT 2 I A,
/TSRS ) CRUANTERA)) T, R i [ 42
const Rational& operator*(const Rational& lhs,
const Rational& rhs);

Rational a = 10;



Rational b(1, 2);

Rational ¢ = a * b; // B EFRIRGH
EJE R A BEROE M SEI . — PPl iR IR -

/) Sy RER T (FIANIERGRD) T3k, TR

/[ TEGIR [0 5

const Rational& operator*(const Rational& lhs,

const Rational& rhs)

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

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

return result;//WQ HE RER, HIBMKNZEEANFET

KA RER MG, HARM N R CEAEAE T o IR B2 — AN m R 5
result [{151H, 24 operators 1B I result # AR IR AIHR 7] SR G5,
AL AR AR -

G —2epR3 CoperatorstB 7R H ) WAZIMELIR[HIN 5o Xt e A IS AT 5 ik
AEE TR, IR

PRI BR A AR [T R0 5 1) 55 I AN 3R AR IR o 1K e — I R iR IO e o MR RR
PRAS N AZ S0 BRECR B 0 5, ARIUAUN A G Lo B TR o ARBIT G IR AR K55 )
GBI IR D SRS ok, AR 2B SR S (TR IR B R 55K 2
TEHIID o AEAT 51X GARCIITTRS, L2 00T 2 /DX Gl g ?

PABER 7 105 D0 52, BELh 2 4 0 B3k i IR0 S AR AR » SXA 4 5 R 8000 5 e AN 3k )
XA ISR [A] constructor argument T AN EHEIR NS, ARA] LLXFE:

[ —FPERNIER 7%, R
/- IR [FDRS 5 )RR A
const Rational operator*(const Rational& lhs,

const Rational& rhs)

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

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

fFA MY IR P RIE R ©F LR IEAERA Rational FIMIEREL, SEbs FAGRZ
XA . ARIE I XA IR . — MG 1) Rational X4,

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



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

I HIZRE Mm%, REETE S D25 R Er iR R

I&[A] constructor argument IMANHELRIEIX %, XBH 70245 VR RIR 2 14, 4]
ARG T A 250 A A B ESA Wi IR 52 R ey 3 MU TECTT A R AR, AT T 06 200k R B0 [0 52 1)
R At MR RO AT AR o A RAR IR THFAL . CHRU S VRS P2 0 A AN T IR 1 s
% (temporary objects out of existence)o KILUIFARAEM T IKIAEE A operators:
Rational a = 10;
Rational b(1, 2);
Rational ¢ = a * b; // #EIXH A operator

ISR LS SRV BRAE operator A (I I A8 B operatorsil [l fIm i 2. B4
AEAE R HAR ¢ 70 FLi) N AE BLAIE return FRIAH0E AT 5o a0 RAR I g P 2 X FE 2248, 1
M operators il X G T Ml & % WA LIRS o AR a2 ] — M iE e
B — — L ¢ WA ORI R # . 1 HARARE ELIZ AT B 4F T, PR ¢ R, frdant
SARHANER (S WA M22) . Ard i n] PLE I s £ W1l inline SR KR operators
R ITER (Ak RS W Effective CH 453K 33):
// the most efficient way to write a function returning
// an object
inline const Rational operator#*(const Rational& lhs,

const Rational& rhs)

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

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

“UF, RHET, URWEIEHIUE, Otk HESGORRERS R A 7 BARRNE S AT TR S T A
4, Does any of this nonsense work with real compilers?” It does. XFMEFERIIIL
W — — B AEFH R B return A7 (BCETE RO FIOL B — AN GORBAD R A
PO B0 5 — — AT JE A Al SE B . B R — AN R EUERAE (return
value optimization) (WQ fnik: 7F CIREEIRZR C++WMFEAL) g T8 2 A I Ubig,
‘BN named return value optimization. {HVER, IXRRLALITME IR EE H IR,
G 1E A5 AN BE S FH 5 DU I R BRI IS S A, e 45108 TEMRORTE RIE I TR R i
HHEFIRATTEET Do S2hr LIXFMLAA A O 4 T A 0T DUERE AT A e )i M ff
Filo SR CHg i I FL 7 51 43 In) B 85 18 A e 2 75 A IR B AL ThE o SR — N 85 v it
Ao —A ) I RATARTG? 7, B ARE RS E W RS W, BEAREX,
ARYRSEAEN LT GERRIEF U AL PEE R IUBOEA T BEEE ) )



B

SCrbig i BORAAT TR, RATEEEAE, R T, W TAES I, A
Bt bt S e 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 Item M21: JHidE 8GR ARE
LR 2B, WREHHARNTHIIRE, SEEFEAHAAARE:

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

UPInt (int value) :

&
/)G T A AR PME 2 const [RIfERE, 2L Effective C++ 45k 21
const UPInt operator+(const UPInt& lhs, const UPInt& rhs);

UPInt upil, upi?2;

UPInt upi3 = upil + upi2;
XHGEBE AN A NFF 40, upil F1 upi2 #52& UPInt %14, FrLUeAi 12 (B AH N
2= UPInts [ operator PR%L.

AL R8T X LEiE )
upi3d = upil + 10;
upid = 10 + upi?2;

XA RENS BT o Ty e Il AL I I AT R 10 #4004 UPInts (S



A M19).,

Uk RS S0 SRR TP I R A SR AR A, R S N B AT SR A e e T A Ay
TEAH R, 10 BATAAE ARSI o 5 5K 2 BN AR BRI B2 28 1T AR A H —FE,
K2 H CHIRIT A SEREAT B I O ST RS I B U B 4 o (R AE TS U R AN T
RTINS, AU BEIX 4 AW 2

EFRATELR 20, DRBIBAT H AR B BT R A4, Thi& M UPint A1 int
A Z B0 operator+. BaxURAVEE FUR FISKIA S H I F B, (& BRATAZEIRE T B
L H . BH R ETT LAR AT operator+ VRSN, T R Ra R H 1)
B AR BATAZ UPInt R int XSSO IN, W7 A0 R LA R BOk 2EA H ¥, 85—
AR AR SR,

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

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

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

UPInt upil, upiZ2;

UPInt upi3 = upil + upi2; // LA, B upil B upi2
/7 HE R I 6 5
upi3 = upil + 10; // EHf, WA H upil or 10
/7 HE R 6 5
upi3 = 10 + upi2; //1EMf, WA 10 or upi2
/A R IR
— HARTFF UG FH e B B ORI BRSE B e, Rt A AT REXAE S e 2, 8 E SR TER 2
e
const UPInt operator+(int lhs, int rhs); /] IR

AL G GBI, AT UPInt F1 int 289, T AR G al e 4l &k 3%
operator PR, EiTH gt T =R E AR E, ME—JMELE N A int Z5) operator,
BT AFRAT AR e b

HIERLA? AE CHP T — SR B — N operator W2 —ANH 7 i LR
(user—defined type) HIZH(. int AR E KM, FrLlATIAGEEEL operator
SO [t IR SHU A CUNRRAE X G, F27 SH B o 1l e S BRAE, IXFE
e e e I N FRL IS Le A S EE 2 L3R ) operator, HB& int KRAYAHINK



Sy

R FH A0 30E G e P 6 2 1) 7 AR U A operator A3 b HRlnze K2 HRR b, IR
MAVHET AR string MMMy, W—FETLUEH chark, RZIMR. [RIFEQSAR
IEAEA# ] numerical (BU7) 25, 0 complex (2 W43 M35) , #RAHAE int A1 double X
FERIZEAI AT LUAEFHAE numerical ST IMEMH T IATA77 45 string. char, complex
ZH R B0PT LR ST SR BRI A e 4t

ik, DD 80—20 FN (Z WA MI6) . WA LB SePl R MR R E, Bk
A B A R AR A LS S AR S B AR

6.7 Item M22: HERHEHEMFHBMELR (op=) B HEMAE N (op)
KB B R W A AT RS I RE 5 AR -

X=Xty X=Xy,

IRAATT R BEIX RS -

X =y, X =V,

WA x Ay FEFH P IR (user—defined type), WUANBERIRIXFE. AL CHokit,
operator+. operator=All operator+=2 [AJEAAETKFR, P RIRAIEIX =4 operator
[N A AR CR, sl H S edi]. [FI2E, operator —, *, /, 555
— o

ffif& operator MIMKAE 20 (assignment version) (Ul operator+=) 55—/~ operator
[FHAE S (stand-alone) (4 operator+) Z [AfF{EIER IR R, — Rl ik G # (35
operatort FHE) MRHEATHE (§ operatort= FH) KILH (I M6). XK
Uk
class Rational {

public:

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

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

// operator+ IRJE operator+=SZH] ;

[/ RN AR IBMEZ const FRIfERE,

//Z L Effective C++455 21 Fl 109 T (A = ScHj () 4k
const Rational operator+(const Rational& lhs,

const Rational& rhs)



return Rational (1hs) += rhs;
}
// operator— R#i operator —= fSZIHL
const Rational operator-(const Rational& lhs,

const Rational& rhs)

return Rational (1hs) —-= rhs;

FEXA T B, IWEFFLRSZIN operator+=F1-=, i operator+ Fl operator— M|l i
W T ATE B B BOR SR B CRIThRE . IRt 73, RN 4Ed operator HYMAETE
AT T 1 Han k5 operator W IEAAEZE M) public FETH, Xt AH L operator [FHL.
ML AKIIATE (Z U Effective CH+ 43K 19).
WERARAA EACHTH I operator HYFMIEAURAE 42 s BL, 8wl v) DU BRI A
B ) R A i 5
template<class T>
const T operatort(const T& lhs, const T& rhs)
{
return T(lhs) += rhs; // Z W R RS
}
template<class T>
const T operator—(const T& lhs, const T& rhs)
{
return T(lhs) —= rhs; // S W RS

A8 FH I BERINR, 2 operator WAETE e CHEFE R, — BFRE, JLX VK operator
FOpOB At 24 H 3R

XPEGR S HSEAHE, (2B H AT I, BRATEEAH BRI S, Soress 2 AT
Bl R BLEAGHE IS = AR T R 8, 55— BRI operator [RIIRAE A LIt
SRR T PR B IR [B]—ANB 5, AT I I 6 S R ds FORE T8 A —
YETTHY (2 L4 M19 RISk M20, B4 Effective C++4%#K 23). operator RIR{E AT
SEUS B ENNSHE, RN TR A I I X 5 oK 289N operator [RIIR [FIfH .

S et operator MMRE L UM [l B ZEAR AL HLPRMEE S, AV 7 i /1 {5 R



BRSO Rk, Wt v, B ] AP SRR S -

Rational a, b, ¢, d, result;

result =a +b +c + d; // ATREF T 3 M XS5
// 4/ operator+ A 1

XA S «
result = a; / /AN IR0 5
result += b; / /AN IR0 5
result += c; /AT IS 5
result += d; / /AN IR0 5

W R A S 9'E « debug FI4EY, FF HAE 80 % MM 1A HUg (R MEREE nl AR Z 1 (2
WA M16). i # HAT TR AR, ST T wiE 527 ok i T B —2%. it
SEBEPIRITT 5, ARmT LLLE R i T A N B3] S8 5 T B2 K B AR operator SKRIT A
debug AXAY, [ OR B FHRCE ST S 1 operator WRAETE AR AL A 7. 7 HAR $is
operator FIMREE LB HMIE A, XPEIRRERM IR 2% 7 i A — BB XD 2 55— FiE
U, ERAEE SO LIRS AL

Ja—ri, WRE| operator HMIEX L. #EHFH operator+ IS
template<class T>
const T operator+(const T& lhs, const T& rhs)

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

FikAX TAhs) WH T T H94E DIk ek 8. B Mm%, HAEE Ths —FF. X
MG XS KLY rhs —H2 I operator+= , #AEMIZE R B M operator+iR[Al, XA
HHEAHERX AR, IESAEETA?
template<class T>
const T operator+(const T& lhs, const T& rhs)

{
T result(lhs); // $U1 1hs ] result H
return result += rhs; // rhs HEAHMIFIR A 5 R

XA L5 i (AR AR TR, (R EATTZ TR A AR FE BN 220 o 5 MR
—AMARE, result. XA G ERE AR operator+ HAFHIRFIELL (ZH
Zeik M20Do B Pl SEBLT ik AT LUE TR PHE LA, BT LG8 s o JEA AL (LA 1A AT E
RPN

o PR S A R AR



return T(lhs) += rhs;

PR 2 H 4 A S AT IR [P A BE A 2% o Lt 265 — > BR S IR A SRR A M I o6
GBI, BRI A A% result MARTTTH —HE. SR AT 44 I A8 D e LT
T A0 B Dy bR, DR 4 FRATTTHDGS 1 il 44 6 BRI IE G (R BEAT 43 1, FH i IS 6 4
b —d8, EAEIRFER T A S L A N Rk 2, Rl 2 gmiedsnt, BRFest ol
e

XHPAR A 40 B R A 4400 G G PR A R ARAT R, (H 2 E 2 — K2 operator
IRAE 2 Coperator+=) ELHIE (operator+) R E . Mo —MNERFBRETHE, N
ARG, WO — AN R TE R (e FEPEREI R N 1% 7% [ % FE ] operator
MR T AR o 3

6.8 Ttem M23: % BAHIEFFE

FEFP R Bt af — N R R . AR RS P R OZ R R/ ) PR 3K, R
WS AR EOM . S . B RAFR SRR BT WA RTRI . X
WREALEAER) o A SR TTEAT IR IR P R — AR A . A K ThRE (R 7
PEAZ BATEME o BT R DR IR P EAEAT VG B2 BRI o LSt i, IRANBESAT
(S NP SEC E SRR

AR BT 4R IR LA T T AN 6. AT TR BE v ek T AN R R AR 78
DR b — e P AN A AH [ Th BB (R 2 3 R 006 A 56 A AN TR] 10 1k REARFALE

B, #pE iostream Fl stdio FEPFE, X CH+REF TR UM & #E n] LU 1
iostream F/F S C Y stdio AHHAJLAMERL (Z L Effective C++). BT Z&RM %L
A (type-safe), ‘BRWY JEIN. RMAERAFITMH, iostream FEFFPEE @A stdio, [K
N stdio FPPAEMBATSCAF S Tostream ;AR IHRAT SCAFAR EL ST /NITT HARAT B BE TR 6

A RE AT I A R . BEAHAEAR dostream F stdio Z [BIITEREZES), — R Tk
e HIX MR T BERIZAT benchmark F#JF o AN IEARUZGEAE benchmark WH2sHiii . AR ME
S A EE R A QAR Y R S B IR S v, FUst A S R R, BRARA TR
T3 R R BRI 2 7 e SR AR o AT benchmark 38 BELE [F] AN ] 8 R AN R fif o
T R R —255 1, i LU 58 2K EE benchmark 2 IR, (H2& 208 S 2
BRIEN.

LEFRATTIAA — AT H18 benchmark F2/, HINREIEAN) 1/0 Dyfe. EAFET AR
ANBEHL 30000 AN mUH SR 5 10 R AT LA 2 ks 205 B bR i R o G PRI TIUAL R 4455 STDIO
HRIERMH] stdio ib& iostream, WIHE X T XA, Wt H stdio, FWHAEH iostream
PR
#ifdef STDIO



#include <stdio.h>
felse
#include <iostream>
#tinclude <iomanip>
using namespace std;
#endif
const int VALUES = 30000;
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)
<< setprecision(b)
<< setiosflags(ios::showpoint)
<< setiosflags(ios::fixed)
L d;
#endif
it m%5==0) f{
#ifdef STDIO
printf ("\n”) ;
felse
cout << "\n’;
#endif
}
}

return 0;

AT IERAUN AR AL SRR, ER

0.00000 0.69315 1.09861  1.38629

// # of values to read/write

/) BE field B
/] BCE N E

// keep trailing Os
[/ A XL

YRR TR

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
PRI TAEH iostreams AR P AES 4 fixed—format 1/0. 44K,
cout << setw(10)
<< setprecision(5)
< setiosflags (ios: :showpoint)
<< setiosflags (ios::fixed)
K d;
WA printf ("%10. 57, d); FATE . (FZEAERFCBEZ KM L4 (type-safe) M|
DAY R, i printf AN BATIXBEFAL AT
M T IR N BAE RGO RA G, (R Bis AT Z AR, R R
BT HRAEH stdio MR FIB AT ER . PR3 E U IR —28 CRZ) 20%), HIHUPR 2 (4
I 200% ), {HER MR EABRT—Fh iostream [ISZHLAIE HAHR N stdio ISEHLBAT
HEE—FE. T4k, A stdio AR/ FIM RS LL SAHNMEH iostream FRIFE/ N CHE
EAMIZ) . G TR RS, 1A R 2 1E 7).
Nz H] stdio M m Ak B th ARSI P 1), T AT et (1 R G 20k
S 1 SE Il B B A WA (K R G A T SE BT T BRI fostream Fl stdio H¥A W3
1255, s b, A ARSI iostream IARILSEHIEL stdio TR, BN iostrean
TEG PEIN B 58 CATHRAE RN SR Y, 10 stdio MR BOWZ AR ATIN 2Rt #s U A 8 (format
string). iostream fl stdio Z [IPERERIN LA 2 —AMII 7, IXIFAEZ, EE LA
FRF DR AN R R R e e A P i RIS R (BT R I, T LA — ELARER B R AR AT G
HHAT profile Z WL MI6), HRAVAZRNIE A& 15 W] REAE L B A P R W B A b dn dn R
WRIOREFAT 1/0 i3, IRl LA LER stdio 4R iostream, WIHFEFLESNA M FLRIBHA
A7 EAER T ORI R], R A] DUAR AR 545 HoAh ) operator new I operator delete 5L
A (B W4 M8 Fll Effective CH+4%ik 100, BUNAFIIRL AR Wit Bl
Py I 2 RN A — LRt b2 B AN R v B, AR A I 45 TR RESE 2 R 1
FEFP PR, ARAT I T AR B2 M i R A IR R0

6.9 Ttem M24: BEFBIRE. BUA. BIERM RTTI Pk M

CH+ 2 PE A Al AL R S 35 R — NP . TR SE S A 405 2 AR el 2 PF sk DUE 1Y
I HANE] 20 1 s A5 AN [ A 5 R SEBLTE S AR P AEZHUHOL T, IR LI LE 4G . R
AT LA PR SRS B R /NN B B3 b A T AT AR K IR i, e K I SR AT —



ANTEARI TR, FNIE R RS v REAE TS IS A T St 4, AR B TR e L 1) 451
T e REUL PR E

HH AR AR EUN, BPRAT A ARS 2005 T B B R SR — 2 $iR
)0 SRR RS B | 2R AR S AN S 1 o G 1% 1] R 8 e RO AR HEIX A AT e ? K2 Hid
PEAEMH virtual table fll virtual table pointers. virtual table fll virtual table
pointers M H 73 MHIFK A vibl Al vptr,

—A vtbl W REIRH A (LR RO A, (R SEATT
Pt AR AERF T RN I ] TR B Bk R T RERR AL, ST B O vtbl,
I HEA vibl B3 H S 45 1) fE R BCSEIUA I FRET . Ban, an N RXANEEE X

class C1 {

public:

C10;

virtual “C10);

virtual void f1();

virtual int f2(char c¢) const;
virtual void f3(const string& s);

void f4() const;

1
Cl ¥ virtual table BUZHEE A K B Fix:

__—» implementation of C1:~C1
Ccl's E__+ implementation of C1::£1
vthl |[4——= implementation of C1::£2
== implementation of C1..£3

AR R EL £4 AER S, i H C1 MG AU AE . AR R (CRLARMIE R AL,
EABPUE SO ARRE R D SRR C s EURFEGEEIL, P AT R e e e s
CRRZINE S

WRAT A~ C2 R4 H CL, FFE X T BRI LB, JFIA T EA K L&

class C2: public Cl {

public:
c20; // AERE R AR
virtual "C2(); // FEE R

virtual void f1(); // SR

B



virtual void f5(char *str); // BT RE R

'
B virtual table i H 510 S0 GAE A R XL H ARG n & A8 C2 &
X CL R R Fa%L

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

C2s
vtbl

XAMBIRG T MR BT RIS — A AR AU RN R R AU ZR Y virtual
talbe BYHZFM. 281K vibl (KRN 7 W I R ek O o E LG CRLER 2R 4R 7K 11
RERRED .. FAENIZIAG A virtual table, LA virtual table FFfiHIA AL AK,
TR ARG R EIR B AR KRR AL, RS vibl £y LRSI H b
[P

PR ERE P BN R TR EE AN vibl #8501, BrLAGm a8 S5l 31—/ MT 10 i) 7.
TR . K2 BRI T RIFL T 2 A object CHAR) SCHFERE IR, (HA2REA object
SCAFZ IREBSE IR . WA object STAFNAZAL 4RI vibl WE? IRV RESS U AT EL
main BAELIY) object SCHFE, (HAEFEFAERAT main, 1 HLIRWHATEE main PR SCHAS
WRARZ W2 vib] B9 G PEAs WM A E A T SR @S —A> vtbl We?

ICRI PR ) 7 1%, dmdeas) i oy OB A PR o S F 3R T R BT (4
R P ALERERR ) )R, R RER e AN T BE T EE vibl 1 object SUAF
AN vibl ¥ UL SERREPIRE BRSNS DL, FEdR S (0 AT AT SR EORE L
A vib] OREA AN SEH

ST 1Bt g R R R SR YUE M object SUFNAZALE 2K 1K vibl . id
A R AE XN BAE—A object ST AER— AN vibl, ZEKiZ object A
W IZRIE NN R4 RIK A (non-inline non—pure virual function) &
A IR SO o BRI b3k C1 2801 vib ] M H780E B 7 C1::7CL 28 XK object STF
HOCRE BRI BRI ED, C2 201 vib] BBCE B C1::7C2 58 LIH object SR CRNEN
PRERHD

SR, X R R ARG o A G AR I 7 2 X0 W 1 ek O IR e B (2
W Effective C++4%3K 33), WIAAEIE P RIFTA7 RE o B0 A 75 o0 IR R B, R vt
SRMG, REZHOET R R AL IR SRR &1 object SCAFHPAE BE—ANEY)



vtble ERMARGH, X FPERPUSFE - DRMBET LT vibl #5011 RZHOEHIX
T R R G DA e 2 AR 2E TR N L) vibl (2R, R Pl AF I e )
TR 59 T G S R PR RS T D IR PR K. T T BRAT PR 21, A S DR S UL (R 2 6
BT B K R BN inline 454

Virtual table HUSCHL T REAURR B HLH], W SR IATIX B AT T o AT ISR
RSB BRI RSN vibl I, A R H] . 1XJ2E virtual table pointer [ LAE,
TR MR

BEAS T R R BN A A, e N AR I B i 1R Y R
virtual table. IXANEAWMEE R AN votr, ik Indes S, (08 N4 %
PR AE . MERIS EUF, AT AN A5 AT R R R0 R A AT S I 1

Data members
for the object

Object’s vptr

X B 7 27 vptr AL TN BRI, AR AN B Y, AN [ ) G R P
WA FEEARTEO T, — DRI vptr SH PR R AT . W R AEAE 2 4k
(Multiple inheritance), JXMEKIF 23R, o) LIANTR IR T . Bl H T i
AT K BRI R R AN R RN T R R BRI R B, IR AU AN FRE AT
HARA .

WRI AR, AR L BRI ZT35 5 4 Loy (0 Bl 2 500t
LA vptr 2348 i B /N In—f% (B vptr KN R 4 BERR) . 78 A7 52 31 P )
MRS, XERERLAR LN R IR N AR A IR RS R, RSk
PIX 25 BRI TR R, TR BRI A T REANIE A TE A7 (cache) B A A7 T
(virtual memory page), IXHin]BE{f7FRIHTIIERZ .

BFATE — M, BEILA CL A C2 W%, X%, vptr FRIAFRATVERR vibl
IR, (ORI BLRAT AT O A A0 %



¢l Object

Data 'Uﬂ]l
Members .
= clﬂﬂhw:t F—== Implementations
ata e ‘o
_ Mambaers [ 0f C1's virtual
<1 Object — functions
wpir
Data
Members
vpltr
c2 Object
Data C2s
2 Obiect Members vthl
<2 Obj
Data = _.,_' Implementations

Members
vptr

—= 0f C2's virtual

e "
[ functions

o2 Object

Data
Members

vplr

2 R BUX BRI :
void makeACall (C1 #pCl)
{

pC1->f10) ;

}

W FRE pCL P IR EL £1. AUEXBARED, IRASEIE S &R —A £1
BAEL——C1::f1 8L C2::F1, BN pCl AfLAFR CL X Gt LLFR 0] C2 X% . RV bt v
BEAVIIRAF A AE makeACall [1) £1 BRIV AL ARRY, & AZAAIRTE 1R pCL FR AT A%,
BR AL TR A ZRUIE A o Gy A B A RS 23 Al 3k 28 i«

1. GBI vptr 4B viblo & — RIS, BRh 4 PR AE AR B
MR RE R vptr (MESE 2 R BERBCE e D PUHE AN FU2 — ML 4% (L7 3]
vptr) Fl—ANREFHEEESHE (LA E] vib1D.

2. ARFDOIN vebl A R B A R B FR S (FE IR £ X ARE 1,
DRk Gt 2 D B A R BB bl WAMC T —ANME— T3R5 1 P AR R AE vibl i A
(B —AMi A% .

3. RIS DR BN TR ET TR 0 1) s AL

U R BA MBS GAT A Kl A vptr, 17 H. £1 78 vtbl R 51Hh 1,
I iEA)

pC1->f10) ;



A SRR Bf A XA 1)

(xpCl—>vptr[i]) (pCl) ; //PHIAE vib] 5 1 AN HITER
// TR EL 1 pCl->vptr
//FG AL vibl; pCl #AHCh
// this feEHERLTREL

KIS AR BB 1. A RZ2EOERENL L 23T TR L8454, i1
FH RS R 09T 75 (AR SR A b 538 R AR B R R AR o R PR SO B TR R AN 2 I BE I
£

TESEBRIZATH,  RERREUIT T AR 5 IR RR BT ¢ . S b bR R BOAN R 2 BRI . X
SR IR e AE Y 1 R) FH B A FH ) e B A B R e O I 4R 4, 7 (R IR
PREL R EfR “ HENSATIN A RSN G K& R 7 W R g i A A R AT
R Y A AN AR WA R B T, ARSI RESIIE R AT A e A WIBZ R B R ] o 12
JE R BT R BB =AM URSERR LTSGR T IR B il R R B,
AL R, H 2 K 20 B R B 3 0 SR A B g TR P A, i AN BE A AV BB
PRk XA S b KR P 7 5, DA RR B B B AN BERE IR <O

BB N IEFRATHE 2 P63E T gk R 2 40K, (ERZHRGIN, FHiEma
HEME R (B Effective CH45aK 43). X HLTEANSARILANTY, (AL MK, fEXT
SN SR vptr VAT A% B R AR fERADN R AT 24 vptr (R4
FOOF A5 B T AT OG0T BB B O vibl BAAh, I 13 4 B8 AR ke R (1) vibl.
PRS0 T BEAN SERIAEAN R G Hh 1) R e B4 o F IR 23 1], T ELAZ AT I 3 e =5 R A QA s
my—u,

YR SO AT K B L, R — MR DL EEEER
AR7R AT, FEISE A SR I BN — DRI R L, AR S BE R R B 4 B AR A
AN DL R B AN S A B R AR XM S AT RS e SR MRS I R LAV B ax A A2 1
SR REBESEA L 255 [ RATT 1 AR, BRI A R 2 1) SIE 0 6 A FH 8 1) i B IR i Ay
WS HIR TR, — s B2 RFRE A e S L

Bt 2% l8 N XK, REFIRE A B 2 4k KZETE” (the dreaded multiple

inheritance diamond)

class A { ... }; / \
class B: vntua.l public A { ...

class C: wvirtual publiec A { .

class D: public B, pu.hl:l.n:f{ - \ /



BCHLA AN, B C IR T8 T SRR CHE R LB
GIPEIR), D ARG LI REA

B Data Members

Pointer to virtual base class

¢ Data Members

Pointer to virtual base class

D Data Members

A Data Members

IR B B TR B B o, X BAFA LA, (R EAW X AM. sk
SR PRSI H Y, S ATTRE AT B, X P FUR R ] S Bon R i E A MR
EEIONE S PERA BT LARAS W AZAE LY I ASMAE A FH I Pl . — S84 P25 i Re I N B8 b 1 di
B, AT S AR S A SR VEMARASA IS FR . GX P i3S ik vptr Al vtbl
FHLE T

U R FRAN T IX 5 P 5 i T R WA virtual table pointer BIAZINTZ B F &
FrilEske, BATRASNRENUIRAE Bk gk &k R HLI A A AR AL W% D N AEAT R
LA XA I



B Data Members

vptr
Pointer to virtual base class

¢ Data Members

vptr
Pointer to virtual base class

D Data Members

A Data Members

vptr

X R PR IRy, ROLM TP . KRR RS RT, KA
S 5 AR RIS 23 Z (R R T AR L ) S rh i e o o XT38, AR ROAR AR . X
TUEHEZHIRMIE, ARV A R, R ERE RN

AT — AT PRI BARAFAE DI, (2 BIREIR UG = vptre B SRiRas S,
LARAT UERUAS vptr, A2 =ACEE% T CERILB A D BEILE A vptr), KA
G s 2 ) T IX A BL 2 Rl D G P25 2 B B4 D S 4H

FATIAE C 87 2 R R BOREAE R ARG R, i AN I, ATE il 2
AR BB S I IR R

EFRATEE [ B Ji — AN, JZAT IR RL) (RTTTD,

RTTT e ihFRATIAEISAT I 4R BN GRS AT AT L, P LAUE 28 A 5N 7 feid T X e
BAETATE W . X BAEE A type info (MXTHHE, RAEEE ] typeid Biff:
Vi) — 210 type info Xt %,

TEREAN P AL TT Z—AN RTTI (995 DL, AR A IMER BT G R IE B S8
b EIXRURAFA S ARUER o 15 5 RE_EXAERR : TAVORUE AT LSRG — D0 R B8R AUE R,
WMRZERE 2D — R A X4 RITT P24 virtual function talbe (Ff
PRER) o BENRBATAFEE B — DI, BATHE R I 7E AT L5 5 ek 0 5
IR IE A5 B . X Bl RTTI A virtual function table 2 [A) AL S AN TG4 RTTI
BT I AEZR) vib] Jeh B SzI,

Bt vibl B4R 51 0 AT LA & —A type_info XS R HFRER, IXAXGE T1% vibl
X RS, BIR CL 281 vibl & b 50Xk



Clstype_info object
implementation of C1::~C1
implementation of C1::£1
implementation of C1::£2
implementation of C1::£3

Cl's
vthl

ARSI 2, RITT FE 2 (K23 AR AEREAN2RA vib] i) b TR #A N oG I EA7
fiti type_info XM HEAELHARTH virtual table T M AE IR E
—Hf, PRAKATRERY type info %F 5K/ H] ) .

NTXANRE AN R 2 Ak REFESR DAL RTTT el 2AUH G &

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

A NFFIXANRME LG, SR, AATEA B RNIZAMEH C7 RUF. (HiET
IO U P A X R TR I RS, AR LAk ST, EZHUEBL N, RN TR
U] R LG PR A2 R ARRS R A, AR PE s 22 B anAdi k22 ) switch WA EZ S 1)
if —then—else BB R ELIH, o AR ACRS LU R s B IC 22 2, 1y HARHS
AT NS, AT, R0 AN TERER SR, X EME RN RS SN H ARk
TFR% (type tag)e PUILARASAFEIEE MK S .

PR RERAL kK. MRS, RTTI Frag AR R BN, (R RAR T BX e T e,
AN REUAT A REI T RS o AT AR, BRI S R REEE B, A NIRRT S5 B
(¥ J5t DM B2 o A 28 8 A TR RS 0 L RO Y) vt RO [ K BE2R (Rt 2 A 15 7 i 12 o
FEfits CHEXT GBS R B E AT VRAF R, BT LR T RS 2 F SRl iRk Sei vk, e
N7 5 M 56 X LT 55 o AN NI R, AR 1 O 5 AR AN T R ABAT g 1 A 1
(KRR T4

7. HiT5 (Techniques, N#F Idioms B Pattern)

ARATH SR 2 BN A R AR SR o JX LS ) B F B, (EERRY 2 ANRE S
FERENIA G o AT MR LUAT IR I8 A “3EARIH” (Felix the Cat) , FEAAICIRATIN
BRIHME, EHREFEEM trick B WER—AREMOHA A trick W, WA CHEERF R
FUENAZAT T o X FAUSARI trick WIESh A

B CHERPEI, B = 3] LY RS NP (R0 T Lk Ky bR BRI 1k 6 R K
FLAT REAU R AR 2 ARG BRG] — AR S (R 2 R Qe [ 1A o s S0 5 e
PRARAR] SCRERA PRI XS GO S AEHE e ? e —SUIE R R 5% eR BOC1AT I I T R iy g sl
SEAMRIFAEE A S SE B S ER A Y AR BELEAS RN G 3L = Hdn S5 K, ik ARl



FHAE DO AT TR — N0 B O D12 JRWH X 43 operator [] I SAAE R S #/E? /il
Al — N R A, AT ARF RO T AN X G sh 2287 2

A XLl CGEAHEZ) MAEATES RIS, AT RRAURIH A C+F27 7 ik
JE B ], HAR RIS CRIESE T 1Y FRACK LS bR 7 v s 77, At 4 eI 1L R
KALIIAEE (stylized fashion) #EIHRYES, HALMCA idiom A pattern. AEVRIEFRIK
2, fERHE—H BT & TAER, B X L5 B R2 i . & MRMGE L
R4, BT L CHRTERE

7.1 Ttem M25: H4ie e HUR-IE R R R BBk

AR, Wi “ RIS R B 2o AR — MG T, HEAE
i A0 BIP B R B RAT A, AR m) LY FH A2 40 R B0k 78 ks 2 282 (type-specific) Xf
ZIAT N o ACHARIE BT — AN GARIE AR SR D) b i AR R0 G R B, AR A 25 TR H]
FaIt R ES o S M2 HULRE) 3 o) B S AT 8 A e 2

IRTAT B o VA R UM 1 BRSO R IR B i, S e T AR R AL Ci AR A
T AL A AL, B AR E AR B A I Bagile ? ) (A BAR) B A
() F BRI Pe X J SAHXE, BE A, XN E ORI RN, AR AR . B
FED. B, BRI S — R, FREEAT 8 R ) TAE, &40 HOE AR th o7
B A . PRAT DX AR B A
class NLComponent { //HT newsletter components
public: // W& s
.. [/ b AN R
I
class TextBlock: public NLComponent {
public:
. /] AL SR R A
} .

class Graphic: public NLComponent {

public:
. /AL Al R AL
I
class NewsLetter { // —7 newsletter %%
public: // Hi NLComponent X}%
.. // BVEER A R
private:

1ist<NLComponent*> components;
I
KA AR B

public
inheritance

TextBlock

pointer




7t NewsLetter HE I 1ist g —MFrUERRE (STL), STL shr#fl C++RPZE—
4y (B Effective CH+4cak 49 M M35),. 1ist KA R IAT RFIER LG X 1 2R,
UG E A LR TN 712k 5. X% NewLetter ANI2ATI i SAFAEAERER: b T T REMGE L
D FRERL AR R 2 57 Newsletter X%, il NewLetter MIM)i&i B H U istream ZH/2:
MR ITAER T . I R T B S O B R S5 RN, A R R
class NewsLetter {
public:

NewsLetter (istream& str) ;

};...
WEAA) 35 R TR O AR A SR 1
NewsLetter: :NewsLetter (istream& str)
{
while (str) {
M str Z2HUF — component X% ;
X ZEINAZE newsletter ] components Xof % (155 A 2=
}
}
B, EXFEH T 5 AL R I R £ A readComponent,  417F s
class NewsLetter {
public:

private:
// NEEF—A> NLComponent X% M str s HR £ di,
// %L component FiR[H|—AMHEEL

static NLComponent * readComponent (istream& str) ;

NewsLetter: :NewsLetter (istream& str)
{
while (str) {
// 8 readComponent iR [FI\IFEEHA N2 components #ER 1 i),
// “push_back” — AR A RREL, FRAEFER )5 AT A -
components. push_back (readComponent (str)) :
}
}

# 18— F readComponent Bl TAE. eI s EHR L T — AN 4, 8o
TextBlock & Graphic. PKIABREENHIN S, ‘EHAT A SHEREARLL, 1 By ERE
NIRRT G, FRATIFRE ML It B Ao i 0L BRSO iR RE B AR T i A 25 & TR 3L
PR TS AS R R 0 S o R PIAIE R EEIR 2 6 N HA AL, MRERL (B8 im it
N 483, BE IR LD SO %45 B R i — N H . (WQ N : readComponent ()
PISEELATPE L Czd. BHE C+ + e pl )

AT — PP R A SIS 1 R FOURE) 38 R 2 — — UM% DU e B — — A ) 2 I &« R4
5 DRI RR A REIR [l —ANFREE, 18 U F R B0 G Do DR IX AT e, i
Fe DK R ) 27— AR & copySelf, cloneSelf i &% N IHIXFER UM clone. R/
AT RARE LUK 4 HE N 7 U e
class NLComponent {
public:

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



b
class TextBlock: public NLComponent {

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

};...

class Graphic: public NLComponent {

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

b

IEMFRATE 20, S0 R HFE VIR 1 pR 5 H S A e AT R 1048 DIt s 4. DRItk “ 4%
D7 18 S TR DR s B A o W S BT IE 3 DURY G eR 5OV T TR B i DL, IR A
JEFUHE DUAA I bR A0 AT B % DL o G SR B R DU I pR U T A T TR DL, B4 e AUEE
DUR 38 pR A A A T 4 DL G SR ECIE (45 DU IS R B0 — Se A7 R 0 351, 49| ek
copy—on-write (S M29), WA BHRIMIIEREEIXAM. 24— K¥ET.

TR IR ) SEIRA F T S5 df A 9l SR A R e 8 1) o 0L R 50 [RE SS AR o #UIR 2
T8 SR RE AU R ESAS FH 0 200 55 2R 1) R 400 o B0 AT — Rl [ SR 28 ot 2R oy 0 3l [ ] 2 2
R ANRFERFRE (B 5D, LIRS R E ] DOR [P —AN5 ) ZER R A2
FER (BT D XAE CHZRAURT Y s, &5 ] BE RS I LB 0 1 pR 210X
FERT R X5/ AT 4 TextBlock ) clone BRAERENS IR [F] TextBlock*H1 Graphic [1] clone
fef% iR 7] Graphic*[)JR A, BI{# NLComponent 1) clone 3% [FI{E 2 S NLComponent s,

#£ NLComponent 91 ¥ Rz FULH% DI BRI AL AE L SE I NewLe t ter 1) (IE 5 1R 45 DU i bR £
THRZE S -
class NewsLetter {
public:

NewsLetter (const NewsLetter& rhs) ;

private:

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

// W PIEEAS vhs BEER, AR REAN T E IR AUEE DR I pR L

// FETCEE WX A KT S component $34 .

// AR AR WIS AT P TS 0L, 152 L4 3K M35.

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

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

// 7it” $8M rhs. components 4 HIICE, WHITE M) clone BEL,

/) JRBNZTCERM L, R ISR

/] EAKGI component HEX 1) ¥y o

components. push back ((xit)->clone()) ;

}

}
WERRAARERIR ) (STL) AZAK, IXBARHS T ReAT 264 N2, ANk I PRAR ) .

3 4 # DU NewsLetter AP B34S component 4%, 1 4% N ARFS T0 205 1K) 240
P R BAT IR BLRTZE— AN G s 2, DR R T A5 4 ) NLComponent X% 1¥145



B, B SR IRAT GnaE SR — AN REF AN R 1) TextBlock X% k&5 1) Graphic X%, LB
FRmE, FRATHARAT IE6A 105 VUAE, BRI s AL RE % g oA MM R0 A
REPAACAR i 53 R 2L
S AL A RSN RE L IR A FEADLBR B804, {8 D R B8t AN R A B I 1) RE DA BR 4 (2

UL Effective C++ 453K 19). SR, BEIR—ANBRELRENE F4)E HH AN [R] AR RBs 5w DASL i
(195 A8 [FIRE A AFAEIXAE ) B 0 R 2, v DIAR YR S 500 A R Bh &880 HAT M RF AN A .
Biltn, s REECA TextBlock Fl Graphic XSS —ANi tH BAERF o 2010 2 Wi 72 e 3
XA AR . (RS ERERT 2 operator<<, BREIE ostream&fih &M /24

(left-hand argument) (RIEEIIAERBSEINRN AL BEFHED, AT 1% R %L
A TextBlock BY, Graphic i i R

GXFEMA T L, A B —FIRKEA 4
class NLComponent {
public:

[/ XA R E AT (R AN - T R

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

I
class TextBlock: public NLComponent {
public:
// A AR ERT (RIFEASEE)
virtual ostream& operator<<(ostream& str) const;
I
class Graphic: public NLComponent {
public:
/) REE AR G A T )
virtual ostream& operator<<(ostream& str) const;
I
TextBlock t;

Graphic g;

t << cout; // it virtual operator<<
//HE t FTENF] cout Hr.
/] ANTH BB

g << cout; //i83t virtual operator<<
//38 ¢ $TENR cout H1,
/AN B

KIMEHE I stream M GBI 504G, XEHHEERF—RMH MR . A
T RERS IR TR ok, AT operator<<# i TextBlock Fl Graphic 2%, {Hj &
QR AR, A BE A E A WA L T o)

TP N FT EERAE 75 B — AN B RURR L (B print) 8¢ € XAE TextBlock #l
Graphic ZEH . (H 2B IXHEE, FTE) TextBlock f1 Graphic N &1 iEH: 518 operator<K
WOR B E R I B R A2 T, IXLEEAR T VEAANR A N AT TR 1) 2
— PR operator<<[FHER A BEL, HHAS print BILREIAT ARAE. A OCTRATATEE
H AR S b DR BT a3 80 e I Hd . F-ATTE X operator<< Fl print K%L, ik
CIER NN
class NLComponent {
public:

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

b
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);

}

FUAT REAUAT 0 AR 8 B3 R R ff 2o RS — DI BOR SE A, R HS M E
FEAU BRI E AT A AU T XA AR pR K. D 17 38E X A VA AE A1 5 1 e B0 T T4,
PRESRAT AN IRIXAN AR B R H (2L Effective C++ 453K 33).

BUAEARFIE LT iR E AT — NS EAEAR S s ORI, U AT REARJIIE 2 75 AT RE e
ARG — A LUERSBURIAENE? wTLL, (HEARIRE S . A2 WNAER? S WA M3 B
KB T 1R IXAN L

7.2 Ttem M26: RRAHIFARPTRE=ERNZHE

PRARRRR T 5, ARSI R AR EAE AR . I aniReE R g h R — 3T EIL,
T AR AR IS 7 AT BN LN R A H e o — A s RIS 16 SRS 2 A 251950
PERERAT, i DA AZA DR SO RR AR GAFE R B H AR 16 A>o URan ] A 8 fi 1 ix 48
We 2 iy 2 BRI S 2 g 2

WA A B AT IUE T, R N n=1 FFERUED], AR5 AUt A 3t
B SEIEHERXBEAE — ME WA — N HS . A n=0 JFHAE BA B kM, Brilik
TTRNIX I UG AR ReBg IR E X & SEI4L (instantiate) Wg?
RPN BB — DX R

BRI — XS RN, FAVRBA D)0 TE — it KR MG e B S
SERXAE, BHIREESZIEAN RN G, 55 5y (07 VA2 U 2R A AL 38 R 5O W] 7E 2R 1) private
15§
class CantBelnstantiated {
private:

CantBelInstantiated() ;

CantBelnstantiated(const CantBelnstantiated&)

RFEALLS, BN NEBCA BN G, FRATHEWS A L PP AR X AN BR ) 51 an an
RAGITEIPLE LSS, EE RS TA TR DX R AT AT, JATINATST BN LG ) 2



FE—RREN,  DAELEREAS NARBEDT AT EIHL, (HZ A MTEIHUR R AEE T«

class Print]Job;

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;

return p;

// forward 7= HH

// ZW Effective C++4%#K 34

[/ SRATEIHLA 5

AT A4, H—. Printer REHIERHUE private. XFERERL LG
X5 B ARREL thePrinter # A WINZRI AT, il thePrinter MG fA A Hyid i 45|
LBl fJa thePrinter A% —AMEHA Printer M5, XRIEE QAT — N ST,
P AR TG AT I 2 5 R G AT EONLIEAT A LU ], S #S ] thePrinter BRI

class PrintJob {

public:

PrintJob(const string& whatToPrint);

&

string buffer;

thePrinter (). reset () ;

thePrinter (). submitJob (buffer) ;

//3E8 buffer

HIRIRIEE] thePrinter 4 A4 2 ME A L RIN. 27 , RSB “2JR



HEK G A R R, B RE gauche RANN) , FALICITAT 547 BT KM Lh AEHL
JUE] Printer REL.” 4, FAAABGEH S gauche IXFEHYIA KA 1€ (Lippman )51
KR, XARM L, B Prihter 28 A thePrinter N AMREL, ARG EHAEVRALR
MIALE . MANERE AT T o HERAS R, W R ros:

class Printer {

public:

static Printer& thePrinter();

private:
Printer () ;

Printer (const Printer& rhs);

I
Printer& Printer::thePrinter ()
{

static Printer p;

return p;

FH P printer WA L6248
Printer::thePrinter (). reset();

Printer: :thePrinter (). submitJob (buffer) ;

3 M5 thePrinter B Hi 42 Rt A namespace(fir 4445 [0)) (S, Effective
CH45K 28D, fim a2 (B CH—NESHT IR o AT AT REAE 4 SR80S B ZR VGt Be A iy 44 2 [R) L
Pl AR, Gk, B AR XR. typedef S55E. JETATH Ay 44 22 W] JF AL E
AT AR e, AL RERE BT AR AN (7] i 44 2% 18] LK) SEAR R AL 44 pP 5% 4 Printer 28H0
thePrinter BREURAN —Adr a2, FA A0 A2 /] Printer 1 thePrinter
2 S BRI BT ki A4 R

44 A3 A NAVE ERBATEESR S, HE' & A public, protected & private . JTf
#J& publice WIFPIR, FAE Printer. thePrinter SN PrintingStuff [y 445
[HELE

namespace PrintingStuff ({

class Printer { // fEfr 45 A
public: // PrintingStuff "

void submitJob(const PrintJob& job);



void reset();

void performSelfTest() ;

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

Printer (const Printer& rhs);

&
Printer& thePrinter () [/ XA R B AE i 44 25 [R)
{

static Printer p;

return p;

// A B A
I iy 44 23 TR, %57 3 o] LU A fully-qualified name(5E 4 FRIGITF44) (R
(ORGSR R
PrintingStuff::thePrinter (). reset () ;
PrintingStuff::thePrinter (). submitJob (buffer) ;
R AT DU using AR, DA ALBESL AN -
using PrintingStuff::thePrinter; // Mar 4230 PrintingStuff”
//3IN% T thePrinter”
/) AEILECR 2 i

thePrinter (). reset () ; /) BAERT LA AT H R i 44
thePrinter (). submitJob (buffer) ; // —¥&, 1] thePrinter
7t thePrinter WISEIL AR AT NG H R T, ERERAITE—F , M

— ¥ Pritner XTGIEALT PAHU A A A A ZAESE PR, XA AR H
(Ko ZERPIFRSN R br R R CRRRD, BTN R . St k, 2A
B AT RN, A S i ST R AP IR AT BT DL R B T eR 8 A S 5
RERAG A AT AR BRG] o BN AR B A T B R R o) N G
WSHERARAT I ARA IR PU AT, AERR B, R Printer IXFEAN GE SO
AR AR IR R o AR AZIE T E R LR
H—ARBURERS AL, 48 Printer A W] 2RI RS BGEAT — AN B, EHIY)



EAGIS TAIANE o FRATTREAE A 1 S T8 o 5 A B AT A IR A B . “ AR 3 — IR PAT
S SCH A GG R BN 7o A 58 X A R A A AT AR AL IR [ o C++04 — A
translation unit (HLZA A object SCAFHIIEARAI ARG A HIER SR IR LRI
PP FRNORAE, (HEXFEAA translation unit H A 2 AR LR ARG A
XFRIE (Z W Effective CH45K 47D FESERREY, XAV RVFZ BRI 46
KR A RO BENS WG FRATT AT I, JRAT TS et S X AU R, AEIX B 1~ L, BRAREIRE
g e, AT AA I EWE?

A AR NI BN ER SN R K R . BE N thePrinter FYAERE D BRI
B
Printer& thePrinter ()
{

static Printer p;

return p;

R T RTINS BN (W R p D, HE IR 2 — A AT &
H “return p;” —ZiBERJ AR XA BRSSO BB . SR E AN RER S WA
NIk, At alg? R4, A A VR BN R A B RS ? 38 2 KA AR AR SN
W — AP UL IAEFEE S “ NI MG Al ? MRS BUF, & R G e o H R B0
FRAZXT R B AN, AR 5 R BOE AN JUX 2, R 7 R ORI . ek
HEW# internal linkage (P9#F4ERE).

WENIT, IRATFEIRRIZRE S B KRRV, RAFCE . i n
PR R BT BEAERE P NS (ULl 2 U AR K H AR Cobject) ARRS AT L& —ANDA L
) PR R ek T AR D, X S S 0 E 45 e B IR A X 5o 7 5 SR iy 2 i R S — A
R GAERA BREL, IRT BE SRR T I B AN S DL — A BT DR T
A5 JRIF AN EE R AR 1 03 e

RZ AR AT REIA A 57 bR SO [ — N Bt S5 |, R SR D0 5 (1) B0 P g v e A
WMo WA RS R H, — HFERZ NS, fidbt s, X
WV W PR, XA printer X, :

class Printer {

public:
class TooManyOb jects {} ; /) AT ERN R Z
// WA AN R
Printer () ;

“Printer() :



private:

static size t numObjects;

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

/] FTVAAS SLVE$S DL
¥ // (B Effective C++ 45K 27)
I A O B AR 2 A 1 numOb jects BRESE Pritner W AFE ISR . SHidsnt, &

ARG, BEBEEN, B> B E 2 1) Printer XI 4, whasflth—A
TooManyOb jects 27 i) R4
// Obligatory definition of the class static
size t Printer::numObjects = 0;
Printer::Printer ()
{

if (numObjects >= 1) {

throw TooManyObjects() ;

}

AR BB AT IR RIS R AL

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

HEAT IR HOATAL) R AL B

——numOb jects;

SRR BRI BB T RAT AR G NI e — e R W, R NARRE
B e Mg, 5 MRIRESHE BRI, TRV R R EE AR, e
B A0/ R U
o  EIVNZHIIFEE

A ITAEAT A A B EATT R IR AT EDHL, R EATEIHL. IXPTEIPLSEAT
VP2 SR AT EDLRANTR, B ELERATME BT BNk K H K

class ColorPrinter: public Printer {



IAEBORIRA TR G — AT ETHLA— SR 4T BT
Printer p;

ColorPrinter cp;

XA E X2 D Pritner WR? BEEMND: — ik p, — 2 ep. fEIBITH,
it ep EERERM N, 2Pl TooManyObjects S« X TVF 2R SR, XA A
IR FNS . CROTE I A HE [ conerete J84K7K concrete 38, gl AN 2l B Fil )
e XA AR LA M33).

MR ZAE Printer XGI, 23R AR FIFE R ) 8

class CPFMachine { [/ —FHLEs, ATCAEED, 4TE)
private: /] RAEH.
Printer p; // HITERET)
FaxMachine f; /] FEERET
CopyMachine c; // AEERES)
&
CPFMachine ml; // IBATIEH
CPFMachine m2; // Pl TooManyObjects

[ Printer X REEAAE T =FAF IS A ENARS; AIVEIRE RN
I BURAAE S RIR G B AR A RIS IR IE T BRER “AEAEXT R8O 7
3o PR H A “RZRAAAE” 10 S g A2

T H AR L0 SEVEXRT R A B AFAE T DB, AR Ay R ABIX PP SE] (instantiation)
IR . AR eI Printer ZRox@l 535, WUARE Sy 3EATIXM BRI, D4 Printer
P& PR EOE private, (RAFAE friend FUDHIAT private #43E p&EUKISRANBEN A SLRATH]
WARBE AR B Grp . RN REM AT private f1E BREUIZRIRA HUBIZS, XA 52 T35
PR T BB YR A SEIRE T U5, X VEAN T EEAN R 5 S e (5 vk A
B, Rf— N FSA, £R—A finite state automata ((TRRAAZIHL) « CXFHHLARRE
HIFREZAET N, - S st ), FHES IR AP AT B AR 5, R RAEAR L
M ESAJRAE RIS . GRFEAMR— S 2R WIAE FSA HAFAEAR TR s K. Effective C++
Zeik 14 fAERE T AT ARSI N T BB SUNT R B AP 4 M24 e T A A A 1E PR



(2R LG [R5 ) AT RERR K2R 2N O W R R, IXFEBCTE FSA W] L 2 R IRIX Y AU oK
class FSA {
public:

// Pk is R L

static FSA * makeFSA() ;

static FSA * makeFSA(const FSA& rhs);

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

I
FSA * FSA: :makeFSA()
{ return new FSA(Q); }
FSA * FSA::makeFSA(const FSA& rhs)
{ return new FSA(rhs); }
A% thePrinter MELEGEIR RIS (GBI G2 BIE KD, FEA makeFSA
() Pl P bR 5 3R []— AN T R AR B (R T (R 2 — 1R, ASAHIRID .ttt 2
o AVFEENL I FSA SR 0 B PR
HWhf, ARy R L & EE T new XA GESZR R AU ] delete. 750
SR TR o L AR A BB AR AR A I delete 238 AENIHA, At ] LA makeFSA
RPN R AEAEAE auto ptr 1 (B4 MO); Hef] A B EFAs Ay, KR %68
BN BR AT I 48 1] AR 4.«
// T PSS FSA H438 M4
auto_ptr<FSA> pfsal (FSA: :makeFSA()) ;
// indirectly call FSA copy constructor
auto_ptr<FSA> pfsa2 (FSA: :makeFSA (kpfsal)) ;
/) GAWH REH—FEEH] pfsal M pfsa2,
/AN O B AT o

® RAMNFEREBMH
AT ey BV R SCVFRE LA SEBI IS, BATRITE SR ERR 5 SRR SR AR A 2

ORI, DU AE =PSRN (R385 A n] fE R T BN R 3 pR 2, AT B Bt S b iR
FLELR TV A& s U W1 private. 30AT I — BN &: A thePrinter
BRI RN AN R B U i), DUEHE Printer S5 MR BRI —AS, SXPEAR0 [F I 25 ik



WA HERE VIS ITREFI H A A Printer %, SEERAMIAREXFEG S D
@37 Printer X% pl;
i/ pl;
B pl;
HEST Printer X4 p2;
i/ p2;
B p2;

XAV LE R — I (0] B AT sS4k 2 A Printer X4, MR LEREF A RIS A T4
[[f¥ Printer X%t AARVFIXFEG S EAGI, B AI%A SR A GEAFE—> printer
AR A INEATE AR A2

IRA o FATTRL IS HIAE FH (00 R E AR L5 WA 1P D e it o OS5 )R —
i
class Printer {
public:

class TooManyObjects{} ;

// kit R A

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

void submitJob (const PrintJob& job);

void reset();

void performSelfTest() ;

private:

static size t numObjects;

Printer () ;

Printer (const Printer& rhs); /[ BATTANTE SUXA R
b /A SV

//BEATHE DL
// (ZL Effective C++253K 27)

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

Printer: :Printer ()

{



if (numObjects >= 1) {
throw TooManyObjects () ;
}
AR BB AT IR RIS R AL
++numOb jects;
}
Printer * Printer::makePrinter ()
{ return new Printer; }
L ER R 20, SRR, AR XM G RS 2 unreasonably
harsh, PRA]ALEDh R B 0K [l — A8 R0 P AEAE T 2 B ROZ AT Rl
B 5 e 200 I O A3 R S, AN JE BLIE AR 3E BB 2 Ah, BATMEH] Printer 2RISR
Al F oA 2K —F

Printer pl; // BEIR! SRR R EGE private
Printer *p2 =

Printer::makePrinter () ; // B, TR FH G As Ry 3 bR L
Printer p3 = *p2; /)RR P DRSO private
p2->performSel fTest () ; /) P e T A
p2—>reset () ; // EHHH
delete p2; /) WEF AL, R

// p2 s&—A> auto_ptr,
/] AT EIZL .

RIS G HE] B BRAEIDS GO AT E o FATH TR hard-wired H&8E 1 S8
MRl E R, RS RS DI B Z B, X A2 B S Printer
REARASSEIL, % oF 10 /> Printer X RAFLE:
class Printer {
public:

class TooManyObjects {} ;
// Pk it R A
static Printer * makePrinter();

static Printer * makePrinter (const Printer& rhs) ;

private:

static size t numObjects;



static const size t maxObjects = 10; // DL I RRE
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); }

WIRVRHI G PERE A fegm 1%t iR ZE T Printer: :maxObjects I, X2 ZW AT, £
R NAZ AU HE 2%, G PR AN BB PR 10 MO MBS X AR FHX 455 1) . 45 static const
J b (BN int, char, enum 8555 i EWMA M DI RE 2 I A IMAE] CHrr i), T PA-— 264
PEARIEA ARVFIIAE S o R BT S B F R 40145, 7] LT maxObjects 7 B 7E—A
private WM H MR,
class Printer {
private:

enum { maxObjects = 10 }: // R,
// maxObjects A¥ & 10



I

i H % non—const static B —FEWIURAL static R
class Printer {

private:

static const size_ t maxObjects; /) WA MRS HIE

I
/] AR ARSI SO
const size_t Printer::maxObjects = 10;

JE X FPTTVE S AR BT EAT — FERIRCR (2 Bon b e VA fe LE AR P RS2 5
PR o ARG T B8 SRS E U4 const static R IRAIME RIZhREIS, RN %L AT g
HuF XA TR

o —IEAXNZITHIIAERIESR
FEATAEAC RS R e — AN, R TVE S R R B U — A R, (BT

e AL E B WA TATHA KER Printer 7522 MRS ECE 2, AL 20— i X — ki 1y
G5 —FERIAND, BEARIE — K. DORF AR AR AT RRA . NAZAH — RV A8 A S AL B
XLE o HMETE AT 7 AU S T ) AR R AN 2R g
TAMRE S B IS — A HAT LB BRI EESE, AR5 Printer IXFERIZENZ

FERAK, 0 HIRATREMAT L 4r o FRAVEH]— PO ik Re 2 B R v B e, AME IR g4 s
BITH S I R, T H AR BRSO TS A S o CHIRATIAESK M29 il 5| v Eonr, K
& BT R B AT XA B IR 5, 2 WK S counting objects. )Printer
RS L FAL R nunObjects, FRATNAZICAR AN TG THECESE b AR 75 LA )
FEANBEAT S T BRI S HAT A LR B I T E s o A VBRI AT DA A Bl A il 24 20
MITHEs PR JATTRE Lk v 2 st e oA SRS A B PR 2K AR A 1 A
template<class BeingCounted>
class Counted {
public:

class TooManyObjects{}; // HRP

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

Counted() ;

Counted(const Counted& rhs) ;

“Counted() { ——numObjects; }

private:



static int numObjects;

static const size t maxObjects;

void init(); /) TGk 3 bR KL
I /) RS ES
template<class BeingCounted>
Counted<BeingCounted>: : Counted ()
{ initQ; }
template<class BeingCounted>
Counted<BeingCounted>: :Counted (const Counted<BeingCounted>&)
{ initQ; }
template<class BeingCounted>
void Counted<BeingCounted>::init ()
{

if (numObjects >= maxObjects) throw TooManyObjects();

++numOb jects;

MIXAN KGR A B AR AN e A Ak e A0 T, R b A 32 i 500 T g g 5 7 1) Ay
protected. VI private Al EKEL init B PE Counted f i R HIEA) B H .
PAETATREE L Printer 2K, IXFE{HH] Counted A5EAR:
class Printer: private Counted<Printer> {
public:
// Pk it R A
static Printer * makePrinter();
static Printer * makePrinter (const Printer& rhs):
“Printer() ;
void submitJob(const PrintJob& job);
void reset();

void performSelfTest () ;

using Counted<Printer>::objectCount; // ZR R

using Counted<Printer>::TooManyObjects; // Z . IR
private:

Printer () ;

Printer (const Printer& rhs);



Printer ] T Counter BHCKRERERAFAEZ /D Printer X%, ML, BRT Printer
Mg EE, BAANRLREANGE. ESIA R private, XHE M4 X AL
private 4k JR [ (2L Effective C++4ciK 42). % — M ik @4 Printer Fl
counted<Printer>Z [AMf#H] public 4k7k, (HJZIRATLAILS Counted E—ANMEHUMTAL BRI 2L .
(N4 A5 Nidsd Counted<Printer>s gt MR —A™ Printer X%, A VKA 2B ZAT
HAERIHBE——Z W, Effective CH+45K 14.) ik M24 CABAHRWIE T, 7 Counted
HAELERE R AL, JLT-H 8 5 A Counted 4h7K T RIS I AN J&) o FATTAAR G X £
WHMAOAE, FrLMEH] private 4k kB IX e 44,

Counted T A 73 TAEXT T Printer (/" SR U0 AS /& Ko, (HJZIX 28] Fn] BEAR
AGIEH M1 2 /D Printer X3 A7F7E. Counted BEARFZME T objectCount BA#L, HoRIZfLIX
Fife ., AP FRAMEH private 467K, IXABREAE Printer 8 A T private. KT
PRI HL) public YA, FRAIEH] using A1
class Printer: private Counted<Printer> {

public:

using Counted<Printer>::objectCount; // ibiX/NERENT T Printer

//# public

KBRS A VBV, B AR 1R 28 AN SRRy 22 25 [R], dm PR g sl A Fo VR kE
W WX RIUE,  ARNAT R 22 205 R A BTV
class Printer: private Counted<Printer> {

public:

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

// 1F Printer J4& public

KA AL G VA Y uning 75 B A AR B Lo AR FRATTAS R I RE Al
TooManyOb jects M iR ] [FIFE 7 AR AL, PA24 Printer (%% ) B 4n SR EE4 SR IX
SEHRA, AL BE S U7 1) TooManyOb jects. 24 Printer 47k Counted<Printer>it},
B USR0S S B S0 . 5 Printer JEN AN 2 Rt 8, a5 Host
NN T FE. Printer (KR o8 BT DAL IXFER -



Printer: :Printer ()

{
BEATIE® (R s Aoe AT

X AT R A AR WBIRIAR VG, TRARE B A AR I o AKX S 10 H50 it At e 45 B )
W bl B, AT S8 M IE R BSOS B I AE AR BB H o T AT IX L I A S
Counted<Printer>[{iyi& B Hok AL, K4 Counted<Printer>f& Printer MIFEJE, A%
i Counted<Printer> I} & $ i 78 Printer FRIFT M HEIH T . QR £ 6%,
Counted<Printer> (K41t iR HUgt s I 5%, SR #EATIHH] Printer RA4IE R4

R IR — S TR, e X Counted WIFFRASK B . X numObjects SKij, iX
RS ——TRA TR T2 Counted [RSEHLSC AR HL 5 SCE T .
template<class BeingCounted> // %X numOb jects
int Counted<BeingCounted>: :numObjects; // BT eI 0

X T maxObjects i, WA —Le4 15, TATNIZIEEHIE A 2AHWE? nRARAE A
VFEESE 10 AN printer X%, AN ZYIEHIE Counted<Printer>: :maxObjects 4 10, J—
Ji i B AT oA VR f AL 160 A SC R R RF R &, IR N X ) 4G
Counted<Printer>: :maxObjects 4 16, FJ& N 1%/ A M ?

a7 B IR 7 it A A A, FRAT IR maxOb ject HEATHIMA . T2k b (0% /- s
HAE WA L. Printer FIVEH DZIHEIX 408 ) I Bl — S SEEL S L
const size t Counted<Printer>::maxObjects = 10;

[F#f FileDescriptor HI/EH AT MAIX 45154
const size t Counted<FileDescriptor>::maxObjects = 16;

WXL VER IS T % maxOb jects MEATHIAAM, SR ANGHNE? RF R EHR &
KRR, B maxObjects BA BT Lo WAL T 7701 SCRXT Counted %5 7 3y Ui
BTk, AT [El 2 m BIEAS AR AT AR A .

7.3 Ttem M27: BESKRERZEIEFEMEH =AM

A IR AUXRE PR 5, B LIERRIY I S e F A, AR RET “delete
this”e ARBEIPAE BT U ZIESRA T R A BeAe e o o e — eI AR A RAT— Fof
OREE: “AFEHER BRSO DRAESERP SR SN2 R A A o 7 W SRARAE R AN SR
e ETAE, s rTREBSIXME O, AAEAEIRA RS LN AF M A ™ ), FHEs
A2 AR H 5L . AT B A RESn T AR Ok BOR B4R IR AEHE b 7 A X 5 Cheap-based
object) We? W AR, ARLIZAAI M2 “on the heap” FRIMRSHIFS L AR I+
PITAE I EAEH o
® FRFEMETEIING

EFRATSE AL A EHE IR I IR . b T AT IXFHBR ], AR 203 — b7 4%
1BV “new” DIAMAOILE FBEEIN SR . RARE S BE]. A-HEX S (non-heap object)



158 SCE T4 A 3R IE , 7 AEA7 IR TR 45 A B BRI, T DA 2248 B4 B i i
BRECRIATT ARG R KR, e mT A SISl PR
FEIX LT FHARPFAS A 1 — Pl i L ) v e 40 3 bR BN AT A4 R 2 A5 BN privates
AR E R KRR . WA B LEIX A BR AR private. Uil AT K8 R private,
LRI BB public. AGBERTFE 45K 26 AL, ARAT LS [EE—AN G F TR e 5,
K5 1) FLAE BT AL BR &S o 25 7 S FH D B ) R ESORE TR TRESZ R0 5 . (WQ v VR, 57
W M BRAR Z BRI A AE AR O SR R R B 2 R B A D
fltur, R PAT AR A A HE T i 748 unlimited precision numbers (G PRRTHA %L
TS, LUK
class UPNumber f{
public:
UPNumber () ;
UPNumber (int initValue) ;
UPNumber (double initValue) ;
UPNumber (const UPNumber& rhs) ;
// PANTR) R (— const AEREL KA
// BM#E const X G EERRE . )
void destroy() const { delete this; }

private:
“UPNumber () ;

b

SR G ) IR AT R vl

UPNumber n; /)R (FERHEAYE, HE2
/75 e TR ek R e U
// VR, BAEVET)

UPNumber *p = new UPNumber; // 1EH

delete p; // Ry R EE
// private HTHJeR%L

p—>destroy () : // 1EHf

Jy RIS O A BB R i R B WO private. IXBTIRMIER SE ARGV
Z iR A, RIVEE BARCAAE AT A WA private. 75 W AIX L8 R Hogh 25 2 P A%
ARG, AL PR LSS RS DR pR A, S A A i B TR A U BRI public
(Z UL Effecitve C+ 453K 45). RIIANA A BH MR pR A private SEAR LT, BRIAREA
KA ATk R L
T8 I PR ) — A2 AT ) oR Rl A 3 BR IO BELLE T AR SEXS B, (HURAESRK 26
Ui, XF T ERAR L T YR A2 (containment):
class UPNumber { ... }; / /P AT R R R 3 PR A
// N private
class NonNegativeUPNumber :
public UPNumber { ... };: // R BT pR ek
/ /KE3E BR A B2
class Asset {
private:
UPNumber value;
/) EERY BT R A ek
/ /REEE RR AN B2
b
JX AL R HEAS EANRE e Mk ) o I UPNumber (AT 44 R 575 B4 protected C[RII& A4
18 BREOLPRFF public) ] DA YRARA I 0] 8, 752407 UPNumber X428 0] LUE A B



Zr¥g1a UPNumber 5%

class UPNumber { ... }; // BT ERECK protected
class NonNegativeUPNumber:
public UPNumber { ... }; /) IAEIER T IRAEZE

// BERGVi ]
// protected F¥f51
class Asset {

public:
Asset (int initValue);
“Asset () ;
private:
UPNumber *value;
b
Asset::Asset (int initValue)
. value (new UPNumber (initValue)) // 1EH

(...}
Asset:: Asset ()
{ value—>destroy(); 1} // WIEH
o i — A NWREEIEHES
WERFRATRIGX M7, AT EF H L —F “FeHEh” AR5 o FIRHIRg H)
F55E XK IA—AJEHER] NonNegativeUPNumber % &5 15K :
NonNegativeUPNumber n; // 1EHA
I IAE NonNegativeUPNumber %1% n H (] UPNumber ¥ tWANAEMES, IXFEULNT A2
B R TR IE R BT R SE B A i g, EE LR MR X FE U AN, BT A UPNumber
WG — R AR FLE IR AR I T — A o BAT T U] BE 5 SR A T IR 24 SR 2
WA TR 7M. UPNumber  FRIRA I BRI ESCAN T 56 0 T H " 2 A A0 S 6T 5 110 2 288 1 0 1)
o WA BT UPNumber FRIRA) I bR E5CR U8 VA FMEATT I 21 Th PR Fh P58 11X ) <
NonNegativeUPNumber *nl =
new NonNegativeUPNumber; // {EHEF
NonNegativeUPNumber n2: / /AN PEHE
AR A] BEAA G T WVFIRAEARBES AL new #-AVERT. operator new F1 new #AEFRFH
FH (R 3 R SRR AR F B MR (204K M8) o AT REARIA I AR LA AT TS HR B, W EA
XFEAZ B UPNumber, 407 F o
class UPNumber {
public:
[/ RS AN S, P — R
class HeapConstraintViolation {};
static void * operator new(size t size);

UPNumber () ;
private:
static bool onTheHeap; J/ERTE RN, 8
/] G I RELE
// HE L

b

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

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

{

onTheHeap = true;



return ::operator new(size);

1

UPNumber : : UPNumber ()

{

if (lonTheHeap) {
throw HeapConstraintViolation() ;
1
proceed with normal construction here,
onTheHeap = false; /] TN A BIE SR

1

WERAFRERANTT 22, A KRIA A8 EMOERI TR — A5 “ 478
HE FAECX %, 28 operator new K43 fd raw memory”, operator new ¥ & onTheHeap
N true, TG REENSHS I onTheHeap, FHXTE I raw memory 215 4% operator new
Frorid. s, — M0 HeapConstraintViolation )5 Kkl o 5 W48 bR %k
W RGBT, MAE RS T, onTheHeap #% % &4 false, ARG MM T —A
o G 1T B B A

KRR, HREARRIEAT . WS — N IXM T Rer & um A

UPNumber *numberArray = new UPNumber[100];

A S B S IEN AE I /2 operator new[], 1AM operator new, Aib (fif
RGPS SR ED) IREES IS operator new —FEA S Mg operator new[] i, &
KA @ /2 numberArray A 100 NyoE, FrCla i 100 MG R (H2E 1A — R H
ERIA, Pk 100 AN s 0h KA 56— R A 1E PR ECHTHE onTheleap &4 true.
M NI R, S — AN R, IR

RUACAN A, bit-setting HAERSRM ., H X KTER]:

UPNumber *pn = new UPNumber (new UPNumber) ;

X PRATAEHE P EL A UPNumber, ik pn $R I —ANXE 5 XA LR A — A%
PHEEATHIAGA . XS — AN WA R, FAT156 2B XN, XA R TR i ix 463
BN, PATE R SR A S

new UPNumber (new UPNumber)

BT new EAERTHIPIIA], PIEEPRHH PN IX operator new FIFHH X UPNumber
FIE AL (S WAK 8D FEJT 01— MBI 2 bR F A 7 40T

W — A% %0 operator new

YA Z8— AN G P RL) 38 R A

P 28 /N2 operator new

PSS AN G R 3E pR AL

{EE CHil 5 A R UEIX S A TV BT o — e i3 2 LA IX PNt 26 il R 2500 F -

P 5 — N6 operator new

WS AN %K operator new

W Z8 — AN G I AL R 2L

YA FH B A0 B ) R 3 R 2K

G E XD L2 220 AT 5, HJ2AE operator new 1 set—a-bit H4ILIEEX
Fhgmids —EAAH . FOWAESE —BHE BRER bit, B2 aEkR, AR
FHXT G RIS R, S A X AT HEF, BB R S A

X G PRt AT 1 5 LR 3 R B Mk thi s 384T B A5 e HE X AN vk %O AR, e
TR &R WFMALE operator new (8% operator new[]) B bit set ANi&—ANAJ5E ) AW 7y
o BATTE L LF 74T R .

WIERPRFEN T I v, ROTRE VeV EAN T RS A IR AU L o 9] an 7 ke e R R — A
TEAR 2 RGE EAFAE S SE, R B b = AR A 26 PR bt A 2, % R e DA k= [ g T
T R, HEW A ) B



' High
Stack Addresses
(Grows Down)
Programs’s
Address
Space <
(Incomplete
Picture)
Heap
(Grows Up) | Low
— Addresses

TELNZ PO IEE R NN REE (RZ REHE, (HEUARZSARXE, fxaf
Re o RRRE AU FH T THIIX AN BRI ) W 5 AN o () ke 157 e S

[/ AR AR, SRAIWT— ANk 5 e e

bool onHeap (const void *address)

{

char onTheStack; /] JRERAR AR
return address < &onTheStack;

1

XA RS G 1 JAAR A . 7E onHeap PREUH onTheSatck & — MRl &, Kb E7E
Wekk o 2498 A onHeap I, 'EIIARHEZE (stack frame) (BHLZEM activation record)
B TAEFE AR B T, PR ARTESE M FoE ) R ey GEm bl ), onTheStack ¥yl ¥
8 LUAR AR () A B o B ik /N . iR Z 40 address HHilik/N T~ onTheStack [Hhulil,
EMIASER L, AN EEE L.

BIHACA L, XFOEEAR IEA, (ERAEIRN o B AR in) 8RN 5] LU 7l e — A
W5, TAZERA . &0, (AR AN %, (HERNE TEENS . FREXNSE L
TERRPIBAT A BEWI UG — IR B o S S B G TR Hu S Bl static FIX 4,
WAFELE A R 42 S TSR (IR AT) o IXEERT G A TR L Hh 7, Tiix ek
J7 BEA SRR A HE

AR B AR RGN E 1, (HUEAEIR 2 A FIHEAT M R RS, A T HEM)E
Ui e SEHT P AFE EL I BIVRR RS, T HR IR 2 KRG RA S, HERA SRR
XL R G AL, B sE, XEE AN R:



~ High
Stack Addresses
(Grows Down)

Programs’s
Address
Space<

(Complete
Picture)

Heap

(Grows Up)
Static

; Low
\_ Objects Addresses

onHeap Afig TAEM R RSZZIRHRTE R T, AReHEHENT S SRS X 51 :
void allocateSomeObjects ()
{
char *pc = new char; // HEXI%: onHeap (pc)
// ¥IR[E] true
char c; // F&XI%: onHeap (&c)
// ¥i&[H] false
static char sc; // FEAN%: onHeap (&sc)
// ¥R true

}

BRAEAR AT BEAN BT — D) b TR 43 HEX R G RN 75, AL Sk TG I VR AR e ] R A
AT EE, MRS X AT HEAT — D ARESAFIEM S RN 5 A7 dintAss . Fxn
T RSB LS FH XA AR IE NAEZ AT EEN “ itk LEx” £,

L NI O R AMEA — M B ) 7R AW S 5 AE 3 b, T FLZE REAE 22 20t TR
IEH TARR) “HEVT A" IR o WRARSEAE AT D ATUA W — A k2 e HE B, R
WIS SE AN SRR 7k, LSO T REc ], L REXAEAE T o DA AR SR 2o BT 1
THRIAR AT, DB R W] AT B W SRR A HE

WA I SR AR G AR A HE XA [ BT R, — AN ) BRI J5 DAL R AR 6
ZIe e/ L AT delete. IXFIMIFREH KA “delete this” XA HIREEIEA
AN ENE TR MR AR 5 KRR AT MR S SR HETP Y A
—FE, BFUNAS R A e e (0 AR R b 2 At deleteo 2% L8 A4 7% UPNumber X411 Asset
X4

class Asset {

private:

UPNumber value;

b

Asset *pa = new Asset;

1R 1A Bxpa (CEFE %R value) 3 I, FIFERIA B AEFR M pa—>value I delete
AR, KONRIRE AW new IR [AIH,

SEIEE “AIWHE R RER M ER — AN RER” LE AW —ANREM R I S R A A B B
oo RN TRIERATH FFEE—A operator new iR [P HibES . BEATRAMIEEH COH'S
operator new R (Z L Effective CH453K 8—43Kk 10), Pt — N ESIRE S .
W FR, BATEFEARGIXA ) 1 -



void *operator new(size t size)

{
void *p = getMemory (size): / /P — LR Ek 7 BE N AT
/BB N AE AN IR I L
HI p A Z)— 1 H B T FE
return p;
}
void operator delete(void *ptr)
{
releaseMemory (ptr) ; // return memory to

// free store
MBI TEE 5 P L ptr;

}

bool isSafeToDelete(const void *address)

{

1B[F] address A2 71 # 7 HEHE L HIZE 7517

1

IXARTA L, operator new fEHUHEZAMRLAE S HAMA—/NJGE, operator delete MNEES
¥ 2:00H , isSafeToDelete fEAA P A H I E A Mt B AEE G T . WA operator new
M1 operator delete ME{E4 R s, EaiaeidEH TIrARAL, ot i,

TESERR Y, A =R R L E X RGN o 28— R IRATI A B = A A R 8
8 SUAEAT RV, Rl 2 L8 28 HAT & LR 2L, % operator new il operator deletes
IEWIRAT A, R —A 2 ms, R —R BT IE R X (2 S 85D 1 operator
new Fl operator delete (4%aK 9)o XFFAMLAEARFIRATI AT 5 I & 5B 4 JR RROAS (1)
operator new fll operator delete MJEAf (HIUIFZH X BEIRERS) AR,

BAIHIERIEE A RACR: RN AT EIXLE, 2 a8 BRI IR [A] 1 ik i
SARES M) T ES e 2

o — TR L, (HRRE S, I isSafeToDelete il M BERS IE S TAE A
AIREI o ME ST 2 AR R R R SR B k7K F R R R I 2R 2 AN bk, P DR VAR IE AR 45
isSafeToDelete HHbIEY) operator new iR [B| M hEAH R, BU X SAEMEP AN, 54y
2 W4 M24 R4 M3 1,

Pl 1A B X pR A R I e T BRI e AT e 4 Jey iy 44 25 R), B AN IT RS, WA IE
R . SRS CHHEH —F S mixin JEIEHEE T RATM T E.

G IS AN RERE S 3L, ot 2 /b BT — A2l s 2 2528 cmixin (“mix in”)
FRALPEIE—REE M Thae, HnT LS LRI AL B DR s (L Effective CH4%
Do EFE)LTHEH SIS I IRATRE AT I R IR S (mixin) FERLGIRAFRFRALA)
W 4145 M B N A7 275 i operator new Z)HECHIGE T 1Z3SUW FHN:

class HeapTracked { /) IREZS: IBEE
public: // M operator new iR[F|ff] ptr
class MissingAddress{}; // S, IR AR

virtual ~HeapTracked() = 0;
static void *operator new(size t size);
static void operator delete(void *ptr);
bool isOnHeap() const;
private:
typedef const voidk RawAddress;
static list<RawAddress> addresses;
b
XA T list (BER) BAai i ERER operator new IR [AIK T 1EE, list hx
WE CHE—384 (W Effective CH453K 49 FIAPB 4K 35). operator new BRE/ LA
RN ] 1ist 71; operator delete HISRBEAAA M list HHFs Lk o .



isOnHeap FJlr— AR HIMEE 57 Tist e

HeapTracked ZSH)SBRIR fi 28, 4 FH operator new F1 operator delete PRERSE
A BC SR, 1ist 2RI R BOAT i A SRAEAMBR R AE,  JFREAT BB R I A e i
fEo BLT & HeapTracked [{)4= S 3 :

// mandatory definition of static class member

list<{RawAddress> HeapTracked::addresses;

// HeapTracked MBI RREUEALME REL, AF1F 1R %2k,

// (W Effective C++55aK 14). SRIMIHTAL R ECL 0 & S,

/PR ATRAT T — A e .

HeapTracked: : “HeapTracked() {}

void * HeapTracked: :operator new(size t size)

{
void *memPtr = ::operator new(size); // IKREWNAE
addresses. push_front (memPtr) ; // EHBIERE] 1ist HET VR
return memPtr;

}

void HeapTracked::operator delete(void *ptr)

{

//133) A “iterator”, RN list JTRAEH ptr;
[/ RN 2 WAk 35
list<RawAddress>::iterator it =

find (addresses. begin(), addresses.end(), ptr);

if (it != addresses.end()) { // WMERM— 05
addresses. erase(it) ; / /MR Z It R
::operator delete(ptr); /] FERNAT
} else { // 50
throw MissingAddress() ; // ptr BiAZ R operator new
} /) TR, BT A — A
}
bool HeapTracked::isOnHeap() const
{

/) AFB)—ANEEF, 38 M*this HHE IR AE A A AR A AL,
[/ HRMTIZ IR e
const void *rawAddress = dynamic cast<const void*>(this);
// 1E operator new iR [H[[FHitE 1ist H A R FeEl
list<RawAddress>::iterator it =

find (addresses. begin(), addresses.end(), rawAddress);
return it != addresses. end(); // R it SRR

}

JVERATREXS list ZERIARIE CHER IR MREAE, I ZR—H TR &K
M35 R R I R AR T, ANat ACHS HL R RE L RE M MRRE I N0 1 2 W aE AT 1) o

HA A7 TR LRI N 2, 2 X AN ER) (fF isOnHeap pRECT)

const void *rawAddress = dynamic cast<const void*> (this);

P vl A 2 R EUE RN R AL, X T8RS AR R
isSafeToDelete 23 R &A% XA isOnHeap HH{J5SR<id3, (HIEPh isOnHeap fUAY
FT- HeapTracked X%, FAIREAMIH dynamic_cast #ERF (S WA M2) [—FhErik
FEHERIH BRIXAN ) 8. TG W SHU dynamic_cast, —/ME%F dynamic_cast B void#
KA (B const void*E{ volatile voidk ooooo), AERIIIREEIGIN “IRIBETIRIINIE N
727 BTG AL . {H)2& dynamic_cast HEEMT “Fam 20 BHA— N BRIRE TN %" BiieEt
o TATIHFEMN) isSafeToDelete PRELA LU 45 FATAT AL KIFREr, JrLL dynamic_cast
WARER B 'E . isOnHeap B HAESENE (&L EENATE M HeapTracked X 4 HIFREN), FrlA



B this #5%F dynamic cast i const void¥, ZBJ%— Mg R M aix S G Hhk e %r. W
HL HeapTracked::operator new N 24 BJ X % 20 W W F , X 4~ 18 & it 2
HeapTracked: :operator new JR[AIfFJFEEN . WIRARMI G IE4S SZFF dynamic cast #AERF, X
ANFE IR ST TR .

{EHIEANE, B B0 R B o] DAZE SR A in N BRERHE P T 1 Th g . AT
B2 L ARAT T2 HeapTracked 4k oK. I anFRATALAINT Assert X RIGEHE M 11
RS

class Asset: public HeapTracked f{

private:

UPNumber value;

} ;. .
BATRERS XKL ) Assert+$54l, W FFIR:

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 IXFEIIRAIIRA — S, AR TWEEE, A% int il char
IXAESETIANGEAR K [ H e 28 A A 4 HeapTracked () Ji K] — fBEAR J& B2 ) 7 /& 45 1) LA
WH “delete this” , FRANAIRELENERT LA e, KWW ERBIBA this $RE S
o FLMENZR

ST G A AR HE T I B AE S A R T o 5 A S I e A8 L A HE ST
ZR7o MH G NIRRT R ELRESLAI s X SRR YR A 2 ) HE S S A A
W GHARN BN T E TR N o AR LT H 18 e AT

A5 P ERESMS S AR R, DR R R R T new SREESZIX RIS, IREEMLAE L P
WA new. VRANGEFZI new FEAERFIO T CXENIRTIE SR, HERAEEFIH new
YERF 2T operator new PRELIX AL (S WA M8), KiAFH M. ARAT LA A BXAS
BREL, T HARRT AR E AN private. filan, WiRARAAAELEH P /EHE R i 37. UPNumber
X5, ARATLLOX A S -

class UPNumber {

private:

static void *operator new(size t size);
static void operator delete(void *ptr);

};...

AT R P AT DA Ve AT TR =0 «

UPNumber nl; // okay

static UPNumber n2;: // also okay

UPNumber *p = new UPNumber; // error! attempt to call

// private operator new
8 operator new FHH N private BL2H T, {HJE3 operator new F I private, 1M
@ iperator delete FHIN public, XFEMA LR, FrCABRIEA LX) T JH N, A5 0
AEAEN T AW, BIFAESEI AR A EA ] W RAR AR 1E UPNumber MEXT 5
B4, L operator new[]Fl operator deletel[] (Z:IL4k M8) WAEHIN private.
(operator new 1 operator delete Z[AJHJHKR L KL BRI LG L . HREA]
SRR NN, AT PAZ LR SCE counting objects ¥ sidebar #45.)



HEZ, M operator new F N private £ <BHEE UPNumber % B A — 7 T-HE
IR AN R IR LB . IR operator new Fll operator delete +& HB)4kKH],
WH operator new Fl operator delete VWHAEIRAEZ P AL public GHITHE,
overwrite), ‘EMTHE ALY private FIRRA, W FPR:

class UPNumber { ... }; // TAl
class NonNegativeUPNumber: //RBEIRAN

public UPNumber { / /%6 FE B operator new
b
NonNegativeUPNumber nl; // 1EH
static NonNegativeUPNumber n2: // WIEH
NonNegativeUPNumber *p = // AR R

new NonNegativeUPNumber; // private operator new

WARA R A W] H O operator new, *S/EHEF 73 BUIR A BN, wios i XA e £,
TG AP 71k 55 1F UPNumber FE251 40 Ie 7] 8. UPNumber [f] operator new
& private IX— &, AEXHEE UPNumber % 5 %54 (I 3] G 110 49 T 72 A= ATAR] 52«

class Asset {

public:

Asset (int initValue):

private:
UPNumber value;
b
Asset *pa = new Asset(100) ; // 1E#a, A

// Asset::operator new Y,

// ::operator new, NI

// UPNumber: :operator new

SRR b, FRATRIR] XA R Eok, B “ani UPNumber XM HEMAEEE T, R

AR — A5 7 AR IR B B “ AR RAEHE T, AT 57 B
FERE D7 V2R A W k2 5 AE HE R —FF, A n R ) 7 64 W k2 S AN AEME T, i A
BAVRAE S, ARz AR, S RN A kA HE -, T 1wl fg
HE AN HEANTESE o (R TRAT T A A BEHEA H K

7.4 Ttem M28: RI5 (smart) I84%"

RIGFREE— P AMAAT A AT S R FR AR BN %, AN e Red it sE 2 11
DiRe. eI FZ N, BREREEHE (S04 M9, M10. M25 AT M31) FIEEAL
LS EBE (S WA MLT F1M29).,
MR R IGFREFAR CHIF R EN (BEZE dumb pointer) |, FRih BEF I T I ixX L8
7 TH FIHEEFIAT A -
® MR o MR AT LAk e AT R IR AN A% R A T8 IS R ISR E A 0,
G A NSRRI AR EL o 38 3 — X R G — A R TG BT BRI
B, Rl R I FR BT BT B SO R e AT T4 1A IR0 B o SXFEAROR 97 10 S YR 1R A
o

® 5 UUFIRME . IRAEXS 5 DR Iy Er 8y R ITHREN S 5 I (E A E AT 430 . 0138
LA ) R IGFREN UL, W IGAT A0 F 3085 TUE AT I R0 ST X LX) 42
AT ER A, 21T deep copy GRIZHE D) o XFFIE 1— Lo R IG¥REKR UL,
IUANHE DIFEE AR G 5o PR ET BEATIRAE B AE o A 300 R AL R IR R A TEA 12
VFIX SR . TR ARIAA NAZ W Jefil, R IGIREHR 2SR I

® Dereferencing (UHTRE IR AN « M 51 1P R IFRE T 4,
DR AN ? ARAT L AT E o AR nT DU R IR S S 43k M17 S22 1



lazy fetching Hik.
RIGYREF DB AR, O RS N R EF SRR, 20 strongly typed (BRIETY) 15
RS Eff e Fa N B . R 2R TR B IR A5 X K template<class T>
/] RIGFREN X GAEAR

class SmartPtr {

public:
SmartPtr (T* realPtr = 0); [/ LA RIGFRE
// f81a) dumb pointer FT¥HY
/] WG RYIGAIFRET
// B {EHN 0 (null)
SmartPtr (const SmartPtr& rhs); /] BN —ARIFEE!
“SmartPtr () ; /] REIR ¥R %

// make an assignment to a smart ptr
SmartPtr& operator=(const SmartPtr& rhs);

T* operator—>() const; // dereference —A~RIG{R%l
// CAF Al i 0 5 10 i
T& operator*() const; // dereference R IG¥g%l
private:
T *pointee; /) RIGFRE TR BN %

b

5 DURL g R BRI A RV E AP AR R A X o 0T R IGFREF SR UL, ARE Vi TH5 I
FURAEEAE, eIV ZWE R private (B, Effective C++253K 27). PA™ dereference
PEAERT S WA const, &K dereference — AN RIGFREN AN X H B G TE % O
AT LMBSHRE FTfR X %) GXFE, const B R IGFRENA 7] LUAT X AN ERAERF ). I s
AR T X SR FREH S — A8 T % dumb pointer. X4~ dumb pointer F [l (%)
G R ITFRE PR M I FLIEX 5o

N RIGFREF I AN T 2 00, NABER— T F P W i R 15485t %I8—T, 174E
ARG (WL L5 Sede AR, —SefEm ). AT Ui i@ fExy %, vimA
K G o TR LT SR BERR, R R T ) T S AR R (RPC), Bl — ek
IR E VRN T X T SREF AR R kbt SRR AN R 0 J7 92 53 il A BE A Hi 6 5
BN G — RN G o LT N GBS T — ANy ST il R IGFREE
A DALEFR 7 S IR R R A AR

template<class T> // FRWAL oA DB CEUA )
class DBPtr { /] G R IR E AR
public: //

DBPtr (T #realPtr = 0); // FESLRIGFRER, fE1A)

// H—AAH dumb pointer
// 4 DB X5

DBPtr (DataBaseID id); /) FEST R IGEEL,

// 81—/~ DB X%,

// BATME—1 DB R AF

/) R THRE AL

b
class Tuple {
public:

void displayEditDialog();

bool isValid() const;

s

// Ak
/Bl A

[/ B — AN EJEREHE,

[/ SRVER P e oo .

// user to edit the tuple
// iR&IFbkthis JE Al T
/] EFEAIE



/) IEA R TAEAE S T MG T H &8
[/ AT RGNS DL TH AU -
template<class T>
class LogEntry {
public:
LogEntry (const T& objectToBeModified) ;
“LogEntry () ;
b
void editTuple (DBPtr<Tuple>& pt)
{
LogEntry<Tuple> entry (*pt) ; /] IR YA S H &
// AT S W T AUA
// B RIRGEEHE, EERUE T AvEMEE.
do {
pt—>displayEditDialog() ;
} while (pt—>isValid() == false);
1
76 editTuple "4 %45 1G9 B L nf DAL T A Hhth o] DAL Tag e, HE%9% S
editTuple FFEF A G LX e Fill . RIGIRE KRG T RE R LTI BART i ok
BT T 5, WIS R IR G AT U R udL, B T W A e IR A, HAT g —
AN EFRE
W E AL editTuple "' LogEntry XF % 09 M k. — Fp 50 4% 48 09 W oF A2 76 W A
displayEditDialog HfFF4f H & dsk, WHE 4R H &K, X B T2 ik
LogEntry M & £E 2 H il sk, i ek s i H &l IEWISR MO ke, i
KR, AEX S 3 R AN 45 R H 00 % b o b i FH e B0nT DA AR e o ek . iy ELgt
S/ LogEntry %5 LU ARFCER I F FF A6 10 s N 45 i s s B ) o
PR E 2R, AR I5FRE S5 H dump pointer AR KIIZEN . XK T H %%
RARFEARN . RIFRE AP v IGATH dumb pointer —FEAF A R IEEr . 1EWIFA K
BRIN), AR XM EEN.
o RIGIREHIIME. WAEFTH
RIGFREF R F AR R BRI N % (Ml R I FRE IS R B S50
HD, b RIGFRE A dumb pointer FRIA'E .. WAREHIEKBN S, EHHFEE RN 0
R MRS (TR — R,
RIGFREFHE DRI pR A TR AR A ek BRI AT R R B SEB PR CFIT X 511D T AL
(P 1R) B DAAT 2653 2% o G — AN R IFREHAA B IR I MRS, e ORI 24 250 67 57 M X
ARG X BRI R FREH R I X SR B I o X PME R AL R I FRE o2 3 WL (F
S e IX M AL FLSE I T, S AR M2,
B ARk CH+ET auto ptr Biflt. XUNGEK MO Frfid ), —> auto ptr X5
— AR FHEN RN R THREN, HLF] auto ptr #REIK. auto ptr FRIHTHE) R EOMIBR 4 ) (6]
BRI, SR AENER? auto ptr BRI SEILATT
template<class T>
class auto ptr {
public:
auto ptr(T #*ptr = 0): pointee(ptr) {}
“auto ptr() { delete pointee; }

private:
T s*pointee;
s
il auto_ptr AN G, ERILLERIEIT. H22 auto ptr #i#E DEEIRERN, &
RAAT A HLVE ?



auto ptr<TreeNode> ptnl(new TreeNode) ;
auto ptr<TreeNode> ptn2 = ptnl; // ¥ DI 8 pR B
[/ RAAT AN
auto ptr<TreeNode> ptn3;
ptn3 = ptn2; // P operator=;
/] R AAEOL?
TR IRAT A FE VLN R dumb pointer, £XS3EEA auto ptr fela—PMHEIKIN % . X
ST NI, BRI quto_ptr INEEAS auto_ptr S MMBR EATIHR N S . XERE —
AT G BRATTI R PR IR o STl P9 ) 53 P 225 SRR S AN ] T Py O 5 2 FOMEE 1R
F— MO FER I W new, L —NITERXN S A VL. XA TASAVFEZ R A
—MXBI) auto ptr, (HAZESL (BUSIBIFRIBD B Rl Al 32 PR Re ke, JF
HIRATIAN GG ZE @A A BRI %, LA auto ptr<TOXFRANH E [ 28800 T 64,
EAATLE N T YRR S . UG REL (2 L4 M25) 1] RedE BhFRAT AR i A/ 1)
B, AHEFEA R EATHAE auto_ptr XFEREA LT,
W quto ptr A8 1E#5 DUNIRAE, wtn] AT BRIXAN [, (O RH] “ 24 auto ptr 4% DL
FIRRAEIN, X PTARE2 Bifeit” 5k, R—A 3B RGN T %
template<class T>
class auto ptr {

public:
auto ptr(auto ptr<T>& rhs); // DRk eR B
auto_ptr<T>& // TRAE
operator=(auto ptr<T>& rhs): /] BRERT

b

template<class T>
auto ptr<T>::auto ptr(auto ptr<T>& rhs)

{
pointee = rhs. pointee; // #*pointee AL
// ALIEE] *this
rhs. pointee = 0; // rhs NG
1 // AT 2R

template<class T>
auto ptr<T>& auto ptr<T>::operator=(auto ptr<T>& rhs)

{
if (this == &rhs) [/ AFEA G A BRI
return *this; /] AT A BANELY
delete pointee; // MIBRIRAESA X5
pointee = rhs. pointee; // *pointee [FHTH
rhs. pointee = 0; // M rhs fEEEF] *this

return *this;

}

T R R AR AT AR S BN S 1K BT A B LA D6 25U I B JEOR AT IR S o T AN IZFEAL
JERAAT TR0 S I AL M BR A fE, BRT auto ptr X[ 4, #H AHA auto ptr f5n
IR0

B4 auto_ptr [HE DUMIE BN, XN PTa ALt 2, BT Dol A8y
A AL auto_ptr MR —MERKEN 7L, By

// XA R EGI o B AME K

void printTreeNode (ostream& s, auto ptr<TreeNode> p)

{ s < *p; }

int main()



{

auto ptr<TreeNode> ptn(new TreeNode) ;
printTreeNode (cout, ptn); /[ AEAE T X8 auto_ptr

1

* printTreeNode IZ % p #EHIUGALIST G auto ptr B#E DIKE R ED, ptn $5 %)
BT B H RIS T pe 24 printTreeNode £5RPATIE, p BT TYERIEL, ERIMTHIE
R e F5 A% G JoK ptr FR AR50 o SR 1T ptr AR RIS CE ) dumb
pointer && null), FrLAAH] printTreeNode LAJ5AFAT ik 48 F &L IR AR R 7™ A oK LI
ATH o HAALEARISEATSERT R P A AL 6 45— AN I () pR B S 2O, A i AL {8 )7 A%
i auto_ptr. XFHEHHUIR UL,

EAE VARG auto_ptr MU SEfhidh, XA EWEAGRM AT, Eid
const 5| H{Li# (Pass—by-reference—to—const) /5L EIXFEN:

/) IEABREAT A 2

void printTreeNode (ostream& s,

const auto ptr<TreeNode>& p)

{ s <K *p; }

TERRECH, p 251, TIAZ—RR, Pl A DR IE s a6 pe 4
ptn ¢ Af% 36 B XA printTreeNode B, ©ikfREETFRXAF LM A, HH
printTreeNode LLJE i n] L2z AUl A ptn. FrLUEIL const 51 AL auto ptr w] LUREGuAL
P AR RS . C “gI LR BAR “AR{E” AR 2 W Effective CH4REK 22D,

TEHS VIR, 3EXT R BUN—A R IR 5 AR 1) 55— rh 25, X R RARIR A R,
1M ELAR T B8 O 23 R 304 DU At R ORI R B A R AN [F) 35 1R P BV R R AR A R o X 2
PR SO0 27T const, {HJE BTHIZEE R BONE AT« SEbr_EAERS DUFIRAE ik ix et
BRAIAIE T IX LS4, g2 ul, IR auto ptr XSl DUEANCA TR 5 1 1) 2l
U, BB auto ptr X4 !

M), BRIXFE. CHHE U RIE R LM RIXFE 24, SR KM T . Wil 5 2Kk 4E Dy
1 PR BRI A A E R A0 AT const 40, AR50 const J& 1 (S, Effective
CH4K 21) B AR T VA SE BT A UGS o MEREHB I : 2438 DL — AN R aldX AN e A58k
IR BRI, RSBSOS S X T REA LA M, (FE TR TR AW, EXRE
O R AR ) .

WERR I FUXLE auto ptr B0 R BURATEE, IRA]REA R FH a8 SEil. & 291
TR 294 T A (RIRB I, A EARMEER 2, febrfk C++ZET auto ptr BifiA HLIX
FL PO 1 5 R TR DR 3 R ORI A E T o AEARHE CHZE, 3K 8 R B 1l D R 2SR
B, AR DR BR . (FEAS S I T 2 P B 3 R EBEAs ot m] LB 32 Ef fective CHt
4K 25).

R IGHREF IO R oR EI0H A2 XA«

template<class T>

SmartPtr<T>:: SmartPtr ()

{

if (#this owns *pointee) {
delete pointee;
}

1

HIHMER ATAS T YA TR, BandE—A auto ptr BEIIA SRR . MES
—Rep i, MRS RS —MEH T (S I4RN29) R Iy R4S Wb 251 A W &
A AR P da R S A S T . R I — S R I54RE S dumb pointer —Ff, 4
EATTREMI BRI, XTGBT
® SZH Dereference PAESRF

LR FRATHE T B e ) R IGHREH A% 088 5), operatorsfll operator—> PREL. i & [F T



R4, #Hig b, XIRMHE .
template<class T>
T& SmartPtr<T>::operator*() const
{
perform “smart pointer” processing;
return *pointee;
1
T 58, TR BB 4 , AR AREF BT pointee By AU, W AAEFH 1azy fetch
(WMD), RELIUN pointee N —ANHA % . —H pointee 5757, operator#
PR HCHLIR [P B ¥R X S — A5 1 H .

HRORMIEAE A WRREINTSR, RGPS VPR A, E1] R T BURHMENE
Ja . WA ZI7Ed: pointee ANHLZFR M T KRBTGS ‘AT PR T BRI %,
WRAEIXFE LT operator*BREUR A2 T R G AR IRAEN G5 H, IR REL
SR FIR AR AN RE N B G E—A slicing (DD ), 22 W, Effective C++
ek 22 ALK 13.) ERMIMEM % LA EMEE, Astiks R Bt
Z ISR TAFF IR SEBR B2 Ui UR 1 R I AN RESCRE B PL R AL, GOXFE TR Er
R IGWEA . 1R El—A5 IR RN HATHE SR (AFERE— RIS, 20
K M19) . BENE e IEAff 1 5 0 AR — Rl .

WERRE A EE TN, AR Re AR R 28 A7E null RIT4REE I operator,
ik R TG HEE ) dumb pointer J& null. KA. BHAEMATA#(4T. dereference —AM%
FRE A R AR E W), PR B A SRR R o A — A A2 Lk, fHinm, A8
WH abort pREL (RIHERE assert ERMUN T 2 LFf, AN, AR I N AFAEREAS -9
HRB AR H 5 256 BEEA ? ARt n] DL B SO R A AT A kb, (R e S AR S,
RoEA 2 F M.

operator—>M1E LY operatorsie A ), (HAZLE/HT operator—>Z |, kAL RIZ
— IR 5 AR o T3R5 18 editTuple pREL HAFH —NE Tuple X%
R IG¥E%T

void editTuple (DBPtr<Tuple>& pt)

{

LogEntry<Tuple> entry (¥pt) ;
do {
pt—>displayEditDialog() ;
} while (pt—>isValid() == false):

}
f=afl

pt—>displayEditDialog() ;

Bl G AR N -

(pt. operator—>())—>displayEditDialog() ;

KEWREAN® operator—>IR[EIfF 4, & AER LR FAFH member—selection
operator (& B ILFHRAVERT) (—>). Kl operator—>{Y AR AIPIRIZ P . — & A FER 51
dumb pointer B{Y;—MNRIGIEEF. ZEUGHLT, FRAR[E] AN dumb pointer. fEMEI
R, PRIZAFESZ operator—>

template<class T>

T* SmartPtr<T>::operator—>() const

{

perform “smart pointer” processing;
return pointee;

1

EAEROEAT R AP UM IZ R BRI —/NREE, il operator—> 1 H MEFIR £, HAT Ik
SR .

TR Z R R UL, X R IR T2 T R I FREN A AR v o 453K M29 151 T30 hs



WA X R Z D6 FE W R ORAR TR T i R 5%, R 20U ANTE B 2 (1 K
dumb pointer FJEITRAIR I FE W] BESASBEREATALHL dumb pointer. WIHARIPIEAT B2
“Most people stop at the Z-but not me (ZELNEKZZ1M 1L, HEARBIXE) 7, T
RN AR IEIE SR
o MRARGIREHEAh NULL

H A b BAT R R R B RE L FRA T ST . B, ¥ DL, TRE. dereference R IJ¥R%E!,
R — A MBA B ) FtE 2 “ RILA 54545 NULL”:

SmartPtr<{TreeNode> ptn;

if‘(ptn =0) ... // error!
if (ptn) ... // error!
if (Iptn) ... // error!

AN ) R A

TERTTFREF R BN —A> isNull Bid R B0 —HR A S 5, AH A AT o 2400
NULL I RI5F&EIAT 45 dumb pointer AAHAR )&, 53— 072 SR AR U R e et
YERE, AV iE BRI — R TaxX Rl B SR B 4002 void+ -

template<class T>

class SmartPtr {

public:
‘O'p;%rator void () ; // MR RIGFRE N null,
// IRIENO, AR [H]
s // AE 0.
SmartPtr<{TreeNode> ptn;
it (ptn = 0) ... /) BAEER)
if (ptn) ... // WIEH
if (Iptn) ... // 1EHf

XY iostream KSR AEMRI AN, i AR DU ARG S5 A :

ifstream inputFile(“datafile.dat”);

if (inputFile) ... // AR inputFile J& 75 L2

[/ IHFT TT

ST IR LR B — R, e — M B 2eE L N B K2 HR Y A e
FHRME, AR R B SERE e B D A (2 WA MB) . Rl B v R dREH S 58 A
[F] R S 2 2 TR) R4 B AL -

SmartPtr<{Apple> pa;

SmartPtr<Orange> po;

if (pa == po) ... // IR L) G 1

B4t SmartPtr<Apple> Fll SmartPtr<Orange>X [H]¥& operator= ¥, HHEEWLNTE,
Rk RIGFREF W B A 40y voi dxRER, TIxd T P 4R 2R N a0 LU R 5. IRkt
TR LT IR ARG o (FFIRIE — T 453K M5, D20 e S5 S b B s, A 380 2o
A D)

TE vold LA T [, AT 24k, LI R const void*)A 44,
A — LRI T bool [))71k. IXLCARL AR AT TH BRI A 2 LU 1) 1n) @

H—Fh P2 5] DI AEE BRI null EAEEEL, RN AR A A I i85
AV EAT LA (R o] RePE B B AR . IX AU AL R TG4 EF R P 4 operator!, 4 HAY R ITHR
R — N IRE, operator!iR || true:

template<class T>

class SmartPtr {

public:



ngl operator! () const; // M HEACH RIRE 2
.. // ZME, IR[F] trues
b

H PR frs:
SmartPtr<{TreeNode> ptn;
i (ptn) | /) E

// ptn J&ZMH
}
else {

// ptn ANJETHME
}
{HEIXFERASIES T -
if (ptn == 0) ... /] AR R
if (ptn) ... // A EER

AAEIZ RGO N SAFAEAN RS Z [ AT LR
SmartPtr<Apple> pa;
SmartPtr<Orange> po;

if (Ipa == lpo) ... // ReWE YW TE
SEUFRRIT MAREH X9 B . FiEB 2, iostream FERISIILSR T34 void*kfat
(PRI, AT operator! pREL, ANIEIX AN bR HOE MR RS LA . (FE C+t
KPERRHET (S Effective C++ 453K 49 FIATZARM35), void«a 2R L4k
bool KB [RIHEHIT34X, operator bool A&k [F Y5 operator ! 41 [RI{H )
o ERIGIREHER K dumb FEET
HIAREAE— M e L EAE A dumb 5T IR s N R W da %t B, RE45r
Ay B PE R B R A A =0, B DA n] g — 2832 =0 22 iR 0B A R 19 FR %
class Tuple { ... }; // Ak
void normalize (Tuple #*pt); // Hkpt N
// EAr; A
// J& dumb $8%t
ZIE—F, WRARKE R Tuple MR IIREAESEOMM normalize, 241
W
DBPtr<Tuple> pt;

normalize (pt) ; // EEIR!

XFFR I ARBERS i 1%, R ARAEIE DBPtr<Tuple> ¥ Hep Tuplex. #RTTLIXFEEL, MM
{F %1% PR UL 1B AT

normalize (&kpt) ; // BB, HATE

AN ARV PAX PP 7 2

TE R TGFREHBR P B mFE M) T (1) dumb $55F R R AL WA E AT, T LLE DL b R %o
FH NI AT

template<class T> // Ak

class DBPtr {

public:

operator T*() { return pointee; }

b
DBPtr<Tuple> pt;



PR N

£5£malize(pt); // HeWBIEAT
FEHIXAN B EA T BR T R ]

if (pt ==0) ... // 1EHf, 3T pt FEARRK
// Tuple*

if (pt) ... // Tk

if (Ipt) ... // AL (reprise)

SR, e A R s B A 1R i LT RUEIXEE, B M. B e
ARy M eV 0] dumb $8%F, 26 T “IIRE (pointer—like)” MR “ R 15”7
R -

void processTuple (DBPtr<Tuple>& pt)

{

Tuple *rawTuplePtr = pt: // 8 DBPtr<Tuple> #AFHK,
// Tuple*
1] raw TuplePtr 1424 tuple;

}

W, RIGIREHRALR “ R TG AT AR Bt b i) T EEAL Rt o, Py
dumb $54F2 SEICHEMER G R B, Wi DBPtr SEHL T 4 M29 sl T ThEE, At
VFZE /i ELEERT dumb $8EFBEATERAEIR AT REMEIR “ DI VHE” Bty 805 | H vh 2ok
o

T R ARGE LA R TGHREE ] dumb FR 5T (0 B U R AR R, RIGFREM A REEIE
HAE) S dumb 55 B4 RO MR IGHRE 2] dumb FRET L “H e R, AF
(i) — 7)o 126 B A T 3 Pt 488 (1 R BEOAN BB AR I — I B B AT — AR s A e 8 U 1) e —
JCA I

class TupleAccessors {

public:

TupleAccessors (const Tuple *pt) // pt identifies the
// tuple whose accessors

b // we care about

W5, TupleAccessors MRS Hf i B Et ] LIYE S M Tuple*#l TupleAccessors 24
TUEARPAERF (I MB) . MMEZFE— N T 5 WA TupleAccessors X% NAF KT
BRI

TupleAccessors merge (const TupleAccessors& tal,

const TupleAccessors& ta2)

K4 —A> Tuplexn] L Ra sS4 4 TupleAccessors, FIPIAS dumb Tuple*ifi H merge
PR, AT LLIERIEAT:

Tuple *ptl, *pt2;

merge (ptl, pt2): // EHl, PANTREN BN

// TupleAccessors objects
R R 536 %F DBPtr<Tuple>HEAT T, Hikmh &0
DBPtr<Tuple> ptl, pt2;

merge (pt1, pt2); // EERIAREIE ptl A
// pt2 ¥HFR TupleAccessors X4

[X #3 M. DBPtr<Tuple>#| TupleAccessors M4 He i PV F oo SCRAV 4 (— IR
DBPtr<Tuple>Z| Tuple*, —IXM Tuple*F| TupleAccessors), ks ALiH4TIXFNFHT
e

FRALE] dumb FREF RS E ) R IG5 R B 5% T — N B A E M bug. % 1EIXA™
A0

DBPtr<Tuple> pt = new Tuple;



delete pt;

BRI NOZ AR G E, pt AeTREr, B — RS, IRAREMIER — 0% . AT
A eIy, Xt

IR T o AHJRFIAL— N AR M5 G i Al B XS A e 4tk R mT e A3 bR 2000 e s
AR —F 4K M8: i delete 2R FIMTHBRELAT operator delete, PHHHIE KL, Y
BER N TAE delete pt A IS BEURI A, B30 pt BasCi#hy Tuplex, SRJEM
BRE . (AKRER T, MIAEESPED T, XM R SRR .

W pt WA ETRR BN S, W EHSHMIBRN IR, —IRAEH delete I, 25 " IRAE pt
IR BRI o 24 pt AP S, 2 AR, W04 4 R i 5 S ER pt
PTG SR L, AR BAa # A2 o MBR pt A, AT CATIORN e DL 8 23 TR RN B iZon)
B0 AL IHT IR (115 Dk 2 B Je 2 T DA 2 R BN S M R P Ik, X R 2 7
AEANBETIURHE 5 R

XA bug AT, PR BRGRAE R T3R5 5 10 430 A & L e AT AR A AEAN ik
SEAEAEEAE EAR dumb 54T BEHBARCL . PRI IR AR, R P sl mT g s il
IEAEAT ] R I RS i FARA S8 T IEEAE R I94aEr, 5@ S7E T new 2 J5 1 H delete,
CLBT 1R B s, 1 S RE ST A AT TIX R AN K e 2

JIRZRAR TR B e BRARA — Nk N AR A5 IR R DA 20X el 75 46 AN ZEHR AL A% 460 1] dumb
FRET IR R I L AR 1T
®  RIGIRETFISARRTFLR IR R

AT > public 4RA)Z RGN, DI SR 7 (P R -

MusicProduct

Cassette

class MusicProduct {

public:
MusicProduct (const string& title);
virtual void play() const = 0;
virtual void displayTitle() const = O;

b
class Cassette: public MusicProduct {
public:
Cassette(const string& title);
virtual void play() const;
virtual void displayTitle() const;

b
class CD: public MusicProduct {
public:

CD(const string& title);

virtual void play() const;

virtual void displayTitle() const;

}s
BB, BATE R, 45—/ MusicProduct %%, TREE M4, 4%



e :
void displayAndPlay (const MusicProduct* pmp, int numTimes)
{
for (int i = 1; i <= numTimes; ++i) {
pmp—>displayTitle();
pmp—>play () ;
1
1
XA BRI AL e X FEAT T :
Cassette *funMusic = new Cassette(“Alapalooza”);
CD #nightmareMusic = new CD("Disco Hits of the 70s”):
displayAndPlay (funMusic, 10);
displayAndPlay (nightmareMusic, 0);
EIFRAH 2 ZRVE, HE S TRATH R IG5 dumb 45%E, Sk AEAAWE:
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); // IR
displayAndPlay (nightmareMusic, 0); // R
BEAR RIGFREH X AR, At A AN Bed PEIX LeA RS e 2
AN BE HEAT g PF A R 2 R fE 4T SmartPtr<CD> 5 SmartPtr<{Cassette> ¥ #t i
SmartPtr{MusicProduct>. MZEEa ML ERE , IXEERZ WBRAEFCR. Wi admitds
23X FE NN W 2 He 35 SmartPtr<CD> 8¢  SmartPtr<{Cassette> A & M
SmartPtr{MusicProduct >4k AL K1, XL MIBH AR, FATA T REE R G i 2340
— PGS GERANFERD 55— PR S
SEIBIE, A IMEEETFIZ PR G, X P ERRZ O AR CAR SRR EAE) R X T
AJ DLEAT B U 4 I A R T i R AR it — N R AR B AR 1T (S W4 MB).
MAE music FJZIW W, 76 Cassette FI CD [ R IGIE4E KX WK B] LLn A operator
SmartPtr<MusicProduct>pR%]:
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
X EA WA . B, RSN HUER L (specialize) SmartPtr 28, B LARAN
BRI PR AR AT U T AR F P o 28—, R BB RN N VT 22 R AL AT
BRI A VR 1) (R0 S 1] A, T 4R A2 O AR R A B, R 20 Ay B 4 B [ e bk P i — N R 2R
Mt —ANRAEHAT . AN RARV IR BENS ye IRIX ANk 5, T702 0 A A e 4 3 e 32T
PRt AN BB AT, T8 TRARAX AT 4 2 DR R g B 7 1] — I ) I FH FH P o



LA R B BN RERE T — K, EANIANBEICTR 1) T R It B o i 1m) T A IS
MR IFEEE, BRAERE DR e )

U RARRE UL 18 2 4 PR G 5 T AT (SR b B, X2 WA IR I T o K Bl (i 5
PRE, ALIRBERSALE], XAYREREA Y] CIERED A5 R Bt L gl i 8 53 ASERR. (member
template)), REEMIHE KRR IR S E e AL, Wb

template<class T> // BRCE, fRIA T
class SmartPtr { // RIGFREr
public:

SmartPtr (T* realPtr = 0);
T* operator—>() const;
T& operator*() const;

template<class newType> // RERR K 1 PR AR
operator SmartPtr<newType> () // R T SRR R A
{

return SmartPtr<newType> (pointee) ;
}

b

MAEERE R, XA — AT R AL TRA . SRR TR, (W
[ N PSRRI TUA AR iR, W AERE, — LRSS — M+ TOEIRE
SEW TG, AR R AR BN T o) i dmikssa —MNEmR T N0 R IGFeE,
EEIX AN G TR ) T PIEER” MR TRER . nitds B /ERE SmartPtr<T> 2R
X, B HAT AT A R B 3T, (AR A . OXAN R 78 b Ry
FERRIULARAT ) it dn SR o i A e S AR AE— N sR BB, I ] LA S Ak jse e T 1A
PRI ERILT —ANIXFERIR G TR ZS L newlype), BTELEAE newlype
R A T HISESESE I S AR o ST, P — (14 1] S S48 A0 1 k1 bR AR 8 75 4 G 1«
f&id (dumb) F5%F pointee 24810 “T FIHER” MR IR MG REL, YATETEM . %
pointee ZfgH T KK, EHARFE LIS (public B protected) X G MIFRE L
SRIEEVEIT, RIS T B E AT BB i 135, v LRSI HbAE TR M) T 19 R RS Ba bR Y
e ogRm “T AR MR TR .

B P D). AEFRATER] CDsy cassettes. music 7 AR ZIR FoR. K
ey Q& T X B AR g 3, R g d A Re 4R ) CD 1) R I FREH 463 b 5
) music =5 R e 4L

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); // VAHT & — AR
displayAndPlay (nightmareMusic, 0); // VAHIT & — AN iR

BT RIGFRESE, A8 T R W A 10 5 2 s OB LU, X AR sgf vT A
IEAT T . FWTFAHZ, BE AN AR S IEAT:

displayAndPlay (funMusic, 10);

funMusic W Z WM 2 SmartPtr<Cassette>, PAZEI displayAndPlay HIEERIZ% 2
SmartPtriMusicProduct>Hix| 5. HuikdsHuml BRI, T & T3 funMusic FH ik
SmartPtr{MusicProduct> %} & ) 5 % . © 4F SmartPtrMusicProduct> X H S W H
SmartPtr<Cassette>Z SIS EL W R SHANIE R EL (S WA ME), (HEEAHKE. REEA]
MRS R B, LS A XA R A BT SmartPtr<{Cassette> KIL T 1K,
8 newType 48 5€ | MusicProduct b, BT Pk e, SEBItb R4, AR ROXAE AR

SmartPtr<{Cassette>:: operator SmartPtr<{MusicProduct> ()

{

return SmartPtr{MusicProduct> (pointee) ;



1

e g 1F X AT AR 4 2 SEBr B X B 2 H pointee M 2 W M
SmartPtr<MusicProduct >[4 R %L, BT ULEIE K n) 82 6875 FH —> Cassettexdg4t #yits —
A SmartPtr{MusicProduct>®f % . IAEIRATHS dumb FREFRA Z A FH CAMRAL T,
CassettexREMEHE AL 3 25 77 5 MusicProduct*45 51 /7 . Kl SmartPtrMusicProduct>#4
&R LA, [ARE SmartPtr<Cassette>®] SmartPtr{MusicProduct> [A][{jZEHI%E
P B AT . KR T, ST RIGFREr 2 MR 4, I A LLIX R4 2

HAh, A ILEIIEA? ANERXAE RS, ARk R e T35 E 4k
AZ U ) AT R e 4 o X P vE AT UG TATAT SR R R I e 4 . W R AT
dumb FEEF T1#F1 7 —Ff dumb FEEF T2+, 1 HAUYIRAERS UM TIxd 40y T20), IRELRER
Rt iR m T1 R IFRE R TR ) T2 )R a5 81,

KRR AR B LT A A AT AR o R IIRATTH —AN 128 CasSingle k¥ 7
MusicProduct 252Kk, K FKIR cassette singles. BHGHIZEEIRER LS IXFE:

MusicProduct

AL T8I B AR«
template<class T> // AL, BLFEAE R
class SmartPtr { ... }; /] AR ERT () 8 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) ; // G

XM T 5, displayAndPlay #% E4, — P EREAEH SmartPtriCassette> M E S5,
HEREHZSE A SnartPtriCasSingle>, FHATHIEH VI H SmartPtr<{Cassette>, KK
CasSingle s H#EM Cassette F4k& TNHRE, Tola)E:4%2& H MusicProduct. 44RIiX & dumb
FREFI I TAE . AT R IR ASIX A RYS, e B2 A 3 R A, %) C++
eI S, T R B E R S R S5 A2 11 o AL displayAndPlay MR HA = U,
A M SmartPtr<CasSingle> %I SmartPtr<Cassette> [ 2% % 4 ¥ 3 AN Lk #|
SmartPtr{MusicProduct > [FIZEAYEL Al o

TH 3L B DA ARAR R ST R TG HREF R A B A AN e B, SCRERGD BRI R G 12
B, PR ARARA AN DUS TS O A I oon, H2&RA NHEIX 258 2 4
I o 25, IXFPITVER TAEBRBEAR I T, SRS WA 50 S SR N BR A R 250 FH I 1 254
VLRC, BaaXoRAYHe s 20, ASEA R 25 B o S g A R ol 73 eR BBORER o AT S8R5 1 D3 AT AR
F B XA 1, AR SR A T X R AR, BRI R AR AT ARATT . IR T A
SEARIGYE, X EREE T, (HAN T & Ek it .

AWM T, HET MU, BATR BRI R AE R AR ) SR AT R e
T, FATUTRERS 1L R IUFEF AT A S dumb FREF—FEWE? ZF AR ANAIfE. IE 40 Daniel
Edelson Frift, RIGFREMFEISRR TG, (HAJEIREr o Bl 0977722 A8 FH Rl SRR A i R 7 4 46t



PREL, FES A T UG R ] casts RV, S WA M2). XA L —N5E
W7k, At DR T, fE—2eG00 M LB U, A A 5 R I3ttt &
AR D REAH LLIE 2 EAF 11
® RIFHR4FA const

XFT dumb FREFRUL, const BERTEAERXTHRER PR I AR P, BT DUEN THREFA L, 5L
TAHAWHEMNE L (BN, Effective CH+453K 21):

CD goodCD ("Flood”) ;

const CD *p; // p 7&— non—const f54I
//Fg 0 const CD X%
CD * const p = &good(CD; // p & const ¥5&T

// $8M non—const CD X}%:
// A p A& const, &
/] AR
const CD * const p = &goodCD; // p 7= const fHEl
// f8I—A> const CD Xf%
AT AR R I FREF HA RIFE R R IE M . AR L REE— N A const, IF:
SR FREC A SHIAER], TAREEN XS T e X %«

const SmartPtr<CD> p = // p s&—A const RIGFEEl
&goodCD; // F8I non—const CD Xf%
WEAE — RNV, g @7 —M810) cosnt CD R I4E%E:
SmartPtr<const CD> p = // p 7= non-const RIG¥g4l
&goodCD; // ¥8I7] const CD X%
IRAEFRATT AT LLEE ST, const A non—const X G AFEEFIPURIA [R5
SmartPtr<CD> p: // non—const ¥%
// non—const F&4f
SmartPtr<const CD> p; // const X%,
// non—const fE&l
const SmartPtr<CD> p = &good(D; // non—const X%

// const ¥g%t

const SmartPtr<const CD> p = &good(D; // const X%

// const Rl

R ALRZE, FH dumb F8EFFATEER ] non—const 85 VILAML const $a%F, Tk
I REHTE ) non—cosnt R R IFFREFWIAALIR ] const MR IFRER; WU GEATIR(E—FF. 11
pup

CD *pCD = new CD("Famous Movie Themes”);

const CD * pConstCD = pCD; // 1Ef

(R R A X P A E R TR % b, S0 B AR ?

SmartPtr<CD> pCD = new CD(”Famous Movie Themes”);

SmartPtr<const CD> pConstCD = pCD: // EMaA?

SmartPtr<CD> 5 SmartPtr<const CD>Z5ERAFMRE, EgIEARERK, ElEZEAN
ORI, BT LB HE AR S e R R e A 1. BIH AT IEIX R — N T, e
Wt AEL SHe 25 1) M — 7 Vs A AR o 202 Ak pR 2, SR SmartPtr<CD> 28 A ) %) % 4 4t ik
SmartPtr<{const CD>ZREAY . W1 HLARA FH 1) 4 122 S e Rl A ASEAR, 38 vl LU FH iy T P 1 (1) B 15
H B AR 75 EE R R A i e . (FRATTRI B, BTN dumb FEEFREREAT A 4%
e, RIGFREF B RE AT R e, TBAT RN IRAT]. HF const ISR AT i) #)
WIERARBEATIZFE I G i s AR DA 200 5 H B K (1) T 2 o

it const IRZRAVEHIL L [F): M non-const F| const e 241, {HZM const
F| non—const WAL L4, 1 HH const $8EFREMIII T, M non-const FREHAEM, H
&M non—const REFEREMIL e — Loty (a0, TWRAEEAE). A, HR1A const XA
FRET BEA AR AT H4, FHR 1) non—const X R HREHE AR, H2EH 4517 non-const X%
IFREFRENS 52 B —LE45 19 const X R IMFREN FTARESE I (olan, TRAEEAE) .



XEERNE RS public JKARIMUARZELL (Effective C++ 453K 35). IRAEMIL—A
IRAEIER G IAR BRIETT G, (BT S Z AN IZHE, RxF FESE P AT frf s IR B SRR g
filt, (HEIEREN YRS b Lo i . FRATREMS A AR — R SEBUR TR E, B2 BT L
AEREAMRI T R IGHRER public JRAEH MR MIFET const=T (R ITHRENK:

Smart
pointer-to-const-T

Smart
pointér-to-non-const=T

template<class T> // $& 1 const XFHIH
class SmartPtrToConst { /] RYG¥&Er
/] RIGFRE
/] R

protected:
union {
const T#* constPointee; // il SmartPtrToConst i)
T* pointee; // il SmartPtr Al
b
b
template<class T> // ¥& I non—const X%
class SmartPtr: // RIGFEEE

public SmartPtrToConst<T> {
e /] BB R

b

fERIXRN BT T73%, 4817 non—const—T MR R IIFRE T A48 const-T 1) dumb
Y85, 8 const-T IR I FHE A —/ M5 N cosnt—T [ dumb ¥84t. & AGENI TR
fEFE M const—T 1) dumb FEEFIAEIEIE L, HF5 1] non—const-T [¥) dumb EEHRAEIRA IS L,
SRTTIXFE AT LeyR 3%, A SmartPtr X G E A dumb FrEF: — AN &M SmartPtrToConst
PACK, —/NE SmartPtr H A,

— e C S R uas T DU P IX AN )8, IX /2 union, ‘BAE CH+H [RIFEA A
Union 7t protected ', FrULAPANSEHATLAUG e, S AL dumb FREHEAY,
SmartPtrToConst<T>Xf % i | constPointee 5%, SmartPtr<T>X}%{#H] pointee F5%l -
BEFRATT AT AFEA X BLA AP S (R S 00 s AEH PRI 1 FRER (S0, Effective CH+453K 10
oS Ah— AT X e union SENN LT o AR PSSR A O3 pR B LR e AT H AR
EHIE A FREE . XA union JrE IS

FIHIZFH e, FRATREE AT T L (AT A ek

SmartPtr<CD> pCD = new CD(”Famous Movie Themes”);

SmartPtrToConst<CD> pConstCD = pCD; // 1FH
o P

HRRIGFRE BRI ) T, RN TEIFXAEB 2 [, NOX X FE—AN i R
FRET I B TIRRGL, A AFAER,  RE A a0 AR (1) 2 1R il = SCRF I PR BRI

T 5 S o i o5 R RS A R AL T 4k M29 A 15 | AV HERS . iy EL



IEANZH 5P R i, RIGFRET AL AT AE— L0052 B OR BRI, Bl (i, e e
dumb F5EF. AR IEIFLI AN const MIFREMISRE. [N R IGFGET OS2 B, FRAR
ey T ZR RS o PR RIGHRE AACHS B EL YA dumb F5EHIACRS MXE. TE
W IRt AR REB R H R T dEER, BE AN dumb 54T

BN FEREFACREOR, AT RIHRET . RIFRET NAZIEAEH], AEEAS CHRe
J7 R 2 e I EAT A R

7.5 Ttem M29: B3

FUHTHBUEIERE— DY, B AW N ARSI XMER B XAy
AT B 55— AR EEHE P O R R e — H—AS i W H new #73 i
HoR, S SR I XA S, BT & — — I H A T & — — 5oex
XML deletes fHZE, AT LA — XS G At 2 54— % (il tnid il 1%
B SHD, PR — DR BOEIRNAERT . % auto_ptr (UL Item M9) iXFF
IR AT AT B FRAT], (HZR58 W KBS0 RE i AN BE IR AT B AR A2 o 51T EOrT LA B
PREANS BT AURE T, PSR S 80E, SR A A . QRN e,
EHOCHIHREC. Kk, SR AR R R b R Rk &

FABWE T AR E N WRRZ M GATH R, FXAMEAAE 2 0
RTINS o SEUF I INZIE BT A BN SR RXAME R S R AMAVMESTE AE, 1 Bl
AR FPAZAT SR, RN AN T A 1 R AL IXAME 75 UL

MUK ES > B ) T4, XS — A i i R gn =y, /e w2
—ANERSEBL S TR R o TR AT, EIRATEAR 2RIl . — AN Rk
FHR T FAT TR AT BEANAT 3B 2 2 A RA AR . X)L

class String { // the standard string type may

public: // employ the techniques in this

// Ttem, but that is not required
String(const char *value = ””);

String& operator=(const String& rhs);

private:

char *data;

¥

String a, b, ¢, d, e;

a=b=c=d=e="Hello”;

B, W% a e #HATHFMME “Hello”. HALMIEAIGRT String FIEE A LI
(K1, (EGEH ) SEOEREAS string M RAT —ANXAMERPE DL B, String FIMA{EIRAETHE
LA IXFE:



String& String::operator=(const String& rhs)

—

if (this == &rhs) return *this; // see Ttem E17
delete [] data;

data = new char[strlen(rhs. data) + 1];

strcpy (data, rhs. data) ;

return *this; // see Item E15

——

MRIEZASEIL, AT LAHED, 1X 5 G AT

o o
@—D- Hello
@—- Hello

HIUAE WA . A NELARRT T b, BATI4 B2 B B O IXHE -

(&)
()
(c) Hello
(@)
(e

KH, RUEE T A “Hello” ML, By AT IL(EI) String XIS

SBR TR, SCBLIXAS ERGEANTRENT, RO AT 77 R 2 DX S [/ —AME
IR EHR SR a g T “Hello” AAMA AN ME, BATAREHESBUE “Hello”, Dhik
AWM RHEE . T Jrii, WRAE W RA “Hello” IXAMHE, G H A28 1]
I, BEAXNRAAARXAMAT , FATLL AU I LUk S Bt U5 o

TRAF 2 RT3/ 5T R MR G B H B0 7 SRR RS AT 7k Fel 6 200884 i — o
By GIHTEO:



5 &= Hello

@EOE®

CH L OB HY4E use count, (HIERAZI P2 —. CH+EIRZE H AR, &G
B — NN Z A IR A 2 Fr o)

o SLHLGIHTHEL
B A S IV String SEIFANMME, (H ZER L8407, PFrel A TR A X

FE— 2RI R I3 H S 03 B ) S RTT, AETFIRZ AT, AIRE] “ JRATIT5 2Nk
FAAIE AT R AR T o XA 7 AN BEYE String X EE, BN T Z &R String
E—A GBI, TiAEEA String W R—N5 T XU String EAM G| H V4L
[ XN R, AT QI — AN RO 5 T o B BRI . FRATTI XA K
StringValue, M4 EHE—KHALHZ R BIATLI String 2K, PrlEATH € K ELE
String BMFAEX N Hoh, W THET Sting KIFTE KA R EEBUILEIR X, RATH
StringValue HHIA struct. FFEATEME: > struct PHRIERIRAA X A, fEfT
XA AT 5 V7 XA G54, AR BELE T A A E i 3R, BT ARI0),
BEAR B X FEH:

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

AT AL XA AN LT 47 (1 RCString) PUMREE M 751 -4, H250 52
AN I P G AR TG, F P ORI A A H: o AT 5 THEU String
AR AN G VB A, e O g AR R, T Ak A2 B HIZR 1 42 K3 ) 4 Ve e 2
FL R 2 2y AIRA T XA



X StringValue [F)SZHL:
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];
strcpy (data, initValue);

}

String: :StringValue:: StringValue()

{

delete [] data;

}

KR H AV, ARERE, AL USEEA ST String 28, — W, AN
IS R BORRAEIZ S (L Ttem E1D; ), B R XS refCount MHRAE. JilHHLy, A
ofeds B String 4@k, StringValue [ H M H&A—N A K — AR A R E AT 3
FUERT R P HBERE K. StringValue 25 T 3ATIXAS, XHLEH T o

FATIAETHR AL BE String HURL D RREL. 156 2 1 18 pR £

class String {

public:

String (const char *initValue = 77):

String(const String& rhs);

1
AN I R B S AR R e . FRATTHAE A char *FRF 18 T — AN H
StringValue X%, JFHHRATIEAEMIEN string XIS FR X ASHT A StringValue:



String::String(const char *initValue)
: value (new StringValue (initValue))
{}

AL T AR :

String s("More Effective C++7);

A RSP EAR 45 e S TR 1)

@ -—@ = More Effective C++

String XS EMSIAIER], A RPN RIFAILZ=E DS, Prik, XM~
(LT
String s1 ("More Effective C++7);

String s2("More Effective C++7);
PR AR IR B S5 -

@ --@ == More Effective C++
@ »@ =1 More Effective C++

W BRI EI A T REI . it il String (B{ StringValue) X% I OO 47 75 (1)
StringValue X4, JFIUFESEAN[R] HR I A BUEUHT N S o (HOXFE b A o 28 H AR T2,
TR ANy 21 R A5

String [F1#% DUMIE R AR MR BT AR String X% 55 48 DUIRIRT %t S2AH W] 1)
StringValue X%

String: :String(const String& rhs)

: value (rhs. value)

++value—>refCount;
}
A A
String sl ("More Effective C++7);
String s2 = sl;
PR RE R EE S -



D
D

REEWEE I NS HTEURD string 888, BUAARTHE A FIAE RN string
EHBENAE S B A7 LUK A5 DU AF o BIAE, BRATHANE 245 DL T —MedHf
BT kGG

String FRAHTHI R BAFER 2 DL, UM KRN DL T EA T BTN . N 5]
MTHBUEAE 0, M2 DH A String MRAHIXAME, XAMEHA AT A . R
A A ME— A B et i T (g2 ST EHESE A BB 22200 1 1), String TR
A #EE StringValue X4 :

class String {

2) More Effective C++

public:

“String() :

I

String:: String()

{

if (-—value—>refCount == 0) delete value;

}

A GBI A U — N R AR BUR T delete, MRSH— MY
FEFERIBAT I T AT o IRAESAER String X EATSERs AT HATH A, L1 iy
SEILAE BEIN X T Z— N yd b 5 T EOR S 0 3E4T LR

DR AR A L5 VB T AN SRR, AR AURA AT 2 .

XHLE String FIRGEFIRTRY, FRATIUAEFE 2 B2 AF -

class String {

public:

String& operator=(const String& rhs);

&

S T IXAER A
sl = s2; // sl and s2 are both String objects

HEERNIZE s1 M s2 5 AHEII StringValue S5 . S5 TSN 1% A0 G5 )
. JEH, s1 s RIRIMIA StringValue X451 I EN Zb, KA sl AFHHAX



MET . W sT BHEFECRMENME—XS, XAMEN IS 76 CHh, HSZHUE I
KX :
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

+tvalue—>refCount; // value

return *this;

}

o Tt
FZEBAIH A SN String 28, 08— ML FARERAE (LD, e s

(RN AR
class String {
public:
const char&
operator[] (int index) const; // for const Strings

char& operator[] (int index) ; // for non—const Strings

I
AR const UCARISEIUR A 5, OB A EHRAE, String MR MMEAR
AR
const char& String::operator[] (int index) const
{
return value—>datalindex];
}
CEANBRECEIL T CHAL g LRI RRR ] RAANSU “A7 . WRARA N EZ%
Ry, ZXRAEHALIN.)
3k const 1) operator [JIA & — M8 AR T Bl 7Rk —4



T, AR TORE AT

String s;
cout << s[3]; // this is a read
s[5] =% ; // this is a write

BA A H LA F 07 A BN o R SARE, FTEAHS const [¥) operator [13€
A T7 B, TS AR 20 56 A AN R 7 RSB

MBI MES—A String XERMER, BAVNLE MBS T 5 eI StringValue
W HE String X G IME « ANEIR A, CHgm iy B T2 YA —AMRFE 1 operator[]
S HMEBLIE 2 S ), L FRAT AR R B “ i ” WHIEE const operator [JAT A
ek T EEME. (Proxy KA A BIFRAIIX 73 B2i6 25, W Ttem M30.)

T2 MSEIAE const 1) operator[], FATTL A REAT HE String MR AEILEEIX
ANATREBAE LU StringValue X% 15 2, HFATIRFE] StringValue XL —AF4F
PG, 2 fRIX A StringValue 5 HTHECE 1o X)) L2FRATHI ST

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—>data[index];

}

XA CHHEN G E - AMEE RSN A A SR I AR LR
HOSA TIANE AR DL T, USRI R G SR N T EB BT R C
(¥ 08 DB e b IXANBI I E ], LR T A4 BRI et mal
KA 5k — —Lazy JRIU—— AR
o &ttt SIHEEREN



KHEBIEOL T, B VAT AR I GRAEBCRANE#YE . T — MEZ AL M. FH
NN

String sl = “Hello”;

char *p = &s1[1];

Kl G5 AL FE XA«

() =(1) | Hello

WA In— 4051
String s2 = sl;
String 45 VA& R AT s2 JL52 s1 ) StringValue X%, Jr DAELdR S5 0K 2

g (2) H?ln

P

I TR AT A A AN SR ) &5 2R

*p = "X ; // modifies both sl and s2!

String (K5 VUK B BB IMERT AL 1) 8, ROy EANENTE SR ) s1 A1)
StringValue X R HIFREHIAAAE. IFH, XA REARMRTIRE: BRI TANRAE T
—/~ String FE const operator []F3R [BIE K5 H I TED T o

A PR NARAN R AR RS, B A eI 5| H]
THEH) String AR PR P& N IRy I8 WL Ie) o A SR AR A s 5 I vH 80 String 28, Wl—F
LI BRI RIATURAS B E R AE R A5 2l o UK String 28,
WAV AL I T T3, RATREAEH] T DN IZFE SR AN A B %0

ANI2 JIT LA S IS M3k A e o AR AR e 28 10 7 v 2 B i U0 P B R A R e
BN, s s D] X A WIRIRIZ AT, SR ARE X7 LR IR LA
TR AT CHEMETEER), ISR, MATaE: “4 7, A5 U IR
XA 7 AR SEIE AR T8, HEA e VTR R 1T R 2 .

AT FERIE A R AL, (H BRI AME I = TR R AR
EIIAFUZIXFER: 7E5E4S StringValue XF R IN—Mra&E LR e 2 o LS 1. 7
B OB L) Bbr&3T I, £E9E const [ operator [ 4 IS & 56, — Hkg
GHBN false, ERKZERIFAERZX RS GF 10).



IR T I RR RS SURAR
class String {
private:
struct StringValue {
int refCount;
bool shareable; // add this
char *data;
StringValue (const char *initValue) ;

“StringValue () ;

b

String: :StringValue: :StringValue (const char *initValue)
refCount (1),
shareable (true) // add this

data = new char[strlen(initValue) + 1];
strcpy (data, initValue);
}
String::StringValue:: StringValue ()
{
delete [] data;
}
WARFT I, JEATTERZ B, HEB ST HAERE . 249R, String KRR
Kt 2 5 o AR P AN L hRAE o X B P8 VUK o 250110 SEE IR
String: :String(const String& rhs)
{
if (rhs.value—>shareable) {
value = rhs. value;
+t+value—>refCount;
}

else {

value = new StringValue (rhs. value—>data) ;



}
P AT FE e R Bt A 20 AR AL 5 A & XA b & JF const ) operator []
A ME— 4 ARG W false [RHBTT
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] ;
}
WAL H] Ttem M30 i) proxy ZRIELTY LA 3 B2 S #RAE,  ARIEH A LARRAR 2004 A
ANATILEE) StringValue XA IEH .

o 5| M HuER
FIUHTEBA R AEFAF 8L, HEGE LA G AT FME RS0 A) DA 5 4

S AN RLLIRAS S | VT SRR CAE, AT C AT K AR5 S T o XA AN
W RIRA TR 5 | T B AR S il 5 3s AT IR T oG, I REAE i SR BRI e 2k B2 24
RARGF. RepiE, A ANITEAT LS (RS8R T 4R35 A AR .
SRS RCOb ject, ARy ZE 5 HITHEUIRAB LM EGRK . RCOb ject
BRET VBN RE, A A b5 VB e B B T X AME AN T I
SRR B S (A2 5 VSO 0 1. B E, BaE T — A7 BEARESX/MEX G
A, JRRAEE X AMERE S B false MBS, R IL SRR E®R N true R
e, BN PR AN S BRAEE nI 3= . BTl i, — B AR T A 3,
W B I NEAL S TR T SR
RCObject [1)5E L UWIF -
class RCObject {
public:
RCObject () ;
RCOb ject (const RCObject& rhs) ;
RCObject& 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 R LABEAAIE (MEAIRAZEIILISH ) Flfrdas ] LLATH 05 TN L 1i A
KBRS I AT e n] DA i LA S AR by eI DR S St = 7. X
e PR gt Thae. 5 TARA ST T3S, X s e AT IR B A 15 R AR 8 o ¥
KBTI, BRI AR YRR ) (W, Ttem E14) . [AJI 243F 52X
MR R BOE AR, e IR W XA R R 2R A T .
RCOject MAISEILARAY:
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; ]

FIREMR AT PE, BATERTAT A3 R P AR refCount B0 T 00 X FHE ORI S FLE -



e, b, WX RCObject ARG LIHE ! AEEMiG)E, R e & ks
HKs refCount Bohy 1T LA T, T LAFRATEATREIZA AR RCObject . XG4
(R AR A A R AR T

Iy AN LA VLRI B B refCount ¥k 0, TITANE 4% LK) RCOb ject X%
[¥) refCount [R{E o X K4 FAT IE ARG BT BT 5, TAXASHT BN SRR AL 21,
He MM # 51 He H—IR, WG 515748 refCount B4 IEMAM{E.

RCOb ject MMAMEIZ LA A 5 PRkl EBRAT BT . XA SRR KT ek
W RCObject s & 151 FTHECK L IEXN RN EEE, BAZPN—DMRE F1 59—,
17 2% A2 AT X AMEL R SN — IR ES 55 b — Ao AERATXA Bk B, JRATTA
StringValue X ZHEM—MRE 53 4h—A>, A PRLEE I RE - HAT String M RB 1
fE String Z 5 IIWEIEA P, StringValue MMEEA KAELMN, FUEE MG HTERE S
g

Ak, RIS, R EATE HORIRAERKRIER AT A RCObject JRAEHIR, I
B AVF S T B BAE (W Ttem M23 F Ttem E16). HIHSXAERITE, RCObject R
EARAE NAZMOERG IS, TS EAG S AT 2 #RAME . AEAE T2 R AiIam &
FOVFLE StringValue X4 [ARAE . X T-45 ¥ StringValue X% svl Ml sv2, ER{EIFEH,
EAE I HVHEUE R A A

svl = sv2; // how are svl’s and sv2’ s reference

// counts affected?

TEMEZ AT, O&H— 4 HM String X381 svlo EAMEAE SRR ik A Bl
A, R svl MERSCR T o [FIRER), — @8 H ¥ String MR AW Z H1$8 F 1T v2,
TEMRES, [FFEECH %481 sv2. sv2 (51 TR AT 0 . 24 RCOb ject fEMRE T
PP S, Fa 1) & 6 S EH B 525% 0, I RCOb ject : operator=ANMiZ AL 5
V8. BT SEILR IERIN . R E? AT AR, (R IERR.

RCObject: :removeReference MIAXHLAMH T FTIRDR L) refCount fH, EAHTIH
refCount {E %] 0 AT %o 5 i delete this HSLHLK, 1 Ttem M27 HHARFEM,
KUY IAFNE*this & ANHEF RN A %4, FRXAKIER, AL RCObject
BB AR HE T . S — RO L ONE DL Ttem M27, (HEBATXVCRH— AR 7%,
BORAEA S i e

N TAEFHBRATH S 5 HVHEEESE, TAT1H StringValue (BT84 & M RCOb ject 4k
13205 VB RE:

class String {

private:

struct StringValue: public RCObject {



char *data;
StringValue (const char *initValue) ;

“StringValue () ;

¥

String::StringValue: :StringValue (const char *initValue)

{

data = new char[strlen(initValue) + 1];
strepy (data, initValue) ;

}

String: :StringValue:: StringValue()

{

delete [] data;

}

EANKCASP) StringValue FUFTHI)JLT-—FE, ME—SCE & StringValue ¥ 51 bR
HOARFEALFR refCount “FBE. RCObject IUZEHAE T ix A TAE.

AHBRAE M, R ARE S RIREZ (StringValue) N—N5AEFE (String) T
KIFE (RCObject) FhAKMIKME. BH—IRE LEZAWENR, HE2EH. IKERH
I RMFR, Frel e B B ANE EREAEAT I TRk K. LS, RAHIEE —O8 %X
Tk ARRRT

® RIS AT
RCObject 2R&5 T AT Mt 5 | VSR s, PRt 78 oy ee 2t A T34 51 It

e, AR X L ek B S AT T DI e 2R h . SRRR AL String 14 VIR bR
ORI 5 s B0h I StringValue (¥ addReference il removeReference Fi%. IXIRAE
il FAVRCREXLEP IR N AT 2ET, DUERS String IXAERIERPER A M fHE
DG HITHBURATAT AN . RESEIIND 2 CH+3Z P R ] 1 2

8o WA /MR T V208 A7 5 IV HEOT T TAE AR A IR b ik (B —A
D5 AR 23 o Kl oy TAER oK. (FE—22kep, fRA] LAV KT 5 307 1
AR, HIRAIN String BARH T Z o A REERIR TR, A BRI
50, ERRIATER L JF const A operator[]. HIELF, A TEBAHIR T IX 5K k)

A String MRS —AMEER M StringValue X%

class String {

private:



struct StringValue: public RCObject { ... };

StringValue *value; // value of this String

I
AT StringValue X refCount B, HEATATIHEAT— N8 & HIFR
5 R TARA B S B G VRS Sfe s B SRt . i
FATREB LIRS B A LG I B 3 ATX refCount 7By A URAE, A FAT Tk
BT o ANFERE, FaErThaEIRGS, AT GG VER I 1 S NS AT RER o 38 0F, 1
—ANIRERA AT AT SRR BT, (HIRREE 2 AR TR T .
IXFEI % R IGHRER, /R LAZE Ttem M28 IX 7 2 'E I E 24117 o s FATIX LI FH &,
SUBHNER L 2 1 RIGIREN RSk (=) MG GO XPIMRAERT,
R ILIRET—FE, JFAIN e — R R IRARER— a1 T KR T FREH 5 —
AME T RS
LA V00 A8 T ) R P HRET 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 Item 28
private:

T *pointee; // dumb pointer this

// object is emulating
void init(); // common initialization
I
AL R IGFRE X SRAERILEA G . WA AT AR T 2804 . HIX gt R AR,
XL 0] L H B AT IERA IRV E R AL R RATTHR 1] R0 B 1) refCount B
filtgn, 24—~ RCPtr FJEREI, "EHE R R F LGNS v 8B . IAEA T ZER T 5



FLACFX LAY 1, oA RCPtr MUMIE R AL A CACERE . PIME e BU LA, bR T 4)
s LA, O TARE P, AT EIBA— 400 init R R 8 it =3
A
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,
I // copy it
pointee—>addReference () ; // note that there is now a
1 // new reference to the value

F AR IR AR RS AN T8 U1 ini € SXFE I — MO bR RO ARME AR 207 1, E e BRAE IR T,
PURTESRAL, XA BRBURAT AN IE

A BEIXAN: 2 init T value M—ANH8E DU (RUR CARTER$E VUL T AN AT 3L
LR, BT R IR

pointee = new T (*pointee) ;

pointee [FIZRALESR I T FRER, FrLOX—iBa/E 17— 80 T X5, JEH# kG
BRECHEAT TR . BT RCPtr /27E String JEA#, T Kfit String::StringValue, FrLA L
I )T AR String: :StringValue F¥E DURIE bR 25 o JRATTBAT a2 B I H% DA bR
B BT LA PR AT A A o IXANAE B HE DU I R 500 ST CH+1 18 20 A s DR i
BRI, L DUT StringValue HI%HE pointer, TMI¥ATH WUITHR I char 54 H



AERIAT AR JLPARATSE CRIASGZ I T HRZUKAE, X2 A AR A% TR A P
A AR RIS DI k2 CRIRMEIZ 50D 1925 (WL Ttem E11D.
RCPr< TORSEHR 1) IEAAT W BGRT T S A7 IERARIE RS DT CamiRHs U1 (4% DRI R
K. BATLAAE StringValue G INIXFE ) — AN B8 L
class String {
private:
struct StringValue: public RCObject {

StringValue (const StringValue& rhs);

b

String::StringValue: :StringValue (const StringValue& rhs)

{

data = new char[strlen(rhs.data) + 1];
strcpy(data, rhs. data);

}

IRV DL R8s BRI AFAE AN 7 RCPLr<TO I ME—{B o "BILZEK T M RCObject 47K, 5%
Z/b3EfE T RCObject MIFTHRMALMIREL . F55 T RCPtr X G U T35 m 51 14k
XGH), EMERIEAL . AT, ZAMBE L2 B 5 AN TR

RCPr<T> i) J& — /MR B2 & i Il R0 2RI T IX T2 AR BB 5, pointee
(MRBIE HI B T, {H pointee HIRESEPR BARM T —MMRAEL. B, WREAH—A
25 SpecialStringValue s& M String: :StringValue &K [¥:

class String {

private:
struct StringValue: public RCObject { ... };
struct SpecialStringValue: public StringValue { ... };

b
AT LA — A String, (281 RCPtr<StringValue>}§[7]—" SpecialStringValue
X5 JEI, FAIA R init (YIXH]:
pointee = new T (*pointee) : // T is StringValue, but
// pointee really points to

// a SpecialStringValue



W HIf 2 SpecialStringValue [¥#5 DRI R AL, 11 AN 2 StringValue IFE DURDIE pEK
TRATAT ASRALAG ) R DR BR B (UL Ttem M25) SRSEPLIX— o % TIRAT String 25,
AWM StringValue JRA T2, AT LLBRAT ZBE XA 1] 8

XA 7 EHL T RCPtr AUAIE RS, SRINH s BB R R . RIS SEAR ]
W, BAR R EEAVENT SN SR MR R I B A T . B, IR R
LAERAT A IE R ECE Y init BRACPACEE T o JATRT LLIEPR U T A 1

template<class T>

RCPtr<T>& RCPtr<T>::operator=(const RCPtr& rhs)

{

if (pointee != rhs.pointee) { // skip assignments
// where the value
// doesn’ t change

if (pointee) {

pointee—>removeReference () ; // remove reference to
} // current value
pointee = rhs.pointee: // point to new value
init(); // if possible, share it
I // else make own copy

return *this;
}
WTRI KBRS By o 24— RCPtr BEATRINT, & FL B S ks o0k 5 | v 800 S i 5 1]
MR
template<class T>
RCPtr<T>:: "RCPtr ()
{
if (pointee)pointee—>removeReference () ;
}
WEREAS RCPtr s — Dol BRI ZR, EARZORAE RCObject YK 51 BRI 2L
removeReference FATH) . Kk, RCPtr Xf % o IOV S AT 8 1) (KR I ) F51
)5, RCPtr MIBSIFRE IO ERVE S IRAE Ttem M28 HH & 2K R TG HRET 138 4 -
template<class T>
T* RCPtr<T>::operator—>() const { return pointee; }
template<class T>

T& RCPtr<T>::operator*() const { return *pointee: }



o L
7 \5E 4 R, TRATTHE AN e, Mt —ANSEF 7 5 F % RCOb ject A RCPtr

B G TR String 8. BVF, ARIEHRATEICK A BT HRAT H AR
TSGR Sting XGRS IR I Bcdia 25 4 -

RCObject
class

public
inheritance

pointer o i‘;f;;‘ e pointer b it

K5 S
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 () ;
b
RCPtr<StringValue> value;
b
2 RS B TR T 5 AR O RRT, AT Amihs 2 Ak Ardif i n KL, A
String::StringValue H4EHN T —A> init pRH H, WnAT] H HEREE 200, & 1 H FIAT RCPLr
AR T AL el B A AR
KEA AT RIAE: XA String FEI AT H VRIS A6 A TA AL (1 SAAS
7] o #% DAL PR EICAE M L2 IR ds SEAE IR R 2 Ay ALy pR B/ L2 3 ) LB Sl AT ) e
SR b, B W TARHR G RAREE WA A, FEEY G+ (prepare

yourself for a C++ epiphany).



PATAN PR LR T W58, String MBI DRGSRy, JFH, XA DU
TEAff A B GRAE Ji H FR 5 |F V1850 StringValue %1%, {H String BATEES FHH-—174%
kbR A I PEas 4 String B 2R BEAIFE DRI o 20Ks F 2 H G RCPtr B¢ 57 Y
P8 DU IE R B, T IXAS 3% DUR A o8 25058 BT A AL 2B R0 StringValue X IHRAE, WHER
FUH 4. RCPtr & AR IGHRER, PFrilXd ek se i TAE . & FFEA PRRAE AT AL, T
DL String KRFEFEATTEE HIX LR JATTEA] H B2 R A mT 3 51 v Eoas gk
A CER String KPR 2| —A HsAr B G R K AT S RG] . I0AE, A7)
FEH T X i (1 RCObject A RCPtr WMD), Jt L4 B SRR THIA TAEI At ar . & AK
INAZRE TAE .

R PT LA PUISAE S, 1XJLAE RCOb ject FSEIL:

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; }

X & RCPtr [FISET -

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)
{ initQ; }
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;
initQ;
}
return *this;
}
template<class T>
Ts RCPtr<T>::operator—>() const { return pointee; }
template<class T>
T& RCPtr<T>::operator*() const { return *pointee; }
X String: :StringValue [RISEZH:
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; }
IJri, HEE) String, ERSEIL:
String::String(const char *initValue)
: value (new StringValue(initValue)) f{}
const char& String::operator[] (int index) const
{ return value—>datalindex]; }
char& String::operator[] (int index)
{

if (value—>isShared()) f{

value = new StringValue (value->data) ;
}
value—>markUnshareable () ;

return value—>data[index] ;

}

WAARFE S FITRATTH B FR BT S IR AAH LA, AR Z BIW A R 4T e 25—, AR
AR Z Bk o B4 RCPtr SERE 1 K LLRTAE String W858 MO AL BE 5 I vHECI4E 1
B, B L TR AR RIGFRECAEE e T W SR bR B, ME— B R A
operator[JH, FATHIMH] isShared s T HALK A refCount MR, IFHIRIIIRET
RCPtr X I BR T 5 I 48 DU = T4 5 | vH B i A

XR ARG . HERE SO D ARAS 2 HERE SOt B B SR, XA AT
String ZEALH H 7 ez ol e (R SE RN Y, XA R ILIE MDA R B A AT
SORLF R, XA S R AT S . String MIFEEIEA TR BAIE I T 51 VL
FATEEIN T HRCHEA String KB AR ILZRRE Sy, FATRK S TR — 18k,
FAVIGIN T RIGFREF R QBN A3 T, B P AT RIS EA T 22 0. 49k, Fdi Tk
AT String FKHE X, FrUAH PR EE g R, (EARAIAE B AR BTz R T
TR VRE ] 75?7 IS AMR LI AR Y

o TEIAFR B NG| K
BUBLAE N 1k, AT A B FRATT B8 17 47 DG K o EL A SRFRA AR A

REF SRR JEIAE i) SRERAG S I TH R B Ak 2 ANal BELEE AT I RCOb ject 4R7K 1),
P A GEXS AT RIGHREE RCPtr. AT TANLF1 2



AFER) e NSO TATHR B E NN B S, FATHORT LR 5 o B ST 2R 8 L

T SEH B AR RCOb ject kKL, TATHI B B AR AT AR T FERXMELL T,
FATHTEEIG I — D2 RCWidget LAPEH]AE T, 1y B A7 (0 S #A0 String/StringValue 4
T—Ff, RCWidget F String A, Widget Fil StringValue M. BEHHHIREARIEXFEN:

RCObject
class

public
inheritance

CountHolder
object

pointer

FATIAE T AN X A 5 s DHEAUREA o (10 28 G0 23 i TS mT LASE 3k 38 n— > )
JEUOKAR . BTN — N8 CountHolder LAALFR G| HH4, &M RCObject 4k/k. Al
il CountHolder 03— MEEE M Widget . 85 AN 1Y R T5diE4l RCTPter BN RCPLr
Bt ‘B3 CountHolder ZRIMAELE. (K47 “1” IR “indirect”.) BRI
W

RCObject
class

pub lic:
inheritance

RCWidget
object

RCIPtr
object

CountHolder
object

poiiter

painter

1A StringValue —#%, CountHolder X} M=, & RCWidget HISZILAN T . SLfr b,
‘Bl RCIPtr SEIRANS, FrLLEIREAEIX AN EF . RCIPtr [ SEELUT T
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 *o0ldValue = counter—>pointee;
counter = new CountHolder;
counter—>pointee = new T (xoldValue) ;

}

counter—>addReference () ;

}

template<class T>
RCIPtr<T>::RCIPtr (T* realPtr)

: counter (new CountHolder)

counter—>pointee = realPtr;

// see below for an
// explanation of why
// these functions are

// declared this way

// see below



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) f{
counter—>removeReference () ;
counter = rhs. counter;
initQ;

}

return *this;

}

template<class T>

void RCIPtr<T>: :makeCopy ()
{

if (counter—>isShared()) {

T *o0ldValue = 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 HBAANIF . 55—, RCPtr X5 AR M E %, 1fif RCIptr X 4l it
F1E EH) CountHolder IR IMMEXN % . 5, RCIPtr # T operator—>Fl operator,
AR S SR const FIERERS, S HE DL A SIHEHAT .
17 RCIPtr, R#55HL RCWidget, A RCWidget (R4 RREH SR I AL 25
RCIPtr DLFRAE Widget X 5. 281, Wi Widget X AE:
class Widget {
public:
Widget (int size):
Widget (const Widget& rhs):
“Widget () :
Widget& operator=(const Widget& rhs):
void doThis();
int showThat() const;
b
H8 RCWidget KE g i LN 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
T RCWidget (A R H0E B4 SR NS HOH ] Widget MR &£ Gl
new #EERT, W Ttem M8); RCWidget HYJ doThis /&AM Widget HJ doThis BREHI; LA
RCWidget [ showThat /&A% [F] Widget [ showThat FIIREME . [FIFEELE A RCWidget ¥



A7 W5 DU 3 ek B R R B, AT TR R 2. W] String 2R—FF, EARREX
YEpR A, BT RCIPtr (4T 8, RCWidget MIERIAMAS 52 B EMA I 15 .

WA R A2 RCWidget AT AARNUBR, ‘&M% AT, AR AHEGA /N
FEFFER2 10 Widget IXFERIZR M4 ROV dget IXFERIZE . WIRARS T MXFERIRLR, ik
FRANIE
o tid

iEFRATTA Widget. String. fi. RIGIREFAGHIMECGER TR — T 4014 Bl
N, AEEERAIAEE R RS RIS T, AT AL AN g R R
) B, AR AT A A 5 v 302

SIS VRO 2 BT AR W o ARSI E AN STV, HORH o R A TR
LEDLIERN G A A B AR 5 | IV X R A T EE S 2 (M A7, T FRATIZEAL B AT I R 24,
AT Z ARG . b, s IR S, S T B SR E A LEAN T A e 3%
AHIHUTEUY String KK T A, MERMRLN String FUWREA =AMk
(StringValue. RCObject M1 RCPtr) WIGVAMI . A5E, FRATXA L ARM B R
RIS IR R S AR SRR T IRERN ST BN R 2, S 75 v AR AN SR v]
M. H, KPS R B SO, Rl ged, AN 2 R 20 T
TE. B2 BN DL RR A X A

S THEOR L T Gl i S s A R R AR B B (S, TtemM18). U R fi %
ANESLIITE, 51 HI Ve B i VA0 R 58 22 i A AT SE 2 AR . 53—, R
PRIIN G S AT B AAH FMEL IR SR, T2 5 L U HEORE [ Bs 28 I TR AN 23 ) o SR R qE BT o A
FABOR, RN LR S H R Z, 548 1 AR . G R S5 AME 1A R
RATE RN WL . B2, SRR PO F 5 EBeRAR AT

/b8 (B RS RO G o SR F P ol o 0 T o P VO 5 AN DR B e A
PGB R LR, RS A S T

XS BA B SR A IR B s, BCeAT ) KRN A . BIMIXAE, WA 2%
AR GILZAHFE, 5T R A TARAEAT 4 74

HAE = ANINER NI LKA R AL, TIXAD I EA RGBS B (W Ttem
M16) o XANTT R profiler BRHE T HK M. ATHIXFITNE, ARn] LLR I 75 6 i
VRSB AT R A PR RIS, JFReAS N /E L. A SR T A T IX St )4
RETF A2 75 S| V250 145 380 1 e A e

R BT S s e T, AR STV AR AT RE R AN GG K . AT S8R 450 (AT 1)
ED ¥ SHA T EIR G IXFE s 454 n] B T 2L A 5 X%, BB o
MNAEH, IS O A S e 322 DR A IEAN TG FH (R 45 48 rh (R B 0 Gt ] 4k v ) 2
DA G T o T AR RSB A R A8 AR 0] (R B AR KA X (1 S5 4 T W B e AT ]



AR FRATIAE AL (R XA RS 5 U TR RS R I A 5 78 XA D Re

Bt AN A B, 51RO RAR I 5T N o G AR AN 0 U IV 1% 2540 T I B 30
P8, 25 FVHBOE I ARSI o AR 2R 5% R R R 3k AN T PR gl 5 L o
o

BTG — AN ST . 24 RCObject: i removeReference /X % 151 HITH
M, ERAH LA N 0. WIRE, removeReference it il delete this HYHBXIA.
XAEAE RAEA GOE I new At A 224, BT AFRATT 75 22— 28757 DU £/ RCObject
H BBV A

kb, FRATTHI BT VE SRR Y. RCObject # B vl A SRR S L THBURE 0 S i JE At
F, TR B G i S R R I HEE RCPtr 51 . AN, {EXT 5% HAE e S = ot
GRS EATTA RER W 1 A o AERRATT B, (X282 StringValue,
FRA LR R String IAAT T PRAEIHAEH « RA7 String AT LG StringValue X%,
FITLL String 2RI VEF N IZA fRIX LEAE X G A& Ik new $A4E = Haim) .

T, AT RCOb ject HREAEME EAIAEITE M R F0E — 4 L IX AN RN, I
PR LA XL BE O RCObject X5, HI P ATTRELEM (B R H—FAS Uiy
20 RCObject X% . FATBREN T G 5 FHVHEON S IECT,  MFRAT 188 X AR I
AT JL PR Y S A A 0 AL B NS 5 1 B 4%
® 10

bRUE CHHIZATEET Y string 28 (WL Ttem E49 Al Ttem M35) [AIRHEFH T 57k 2 fjy
30 MIE const ¥ operator [THR PR 51 ] — R I AT BB 50X A string (FEREUT
WHIA AT . R 5, AT (BUETRREFRT), HE AR E . X
SRV T string ] 3EZHRELE T A BRIE 2 string M BREUNBE BN true.

7.6 Item M30: AQEEK

ESRIRAR ISR ZK 0] REAEAE [ — MO BRA o, (g AN A &, AR XA . )
A, CHIGEAINHRBXA R, 20, e B SC R Ll DUE B —2i %, 1
FORTRAN. BASIC 4% & COBOL ', /RAILAGI 4k, =454 n 44041 (OK, FORTRAN H AEf
RZ TR, AT IRESRIEIE ). (HAE CHrhlg? JURATI AT LA, g o AR
JE

XL AEN:

int datal[10][20]; // 2D array: 10 by 20

A ] PR 540 G SRAE T AR S VR AR R/ N3, AN T AT :

void processInput (int diml, int dim2)

{



int dataldiml] [dim2]; // error! array dimensions

// must be known during

}
H&, EWSECEREAGIEN:
int *data =

new int[diml][dim2]; // error!

o SLH YA
ZYERAAE CHrp AT IR BRI s S AU, T DA KB DN RAR KSRy iR R 2

1o AR CH bsE s i Hl— D ISRSEBBAI P Z M CH+il 5 IR B Sttt
IZRPY . PRI, FRATTAT DU SN SRBROR ST — 2 A -

template<class T>

class Array2D {

public:

Array2D(int diml, int dim2);

b
WAL, FATATLLE CBRAT T ifs SR EAL T -
Array2D<int> data(10, 20); // fine
Array2D<float> *data =

new Array2D<float> (10, 20): // fine
void processInput (int diml, int dim2)
{

Array2D<int> data(diml, dim2); // fine

}

SR, AR LS array WS EEZT 2. WG C A Crd ik S, ATV iXRe
FEHI [R5 1A

cout << data[3][6];

{HIATAE Array2D 2EH N AZERE BT R ARER A DA 3RATTR] LUK 447

FA VAT rh BT e W] —> operator [] [] %

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;

b
SR, FRATVR PRt ss X M sly, R operator [T L1IXMARTY, 45 E0R 1) 9w
PR RO e . (I W LSS HAT W Ttem M7.) JATIA3 Sy bkt
WAARBE A DA BEIE, IR Re P HLETE S O RE I A . X o, RAF
4 operator () :
template<class T>
class Array2D {
public:
// declarations that will compile
T& operator () (int indexl, int index2):

const T& operator () (int indexl, int index2) const;

I

P TR IX A8 £ A -

cout << data(3, 6);

ARGy S, JHRE L) BT 2 4ER 4] . B2 RN Array2D X G K
WA — A G 2B b, RIRVTRIJCE (3, 6) MG L RAH R ZOM .

TR VR LA LL Vs i) 04T A B ALK G FORTRAN WA R, ks vk £ 304 1 [
ke HARBAT operator[1[], H5 H N XA A EVEH:

int data[10][20];

cout << data[3][6]; // fine

YT A2

YL, A data ARICIER i, wR— 10 TR 4. KA
2 H AN 20 TCE B, TR ER data[3][6] 5265 F2 (datal3]) [6], ti2 data
REEPUANTC RN 7 MR, WS, B ARERE N, oA
MOXANIR B4 R — N e .

AT LUl T Array2D J51F) operator [IRELFEIFE AR . Array2D (¥ operator|[]
R[A AP Array1D (A%, FEEZL Array1D ) operator [ 13K [l BT 75 2 1) — 4E ¥4 b
P9

template<class T>



class Array2D {
public:
class ArraylD {
public:
T& operator[] (int index);

const T& operator[] (int index) const;

I
ArraylD operator[] (int index);

const ArraylD operator[] (int index) const;

I
WAE, ERET:
Array2D<float> data(10, 20);

cout << data[3][6]; // fine

XM, data[3]3R[H—AN Arrayld %1%, 7EX0% 1 operator [JERAEIR ] — 4E 441
(3, 6) A7 B IRV AL

Array2D FH P IFANTT BAIE Array 1D 2RAE7E . XA S “— 44 ” MRS
ok, AR Array2D R P TAEAE R o TLR P g RR I S Al AT A A R ) R
ko XT Array2D SR PIXFHIOZR BAT R K 3 TWL CH IR ETLH, X%
WAHETE LA T H AP T3 2 5y — A de el — A 4E ..

AN Array1D MRPHEME —A—4E8H, XA 4B A A Array2D [fFE
Fe i B3 o P B0 SRR Bl HE AR A AR B E . AR 1L, ArraylD a2 — MBS,
B SR IE ) — NERE S BRI — 4 . ORIBEABEX SR (proxy object) FIfY
I (proxy classs) ARG XFERX A I BT surrogate.)

® [X4riEit operator [|3ATHI R IRBIEE R GEEME
A AR R S WL 22 A B2 2 1Rl FH i I 735, AEAR PR g i A 1FaX 28, 521, Ttem

M5 7R T ARBESE T LA IR BH 1k 0 25 5 hy i R 08 D R I A e B AEACBER
(84 TP HET, a2 T BIX 731 3 operator [JHEAT IR Se A 10 2 S A

Z g Al VO X 3CRE operator [ string 287, SXFEMZRIANTT W T Ttem
M29. EIRARIEA T 5 | HIRCETS G A, B ABAE R 222438 Ttem M29 HH(#) A 20K 2 N

RF operator [ string 2R,  FVFH 7 28 R IXAE RS :



String sl, s2;

cout <<

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

1, operator [1 ] AFEM ARG T 30— NP R s — N4

FEERAE; BRAZMERIE. CXNAIR A ToiEds, MR SN AL, A
HIEIR 2 AL T8, DS GRS & T RERE 2L A TR
IRE EAARBRAE .

FAVRX 3K operator [JHIEAAHIS A, DG, XFATSI IV Bdlagity, it
BRI T LA N T SRR . 0 Ttem M29 RRRIV, SIATHECH BN S #3580
AN BB AR ROFE DL, MEATTEE, A R [ —AME. ASERE, £ operator[]W

T, BAT IR 2RI, ASRTREX 2 B R eI A

(13 Yragar: »
B, 2%,

FER Al LA BE /S T o7 Agihiil, AR IHRAT T A i o i) .

class String {

EE RS

PRIE, “BATIATEE . JATTLAIET const J@IEHZ operator[], X

public:
const char& operator[] (int index) const; // for reads
char& operator[] (int index) ; // for writes

b

MR, IXANRE A iAo B BT B ) const JR PRI FE I 1 5% BRI 2K

const AAE const fRAS, WAL BB IS, Fit:

String sl, s2;

cout <<

s2[5]

s1[3]

s1[5];

s2[8];

// 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

T, HA operator [JWAEX LIS

7 TtemM29 1, FRATTJE N T IZRIAS NI R IPIRES, JHR S R BT 47 1) operator []
WHIH R BHAE . XK, BAIASX2BL G WVFATTRELE operator [1AHRIX 43 /¢
I RAEIRAE, HIRAMIRA 3 EAT. TR BATR £ T4k Mok kiR A Cagdt
AIRETERTBR ], A AT AR ?

WA I F XA FY: VPR RELE operator [] WX 4> ZE(I6 A [ #AE, (H
TRATTI IR BE DR A7 BB E RS 34, i SEFRATTRE A W7 5208 2 5 AT by AR 21 AT S i
operator [ 1R 45 R 8 A8 J5 18 o AT T 7 10 AT N IV E R sl 5 1R A WA 3
operator [JiR[MIZ J5. (X2 lazy JgU (W Ttem M17) H—Ml1.)

proxy ZEuJ LLLFAIAS BIFATTHE LML, PIATATA LME operator [1ik ez 1]
A AREFFF)D proxy MRMARTFHRAL . FA 0] LLEHFIXAS proxy BAMAEH .
AT, FATATLAKIE operator [T A2 EE. WREHE, FATLIH operator(]
(0 ARl 5

FA S FoRFE AN, HE BRI proxy 2. 1 proxy 28 F I Aefil =1

o Gliy, WARIRE EIEHIBAN AT

o CKrefENIERRAEN Hbx, EIXFMEOL T AT ORI E B E AR AR e 9 R 15 b

XPERATII, proxy JSPHm i 2 AH .
o M u MM E. X, REREEAE.
KHE e ST string RAME proxy FRLAX 73 operator [ A A2 {1k A

fEL A I AR 45772
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 charlIndex; // 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 T390 CharProxy 28 (FRATRAE FIRIVHE) 4b, XA String 285 Ttem M29 H11H)
IRERAHILL, e A FZ A HEPTA ) operator [] BEIAEIR P3¢ CharProxy X§%t.
BRI, String 2R AT LLABSIX — &, 3 241F operator [ 1iR [BI 47588 2 18 5 T 200 7 FF
(R JL5IH, W Ttem ML) Sk4mfe:

String sl, s2; // reference—counted strings

// using proxies

cout << sl[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

AR ER LM, e nttate L.

y e cpe.e STAEIE

cout << s1[5];

Fik 3 s1[5]IR Al ¥ & — CharProxy X 5. A A IXFE M0 G S didedE, B A4
PR SS T — AN B R T e LLAE AT operator <& (WL Ttem M5). ‘EAT1HkE
—A: {E CahrProxy KRNI T — AU S char (UH#AE. T2 A S XA i
Y, Z55E CharProxy Ry I FAFHEAT BN T o 3XA™ CharProxy | char 12 it
A AR BN GA A B I R A R LR T

VEZEAEIS AL B A —FE T o FHF:

s2[5] = "x";

FRG T —FE, ik s2[513R A ¥ 2> CharProxy Xt %, {EIX IR S LM A 1 H b5 o
1 T AE I H b5 &2 CharProxy 28, BT CharProxy 2 IR (EAE . X 42 0T 2L,
NAE CharProxy FRIBRAE ERAE T, FAVENIE LR 1 CharProxy X G AE A G AL FH IR . R,



FATVENIE proxy RPN FRTIEAE LA AT A, DA Z0PAT — L0 S R A USEL A 455 (1) Ao A
(N
[F B, i5h)
s1[3] = s2[8];
WHIVEHT T CharProxy R IAIFIMRAE#RAE, (ERLERAENES, FRA1ENE 2iL—A 2
VE2eAl, AiL—MEATE.
CUF, WE, WEVT ORI, “PREGIRE . OK, X String [f) opertator [ & KA CHG
const String::CharProxy String::operator[](int index) const
{
return CharProxy (const_cast<{String&> (*this), index);
}
String: :CharProxy String::operator[] (int index)
{

return CharProxy (kthis, index);

}

A BB G AR ] A proxy X SRR FHF o MEABATRIIA FAFAEATAT A -
TRA PR e AR 3 B FRAT) S BRI 2 SRR

W &, operator[] i) const KR AN iR [A] — 4 const [ proxy X % . K
CharProxy: :operator=/2dF const [ 51 B, IXFERT proxy R G AREVERME I H AR 1EH] -
Pk, AEZM operator[JH) const MARIR M) proxy X4, 2 ¢ I 74 Ahe
VEZEABAT ] o ARDT M, & IE i AT TAR L const MUAIY operator [IIAT A

[FIFEEEE AL const [ operator[JIR[RIT G CharProxy XN, Xfxthis {iiH]H)
const_cast (L Ttem M2). XA T CharProxy KRIMIE R BT, EHKIER
OB const 1 String 2K, RAUFEHGEH 2 AW, HEMA, operator(]
I [HFY) CharProxy %% H T const 1), FTLAA L String I Al BER L proxy
RHAEL.

1H 3T operator [JIR M) proxy SR idx T e )& TWEAS string S5 LA I K 7 17 1)
AR

String: :CharProxy: :CharProxy (String& str, int index)

(e

: theString(str), charlndex(index) {}
¥ proxy X GAEAEAL F AR ] B — — UFF IR [BIE Frd s A R st n LA T
String: :CharProxy: :operator char() const

{

return theString. value—>data[charIndex]:



}
MR CAET string X1 value B FIETR I data B AIOCRITE, 5 [E]H-—
N Ttem M29 DASERICIZ. AOAIXAS R EGRIA] T AN FAFAIME,  IF HA D CH+FRGE I I
R IR B SR REME A AL T, BT LU e e ol B3R e I ILAE A (A B
[0Sk P CahrProxy MIBRAE AR RISEHL, B2 IRATLIALPE proxy RGBT I T4F
VERUE R A AR CBNZE(E) ERI A9y o JRATTAT LR CharProxy MUMRAE# A SEELIn 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—>datalcharIndex] =
rhs. theString. value—>datalrhs. charIndex];
return *this;
}
WA Ttem M29 H AR const ) String: :operator [JREATLLAL, KA 2 EA T ILAR
e AT . 7E Ttem M29 1, FRATEMHMES FT A IE const 1) operator []¥H]
RS, PrOCSCBLBGOXFE . BUFE, AR SRS A CharProxy IRIE A,
TR LU AR const ) operator [T AT FURAEAEIN BT 24 I S0 . BEAE
), RSB EYI I string FIAGEHEK A value. IXERTIRE CharProxy HIEL
string FIAGHIEA .
55 A~ CharProxy WA #RAE 2 AL
String: :CharProxy& String::CharProxy: :operator=(char c)
{
if (theString. value—>isShared()) {
theString. value = new StringValue (theString. value—>data) ;
}
theString. value—>datalcharIndex] = c;

return *this;



}
VRS TER IV TRENT, PR NI B PN E R A AR A, Nkt
EATIN A FAA G B A= F P o ARASEIX RS 2

o JEfRM:
1] proxy FEEAMX ) operator [MEZEAEIE A BRI L T7 ik, (HEANLEA A .

FAVR XK proxy WG H I iR R I JC8 A, HIXARMESE I X2, AEAR
IR EIEFE RSN T, I8, proxy T HIAT A Ek A SERR I S A3 T .

P& NKAT Ttem M29 (AT, LLIEWIFRATA AT A 5™ StringValue X4 n—
ANLERRE . W String: ioperator [JiR[H]— CharProxy Ifi AN 42 char &, N IHIFACHDHE

)
A

&
3

String sl = “Hello”:

char *p = &sl1[1]; // error!

FKIEF s1[1]JR[FE][—A> CharProxy, T “=” WAl &—4 CharProxy *. WHM
CharProxy *F| char *[F¥ ek %, FrLh p MAMAMIEFEgm PRI T o 1%, I proxy X4
HuIk (R E S S BRdt G L IR RS B0 FR B, HRT R A .

TEHBRIEANA, R ZEE R CharProxy ZEMHUHIEIZ 5

class String {

public:

class CharProxy {

public:

char * operator&() ;

const char * operator&() const;

b
X PR BN Sy S e const FRASIR [FIILEE ) F4F ) const B FRET
const char * String::CharProxy::operator&() const

{

return &(theString. value—>datalcharIndex]) ;

}
IE const AT 2 — 2L At O IR IR FEET R I 745 o] A B 2 "B Ttem M29

H9E const 1 String: :operator [J47 AAHL, IR B :



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—>datal[charIndex]) ;
}
FUARHSFN CharProxy HYME MO B IRZME, I LEANTE R N A — DA
A B PR
char ACHLE ) CharProxy (155 AR Z A H AT 5 | FH TH S A SR b SR 3RAT)
KU proxy 2K X 43 1L operator [JE 22 I AT (E I

template<class T> // reference—counted array
class Array { // using proxies
public:

class Proxy {

public:
Proxy (Array<T>& array, int index);
Proxy& operator=(const T& rhs);

operator T() const;

b
const Proxy operator[] (int index) const;

Proxy operator[] (int index);

&
F— FIXANEE T e EREAE

Array<int> intArray;



intArray[5] = 22; // fine

intArray[5] += 5; // error!

++intArray[5]; // error!

WMIATHEL, 2 operator [1E & fif B O AE R AE I H AR, JERCZh, (H27E I
operator+=#l operator++{ LM, RIKT . K4 operator [JIR[Fl—4 proxy %1%, i’
WA operator+=AHl operator++{#fl. ARG OUAAAE T Ef A MK ERAE T, B
operator#*=, operator<{<=, operator—25%%, U1 RARFLIX LEEEAE VR 1 FZE operator[] I,
WK Arrar<T>: :Proxy JE XX E . IX 2 MICRE I TAE, RnT e AR 24
e NSRRI, IREALMIXEETAE, ZABRATXEERAE, A4,

AN AL ) A AN AL proxy X G IS BR 0 G R RR A AT B AN
IR . it EREIRATH A 5 v B B A B A PR FRATIHE 8 —A> Rational 2K,
ARG A I T A B W Array B

class Rational {

public:

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

int denominator () const;

b

Array<Rational> array;

AT R 7720, HIRATIR R

cout << array[4]. numerator () ; // error!

int denom = array[22]. denominator () ; // error!

WAE, AFZAMRIERE T 5 operator [JIR[El—4> proxy X G2 SEFRH] Rational Xf
%o {HK 5 R E numerator () A denominator () A A7F4E T Rational X% I+, 1MiAN&H: proxy
X% B, UREVR RS A TS ZEE1T proxy X% EAT A A EAT I KN G — 2,
PR 20 E AT AR T SE ot G i) R — A R B

I3 A proxy X REASLRRX QR IE DL AE N AR const 151 AL 45 R 4L

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[]i&[A]—~ CharProxy %} %, {H swap () BEUE R E TS HUE char &
KA. —A> CharProxy X% ] AN HBHE 4 — A char, ([HEHHHN char &I1FHAR R EL
1M AT REFE K char FEANBEIA swap [ char &Z4L, KIMIXAS char & AME X % C
#& operator char () [FJIR[FMED, MG Ttem M19 FUAERE, FELLRAIE I X R G8E JE const Y
FUHRIE S A EH .

I Jo—Fl proxy X RANGETC AR SIZBR 0 G R Dl B U A . 2 proxy X%
SR B TPy LB Ry, — AN B R e Bl 1. B, — A
CharProxy %7 % n] L N EH 1 char, Wit operator char O B&i%L. 40 Ttem M5 fi#
R, G PSR F R 28008 S 2040 e R B S 2R A0, HARH — AN B UL
Herk B, T2, IR ATREAE KBTI, AR SEBRRt G T4 proxy W4 KRINHT . F14n,
BATH—A TVStation KF—AN K%L watchTV () :

class TVStation {

public:

TVStation (int channel) ;

I
void watchTV(const TVStation& station, float hoursToWatch) ;
T int 2] TVStation REIACRELFE R (L Ttem M5), FATTAl LUX A4
watchTV (10, 2.5): // watch channel 10 for
// 2.5 hours
SR, A AN proxy JRIX 43 operator [JEZAT(E I 5 1 FH V8 B4 AEAR I
FTATRAGEIX A T -
Array<int> intArray;
intArray[4] = 10;
watchTV (intArray[4], 2.5): // error! no conversion
// from Proxy<int> to
// TVStation
HI T e U A AR e AR A e b, RARMERE R . SEBR b, BEAFI Bt A AZ AL BB
K& RN explicit, DMEAGEE— R watchTV () AT IR R, O T Ra U A f
B A0 M explicit XfHEAIEEMH L Ttem M5,
o Wik
Proxy EAJ L5g L8 S T VEARMEEL RANAT B SEILIAT o YR — M0, /2
SR S A, RIS (I Ttem M5) JE25 =1,
[}, proxy RWAE A 1ERHREGREIE, proxy WA ZIEI X% (W Item19), &



ML IR IE R o IXAE B, BARIEATHREM B T IX B B e ) LA 22 1
Ao Proxy TR AAFAEREIN TR IR, DUABANE IS AE A3 e A B, SEBL.
R FILES o

Wi, M ANREERSEBR T R S e B AL PE proxy A RINRLH SL TRIEX, K
N proxy X G R R AT N 5 S G D I DO AT, SRR AE BT RSN
TRIEFAT I proxy X5, (AR MR IRMETTZHS proxy MR BEFHGHI - B, 1R
AT BT - HER A 1P 6 Array 1D XS RO HUIE, RS AAT W BER R ARR SR
% (L Ttem M5) VESHfegy — MWHILERMI . ERZHOLT, proxy MERATLLSE
FRIER R G o AT LULAER, 8% W2 B Je il R IS 0.

7.7 Ttem M31: ikRRERIE—A LA BRI SRR E B4 B

A, M Jacqueline Susann [{Jifi: — RGN GIUIIRATHE — IR S
SR FEFHKIFET 5 TAE, 75 Redmond, Wshington [F—NE A HAAF —— 244K,
UL HEAERE . A TRBIGHINER, R REREMS 4> video game. WiARINT 5
RERAEAERS, AT W R MT .
FEVRRIE A =0 . R MV MT 2, eI R ARRE S . BB
e
® R KRR (Al DU R A, KRR W)t e A5, AR LE BT AT
SUEAINE AR

® WK KM W, s el o R A LA, 2 B AT I LA T (1 45
W

o WIR/MTEL WS i, AMTEBOK. AR AMTEARECR, O
27 A B

®  WURPIASMT AL, KR AN AMT R, IR IT T IA «

RGN (HRERAIBI T Ca 2 1, HIE— FEAUL C+AUS L
AL BRI R PR Rl 3

FATAOAT CfE . R AT RIS RS TG 220, ef#deiss), Py —
AR MIRIX NS T, BRI B —DEER, e AT AR K . 52
br b, EFERIZEILT B R IR, JFH, WRIRE O IRAE Ttem M33 I RGES, FEREE
. FTEL, AR R IR .



GameObject

SpaceShip SpaceStation

class GameObject { ... }:

class SpaceShip: public GameObject { ... };

class SpaceStation: public GameObject { ... };

class Asteroid: public GameObject { ... }:

WAL, RBARTFIRBEAREE NS, 5 AR IR AL BRI R ) AL o P25 2 H X RE
R

void checkForCollision(GameObject& objectl,

GameObject& object?2)

if (theyJustCollided(objectl, object2)) {
processCollision(objectl, object?2);

}

else {

}

K T . MR processCollision ()i, FRHNIE objectl Fl object2 IF-UfAHEE,
I HLpR 43 K AR IR 45 A HUR T ob ject 1 Fll ob ject2 (R LSS AY (AR I N8 H B 922K )
RFTFIIE IR 8 R E A 1 GameObject %1%, U HEREFE (K Ab BE i FE LB T object] [IZhZ
kM, g w LL ¥ processCollision() ¥ A & M ¥, I M H
objectl. processColliion(object2) « AR HIRILT object2 MIBNAEAL, W] LLFFEALBE .
HIAE, BT PN RIS RA. R ERR L BERITE %5 b, B L LRk
i) 7L

PR B PEIEZ A% B R AL Cr TR X RE s A, T, fRaLgi
LSO BRI ZER . IR A TR ?

— R IpE R O, PP EET . e, ARATEASH CLOS (Common Lisp Object
System). CLOS SZHFZE A7 T 1) % % 1 e 50 Al A & b BB B 1 4R P : multi-method.
multi-method ETEAEEZ S LIERIIMREL, JF H CLOS BIgE— Pt 7 i afhdzs il « 4k



FAN) mul ti-method B @l A~ FIREE o
EFRAMR B, AR ZT CH+SEIL, T LR 2 B AN 7 R I AN AR Oy« —H R
(double dispatch) "}l GXAM45K HT object-oriented programming community,
LEIR B R ECA T AR E /2 “message dispatch”, Ti3&/ NS E RE A 2t “double
dispatch” SEHLM), )2, 2 NS EREREY “nultiple dispatch”.) LA
JETT LA & o BB WA S WA B A, XA ZA R G A B “double
dispatch”, JTLARLAZI 1 5% Bed B8 0 SEILME s 20N BT CAE (I Ttem M24). 1R
RH G, BATTRESAT A A ST, JEH CIEFMIE T . ATEAE, W HRAT AR,
FTLAR BRI 224, A DM@E T,

® FErR%in RTTI
MERRBOSEIL T — AR, X FUR IR AR G RAT SE IR BR

T AFRATTAE GameOb ject HHIHH—ANRERREL collideo XA PREHRIR AR LUIH & 1T X FEHL
class GameObject {
public:

virtual void collide (GameObject& otherObject) = 0;

I
class SpaceShip: public GameObject {
public:

virtual void collide (GameObject& otherObject):

b

WAL S TYRA:2E SpaceShip 11, SpaceStation Al Asteroid M 584 —Ff
16

SICHIL H U R e L VR B N R R AR AR AR NN AE. L then. . else fif. 7EIX
FRIAR R R R, FRATE 262 K otherOb ject [RELSEIAY, AR5 AR FTAT 10 7T fig:

// if we collide with an object of unknown type, we

// throw an exception of this type:

class CollisionWithUnknownObject {

public:

CollisionWithUnknownObject (GameObject& whatWeHit) ;

I
void SpaceShip::collide(GameObject& otherObject)



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)) f{
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) ;

}

R, AT ERMA S UE— DR IEAL, Ji—ASExthis, BRIt iR R BUA R
ST . FRATIRAEAL T SpaceShip IR G B, T BAxthis 155 &4 SpaceShip %%,
PEBRATH T4k otherObject 8L,

LIRS — S HAN R A ERAL L. WRAS T TE, RITI R —H4A AR
7 MHRERKRLE. KhRMERKE TG else 0], fEXJLILT 5.

AT LTI T 325, REAREAS collide wRECHR2AZ0 KIE AT LA & A g 25 vh
RRA . T, i BB — AN B i 2R, FRATT 0 20 B R B — N AR T RITI 1Y)
if... then. .. else % LIUGBX A B2, HIEHERT 4, FFE¥AE— bug, 1MiH
EIEA R o G PR AR 2 B BA TS A IR 2, DR A EAT TR A A AT a4 (S
W, Ttem E39),

KRR FEFAE C IS OSRA B T, MmBATRENE, PR A
TR BRI B R AN AT AR I KR TN R B A R A
K 7 A RS ST AR DG 1) R BSR40 7 AR DU 4 e o S 3RATTAH RTTT SEB —
FERE, FATVIEAR [R5 25 (57 H 7o

XML I 4G AE C B F h SECT AR, BT CrHEF AR R U VRBIFRATE



CINESS, FAILE collide METIN BT B MAS else #A), DAL A SLE 2] — A A%N
FA o XA BRI R AT RER A1, ARLERRAT T A RTTT I A KENE ? 1R
2R KA BRI G TORHIAH TR, AR — N NAERR . EXAMI 7L, 477
RTINS, (BICVEAR G XA R A R R L 3RAT 4P 2D, TR 3RAT 10
B 7 —ANFRATAHE AT AR TG

o HAGHEEE
JCSAT AN VT UK RTTT S0 TR 147 SRR B AR, AL e st 2 A ik

A — NI 3 R e R A e~ B 8 [ JXAS U7 A0 RTTT kA K AR AR 2
collide PREH BN HE, JFRPIMATIRASREE X, ILAh, B RER, AEAEP A
P ANJRARAY

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)

b

class SpaceShip: public GameObject {

public:
virtual void collide (GameObject& otherObject) ;
virtual void collide (SpaceShip& otherObject) ;
virtual void collide(SpaceStation& otherObject) ;
virtual void collide(Asteroid& otherobject) ;

b

FLHEA T Bl 2 FH A S B — 1 B ST AR B, gl A P S0 ) R ek IR
B URE SR DRI BN AR, 5 RS AN R BNAIEAL. TR, B IK
S BRSO FH AT )72 GameOb ject RS 4. H SIS A A\ NZ fotHh fi] 5.

void SpaceShip::collide (GameObject& otherObject)

{



otherObject. collide (kthis) ;

}

%, ERKESERINF AT R, BAUE TR otherObject AZHL T
JE R BRI S, Mikthis & T E M SE (BFAFME— T, AR RENIER,
G 1 e AR S B R A S e I — AL R BOH A — > #E3X)L, A PIANAF collide
PRECTDIRER ], (EAR P this IR SSRALRE T R — A BRI A7 BN
JEAE SpaceShip MU BR% T, JTxthis 1€ /& SpaceShip FEAL. I FH K i& #:%2
SpaceShip Z4[] collide BA%L, MAZH GameOjbect KIZHLIN collide BRAL-

JITAT ¥ collide R HUHS 2 K B AL JITLATE SpaceShip: :collide I [¥I/2 otherOb ject
HARM AP S collide FAS . FEIXAMRASH, PHASXT BN E SRR AR S FIIE 1Y), 2301
sexthis CEPUXAN R BIISR ISR , AT IR R I H SR SpaceShip CHIBIIEZ ),

% T SpaceShip KA I E collide RIS, TR 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;
}
WRESRT, —AAREL, WARRE, B RITL, OARTFE RORLZ AN X 528 8
T AR ERLZ MR, Il R R BN LAt S b, A R BT A ek
BT, el S IR T R Il R 1 8 S AR T R
ARG A, FIHTHE BIK RTTL J5v— R B SEER AU & (W [ M . 245 I
i, B (AR L 0T B o ANk, SR VAR HIAS—FE . #155, B4 if. .. then...else
BB, AR AR I — AT I R R ARG, A R AR Y e 1Y
IN—ANBi2E Satellite (47K T GameObjcet), IRUIUNFEANIAFIIEIN— collide PREL.
BEBURAERE T RIRMCA RN Lo, IRARIES RN, FURTESE R PHERE T
—ANZ R, IR e EAUE L GameOb ject ZRE MELZSH IMAESL S . DRI, 38 n—ANBr
RO RE ORISR D, #ORATT AR . i, IREDS R e 75 S S St 251



B, (HS2Pr L3 . ST, k32T Nitendo, MU GameObject FII:E %
SR IIBAT AT AL o RS AR AN NERT IR, 4w A 2 30 TR IR IR TR
SELEVRIARRS 8 n—ASBr R AU, BT (R P s B g . SEBa A (R AR
DHAE, ARG ITA T T IEA R KR T (S0 Ttem M34, DLT##/E
DAV PR ARG 2 e B B AR IS AT FE )

At WURRTREESCI T EIRE, Bl I IS OB A XA
WA, MR B 7772 RTTT (7 ik 24y, AR e BRI T AR IR sl (i
TR RS BEL ) s W —J5TH, RITL (A RS f i, (HilH 2 S35
Y. B O

o IR KER
B ATTERI G FE . 0T LA Ttem M24, 2 P850 3% G4 A 8 S EH Hedl

(vtbl) KSEHUHERREL, JFAERE R B N E XA B P AT AR 51 EH] vibl, %
PEASBE TAEM 1f. .. then. .. else §, JFRELETAT IR KR RRE AT A= BRI REOARTD
JE IR vibl ThR, RIS vibl XA E EAEEFRET TR 0] 11 R 2K

B BARAREIX Af . ERIX AT, AMBAEHUREE T RTTT RS 3 AR CTdx
R MR BFRE 1 5 B H L if. . . then. .. else 2, PAAEMANIL /D), FIFEKE RTTT
(A VG PR e AE A PRVTEA A R B R B B b Ty o SRR, & T [ P 2 i B 1 i
— 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 AkAR M4 () R H A — LB 1B

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) ;

&

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;

}

FIFUA A (95T RTTT (51410, GameOb jeet 28 A5 — AN Ab BN 1 1) bR 2, "B 5K
LA AR R AR B — o S SRR T R B U VAL, SRR SE A b — ST B
HAEH, AEAFRRE, XK, XEERBHEAFRRS Y, MALHY collide. JHFFER
AR, RIRPUREIL RN R, BB, 7T IrA Ve R ERRE, BT
A5 Spaceship: :collide CiXJEANRI IR o 20k I A O35 D FHLATT—A4F, SELT
SpaceShip 2§, SpaceStation Zf1 Asteroid ZRtum iR T .

7t SpaceShip: :collide H, FAITHFEE NIV RBUN S otherObject MZIAR AL F
— AN REGREE (R 1A —ANE U RERE AN BE R H0D . — AN BRI VR G A U R
25 8 B RAGN IS 2 B _R B . B T — DN IR WU ok 2B collide 2 RIAT
(o, AEAREE N — A (e s 2 Lookup I, K EELF PR . lookup BR##%%—> GameObject
ZH, RPN R 8 pRE R B

XS lookup FHT Y

class SpaceShip: public GameObject {

private:

typedef void (SpaceShip: :*HitFunctionPtr) (GameObject&) ;

static HitFunctionPtr lookup(const GameObject& whatWeHit) ;

&
PR E VB VEAN S A, M R EBURET 2= T, AR ME T — AR A e

BMESRE T lookup, collide FJSEELAN T :
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) ;

}

UER A TRE DRAF ST AN GameOb ject 4R JZIXINIFZE , Tookup il &k RESK E & AXT 5
X IIAT R R R o NGRS A, HRR B AN IXEE EAT A4
2 Tookup (IR [MME FFAE I RGO 5 3 B i AT o

R R SEEL Tookup 1o FEf 17— MRS GERAY Rl 53 bR BFR T IOWL 25, Tookup
FOARA S SO, HATE . WA AT AN R 22 AT R B )

IXHE R A N AR E A R IE A IaLE,  FFAEA TR ZE TR o BRATTRT LAAEH]
new Al delete KT LAIEAWNTHE, (EIXNEARIEEYIGGA LT A e ? TAFIRfE
Py S LG S BBI5ERG AE Lookup HHEIXAN AL WM SHIATLL 1o XFE, EAESR
— A Lookup HIMBERIWILAAL, 76 main 3B H S MFEAINZI4E A 2R (I Ttem E47),

17 HL, FRATA] DU AR HEREAR PRS2 1K) map BISORSEBLGS 2, PN X I 2 map )T

an
o

class SpaceShip: public GameObject {
private:
typedef void (SpaceShip::*HitFunctionPtr) (GameObject&) ;

typedef map<string, HitFunctionPtr> HitMap;

b
SpaceShip: :HitFunctionPtr
SpaceShip: : lookup (const GameObject& whatWeHit)

{

static HitMap collisionMap;

I
Ak, collisionMap F/ZFRATTMIMLGS K. EMYHKL (—A string X5 2]—4
Spaceship % sREgEr . [Aoh map<string, HitFunctionPtr>X# 7T, HAIHT —



RATE L. TN IEE, — FAM HitMap 1 HitFunctionPtr XPHANRAIE 7 K'E
collisionMap HJHIH]. KB AASAE KK )

Z3th T collisionMap Ji, lookup HISEIUAT LG ki . PN TAE I map K EH A
FEIERAE, JF HIRANILE typeid O MR EISE R AT LU CAIRBAE DD — AN B0 s 3802
name () CPATLAAfE (3 1), BIRFINGHEIERKL T, TR, LI lookup, MUALE
AT Z B ZZEMAE collisionMap H R EE xS I

lookup FACHHAR ML, (HAURAAEARMERAR R (RS I Ttem M35), A
BATR T JAHL, FEFPRER AR 18— DA T 4

SpaceShip: :HitFunctionPtr

SpaceShip: : lookup (const GameObject& whatWeHit)

{

static HitMap collisionMap; // we’ 11 see how to
// initialize this below

// look up the collision—processing function for the type
// of whatWeHit. The value returned is a pointer—like
// object called an “iterator” (see Item 35).
HitMap::iterator mapEntry=

collisionMap. find (typeid (whatWeHit). name()) :
// mapEntry == collisionMap. end() if the lookup failed;
// this is standard map behavior. Again, see Item 35
if (mapEntry == collisionMap. end()) return O;
// If we get here, the search succeeded. mapEntry
// points to a complete map entry, which is a
// (string, HitFunctionPtr) pair. We want only the
// second part of the pair, so that’s what we return.
return (*mapEntry). second;

}

I fa—Hh)Jg return (kmapEntry). second [fijAN& )0t FI¥) mapEntry—>second LA &
STL A BEAT o HARJRIA L Ttem MI8.
® VIR R EER

BUEART collisionMap IRIAGH. FRATIRAIZ 2 4t

// An incorrect implementation

SpaceShip: :HitFunctionPtr

SpaceShip: : lookup (const GameObject& whatWeHit)



static HitMap collisionMap;
collisionMap[”SpaceShip”] = &hitSpaceShip;
collisionMap[”SpaceStation”] = &hitSpaceStation;

collisionMap[”Asteroid”] = &hitAsteroid;

}

15, AR AR ] Tookup I #RKE A BEFREH I T collisionMap, IXjgAab 2]
F. T H AT, A X R BRI AN .

TV B PO R A B BHRE I collisionMap —IK, 7E collisionMap K3 .
XIRE T 5e i AR FTFES AN FRAA TSN RE initializeCollisionMap K Ai&E ]
SEACFRATTI WA 2, AR5 F R IBE R AT 4R 1L collisionMap:

class SpaceShip: public GameObject {

private:

static HitMap initializeCollisionMap() :

b
SpaceShip: :HitFunctionPtr
SpaceShip: : lookup (const GameObject& whatWeHit)

{

static HitMap collisionMap = initializeCollisionMap() ;

}

AN IR M BT BT S DUREL (404N (L Ttem M19 A1 M20) . FATAAIX A M. 4
M initializeCollisionMap () IR [EI4REFIIE, FRATHATT ZAT XM, HIXFE 52
PLOFREN i 17 (1) map X GRS RELEME A I EREATIY T .

SEUF, HAARITE. BATIT L collisionMap BCh— A RIGIRER (. Ttem M28)
ERLE H OB delete FroRITITN S o SEbr b, bRdE C+HBAT BEFLAL IR auto_ptr,
IEARRXFER — DRI $EE (W Ttem M) M4 lookup H1i#) collisionMap HIIA static
(¥ auto_ptr, FATAILALE initializeCollisionMap & [\l— NS LA T (1 map %4 (Fi4
EFT, AHFHRLEEMIE T collisionMap F map S5 AE collisinMap H AT
i BT . TR

class SpaceShip: public GameObject {

private:



static HitMap * initializeCollisionMap() ;

b
SpaceShip: :HitFunctionPtr

SpaceShip: : lookup (const GameObject& whatWeHit)
{

static auto ptr<HitMap>

collisionMap(initializeCollisionMap()) ;

}

S initializeCollisionMap Rl T 1) 1 VA LA A2 IXFEIR :
SpaceShip: :HitMap * SpaceShip::initializeCollisionMap ()
{

HitMap *phm = new HitMap;

(kphm) [”SpaceShip”] = &hitSpaceShip;

(kphm) [”SpaceStation”] = &hitSpaceStation;

(kphm) [“Asteroid”] = &hitAsteroid;

return phm;

}

{EMIFRAE AT TR A, XANREW R8I . P4 HitMap B F] Ok B8 — MR ) B 5%
PRELREE, BN RS ECREY, Bt GameObject. {H, hitSpaceShip 7 f#1jg—

/™ spaceShip 2%/, hitSpaceStation 7 ) & SpaceStation, hitAsteroid Hiff+& Asteroid.
H 4R SpaceShip. SpaceStation fll Asteroid FE#R R A HEHeH GameOb ject, {HX7FiXLts:
BRI B BB BT ] A XA G R

H T HRARKI i PEds, VRATBEARAE ] reinterpret casts (WL Ttem M2, [fi'&AEpRI%L
T AR AR e v L SR FE Y

// 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;

}

XFER] Ui, (FOE MR TR E IR ERE— SERAEAZALI S IR (1) G B 2%
. 5 UFgmIESS, hitSpaceShip. hitSpaceStation fl hitAsteroid HJ%—4> GameObject
B SE, LA EIXFER . hitSpaceShip #JEE— SpaceShip, hitSpaceStation ]
BH—/ SpaceStation, hitAsteroid #JE— Asteroid. XL cast Y ZH R, 1]
M T .

AR TR, X)LEAT R . MEEds A SRR, el TRIgdkmE, &
M SN —MRE T Xk, EAVR TRl ™ AR R R AR AR, SR8
idkphm R EL,  MAHN ) GameObject [PRIRAE 28 A 22 T 4K 7K (1) 0l A7 FE LRI . R
SpaceStation. SpaceShip B Asteroid & T GameObject #MbAT H B A2, FRAIBE RINY
PRI REIX ) LA 28 30 IO A BE pR BT, AT A {0 R 2%

PE—T Ttem M24 FHERM A—B—C—D K4k A& R R LLA D XTSI N A7 AT I«

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 PUASSERER 73, I EFAN ] AR EEL, DD BARTR RS T 47 4 I AR
(I Ttem ML), & AL A ACRS Il 52 Il A fe R SE IS . T2, ARSI HIEH 2
AR RSB 29— DA 2SRRI D IR 5O &5 TN, i B L g
PR BT R AR X3t Ik — — DU B R K T B 2 28 R KA



AL L SR AR R FR) 2 1 25 U D0V 1K) R BT — > GameOb ject 1) S Fr b 2 (12—
SpaceShip 8™ SpaceStation I, KAAFA? gt tbar iR inftil, ST
F % o T ELRE AR HE LI (07 B 08 1) i DR o A7 A 22 AR 0 B 330 W DA A AN A P 2R R e 3,
Kz —,

OK, Al SRR A . AR R BRSNS B ILHL 1 IE WAl R A — A ik KA IR
BARSCA B2 GameOb ject 87

class GameObject { // this is unchanged

public:

virtual void collide(GameObject& otherObject) = 0;

I

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
FRATIE TR oR B e — R B L) AT, HEECT Y collide MRREL. AR, Tl
P A X LA DTS ] T — 2 03 e B o A PRV 2 b P oy 25T AT A AH [ 1R 2
HERR, PRl AL R 45
WAE, ATATCALAFRATT— E IR 7 A KS initializeCollisionMap PRZY T -
SpaceShip: :HitMap * SpaceShip::initializeCollisionMap ()
{
HitMap *phm = new HitMap:
(#phm) [“SpaceShip”] = &hitSpaceShip;
(*phm) [“SpaceStation”] = &hitSpaceStation;
(kphm) ["Asteroid”] = &hitAsteroid;
return phm;
}
AR, FRAT] R ok B A4S 21 ) — AN BEEEACH) CameOb ject ZX 4 AN 3 8 i
TRAEAAL . TARATBIFRAT T W AR 1Y, SRR BB bR O LR AR 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, dynamic_cast ¥l —A> bad_cast . MR, EAIMNAS KM,
Sy it e B B AN S — NSRRI S EEER . E, EE LT

® AR SR Al A B B AL
FATIAERE T 2R3 AL vebl BMUS & DU — SR B (58 — &5y, JF Hak

TS T 76 2K WU 3 10 SN T B 7E Tookup BRI o RN IX SRR A5 IR A2 4R 17 B
PRETRER, T EAAERENIET Y GameOb ject SRALINMTISR i BB R E X, 3K A i
A NHBAL I i 1, RIEAD AT THRA AN DI AN B A . i, DRI T — Satellite
R, BAIAFFATE SpaceShip Frffii—AN4bEE SpaceShip Fl Satellite X5 [ REH 1R
$. PTA SpaceShip B AEAT g%, WEALIIRAATET Satel lite ML HIAFE.
XA ) MUK T BORRATI g R e R ST — RS, TR R R A N MR I
RS R P LB ISR R R AR A R, TR A B R T . i H, e EAE
3B PRV RIEARE AL PR BOR A E FRATT R — A B RS R Bk RS, i, BAZAEMRAN I
Ak FEANTR) AL A0 2 () (RO RERE 2 AERT I A Be vt b, e 1 M 4 2 R, I IESSXT 4R 1
7 processCollision MZEIAMIBHL, BERASAERT R 1 K2R AREE; WURXTR 2 IEVS /2Tl
25, WA S 2 M AR, XRS5 S ? RARIX A AFLE: S A



HISEAY BRI G IR IR AZ BEANLE A T BANCE B TP AL BE, TTAE 2 Z AN RSN T A2 by
AL BE?
I SRR Rl AL P R HONR AL ok, JRATIHESS P SR BE2 0 O Sk ae b, ANH A L
AEAT R A P oK 2o AT T K S BILANE A A B R B ) ST 2SR -
tinclude ”SpaceShip.h”
#include ”SpaceStation.h”
#tinclude “Asteroid.h”
namespace { // unnamed namespace — see below
// primary collision—processing functions
void shipAsteroid(GameObject& spaceShip,
GameOb ject& asteroid);
void shipStation(GameObject& spaceShip,
GameOb ject& spaceStation):
void asteroidStation(GameObject& asteroid,

GameObject& 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,
GameObject& 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& class?2):
} // end namespace
void processCollision(GameObject& objectl,

GameOb ject& object?2)

HitFunctionPtr phf = lookup(typeid(objectl).name(),
typeid(object2).name()) ;

if (phf) phf(objectl, object2);

else throw UnknownCollision(objectl, object2);

}

ARG, H T o4 i 46 207 1) ok A 5 S B e A B ok 28007 75 B (M e 8. e 44 dn 44 5 1)
(AR VG M AT B o0 (LS AT SO AT — — IR G N SCHE R ) static
MIRE—FE. 1 TG, SXHHEEN T static CEANERAEH T, RMIZRPGEA
R TG4 ) fim 44 25 A) LB PERR SR .

g L, XA SR T R G ek ER A S AR R B, A LA RO . BB
HitFunctionPtr HLAE 2 — A5 AR 0 AR EFR A o 35—, BRIZAMRPE
CollisionWithUnknownObject #2& UnknownCollision, %=, HIIEREFTFEN PN %
EZHMATZE DT XWEWRERATMS FE =R T WAL, —4
HitFunctionPtr,

PRAER) map 284 SO HAL B PTAME B o FATAT LUE LA AR HER pair BUBOR MR Peix
A, pair A LALEIRATR ISR IRGE A — x5 . D) makeStringPair ¥,
initializeCollisionMap FJSZIHLAI T :

// 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;
(phm) [makeStringPair ("SpaceShip”, “Asteroid”)] =
&shipAsteroid;
(kphm) [makeStringPair (“SpaceShip”, ”SpaceStation”)] =

&shipStation;

return phm;

}
} // end namespace
lookup PRECHLIHPBERUAEEE pairdstring, string> X5, JRRFEM WU
— B
namespace { // 1 explain this below — trust me
HitFunctionPtr lookup(const string& classl,

const string& class2)

static auto ptr<HitMap>
collisionMap(initializeCollisionMap()) :
// see below for a description of make pair
HitMap::iterator mapEntry=
collisionMap—>find (make pair(classl, class2));
if (mapEntry == collisionMap—>end()) return 0;
return (*mapEntry). second;
}
} // end namespace
XANFRATT LA S AR LA ME— R SE TP EA R BUE X AME N T make_pair pR#Y
EH)
HitMap: :iterator mapEntry=
collisionMap—>find (make pair(classl, class2));
make pair FUBFREEATEE I — N8 (B (WL Ttem E49 Al Ttem M35), ‘&
FEAFFATIRE S T AERIIE pair X BRI 2 SRR RR T, FRATTASR XA S
HitMap: :iterator mapEntry=

collisionMap—>find (pair<string, string> (classl, class2)):



RESTRED 2T, MHA pair FHYIRALE LRI CEMTHE class] M class2
(A, JIr Ll make pair PR AEEH W

[A 24 makeStringPair. initializeCollisionMap 1 lookup #§/& H BH{E TG 44 [P 44 %
[ Ry, E AT SE DL AAAAE [ i 44 25 1] T o O A A T 2 b B ) SEBRAE B T 5 7
T A Je i A A IR CZUREATTH HOIAE [ G i e IXREBEZ A A e 1T
R AT E S (BBt SEBL) 5 e AT AR B H RIS

BAVRAIEE) T A H e WERIG N TH ) GaemOb ject 19738, BUAFRA T LE R
G (BRAREATIE] T HIO. AT T RITT IRELAL if. . . then. .. else IIART4ES . BN
—ASBTRIE EASIAE SCT B R E R 4E initializeCollisionMap HHHEIN— e A
B R, 7 processCol lision PrAERIICA (1 44 7 8] I B — N8 RO R4 A B PR
BAME TARKI I A LRI, HEDZT PRI Z? jEn?

LEAZRICS

o YRR ERME KR
M VEAT BRI FEALE . IR, IE PR L R AR, ks

WIRBE AN R ER R AR O AT — UK CARFR ARG, KB 3RA AN TR 2R
PR A 381 o 50 AT 1) B ISR (1) 2 TR A e o AV TRAT 1 A IR IR AU R R N Z i 23 X 53
o MRS, FRAT RO QAR AR RVE W M E S, AR Ttem M33 RN, ORE SRR
CommercialShip I MilitaryShip M5 SpaceShip 4k

GameObject

SpaceStation SpaceShip

Commercial
Ship

VA WA A R RO R P AT B0 . T, FRATTIIEE T DS A AR
[F) A A 3 PR 5 (RS X PR AT AT R IEAN Do JEHE, 76— MilitaryShip XF%H
—A™ Asteroid XM, BATIAEE ]
void shipAsteroid(GameObject& spaceShip,
GameObject& asteroid);
EARSHIIM . SZhr b, 1T UnknownCollision (5% . KA lookup ZEHEHE
KA, “MilitaryShip” Ml “Asteroid” £E collisionMap T #r#k ek BN AT F]. BHR



MilitaryShip Af LA #E4He— SpaceShip, fH lookup HIAKIEIX — 5.

MH, B&ABAANERKINERE VS WERIRTE ST —EIHEE, JF B EXL
1) 2Rty R BURER P FRAT T I 18 ) — RS R B0 R 73k IRl N s 19
R, BT N AR 20 B 4 ) o
® WIHIEBRER (FIITIE)

Xtk T Em BRI PT A U, EE, T AR SOk 80 NARA T PR
(1o PRk, iRFRATTHMERHILE1E collisionMap FIBFI T iER LG .

HHATTEORE, BATHI B 58 RS BERIRATEN — AL B ek 5, Jedi]
FAIAACZ A E . R ER I AT LR P 0 IR A8 el R b PR R 3, K5 7S
2aRET At

BT DM o FATAT BRI RN — A28, I e SR Bt ah a2 w5 58 & 1
J A BRI B

class CollisionMap {

public:

typedef void (kHitFunctionPtr) (GameObject&, GameObject&) ;
void addEntry(const string& typel,

const string& typeZ2,

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 SRV RRA THE MRS 3 R AT B I A N B8 4, DR 2R R A2 0] 1 e AH . P Al 43
REBERRE. EBAEH] T Ttem E26 IR IR R CollisionMap X G MIAMECH 1, BIAFR



MR ARG A R . CEE AR 22 5K R /TG R O &5, B
VERRATIRAAE AR, S TP G IREFR Ve IO RESE (gt i, 2RAY T1 (R0t Sediishy T2 (X5 F0 T2
ot Gy T1 M4, JCRCRORAFI ) IRk RE, & A Zh3b s AR me &R, N
addEntry #% 8 A &2 symmetric #E%N true.
BT CollisionMap 28, HFANARNG DS 5C & 01 7 Al BLUE #X A Ml
void shipAsteroid(GameObject& spaceShip,
GameOb ject& asteroid);
CollisionMap: :theCollisionMap (). addEntry ("SpaceShip”,
“Asteroid”,
&shipAsteroid) ;
void shipStation(GameObject& spaceShip,
GameOb ject& spaceStation):
CollisionMap: :theCollisionMap (). addEntry ("SpaceShip”,
”SpaceStation”,
&shipStation) ;
void asteroidStation (GameObject& asteroid,
GameOb ject& spaceStation);
CollisionMap: :theCollisionMap (). addEntry (“Asteroid”,
”SpaceStation”,

&asteroidStation) ;

W IFTRARAE I E AR A A WL G RN T i 3 . — T2 ik GameOb ject 12K
FERL S R B P T I . 1K SEHEIZAT I — A NN RIPERETT Y . 3 8h— N5 Bl —
A~ RegisterCollisionFunction Z§:
class RegisterCollisionFunction {
public:
RegisterCollisionFunction (
const string& typel,
const string& type2,
CollisionMap: :HitFunctionPtr collisionFunction,

bool symmetric = true)

CollisionMap::theCollisionMap (). addEntry (typel, type2,

collisionFunction,



symmetric) ;
}
b
FH 2 mr USSR T () — AN 4 Jait Gk E Bl by AT T B 75 2217 e 2K
RegisterCollisionFunction cfl(”SpaceShip”, “Asteroid”,
&shipAsteroid) ;
RegisterCollisionFunction cf2(”SpaceShip”, ”SpaceStation”,
&shipStation) ;
RegisterCollisionFunction cf3(“Asteroid”, ”SpaceStation”,

&asteroidStation) ;

int main(int arge, char * argv[])

{

}
PRI A X 8 4 JRp e A main A3 ARG S T, B0 ATTAE AL A8 pR 25 Py I B 25 A maiin
BRI 2 T W BRI — M IRAE R
class Satellite: public GameObject { ... };:
DL B A~ B 22 Al Ak B bRy
void satelliteShip(GameObject& satellite,
GameOb ject& spaceShip) ;
void satelliteAsteroid(GameObject& satellite,
GameObject& asteroid);
X LG5 R EG R DL [RIRE 7V I N S 3R AN 75 28 SO AR AR
RegisterCollisionFunction cf4(”"Satellite”, ”SpaceShip”,
&satelliteShip) ;
RegisterCollisionFunction cf5(”Satellite”, “Asteroid”,
&satelliteAsteroid) ;
XA AR ST 22 i BE A SO SR MR R R S S AR R A A A 2 R R 45 T map
(RSB, SREFRAT TN hy 2 TSI T g e 0 AT ] ) 7 2 1) 1

® JVF11:
TR, ANIETRA AT SE A 1 o CHARHEFTF A MSE type_info: :name IR [BIME,

ANFIRSEI, HAT X, (Flan, X128 Spaceship, type info::name [f]—SEHLIR
[f] “class SpaceShip”.) BHUFAIW VI &IE I & T RECH) type info XF %A HuhE T %55 —A



K, BENRATEIEN type_info X% H e AN HitMap & N iZ 4% H 24 map<cont

type_info *, HitFunctionPtr>.

8. ZIH

%

TATIRAER] T HAT &5 R4 T, IR YRR IR — 288 TR T AR — 55 1o 5 Js
FHAPA KT CHIRPEFFR I, HR 12 B & N AR R TH TSI A3 Ak
SRR, IX PN SR IR LA D TR G SR AR (R 3R A AR A IR BT e

RIG, BAVIHTEALEF —FEF AT C R CHHR A g, X R S EH BIE 5 22 4k
(RII) R, AR CH+A7 AT BLStE Sy, BT LU I AT 10 25 TR I =y o

G, TR C++iE SHRMELE (The Annotated C++ Reference Manual ) HJGE K
AR G, B S ARUEISAT FETh R AT KR (B, Ttem E49). WTRAREA
SIRPREA SRR, IBAH T REARIZ I — — IR 2B NRTF Lo

8.1 Item M32: FERRHETITRER

FHYHEAAL

TERHAETT RN B, BATMVFRIER AL, HEANRETT VS AT 2R
B2 RN, ARG AR, DA AR, R, (HERAIEIE: J7
e A

U AR RENS TGN ARAL . EPRAURT IO, G BN 65, WRRTIRER, AREDET
AN o BAFRRIEE . R ATREPEAGEOR A TRk, e R ST e AL T AL 5
SRIFIRUE TR R P e Jm B AN S R A o SRR (BRSNS AR AT ) SR AREEAER
KIS IR R NS BRI

FHEARRIN TR, b A ok AR, JF IR T e . XA
RV OB I R ECRE BN 21 e 28 rh B R R A A, T A M 1) e A
RIS R BrSRGEIMABARIZN, DHERIRA SR 2 LUR IS, JF O AL #E
oo BRSO HHT N AT R ECRAE BT IS AT IR R R, eI S AER T 6 L
IBATIERA; BP0 4ES N DOE A R G S EA TN, N AZ AR5 5 T80 N BEf
iR TAR IS

XA — I 700 B CH+il 5 A CRRIA B LR AR GA, A A E R BT .
B, WER— A IPBHEASPAR, ABFURAEI OISR, ] CHIER
BHIEZEA Ttem M26 S7R JIXAMTT. QR ANIEAR B pl et QI fe s rh, A2
MR TIXa—f), H Ttem M27 [R5 20K omIBIX— mlo WIS NIRRT EL R — A0
AR, W e A RBLIEIX S EAE (I Ttem E27). CH+ft 79 KA DIRE.



RAGEERRIE S o FIE S AL X SeRp R s Ia R 7 7R & vt

DKL K T3 #4374 B2 e AR 2 3R R e i e v VR LB (128 o 38 4 demand-paged”
(WQ: “HFZERAL” Z I EED (R, SBAT A RAR A 'S R e 0T B AR 22
KGR S RE PR ? IR — AN R S R, ASCE IR A R RTE 2 AT R
Mo SRR S, W, RUERE AL e S WA, e AR
W, I BANEAR LU b 78T J A58 5 DR S SO 0 BN SR RIS AT FR SR 2R I 3 1 il
FRAREXM (W Item E36),

AL FRAFAN S B A 3% DUR RS R 45, B AN N IXREM ™ AT TIRAE A X A Ml
NERF AT AR 2 (W, Ttem E18). A S 46 pg & M LLSEILN, A4 W EATT N
FAAT o IXHE, ANSAT N A G 1PE 3SR ( BRUNCAS T AR = XA BRI R DU 32 R 4
g FE R, W Ttem E11D,

BT am /MR 83X, eI IR E AN R B B AR ISR B
Mo RN B R AAT AR — 2 EAE RN, T int kAl

ToRkih: HREDRRE NN, A X4l (WQ: SEIEED. flfilssdb s SH A
O A CIRE: ERARAME AT N % S S TR A S R,
ANIEERR . — TS, RERE PRI, A AR A FTLl, EES A CmRS T
WA AL P T A o BEARA R R BRIRE DR, T LA SNSRI R e A AT AR 1k A El
EIEX LR (7 0L Ttem M33 F Item E46).

B TR RIS . BB MR A AT RSN 2, RAATETE R
L R AR AT RS I G5 R A T EE (L Ttem M16D o B g s (O B T (KR 7
WAFPRHE, PR ESEJUENSSH MR R T W R R I AR A R
TEEH AR WA S, ARG A, R SCRIFICE & XA RIS T 5 /E R
NI e SR

KRR B S M T 2RI, e Sy o 0T et he s KeSILAn s i Bk
A (B Ttem E20). HEERTRE, 3 HITG A4 K 44 2 RN SO N RIS W R Bk 0 (AL
Item E31). M6 'FEURIEAM BT, B Fh AT BN IRA R E A e — — B
e YR AE SR (L Ttem M4 Al Ttem B43). M4 iy % RTTI MO BEil, & &
if... then...else BUFIRATEH (FHXZ I Ttem M31, RJGH Ttem E39 LIEFI72).
W, BIGAKZIRAS T, B4 1f. . . then. .. else IEAJHSTHEE R, WREER T A, 1R
ANoe NG B AR BIAEA 15

XA E AL LR A, (ARE T RAAREE E . BR&DEL CHER
FHRY RAE, U2 EEHRiXab:

Wi BB R £, HEEG A delete — LR D 1) B #,

XH, BRI, DRIURA, HAilivl, XAEFERR, WARRTE AR X



FEIN, JEANTREL B A7 HEATTAL) R 4L

class B { ... }; // no virtual dtor needed

class D: public B { ... };

B *pb = new D;

SR, R IIANIX 4 )i, O T

delete pb; // NOW you need the virtual

// destructor in B

XA, AP ARSI AS N — =30 T A delete W) — —52fr LR T EH
TG B (15 Mo WXL T 135, Frfr B R #2005 SReal T X AMEE (g il
(B, — 2B IS ks S BOCE ARSI B I R . XA — D et .

L — T, 5 MEEEIE:

YIR— LTI IEDTFI T T IR TEZETL Il o BN % 1 B 4 kK 2L

WLV, KRR

class string { // from the standard C++ library
public:
“string() :
b
class B { ... }; // no data members with dtors,

// no virtual dtor needed
H B 4hR—NHRE, FHEmE T
class D: public B {
string name; // NOW "B needs to be virtual

I

M, —MKRT B WAETH NN IARA GXEZ G0 T AN 5 A7 B i) oR 2801 1l D
MG RAEZS) e TR R E g A EaE . (HAE RS, /MO N Z /MY
SO o XA BHAEIX AN MY .

F—EES T

YIRZEFRIR KT T ZPTFI I BT TETEAIL 2 IZ K7 P p 2L

PR LG ], A OE AT I A S . H P IR B AR TRER? iR 4
AT R E? kAR R e BIAT A A BT kg e K ?

ARSI H R AR AL —DRIE RS A, 2 R XAt
NEATAEN o ARNEHIHEEINA: W — DR BT AN (R AL
BABX M, EHN A MR R (W Ttem E14). IXFERISEAEIAEFIRE K AL
AT RIERE, I H 2GRN EATIRAERN A RIS . (B, EATRHEM W, |



ST BB ] o A SR S 2R BAME S, e P 2 50 )

AR (78 CHARMEBAT I I string BLEDD B8 T — /N BT R 20T
string 2. AR fARE

TN TR T EHT IR, A G BT ARL A string 87 vibl. FellTH- 2L E
— N string # JITLLE LG & Tl TG AER 4 MR 1k 19 A -

AT I A (175 Bk AR I A (% 18 ?

8%, vbtl HANEAR LK B (W Ttem M24 Al Ttem E14). KEB4 string JEHSLER
RGN A char 455, PrEAEn—"> vptr B string FEHR/ DRI .
Jr LART USSR A AT AN E SEIE, JUHGRN T string IXAESE B s & FEAE IR 33X
(22 Ja T 5w R P PERE IR 20% 840 1) (UL Ttem M16).,

A, A string X R AAF——"& A S LIS D A 57— — i
LR TARAF A char sJ55HHRN e WIZAN TR YL, 4 vptr S§I0AE SR IFA L IR 4 2
1o Axk, ZAPBRIEANBERBEE. (i, T1SO/ANST ARifEZR i3 P iX AR 1) brifE
string ZRAAT — AN ERE AT AL R £ )

SEAT I )2 AR R IR “ BRATEE R AHEAT A string *, FTLAXA A ] 87,
RATRERE LA, EABATHXAS string 2SR P E LA TAC IIT AN B4 I AR PR (1) — 8
Iye FMWBLZITRN G, BN AR CHI SRR EAAN, RN T EREAN .
BN T A string WA REATA BREUR J5 RIS ? A Ry S AT A0 2 ) B B RN 1 B8
ok, Y string #3545 delete X RN T RE TAEA LN, £ string MIFREFAN G| _EAE RTTI
BAERTREAS RN IEAE B ? XA B T s I AN 2 A ey 2

XA 77 R ARSI () SCRS UFR H AR string RIS nl gk 2k 1), (R0
FREFF 5B B B AN E 5 BUOR B B A SO I 2 R AT 4

— AR TR Cr+ A ECRHIEZE K . Ttem M26 #iid T/E A BRHI6 % H A% T Hid,
DL H] auto ptr X GREAEHEP BN S 1 string X 14 AR AL SBATTE,
it S

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

KAV XA

String s(“Future tense C++7);

B, 2, N T AESR AR A A TR LR . iF string 2K,
XARBRES, HRHESR, KRR HE 5B E 1)

IR, AT A B R T E N . RO R A D IAE A ) g e B D4R IRA



REAS 2 B2 BofT I SR e (R ieds) KOl 1. e JEBLAE SCR IREAE BT A, i di
AR P CAT CRED BUE N TIE: RARERRIE R P T R G SR AE IR . &2
A SR B AL P BZ VE RS ARV HCTE o S /N SE R R P 8 A RE L S B E L o IRT 2 Y
MR A2 “R” HEW, TWHEUWE LS T (which often means some time in the
recent past). IXEEHLEEEIL P LA IRA TR EA .
K I 1) 7% 18 U T i n 7 — Le A AR
o FRALERMIE (W ItemE18), HIFIELEER M UL BATHAL H o W2 RAT T Wi 75
K, ARAHIELE Sk 28T,
®  CERURIHE BV T BRI B 1 WA R (L Ttem E46) . HA52875 5 I #ff
fERTA S . i, BEIE$E DURSE R AR, A SR e T IX AR = L
()TE (L Ttem E27)o Btk sr Il (A, Ttem M33).
® U SRBAT BRI URAS BT AL AR IRARES, S A8 A e i, SRR 5 TR )
S, 25 R T H A AT DU BT AT AT 1) AR
AR A BN T RIS R rT I AR, R, CORIERREE R
AR 5y TAE ML E I HEAT IN A AT R A AT o K22 IR A T H OO T BAE ) 5
T, SR A T HAR KA AE AR . RS AREIN, RBEEHEN, fEARKNE
NHREE .

8.2 Item M33: WIERMRAEWIH AHMMER

BRI NS ADNAEIH , ez, EXARIER, KU WRE %3
ARHIABL, EPIFPBI) — — BT ARG — — 5 BRI AL P . AR, W AT B S ISR I K
RAEIXREN:

NIRRT S IEAT IRE I, BT SN /N XS SR 73 A 5 W) LUE FH I P sl 42 £
FATAT o

YA BT

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);

b
EH G TREEF R, HOSWIRAVTF—F T« AXFEAR:
Lizard lizl;

Lizard 1iz2;

Animal *pAnimall = &lizl;

Animal *pAnimal2 = &liz2;

spAnimall = *pAnimal2;

KEAEA S 5, e AT MRIE H R Animal 2808, ESAHICHZ 1
AL Lizard. Z559, R izl M) Animal #5000 M. EREE, 1izl
(¥ Animal 03 Tk BT 1iz2 A, HH Lizard B o wpscg

AN ) B AT AR LA S B . TR B SRR R I A I, Rl
HREERT C A5 LI M B CHFEE 0o Jr B, FATTSOZR R B 43 35 B . T Ttem
M32 FR K, FRATISEZ A Dy B E R IE T AN S R, T BN SR R 25 5 v
e

ARG TSN S S WA B MR 2. WiR Animal: :operator=ji Mg MREL, AP AU
{EE AR A Lizard FREERAE (SOZRHRRAD . K1, FH— F e EE S ke
ft4:

class Animal

public:

virtual Animal& operator=(const Animal& rhs);

b

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 CHiils F Bl AR MBS, FATRT LM ol [ S8 8 (TR BEANHR3 n] 1E Afl ) 2
RIGTHD, AB CH IR R e FAT ] R AR R () S8R . IXRURS Lizard 28H1 Chicken 281K
TP A A ZBHE 25 P AT R AL Andmal ST 5o W/ U, X RARAE JA 10620 T4 X AR
2 AR EVER:

Lizard liz;

Chicken chick;

Animal *pAnimall = &liz;

Animal *pAnimal?2 = &chick;

*pAnimall = *pAnimal2; // assign a chicken to
// a lizard!

RE—ANRE R A3l —A Lizard, A714/2&—4 Chicken. JBAZRIRALAE
CHAPIE AR, Py CrpsmR B S MR e T ARE . AR, DR Animal AOVBE
BB RE KB FATHTIT TG RBRAERI ]

RATAFIRA AL SR A o FRAT I % A VFIE S SR BT HEAT 2R T IAAE, o 4%l nd [R) R ) 4
FRUATIR AR . Herihvd, A TR VFIZXFE:

Animal *pAnimall = &lizl;

Animal *pAnimal2 = &l1iz2;

*pAnimall = *pAnimal2; // assign a lizard to a lizard
TMARAE 11X R

Animal *pAnimall = &liz;

Animal *pAnimal2 = &chick;

*pAnimall = *pAnimal2; // assign a chicken to a lizard



AT EN], ByRi*pAnimal2 IR&5+pAnimal 1 A NEIERR], AR A,
BT TR AN T RIS AT IR R BRI o T, JRA T AL TR A R A AR N4
£ operator=WN A A TR, ZRAUAH AN, FRAT T3 B2 44 30 W 5 358 A

TR LU dynamic _cast (UL ItemM2) RS2, FHEE AL Lizard IR (EH
1E:

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 BREULLE rhs #1554 Lizard 8RR &k 4A*this. WIR rhs A2 Lizard 287,
PR dynamic cast FeH RN bad _cast RSN . (S2bp b, S OFRALE
std::bad_cast, PUAFRAEISATIERIALTy, QA A%, #0 Tar 250 std
e X FRRAEIZAT I UBEE, L Ttem E49 Al Ttem M35).

HMEAIE T S0, XA BRI R ML B Z B M 5 5t — —dynamic_cast A%
FIH—A type_info &ifs; W Ttem M24— — BB H AR F#L—A Lizard W RIRLS ) —
A

Lizard 1izl, 1iz2;

lizl = 1iz2; // no need to perform a
// dynamic cast: this
// assignment must be valid
FRATT AT LAAL BRI A5G 0 1 75 35 0 52 2% JE BiAE 2% dynamic cast, R Lizard 140
ANl RAE
class Lizard: public Animal {
public:
virtual Lizard& operator=(const Animal& rhs) :

Lizard& operator=(const Lizard& rhs); // add this

&
Lizard 1izl, 1iz2;

lizl = 1iz2; // calls operator= taking



// a const Lizard&

Animal *pAnimall = &lizl;

Animal *pAnimal2 = &liz2;
*pAnimall = *pAnimal?2; // calls operator= taking
// a const Animal&
by b, 4T G HABANE operator=, kAL TR A SEEL:
Lizard& Lizard::operator=(const Animal& rhs)
{
return operator

}

IAE XA R BGR I rhs Bl —AS Lizard. W SREE Tl , 3805 (KR AR B4 ok 1R P 5
BN, — bad cast FH L .

YL, ST I dynamic cast HEATZRAUGI, XA KK A7 FHE0 0,
—UEGR PRSI IR AT SCHY dynamic_cast, FrUMEAIE RS EARHNE E AT AT RLE, S
br bAR—5g. SEEEHE, EERMA Lizard 1 Chicken [RIF F 0 250 4E A5 VR AR B8/ o) 410
HER U 3K bad _cast W IAEAHN AL . 40 SRABA AT X A MR 1E, I8 A AN A 115 21
R Kb A5 R A AR T PR 5 56

i th T IXAS ST RE MR R A ) AR AN R BPIRAS IS, AE S IT U5 A b 5 05T B 1 DL
TR BN TVERBEE 5 AT o) A WA AE 8 ) 2 AT 0 2 1 o G SRR RV T 75 G
PEIRAE A, FRATT AL EA S T

R SEAE Animal H¥F operator=8 A private. T4, Lizard %% a] LG E
4 Lizard %1%, Chicken %% nl LUR{E4T Chicken XF5, {HE SR AR BRI A5 1L

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);

b
Lizard 1izl, liz2;

lizl = 1iz2; // fine
Chicken chickl, chick2;

chickl = chick2: // also fine
Animal *pAnimall = &lizl;

Animal *pAnimal2 = &chickl;

*pAnimall = *pAnimal2; // error! attempt to call
// private
Animal: :operator=
A2, Animal 2SR, XATTE IR Animal X§ G 8] A PP 2 3R T

Animal animall, animal2;

animall = animal2; // error! attempt to call
// private
Animal: :operator=
mH, eSS REIEMSEIL Lizard #1 Chicken ZRIIAEERAE, PUMIRA R AR
A BT DT AT I RS AR (B 450 A e B
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 HZ AN [ i) OB S Animal::operator=HHIJ4 protected Kff#k, {H “fLif



Animal X% 0a] FRAE T FELIE Lizard A1 Chicken %%t Animal (I35EFEAT IR0 RAE 7 1
PIAE ] ATISRAFAE . FRIP R4 TP 2

I Ty G 2 HEBR Animal X RIAIRME K, HE A S M SE 7725 Animal #%
% %S, Animal ARERE B, P E T Animal X§ 5 (A1 AE 1) 75
KT o MR, RXFECTAFIE, PO BRATEAI B Y] Animal X GO WI . A
MREZ I TT % A Animal ORISR, FATE—ASF2E —— AbstractAnimal
— =K% Animal. Lizard. Chikcen FJHATJE M, JHEE NG E . RIEHKEEA LA
M AbstractAnimal 47k . 1B UG AR AR FAEIXFE:

AbstractAnimal

I 5E S -
class AbstractAnimal {
protected:
AbstractAnimal& operator=(const AbstractAnimal& rhs);
public:

virtual ~AbstractAnimal () = 0: // see below

I
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

AV LRI AR ZE R 2R VG o (RIS Y TA) (TR AR Fo v, 0 20 T AN [ 288 1Y 1] £
TRAEL A A 115 R A= 2 PRV 52 A2 R i mT AR FH 2 (R B 45 iR e B4, PR & Aniaml
Lizard ={ Chicken KU A AT B, BN XLER R EAE, HAT A HTIA
AbstractAnimal BOR¥F T 8. HE, XLMTEERHMEE, (ALK NS “Hitk T %
VAL AV T R AT R S TERA B T AT A AT AN TEAA AV 1 AN Be g Bl i HE AR AR
NEJARHT

FFAFIX—Y) TAE, AbstractAnimal SEMIUE IR K — — BRI — 2R R £
KEIIELLT S AN BB B R, HAER D WIS DL, AR R 2 — 1
Ul AbstractAnimal IXFERIZE, AT BRECE ARIIAEE R E. BUIN, ARGETTVE 2
AP RS R B0H W O 20 R K X BT R IR O T SCRE 23S, JR2R B T SR AT ) R K (L
Item 14), X§'& 2B R4k AIME— BRIGUS L D JFE SR I € X ZAMSEIE (i1 WL P195,
Item M29),

Ch R SEIE— Al iz ph B AR s TR, ARG EIRAE I . ] — A ek 08 i
AW WAL, EREKRA:

LI TIESPRS(E SN

® (T ISR A IR SEAR S AL S0 G BR K R I A — A« TRk R A (Bl i

ARET “= 07)

SR, HEORHR ) 20 R eR BCER B AT SN, RS R AT A R U AR AT T 20 SE IR
PRI A AN TR AR AT ) R S T R ISP e e i o T L, B S AT A AR SS, s
ORI (W, Ttem MO) BRZCSRI R SEILAEME pRA— MANE WL, (EXT2E BT S, EA R
S, ERALI)

PRAT fig O 20T 3 33X H 8 1) 0 B 2R 4R B AT AR 7D i) 80 i TR B SRR
Animal) FH R WA ENTBAT T, AT REFR I, IBAMASHE, Nk
Hlls A AR IR A BT R SRR 22 A

TOECHETT T LARCh SRR FEZR s IR AT BE:  7ERER, BB Bl Re Bl e bn, Bl
EAIREA « WA E KRR BEA B Bl 5, ARBUAEAU SURHEE ) 1) A 2 CEL 20 H0E 1
B, PREEMFEAMFKI (B0 Ttem M32). WX MR ASEEIEK R, B4
EIAENZ AR R, B EE R A M4k ?

H4n AbstractAnimal JXFERIHIRESFHAT Animal XAFHISEARIES,  HAFAbie HE
FHATLY operator=IR4T 0 5 T T il o BRI T AR B BT 281 n] 6E, XFAT A
I NANT PR ) J5 SRR T Ttem M3o ARTTT, XANEIY B KA AL KAAE R E R L, B
A IR A A nin AR WA A R AT P AR RO R AT B SE A W i, e A AR A AT ) J Y



(concept) Gi& BTG,  BIAEVRIFAFIIE X AT 10 L R A7 A5
UISRARA PN SRS CL A C2 JF FLAREAR C2 AFT4RA H CL, MRV AN 1 4k 2
R = ARG SZ R, R BIE - ASBrhR IS A JER: C1RT C2 AN E 4hK:

) ()
e CHRNC)

Your inital idea Your transformed hierarchy

PG ) T B S AR R S %28 A IRTERE, CL AT C2 A7 360k, X2 W4
EATH AT A R A RS (W Ttem E35). BXUR, VR & IX LStk B2t
Zo T H, AR CHISERX S ILPEH SRR, AT REAE AR T, &3k
T AHIBRRBZI, AW E SRR OL R B8O WA s SCIRE o

XY LS AT BT, REARARE R T R, IRATA
IAZAE BE 2K AR A 2 b B3 AN R AT RN SR A (AN R R R R L 5 ) (to
embody the abstract part of the abstraction) , —/ME&SEARIME NI AR (to
embody the object-generation part of the abstraction)) ? AW i%. WHIRMRKIXAMT,
KA AR R AR Z 2K KRR AR R ZR I DL ), e LS 1Y), g i AR
BT o IR AN ) R G B H A

FCHMZ: A S, i ed] GFHRAEND NSO S84
EEAMIAN AR ? MERIE AT A SR AERRAGE WA I ? HERE PO R R AT 232t
AT kK ?

LT, AIE B AT AR FRR B AL, (HRRSNTE — e 72— T
LG RE HUZ 22 T, (H 2 AT T SR Gl w2 AT R . A, A RS S 8
Lo AT E AR . MR UL, BATAR S TR AR 2L ed] A S & A I (b,
A XTSRRI Gt AL D, IF HEAT DTN a2 AN IR AR 2 AL .

FE— AR B S — R e S, AR RN GG — AR Ch TRRANREE) F
— NSRS O T BRI RS SR, (H2E R ZE, JRATHRE I X A MO 1E
(1) o FRAIAR L I8 S fal St SE IR 1 IXAN R, I HARX A A o R v il B vk R > D3 )
AR LA F AR 5, BV A ATDAS 0 S 0 Y 1 S 28 o S A ARG 7 5 73 A At LA PR
AT HAREE S

EATE —F RG] AR IEAE S R DAL FR RIS L vt SO LI
Bl fa 5, 1R SR EE AR TR P SO AT AR 4 . FRATT R N ] R R IX B4



PR, JF HIX Ll 2 B A% O
R F R U — R b, U — At MVRRIT G T S B SO E s (028
RAAFAE , AFGE MR SCRFEAT, WA AT RI AR AR R SR EATT . 2 A EdE L (for the
concept that a packet represents) REWTF—"MBGIE, N TE—AMREFRALEH 152
WY ANRARIX AT, ARAT LAAE LS 3G 0038 i et B i AN T AR 228 o IS4 AR 88 ni (1)
ot R AN AP AN B g v o (RIX R EE AN, AR A2 CEEXE TR
AR Y AR AR AR ) o ST, MY vt S8 B LU ARV Fe e, X py 78
A REMAN KA ?
RJLBAT € IEMRIESE, (AR WoR: ARATEATE R T RN BB F 12K )L
FREATRER o MR A B AR 7%, IREARIEE ER, JCHRIEIRZLR H R
BT T — e 2R A 2 04T, U R Bev H AR BE B R A S B R Ak T AN e AR
FEATREIN, R4 e N A A 2R h A AL . (R EHERAES, RS AT B
FEPTAAE B AR A, AREAF AT 44k oD
FBERA KBRS Vvt — R B G BTH A2, BRARORORS 18 %5 b el 0 1 Xl
PAKCEATTAH N (A A B . 28 TR AT BRI 8, FRAE AN e AR 2K, 45 21 LU i ZE NS
AAZEIR AT 0 o
TR0 — AW B T A BRIk, EARMER Tk, IR
FE BT YRR 0 R4 1148 LW XI5 “ BRI R ALk 2R
I AN ARSI 7, XA ME TG IR R T . ANEE AU, TR A
A ARAFCRE AN SEAARIR K, IR R T T RIS
XA OIS A WL, P AT R T BATHIR L. 56 =I5 8 CH28 ok, 2R AR
s S ISP TP (R SEAR SRR A H — AN BT R SRS, T AN PEAR FUAT LUy, IREE A
IRANGEAE SR PE LI — DT RIS, DT MR FERR AT IR . AR o
o  \UAFAERSEAIEIRA RIS, TR IRATIEA Ttem JFARIN 15 2 IR 7]
. PRI T REAE Ttem M3 AR i (1504 ) 8

®  XEITES P B R AR 0 58 i AL e B — AN SE BT AR PTG KB 2> DU RE R %S, M
AT K. MR, AIRERA AR BT, IRPTREAEAE RN Z C&rE
AR D SRS S T A ZR 14 .

o JHURIRIKIEGEA IR T R EIARKIH S (M Ttem E40 Ml Ttem E42). BT
B, AR — AR IR N SO B 01, TEAEAR ISR B S B S 4

class Window f{ // this is the library class

public:

virtual void resize(int newWidth, int newHeight);

virtual void repaint() const;



int width() const;
int height() const;
I
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;

P 1 BARAESRIERER T N B DR IR B 2R Bl T BRI HE X
FRPEH ISR R BRI RE ST, DO AR AN 4R 7K
o (ARG (EHIZEEPIZE, TPk IR B RSN RG] . HARRK 5
PRECKAR ALY RETh e ORLLRAEIM AN R BA R . 428, B AR
POV RIE T = WdEDT S TR, (HEAESERK TR HR E TR
KLGERIAG ARSI, PrUARAGAE LA WO RS R R i 8525 . XAV 41T,
EAEA I HUEIE R SRR LU XHR B & CIERATHEN) B oL, K miss 2R
PEAEF T . FEla/ T CLLECRRII P B0, BEIN TR A3t RSBt w] e glecicidt o
e, R RE: ARRERNAZE RIS FEALTAORIISEPERS, fRn] fE i 258
LSt WL (2 0 R s 1] D AW L P A T Y /7 b 0 T T S .9/ w G ST B4 S
IS

8.3 Item M34: UMM 7EF—FE/FHFIREMEH C+H+H1C

VAR, AR EALLG RPN — A ] CH+— ] €, mhin e 4] C 4
FERJEEACTA IR A ] 2 AP R A R 7 — A o BIMEZ IS RE I, BRARANIR] 2 1 s
FELSEIARRRFPE (A int A1 double B KN, 250 EMIR . (HIXAS A UL
AR g 1, B LAME— [ i3m0 G P88 1) 2B R AR E TR . G
C B AR R XA R 8, pr AFE SRR S A i, W ORIRIK CHEmitds Al C i diiii

Py

7



ARG, AN BRI A48, FRaSviath, WAFShAI, Bdnds
P He 7 o
® A

LA, R CHam PER S RPN AR R B — M T T4 F . 72 C XA IR
AL, PR REBER, HILPITA CHEFHAT A (BN, JRIsAT FEak H
W T JL/NRAS ) operator<<Fll operator>>). THAIEA T LRI IHEHEILIT, PINHEHER
JPA H G153 PR 44 R BRI o 44 A8 o B R PP 1) 2 s B Pl 6 R R R 0 44 6 20
—T .

AR RAE BN, BRBASEWIR WERARIRA >R drawl ine 1M 4 B
W e xyzzy, IR AT drawline, ASFERIEIEM obj SCHFHIHIIE xyzzy
16

WA drawLine A7F C AT, B2 — D AR BIECER 7o R CHSC 05 12k
SRR RO

void drawLine(int x1, int yl, int x2, int y2):

AR A4 b 2 ] drawLineo BENIARE IR I H A 20 158 2 B 5 Ay i) P 44 A2 4 i 1)
PR BTV R

drawLine(a, b, ¢, d): // call to unmangled function name
obj SCAH IR FH ) A -
xyzzy(a, b, ¢, d): // call to mangled function mame

fH4R drawLine & —4> C BRAL, obj U (B RNATERLEZ LM PaEH
HiPEJE 1) drawLine BREISRIY drawLine; WA A LHBME. UK KN obj U HEE A FE
FEit, REAF 2] — MR, UM BERERR P AE 4R xyzzy RIRREL, A XFE I & HUAF A

TR PIXAN ), AR TP VR VR CH 8w e g AN BEAEIX A bR 3 BT 4478 He . IR
ANIHEE N AL EE 5 5 M R Edi AT #4784, a1 C. {44+ Fortran, LISP, Forth il e, (&
), 3 JLg 7rp R Al COBOL, {H IS AR 4513 21414 2 (Yes, what-have-you would include
COBOL, but then what would you have? )) B2, WRIRIFH N4 FH drawline [¥] C
BE, e Sbr ERiY drawLine, RA obj SCIFNAZEEXFERI— G, A5 T HEAT
T AR A o

AR LA AR, AEH] CH+ extern * C fR7:

// declare a function called drawlLine; don’ t mangle

// its name

extern “C”

void drawLine(int x1, int yl, int x2, int y2):

ANELUHH A extern 'C, AN IZFFES —1 extern ' Pascal’ fil extern



"FORTRAN" o & H1, BDAE CrpsfEi . AR extern * C F AR IR EE ] C
WEEN, NAZEEREH YA BNz A E R C 51— FEmdE AT . (AR
s&, extern’ O EEZRXARKEA C 58, HXNMEEBRIALAENE AWM. AEWMT, &
SRR g BT O

B, W RAER DB E — AR, AR AT LU E Y extern " C

// this function is in assembler — don’ t mangle its name

extern "C” void twiddleBits (unsigned char bits);

PREEZ AT LLLE CHR L I extern” C o IXAEARHT CH+'5 —ANEL AT LB 1E H %
JUEHINAT ] o 345 1K CHpR B A2 AR e, ARI% )R] LIS I ARGEFE 1K 2R ELRL )
45, AN FHASE FH AR (1) 9 196 A2 B PR AR 480 5 1 44

// the following C++ function is designed for use outside

// C++ and should not have its name mangled

extern “C” void simulate(int iterations);

2, A MR B T A A, RN REGRIN extern” O S 1. SEAF
XE S, extern " C AR —A R EU AR, B AT —REKFR 5 .

extern 7C” { // 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);

}

XFEAEH extern * C ajAk 7 i HSLE LA Z0 [ I i C++F1 C A FH I Sk ST ) TAE . 4 H]
CHImPERT, RN extern *C 5 (HA C4miFny, ANIZIXFE. Wit HAE CHdmifas e
X% __cplusplus, ARATLAKE KO A LUGIXE

#ifdef 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

MRAE S, BAThRER) A AR o AN [ ) G 1 45 ) LABE A8 HIAS R PR AR 075 5K
111755 LA [ RO 20 1 s A2 I A o T PRI oo A R A (100 20 56 o5 18 D [ A ) A2
W, AR A EAVE RS Z A DE, WIS HEROR B T ARSI obj
SO, BT BERS BINAZ B R, DN RS K44 T ARG XM RIS T, AP REIEAT
Fog e rhmg s, FLek B e L R SRR

o HEMIIRM
FEHAR T A5, PRE R — A CHR s £ main AT RTAIAT 5 #AT K RAC

TR AT o JEIHAE, FRASIZRNT G SCAEA R IR i 44 25 1A HR PR sl ST e R 2R G2 ) A
IR ECEFEAE main BEHATHTRB I . XA RS YILM (S0, Ttem E4T). XFI
TADN C++F1 C FEFP I N B, FATT— AT main HERPIIAN . [FFE, W #s
WA A2 BN A SRS TR R R T P AT M R B, XA AR R A main G5 0R
BATZ )G .

N TR main O NAZE SO AT, i 50T EEAE main O $0ET i w R 3 R P s 1) e,
VFZ I iEAR(E main O FBITARAEHEAN T — MR R AL HE kAot s A WIaat. Rk,
G PEARAE main O GARALIRAN T — R ECRIT IR S P AR A I O ok GO b

int main(int argc, char *argv[])

{

performStaticlnitialization() ; // generated by the
// implementation

the statements you put in main go here;

performStaticDestruction() ; // generated by the
// implementation

}

AN E K X 4 P . B H performStaticInitialization() Al
performStaticDestruction ()l H & H I 4 5, 2t WIKRRE CXINAEARIY obj ST
O A BRI . B WA CH i SR H X T S I S A R K i A 0]
%, BrAE main O &M CHE 1), XU GOr BT IR AL o« XA XA A AR BT Ry
ARG T s, R RS e CHE R, MR ZH] CH+5 main O B

AMNERAKM €5 main () A RS —— WAFR P H 5 72 C 1, Cr+ oy K& — A3
. SR, XA CHER W RES A AN R (AR A, UG REsE ——Z2 M Tten
M32), FrPAH C++5 main O P3RBT E R KIFANREREIRTF EE S IRE) C 4. HZ0H
C Hifmain () 14K realMain (), RJEH C+ICA I main () YW realMain () :

extern “C” // implement this



int realMain(int argc, char *argv[]); // function in C

int main(int argc, char *argv[]) // write this in C++

{

return realMain(argc, argv);

}

XA, Sl I R R SR AR S A

WARAGEH C++'5 main O, VREEATBRGTT , DA AT H & T DR SR B K R A
WA BRI T o ARVERCT, FUR IR LU BRI — 28 o it A7 i AT A A
)@, JLPafiR gt 7 —ANEOMAR 2R E Shif ST AL R ST IR R o S8 IR K2
PR B AN, 4230 K B SOR BN R A 77 T

® FENFIHE
IAER BB A WAL AT HOWAE AT 8. C++38 7048 ] new Al delete (Z W, Ttem M8),

C #HEH] malloc (ERHAZIE) F free. N new 7}HLHIAAFEH] delete B, malloc
ECHINAEI free B8, IRtk H free B new Z}FCHINAFE delete BETK
malloc Z}RCIINAE, AT HEAE L. WA, MEZ0ERZ: BRI new Al delete 5
mallco Fl free MEAT ™A% (MIFH 25 o

YA Z) o B NRXAMRRE (HARJT () 1 strdup pREL EIFANE C M CHARiE Gz
ATEED v, HURH DL

char * strdup (const char *ps); // return a copy of the

// string pointed to by ps

SR WA, strdup I FHAG LOURE I strdup O R RCEI N AF. (HIX N AFIX
2RI M delete? ] free? WERARIAMI strdup K AT C BREUEH, a2 m+#E. Wk
Al CHEIN, WARAZTTE . A strdup JEPT T EAMMEAE, EARRIMEERS
AR, AEANFI GRS N AN o D IX A A RS R I, AT R S U IS S AN
FRUEZAT Y (2L Ttem E49 Fl Ttem M35) HEA M (ERZEUHENEE T 1
PR
o HuRGIHKIFRANE

5B e RURAE G+l C Z [RAR s . ANnTRELL C e S T ¢ CHIHeEm, &1
MRS HAL R EAE C A s M Lo BRI, ARVS R, WA P RSAR I 7 VAR AR 3 o0 B i i
PR R A BRI R EL 4 C BIRAL. (H0E, C Tmieelr, FrDAAEARIY CHA1 C 4uitds
AP A IR S PR S TR ) R R L2 A AT B ) G AR RN 1) A R 1R R R
FIRASHLA BREHARE . HARM, SSRFINEEZETY (W int. char 55) AR AT 3 Hiilid

BRI CH+rp ) struct FORRIISHEZS T C i, B “AE M 2Rgm Peas F o IR — 45
Ry R 42 [ (0 7 AT AR F 7 & 24 i) o IXFERISE R T LAAE CHA1 C WL 2z iR miq i . 4



RARAE CHRRARIIN T AR R, S A S AAT A, ITEL, RATHERE R B 450 (B

IO M RIAETEAME C PR R (FLE SCRUR 3 11X 888 S e Sy WD . 18

e PR ESCRS S AR R FO BORAE ] MR A S (B0 Ttem M24), MBS

(H) FEATARAR NG5, 0 H WL AL E M, T LA SRR 45t AL C s A T

ABIRETHNN S, G588 AE CHM C Z[REX PR AR S Bl 4 M) ot 2 42 () — — A C++

AC R PRPERIAE R € SORBEAT A 19 o A5 CHHRRCAS 3 I AR 52 18 53 oA AV AS S i e sk, H
JUT B I SRR AR -

o n4s
U RARLE [F]—FE e FIRS C+5 C 9mfs, 4 N FeS .

® iR CHAT C Gias ) Al 1 obj SCF.

RAEPIRNE 5 N AT R BRI extern " C

HEwrfg, M C+5 main(.

B delete BEFY new S AL NAF; S free BEIX malloc 2} LK AT o

R AE PRI E 5 W) A% 33 1) 2R Y BRTBIE ) C 2 108 (0 Bt 2 A RO YL TR A 5 S5 R ) C++
FRASTT LA 55 AR R 8 04 BR

8.4 Ttem M35: ik HCJIBMEARHE C+HHES

[ 1990 4E LK, (The Annotated C++ Reference Manual ) (JLJES P285, .
HEF L)) AU S 2% T IR AT AR A 202 CrA A 24 A2 2 e isUs
[RIX AR, C+HF) ISO/ANST ARt e R A T KRNV T (EERY 700 AR AU
T, eC&eAEHT .
75 CARM) ZJ5 CH+RAERIAR AR s T 5 R 1O RFE B . PRIk, R 1
IR, AR CHrdE R (ARMY L iliadk (1) B R AN [R) S AR T
ISO/ANST CHHrtfEf2] 1 LG PERS I A BEF TR, AR AT TR 2% tH F IR 22 23 4 11,
SEREIF GUTIAERS CH R B ] I IR RS %21 76 CARMY 2 J5 R AE IR d AN
PUR A2
® BN TOEEEE: RTTI. fiv4 2500, bool, J&HET: mutable Fl explicit, XIAZS
M ERHRAE, CRAERIE UT WAL const static BUAALHE .
&  BUNBE T IR RVE T BUARTR, BN T AR S TR, AR R A
RVFERMSH, BT LR AT A CAE AR S 4.
® e ALEARANAL T S RN A AR S PRI T S RS RS A, unexpected ()
PR BCELAE 0] U bad_exception X% T .
& N E KRB T: WINT operator new[]F1 operator deletel[]pR%Y,
operator new/new [ 175 A7) BC RN REIE HH— N2, A —ANRE 0 CAR



S HIRAMEERE, (W Effective C++ Ttem 7)
® BN TR ;. static cast. dynamic cast. const cast, Al
reinterpret casto
® IEEMNHET T EE X i AR, FOR ARSI ILES T Can
RFRIR [ G B 5g |, URAESE AT LR [BRAE R % Fastsis | D,
I I o) S R AR A JUREAT T RS R ML S
Y KB A FR A T (The Design and Evolution of C++ ) (JLJES P285, [f¥k:
HEFATDD . DUAER) CHERIE OREEF 1994 LR D Mz s 7Edl. Ak
BUABA , BAPFE D Fhh, ABUE T L] 7R rn B X 2R . fkn
et WERIIE.
CHH R IX B A A AR HEIZAT PR (AR T T BE SR Rt AL, BRAEISAT BB AE A%
B E ARG XRE s . #10, (The Design and Evolution of C++) JLT-¥AHE Kbz
AT DHEBATEE B AE AT Lol N, A ISAT AR 1994 4F )5 R AL T AR H BRI A1 .
FRUEBAT M e A RIS (W, Effective C++ Ttem 49) :
®  SCRRARUE CIBATHE. AHIHEL, CHASRICAE RO . BEAT T —Lean il i,
U4 CHRRAR CIBATFEMR. T C++ 50 )™ i IR 2R ARG A, (HILThRERICR, 1 C iz
TP EAREN), 15 CHhil B AR
®  UFF string HA, FRifk CrHB AT EESEILALIN AT AP Mike Vilot B 50 “ Wik
A FRER string 88, B2 T4 17 (RO MEh ) Fif—T,
AR 75 R TR — — At CHHBATIEA T string 28,
®  SCREARMIL . RIS A FIR R, DRSS EHAN ) HERe 24 R
i 3 B AR - - SEAF I A AN R A 2 A5 o ARAEIS AT XS A HAR (1 SR T I K [7) I
PR ) S XA FH AR
® SRR 1/0 BAE. WRISAT PEURA A IR BAAE CHbrifErh, (HARHEZ L2 AE T /NI
kb o BRI B LR T CRRAZ iostram Fl fstram), H7r25u8:4 T (filln,
PL string AL stringstream 2854 T LA chars AL AlifY) strstream 28, PLLE
CASAM A strstream 87D, (AFRERISHIIEAR T BE S ME T LURT I SL LM A
TyE-
® RRHUFIEH. BEL CHEURBLRIARN, BEMNTIESTE. Ji5h, ig
TR TR 28 (valarray) DAARIRIE . IXLECZH S L 8 7 () 44l
AELFMPERE, LHAEZ CPU RGN 1847 FEAREAL T 35355 HI 138 S ek 2 n
PR AN AR
®  SCRREHA SIS . bRk CHHB AT T AU RIS B, TR A R AEASTRR
JFE (STL). STL fEbsifk C++a AT B S A AOHR o JRREAE T eI e ik



TEAH STL R, A2 HERRUE C++HIZAT PR P ANREPE o

W AEBATEEN I LPATAT AR GRS . EA TS, RIRBLIZATEE T ¥ string
%, sEhr LA, HSE, AN basic string KR TR, e
—ATFRIRB N SHCR MG P, XAE B RER IR char #5. wide char i\ Unicode char

e

AT H AR string 284E M basic string<char> S I o« P T8 B FH A5 it
]z, ARUEIBATEEAE T — MR AT X

typedef basic_string<char> string;

X H ARG TR Z 407, A basic string B =NS8R T8 MM
TRIASH. WA string KB, UARAIXAN AR LMF basic_string:

template<class charT,

class traits = string char_ traits<charT>,
class Allocator = allocator>
class basic_string;

T string BRUFANG TIN5 S0, REYSEA e SUEFS & R I W ) A2 1
B TR TG B HIAFN string MR, BUHEX L RF AT A, s Hl 0 Alss string
FIPA7, 1A basic string BARABAELL IR IE X LE

Wit string 28N R I IEUTVE — — AN AT ARG HET A — — Wbt CHHis AT
FE) 2 RH . 10stream? GRS —DMRBSEYE TIEANTIRIE . FH? IR
— A B BHIGE T BT S AR . Valarray? Bl —ANBRHISHER I T 4040 B4
TH Ao WRARAABS, DAL IE A B LHLZ

ANTEATE RS AR HEISAT PR LT T WAL S A T E) std e ZEARAEH
BRAEIEAT I BT ) 25 V4 1 T R R 48 WIS AT FE R AR, ARl LA using $R7REUAEA (BET7
1)) using W] (W Effective C++ Ttem 28). “EIEMIJE, XFHE TH/E/R#include
RSk SR B AT
® IRUEREAR B

BRAE CHHIZAT T 55 K (T P 3t A2 STL, FRvfERSTRR A . (BRh CHag AT FEh LT BT 4k
PEAR AR, XA STL A B AW T o AN, 84T P2y LIy, A FAGE
TP 2EIR, OEBAERR M T IX AN

STL AR Al RERL MR 2 — — R 40K 24— — CHHIZATPEMSEH, It LLRGR B IR B AR TR
HURRELER . BN, STL T AN EAMS: A% (container). iEHT
(iterator) ML (algorithms). WA P EA N G INELE, EPETRERH WS
LR BE L [R)AE FH FR B A ) B (R B — R STL IR RS s RN A AR AT Ab 3
(FIRREL, Tl IR 7R 5B .



PAR—N C+ (F1C) PRI, oK 5 PR STL BRNE T o JU) Ak Sl —
s MR AR AT CLIE AR S A AT S oo 3R eI B Y IR AN e 3R
WARSR ) TS EEE TR, ek R B S IR I AR T AT sk PR XA T
g, AR R ARE Lo

FATTAT AR X S R R S BAE B rh A — MR E M R B 0 —NERER AL, R
HrT e IXFE:

int * find(int *begin, int *end, int value)

{

while (begin != end && *begin != value) ++begin;
return begin;

}

AN RHE begin 5 end 2 8] CAELHE end— —end $8 ] WIRIEE A4 Va Mo 8D &
tk value, R[BIZE—AMEA value T E; WHREGEHI], ©ix[H end,

R[] end SRR RER B, FHRKA LS, 2k [5] 0 (NULL F55F) A& B LFE 2 55 NULL
BEKRTE HR, HIFAZERET “4f 7. find () B&ECD SR [HIRE A FREHE >R R I AR R,
B HMM S, end #8455 NULL F8EFSCRAHF . (R, WIRA T ZEE 201K, end FRETFFEHE H
e A A SR L NULL 45447

ZFYL, RXATREANRARSEIL find O BTV, AHEARATISERRI), & e R
IF. &5E NI, kR STL (1 EAR.

PRAT LK A48 Find O pR%L:

int values[50];

int *firstFive = find(values, // search the range
values+50, // values[0] — values[49]
5); // for the value 5
if (firstFive != values+h0) { // did the search succeed?
// yes
}
else {

// no, the search failed
}
PRt m LU A B A K0
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 BR &L BB BRI e I mext int BB ERAE, Frilernl DLSEPR B2 — M

template<class T>

T % find(T *begin, T *end, const T& value)

{

while (begin != end && *begin != value) ++begin;
return begin;

}

TERE TSRS, VIR “AA8” B T “A% const BUGIH] 7o BRUMEIAE AT LLAL FRAT:
BRET, TAIAEAH BN T ERFXHHERET, SMAENSEREA G
BREONIHT A4 R K T o T A% 51 CEANT ZERE AT RAE RN 50, ATt % 1A IT
By (Z0 Effective C++ Ttem 22).

XABARE S, AHE W LA 19 s, {57 begin #l end LIERIE. R “A
P L. RBIH. TTZR A (B0 More Effective C++ Ttem M6). #% U1 ) b % vl
fEHTH), 20 More Effective C++ Item M19). Xl E3Ai 1 A B A, Frlh
fHABRSE] find O K BEAEFHFREE? A A R VF B SRR SR AR RN R e ? IXFE — Rl
AFLLKE find O AMPAHRCE USRS P AR K. ldn, AT DO — ANk e —AN KR4
X%, FOATS A ERER AL B ORI BRI N — TR

XHLE STL HEFE T AN . I TRl b Tt A AE STL B AR B RIREN X £
EATE Ttem M28 TR R IFREFE L, FURRIUIREHIThREE s K. HAELR AR,
EATRISEHUE T T FRERIE .

A TR AR N RS 7 ROMES,  FATAT LU S AU £ind O P EYIRE. 05
J ) 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;



IRE ORI TS'S T AR P2 (1) — 843 o STL rPAL & T 1R 24 A 28 2 I3k 4% 1 I 5
%, find()2HP 2z,

STL "R A28 bitset. vector. list. deque. queue. priority—queue. stack.
set flmap, RA]CALEIAPAR—288 B4R £ind O, #d0:

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))
i, FRWT BRI, X RIETAE R A R — A A, HE
—HER: AR FUZDAZANE find O WA A5

L0 Tist XfRWH] find O, ARLAERBE— DRI Tist RS —AJom ks A —
AN Tist e —NICEMIER T WIR list AR, BH L, ROAIRTGIE
HE list REAEIM. 24, list CRIHEITHT STL AR —H) Bt Hta i e
# begin O Fl end () o IXUE 53 bR HOR IR T 75 ZLERE 7, AHRMESS find O H.

4 find O PAT TN, BOAR[El—NELE X R AR MBI R CWRITCEAE) 5L
charList. end ) CUTSRBEA U« BUMIRAFIIE 1ist &8 ASEI, BrU i eiisniE list
NI IERE TR E AT, T, REAKIE find OREITFARBIS? L e s
STL MBS —FE, list fFERAE 7B SRt 7 — AR HE X, iterator g list
BT ] R £ 2R A . BESR charList f&— MU char ) list, ‘& A HEBIKIESE -8
#ie list{char>::iterator (gte LHifIH] D, (A STL R dedesihs L
T PANESE 2R, iterator Ml const_iterator. i — NI, 5N 4R 1 const
X IFRE D

FIRE 7B e AiE T30 STL fgsas. thabh, CHHREHb 2 STL kST, Fbh, &
I ] 7B BTG A STL 1) £ind O R4

int values[50];

int *firstFive = find(values, values+50, 5); // fine, calls
// STL find
STL HSRAEH ) 8o e FUR WO T 38 A [FIAE RO U PR SASEAR R o BBUBE A . STL 1R R4 it 4
7] begin O Fl end O IXFEMIRREL, IXLLpRHR MIZEAY g SUAE LSRN IIEFE T AT 5. STL 5T
VR HAT B 8 7 0 AR AEIX 282K STL (RIk % 7L T-Hakt . iXait STL 4ih. &8



PER IR AR Z U, BEAT R R E . 2 RN SASAONT o JOR, S e AT e s R A

XFECT HA AR STL 2R 7. FRATLAE STL SR A S a4, &
TEMEEFE T o BRI STL (N, STL P A B8 vl LIRS0, IR s b
WAMEH] STL ISR, 28R, AR AN S O bRIE CHEa AT 803, (HEA TR R
RIRER G 1%, JF AT ]

CHHBAT T ILA 2 KA E R ARV o AEURBE R BT ISAT AT, IR 20k i 3
FE3X ) LHIAE L2 2 IR0, fEURAE'S A O STL SRARIIGT, IR T L STL
TN Bt CHHBATPELL CIsATEERRRE T, LN R R AE E R (S Ttem E49).,
BeAh, FERBOEA TR GEA. W7, nEdl, mde TR WA . i
5 S hRUE CHIZAT I, ARASGEK T ARANE A A2 BRI AR A SRR AET, fRtoRe 22 2]
D] B R AE ] CH+ ke, RS R e v B A AT

9. HX

9.1 HEFZY)

FTREPRRT CH+ AR BE IR R AL o AHHL, A EZ— 2450, LLRFIH IS
Ct BER BEIOHERE o BARA LRI, R AL TN . A FRISE UK.
e B, IR IR
o 3%

Crt BRERT T, Brise g8 R BRI NI 5 sh 2 b o BIFRF L ITAX
SRS, A AR 2, HIRMAR L, P ARMAREL, AR

NHEIFHCRIAS R R A OAE Cr+ AT A Rl 21 [ ) it 52 o oAl 45
MR, IR A AR, B AT UG HES .

WA THEFAS ] BTG, WAZRMFE . BRARRIRR PR i S w oy
PRUESCAEZ TB) (Lo e 5, 77 DB DLk [ 13 AT T

® 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 U S AT A, R T OB Bt 2 N A SR P —.
T RTCIENE FhHE L3R5 478 . The Annotated C++ Reference Manual W44
A oEtE CEMRZAR, CH SO 7 — S8l SR E— W4aK 35), MR C4eid <,
{HE AR IETE S5 A0 T TH CELFE templates Fll exceptions) M fES 2% 14k . The Annotated

C++ Reference Manual iy M) F/, K i s5 R The Design and Evolution of C++ 2



H, MERR/K S Standard Template Library (ML4kaK 35) M1} i. XS FFEAA L ) HR M
ARG, ENESHEBE, HURRA TIX T RINARTE, SR EIIE T i#
CHto

IR Cr+ B H MARERER T ) — S B4, WA HELLS b o B S e
5.

® The C++ Programming Language (Third Edition), BjarneStroustrup,

Addison-Wesley, 1997, ISBN 0-201-88954-4.

M CH+ B F UG, Stroustrup M9 BT, SEAE. N DAAhRAEMG . A i
RN EEAEAT HAB A Z o flX] CH+ IEFHREIERIR, TR T XA B w5, %
EEEUEY, WWERB AL B S O bRfEREUEM O SR, R T Cr &
TR — A RN

W RARRER 5 BTE S AL, S5 BB A Ras i C++, AT AB BT 55— A

® [Effective C++ Second Edition: 50 Specific Ways to Improve YourPrograms

andDesigns, Scott Meyers, Addison—Wesley, 1998, ISBN0O-201-92488-9.

IR WG RATS, H A CAT SRR AL 18 .

H— A PREHMIRN Effective CH+ ZA%Z, (HE EHAR.

® (++ Strategies and Tactics, Robert Murray, Addison—Wesley, 1993, ISBN

0-201-56382-7.

Murray FJ457E template AHSCBEHH I IHIRF 5, M/EX Lotk T s, 57—
BYER TN C P RITAESR C+ PR ] XANEZEH . X reference counting (ZH]
WL 445k 29) BITHEIRIE LA C++ Strategies and Tactics FIWLE A 3Rt .

U SRR T A I R o2 SRR RN, R I A A IR

® (+ Programming Style, Tom Cargill, Addison-Wesley, 1992, ISBN

0-201-56365-7.

B RE—, —FFRAARE e AT RAT I C++ AR B, 7Ry ] IE A e T3
e, /1R Cargill JRIAMREHI— WEMH— AR, S T REH IUBRBI M A A
RIWBHE$e, R W SAEgoE . LIRS AT R EE. SRR E SR — A1,
BRARLesl . i b iot, PR RE, EH Y. BAME. RSB, A
REMR VRS B ) f e AT C++ FEEUOE, el 0 IS5 A [ ) AR U N, Bl g B
Db A FATTH R

C++ Programming Style WA M —A T /& exceptions, Cargill HUBILKIET
R R R T RERE IR B AE L SCwe v, Zo0SREAT, A AEH TTHXT exception fk
R4 (Tl exception—safe) | HUFEZ, FCIRIAERE B K ER 4 A2 2 O3 17 At ) 5 DR HE -

“"Exception Handling: A False Sense of Security, ” C++ Report, Volume 6, Number9,



November-December 1994, pages 21-24.

WIRARERL exceptions A, ZhTZ it seiend 1R CH.

— HARRHE T G+ FEAT, HER TR, RAZIE B C R

® Advanced C++: Programming Styles and Idioms, James

Coplien, Addison-Wesley, 1992, ISBN 0-201-54855-0.

HHARIL TN the LSD book” (ifiE: Lysergic Acid Diethylamide f&—Fhik4)Zy),
A A R ORI B, 1 HESEIRE O AEZHRK . Coplien iink HeAt HELM WM Z=AL, H
Al B T AR SR S R UR AT A C++ AR AN LA BRI AR R 1) 4

WS R /R LR E R D INES /K Sl LU [ R S 11587 1 QR S 1 B T P L BB [ o
(strong typing) M ? M5 R —ANT5i% . AEAERXPATIN N classes I EBERFAIRG 205 2
b R R AR AT EAT o KER G I, ARORHE S 2 A T ROA A HOR FTHE, b b, {5
A7 N A IX L ARG AT DLER BEAR T B RN T ) R ) A 2

WA, Ebis T CH+ A DUgE A gt . XABAIaeIRaz 4, wlREAIR:
R, AHREBIRELE Y, REMASE AT —FE Gy C++ T

URARFT B MISEAE C++ FEaUE, IWE DL TP, HBgvie i 5.

® Designing and Coding Reusable C++, Martin D. Carroll andMargaret A.

Ellis, Addison-Wesley, 1995, ISBN 0-201-51284-X.

Carroll M Ellis tig TR VTHFISEAE L AOVFZ SEHITT ), X 2877 1) A A
Ang . IR ER R S R AT R BS TR, {E template HIULIATRAER &
W IR, T HARE . WA AN N IR B IR RE— IR, i DUR DA 25T BT
Designing and Coding Reusable C++ KilFIXSeHl &y, JEARAEILSL MRS, IR UL
PRPTIZEFER H bR

ABARE BV AT N AR BT, ARE N % E B XA D

® Scientific and Engineering C++, John J. Barton and Lee R.Nackman,

Addison—Wesley, 1994, ISBN 0-201-53393-6.

AR ES — 4 4 FORTRAN R 2 D3 iR C++ (X W] AR AR H M TAE), (2 g
T 5 B A LT B MTAT 4. bt templates WIS VZigH, WEG &, Xk
Vi BT b et N, B — BARE X E/EE DL templates SERUMATIE, RFFE
ANEUCAPTIE templates RN &L macros I — s BT Lo

IESE R E S 1R AR TT KRR patterns Y2k (W p123). XA TR A :

® 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.
XARFRTA patterns WARMMS, $4E T 00T, HEBTTERAEAR 7] R AR %



YURZ 23 MEA patterns, HMILAZZREEH . AR NBIRX G708 H %, JLT—E v Lk 3]
MR A BN AT R I pattern. TMIRIN R JLF-— i 2 R B I B VAR
IR BT patterns HF%, L OB AP S R RIFR AR 2R
AFITEIXLEAFR, AT RES 3G AR AR ) 7] = 2 TRIPA 38 L S Lo P ) S A A N A o]
B, A RER AR B AN (L3R 32 A1 33D

Design Patterns tBPA CD-ROM [KI/EX 2.

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 T
FM CH+ BEHIHE A I SAKAT, SXATI IS AR 35 e — 10 Sl «

® (C++ Report, SIGS Publications, New York, NY.

AT T — DPETE R E, FE"C+ only” HSERL. ANl th R RRE N 5%y
JE AN R R GAT RINRE A B T, IF BB IRGS, Bt LABIAE C++ Jy i R b4 5 2K THE
JEAMEER |, BT = VIR ARAT B {E .

WRAREAR C FJR C++, BURWTARAR A I C++ Report I A, BRVFAT EAYEIX A
TP h R LERF 5 B O RN S

® (/C++ Users Journal, Miller Freeman, Inc., Lawrence, KS.

WIHLAFRTR, XA C A Crro o Crv SCRERR A LI ZOK, L C++ Report
PR IR BEAh, SR xT A O LT RAR SR, By AT A SO A B 2t XA Bt
REUE BT BIL SN R RS, A IX B R VAR IER 2] [80H ] SRl .

® [E&At#E (Usenet Newsgroups)
H A Usenet WHBHFLIEN CH+ XK@, — MR AT LA 2 ie

& comp. lang. c++o IEXMNIGITHATRTTAAZ T, MNEB R BRI A it 18, 20536 E L
(PIREPLAT GREEWEVE U C++ IR, WEVEEIT IR C++ R, P B At SO AR A b OB e i b <5
KBNS, #A L EATHEHE LGRS R RZE T BRARRA EA /MR A His ), 3
AR iz HE DA R R 07 R P 1K) /N 22 o 3% — AN RUL I AN, RSN 2 g !

1995 4 11 H, — 2 L AT K comp. lang. e+ HE/E T o XA 4N
comp. lang. c++. moderated HJRRHE, WML C++ KIAHR TR —iHE, HERFA
SRR T & LR BRI Ze B# Wi %4k Con—line FAQ, #7714 Frequently
Asked Questions) CUHHEMM R, HKM (AERN TAH2). BUERCKEfG Cr+ ReslOTk
B FEASCAN B R (1) 1 i

NG A AR comp. std. e+, ERIEIR CH+ FRERUS TG . 1HF 71
LR MBIR TR o W RARIBIR BN CH+ ] E AL THE R E— B A lRl%,



SRR A I SRR I AR AL B [ RAR/ 2R L
Wi AR RS L HE

9.2 —~ auto_ptr HIZIRLH)

Ttems M9. M10. E26. E31 Al E32 UEWI T auto ptr BIMCEAIAER S5 M1EH . AEM
T, HATRAD A g v as it 7—A> “1E6” Sl GF 1. Ttems M9 F1M28 KEHA T
REAH OB A, (HAFSLERIH NAT A EVES ARG T

NS auot_ptr BSEHL. MR SCRIAL T 28R4 I FAE S 1 1 SUARSR IHI S
T T B PR e 5 AN AR T AT R B % R B S A i SO T SR L, B A
KA A, BUNEERA KR DN 3 E k. {2, auto ptr Hug—AMjH
26, PrRUE NSRS — MEWS 2 .

AT L1 D Y auto_ptr AR

template<class T>

class auto ptr {

public:
explicit auto ptr(T *p = 0); // Ttem M5 f “explicitfor”
// WA
template<class U> // 5 VIR IE PRE R DAAR AR
auto ptr(auto ptr<U>& rhs); // (W Ttem M28):

/) H R — AR
// auto ptr X%
// WIEH—AN B H) auto_ptr Xf 4

“auto ptr();

template<class U> /) WRABEHRAE B AR
auto_ptr<T>& // (UL Ttem M28):
operator=(auto_ptr<U>& rhs) ; /) ARG
// auto_ptr XG4 e IR
T& operator*() const; // W Ttem M28
T* operator—>() const; // WL Ttem M28
T# get() const; // RIS
/] HTTE
T* release(); /) TR
/] AL

[/ IR i



void reset (T *p = 0); // MBS,
// SRIFFEER p BIPTAE AL

private:

T *pointee;
template<class U> // AEFTA ) auto_ptr 2K
friend class auto ptr<U>; // N R 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;

& T BREUE XA AR ) auto_ptr BHR . WIRETIL, &2 el K-
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()

{



T *o0ldPointee = 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>;
I

U AR BT (R 4 P 3SR AN S “explicit”, W] LL224sthHl#define BUW € IAAAE:

#define explicit

XA auto_ptr AT DIRENRSS, HSBURMI 2SS . TN Ttem M5,

U SRR A AN SRR I G REAR, R AT U P AR BEAR ) auto ptr +% DUk e BONIR A
PAE (FIARTE Ttem M28). XWFi AR auto ptr 7EAFH _BA LS/ NNIATTE, (HEA I
EITERERT A B AT MR L R B G R (it S B SR D SRR
B, HUMRI eSS bR o B 1 P BROBT IR S, RO R R S AT
® JEI:

XFEZEPY auto_ptr IARAEKAE R — HEAE . HEAHR R T 1997 4F 11
Ho HAIN A ZH AR ET . HE, WK auto ptr BUARTESEIL E G IE 2UATE H AR 41
W AN SEBR - auto ptr A2 T A F A std (W, Ttem M35) I HH 54 B2
HREAIUATAT 75

9.3 1 C++ FiEYHENE (Objects Counting in C+) BF: B

76 CH o1, XA class B A2tk objects CREFIEMMTHEL, MR, B
AR T — LA

GEFEE: AR (R Z4i& 2001/08 (W30, BREMy, HoAW. &AiFE
MrEkstiE S (R ) MG NI NEE RS R, BEUhth, Digamuss, JEwiEi. K
MRS E SR N, AT NI 20K I S AL 2K

P s ACkREFHAWILE C++ Standard kFEHWE., (BEXXHNEER/TES C++ Standard.,
PR RS, RIS DU RSO R 0 LN G S i AR E



client : ity o

type: G Ayt o AN AT AUARTETR Y, ASCEEN [R5 ) e [288]
instantiated: EItb. [E%—4 template, HARSZHLH —32ik] B E,
instance: SEAR. TSR] SR R R PR

parameter: 24, BB, BE.

argument: I BFRSE AR, KA.

F A class, object, data member, member function, constructor, destructor,
template ZEARTE, BIREARE,

HI iz, 720 BARAR Y, AREATTE & B JE Ry o 284001, R ARA A
class 424 Widget, RAYHEAFM ML PR PAT R A TEAAAEH 20> Widget
objects. Jj¥kEZ — (CMEZL SR HEZRIEM) w2k Widget #HER—A static 11K
%, BFY Widget constructor N, WO ZTHEESIN—, A4 Widget destructor #EMF
n, ez B AMRE T E—A static B PAZS howMany (), FIKIEIHR H Y
fEEZ /DA Widget objects. IR Widget AHEEESHEA, i FURIBERI objects /ML,
bi PN Sy G PN SrY =

class Widget {

public:
Widget () { ++count; }
Widget (const Widget&) { ++count; }
“Widget () { ——count; }

static size t howMany ()
{ return count; }

private:
static size t count;

&

// count MYE . IXNAZBAE— AR

size t Widget::count = 0;

EA ARG Al T SE/EH copy constructor, PRIAZPEAS HBkN Widget 7~
HIIRAS copy constructor ANEIIENS count Hi—-

WRIR R TEN Widget MOTECTAE, ROL5ER T RIS . (B RIS M4
% classes UHFRKTECTAE. — ST ESR LSS AVURIMAER, ik Pok
B PR R A AT B A R, Elraeief Lk T4
(object—counting) FEIUAGEBEEAK, MEREWHATAT class RIS BIARM ARV 1%
FEE LA A

o AT — BT EBAE RSN class Wit Uil N ) TAE. B AR
O, AT DA S, AR SR [RERIZM AR objects FEATIIE |
LA o

® R — M AT PR BT AT AR B ) 23 18 BN R o

® LR ue — AMHRERRIEMHRI . (AT R B SRS E R 1%

B, T2 ERERE . £ CH b, ISR & SOL Rk 21
IIEREALARATT R T AN R AT 4D



BE—1, M, R SRR N E W [ E] B0, L B E
bro X EGVF AR BT AR AR 2 R M o S L A A AR P AR P I R AR o s RN S AEIX AT
Y BB IR T
® new, delete, F1 Exceptions

HARRIE O A g o TS AHOQ IR, 38 AV FRAT AR S I D4 21— ML
TR o EATBAZ [ constructors EH R, new fl delete ZIHFIKER] .
MARESR Cr+ BhASRLE —A object, MREGXFEHAH new 12457:K:
class ABCD { ... }; // ABCD = “A Big Complex Datatype”

ABCD *p = new ABCD; // X2 new zH I

XA new IBHAME XALEE S EHOLME, HAT AU EIE SR, et
HiG. H—, EFM—%N operator new FIICIZARLE K. XK P THERZIK L
B 50— ABCD object M2k, WIERECE LN, new &% X4 T kpinei —/> ABCD
constructor, fE operator new $kH HJAERZ¥E] 7 —A4> ABCD object.

{B3E, ¥ operator new EH—4 std::bad alloc Fh, <XER? R RHEEKR,
SR EICNZARIES R T o 15 LRI new B850, A WANRR AT BE A X FE) 5 o
H—/~& operator new, EAEH I EBHICIZAKICE A ABCD object. i ANk
FORATI) ABCD constructor, ‘B4R AEERCIZARTFE S — N AR ABCD object.

R KH operator new, RN A LALLM E Hi K AR TR operator new
By ABCD constructor KW, REZEMR—MFFipl LR operator new it & HIidiZ
R . WERAIERE, AUk RACIZRE R (memory leak) o Zui (& 2K ™
AE—A~ ABCD object HIABEAEZAL) An] G S0 2 i M — > pR 20Uk H i o

ZAELICK, X2 CH brdER R ) — N, 1995 = H, C++ WL ka7 —
AR WRAE new IBH A BEHAIR, operator new Bt B 1G24 I 1B 4K ) constructor
EHFE, PATIARS (runtime system) HLAZH BRI operator new AL E H K1)
1A EXANREILENVEH operator delete $iAT, ML RML operator new. (PEWA IR
BHYFEHWNM [placement new F1 placement delete] o )

EZAS [new 128 F operator delete Z[AIMKR] , SERMCEE [WIETHEHL
Wil AR, AR .

o THEYMHNE (Counting Objects)

Bt Eo s s, WARRER A [ ] 1 class. XA class

FREREVHRR (LR TE2M5) M RE/RI Widget class:
/) A e, A YRR AT BEIXAE v HEAME 1R
class Counter {

public:

Counter () { ++count; }

Counter (const Counter&) { ++count; }

“Counter () { ——count:; }

static size t howMany ()

{ return count; }
private:
static size t count;
I
[/ AR IRATATYAR AR IBAE — N SEERS
size t Counter::count = 0;

KH ML, ] classes MR T 20 RPN 4, HFEMH Counter
KA TAERI AT o A3 WA B 2 173250 LS8 XI55, Horh 22 —J& e X—> Counter
object, 'R N— class data member, RIiXF:

// TEFREEUA) class N HR— Counter object.
class Widget {
public:



..... // Widget HAMIPTA public ik,
/] HRIRAEIXHL,

static size t howMany ()

{ return Counter: :howMany(); }

private:
..... // Widget ZHMPTH private B,
// WAL
Counter c;

I
F— NI Counter 44 base class, fRIXFf:
// A TERE ) class 4k [ Counter
class Widget: public Counter {
..... // Widget ZAMPTAH public A,
/] HIRAEIXHL
private:
..... // Widget ZAMPTA private Kid,
/] AR IXHL

PR EILE S AN . A e 1280, BATLIE R, BA B U H iR T DA
WIEAE. FAER Counter WIEASYME count. IXFERIERSMM NG —A, BRI
B BE—AMEH Counter [¥) class #ER— o 28+, WERIRATFTHNT Widgets Fil ABCDs
T, FRANTTFHEPIA static size t objects, MAZ 4. il Counter::count J& N
nonstatic, FFAREMEGLIXAN I, KFRATTEFENZ NEEA class #EGE— IS, A
& NEBE object HEF—NIHEES .

B Cr+ Hl) M NFMEAFR o0 3 10— AN, FRATm nT AR B AR ZE AT N «
AT LI Counter JHHEE—4 template A, #R{Bib&F—MEEA LA Counter [f] class,

[LLE KN template 51%] AILHIXA template.

iE L. Counter AR — template:
template<typename T>
class Counter {
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; // IAEIX—AT 0] ABGHR LR P T,

T A TR PR 55— P S R 5 R A
/) EFEE class T FHNHk— Counter<T> object.
class Widget {
public:

static size t howMany ()

{return Counter<Widget>::howMany () ;}
private:



Counter<Widget> c;
b

B RMETR (ARARE) AR A X
/) AETRELEUR class T 4k7& A Counter<T>
class Widget: public Counter<Widget> {

HEEAEX MG, A E WK Counter HUAXCA Counter<Widget>. —WiFAH
P, H—MEA Counter 1 class, #LLVEACHSIEL, HIHIAA template.

[fE—A class ', LLAHCH template 514k, AILH—4 template, 5HCAEH] ,
IXPPSRIE e R Jim Coplien AJF. MBUAZFIET AN C++) JRRIXMPERS, FHRRIL
J—A [curiously recurring Cifi i #iE*AH)) template pattern| [V 1]. FAIN Jim
WX 44, Ak, feftt—  pattern CFFS. BEXD  (RFIA IR LA BT B 44 R G 15
%, I EAERL, A pattern FIAFRTEEL, MR G 2K —AN2FR, ok
[T AEE, afrfict | 20

patterns Ffr e —MER, TAILFFAE K. ALEBETFSHZXA pattern TR
41 [Do It For Me| XA, WAL, H— [# Counter f=4AH KK class] , #EfE
WBERXT [# Counter HEWAL ] MIHEAS class, $fE—FiARS:, tHHEINAEZ /DA objects.
FTLL, class Counter<Widget> RJ P4 Widget B4 %%, class Counter<ABCD> W] LA
TH ABCD (AT H

WAE, Counter EX T —A“ template, AEWIRABITakgbANR I il, #nlLUs/E, B
DLERATIE T R M )02, VP ICAEDNS ()5 B R 55 o FRATTH— NI An A, XS R #1m 55

[T MURENAZAR R 75 31 . FIRTE A SIRE 2 25 R FRATT, gk v by ikt
i G, PR BRI N [Counter /&> base class] , BEHHLERLIE L—A>
Counter data member, JfEE KA HE LAEH — howMany () PAMi#Z Counter [t howMany ()
[ 2] BARZFEM TAEEARERZ (Kl howMany () HFF & ANR L inline R0
R — R AT LU S R Sy 28 . i DL BRAT 1 et e ik st .
® /[ PublicInheritance (AFF4k&)

iRk A Bt 2 BT LARE IR, 2 C+ fRIE, B39 derived class object
R (BRI B, AP base class B 5CH M (BURHIMHM) o il Counter Y
A—A> base class, {EREMIIR: £FXI4k& H Counter [ class, 34— object #r~
R, — S — Counter constructor BX destructor #M,

SRIM, AT L B4 base classes IXANF @, MAZEIC virtual destructors.
Counter NWIZAHXFE—NRIGE? JIFH) C++ DS R e, 28, NIz —
virtual destructor. WHR'EEH, WE A 1ELL 4 base class pointer HKAHER—4
derived class object I, &SFECANMH CRAw 0O MR, i HIEH A0
class Widget: public Counter<Widget>

{...};

Counter<Widget> *pw =
new Widget; // 345 —> base class pointer,
// ¥8In— derived class object,
delete pw; // WK SECRIMLGER — WA base class
/) = — virtual destructor.

W HIAT AR e AT T SR & A iR EIRFE A AR A G 2 A4, AT T9)
P8 B EE N AL 2RI, Kk, iXJ& Counter Wi%f 4~ virtual destructor
5 ZY R

T AT SRR B AERCR (MR TR TR AT A = 2 2 (1) S A AT
FEEBD , HIERAEIX RIE ] — R0 KA, virtual destructor (SATTREFIEAZD 1
HIL, BUREE—A Counter (EILATAZZRND [ objects RN E—A (K1) L



febr, MXSEEMPERR/N — W e A I3 i G [ 3] a2,
Wi Widget A& IFFATMERIR, BHIH Widget MR SN AkEK T
Counter<Widget> T /N 7K. TATAREEBIXMFHIL.

ME— kS T, Rt —HPvk, BHIER S [I&Ed—4 base class pointer MlEk
— derived class object] . ¥ Counter #[¥] operator delete T4 private, {
T — M EtEE B IME:
template<typename T>
class Counter {
public:
private:

void operator delete(void%);

Hant—Xk, delete 128 TCIEG BTN :

class Widget: public Counter<Widget> { ... };
Counter<Widget> *pw = new Widget; ......
delete pw; // #tiiz. BKEAFRAIICIEMEL private operator delete

HEAY, A, BIEABKE, new & AWAN ZE LY :
Counter<Widget> *pw =

new Widget; // X—47Niz ikl gk,

// TAA operator delete J& private

B2 — FF R new, delete, exceptions (F%) MIVTiE, il C++ HIHAT
AL (runtime system) TR operator new HC'E 2 — S8 4k ghigny
[ constructor KIMKTE. [FIINWIEFHMZ—F, operator delete J&HIRMATICIZIARIL
FIEMRN. HIATA T Counter [#] operator delete E 4 private, XA{EfF [#5H
new, $4 objects j7/EJA heap| KA K

S, KRHREMR, MRIRRIg IS A SRS, SN (TR, I
RIAT A2 BRI . BRIb 2 A Ao HAL B B vk et BHiE T3S Counter* pointer PR
derived class objects | A ERATEAIEZE[ 7E Counter i E —4> virtual destructor |
AL CeagiRAEDERZ B , FrPAFUL, RIS XA B, ERA =)
WAE [ —4 Counter data member| Liff.
® fififl—/ Data Member

TMoagad 7 [1E—4 Counter data member | IXF T s K MIHL s % by 4200
I X — Counter data member JF#EE— inline JixfJ howMany ( ), Fl¢mgny
Counter [ howMany () PRz, XL TAELLIRATA BN N Romfe A8 Ly, 27 %%, |
EIEARTAME S HIEE B, (g, BRI ZAMNEA S — AN S class BE—A
Counter data member, {F4FE<P #KH objects MIAK/N.

ZIVPIRA FR A EE R 7R B3, H9n—4> data member 1MJ3EL objects K
ANBETL, ARG ? SR A IR, FAR—AR, iR Counter 1€ X:
template<typename T>
class Counter {
public:

Counter () :

Counter (const Counter&) :

“Counter () :

static size t howMany () ;
private:

static size t count;

&



T IS nonstatic data members, EMEEE—HBIN  Counter [f) object H:
SO W AR ARV . WIFERATS AR — D514 Counter [ object, K/NA 07 BiF
W, fHARFEAIEM . fEX— i b, CH FIRIASIE 2. Ty objects #5227 1 byte [¥)
KN, HEREBMEIZLEE objects AL nonstatic data members. FRIEIXFEHIE X, N
HILH Counter template [I&F— class, sizeof &3k IEME. Frblg— THS
—/)> Counter object] [ class ¥t AN Counter object] FHIHHZL Bk,

BB, XIFARES®R—A [AF Counter] 1) class, HA/Mh—Eth [HHE—A
Counter ] [FOLZBA T RIMAR, HOER AL FHAIBR S| (alignment restrictions) TJfg
SIERGEI . 25T, R class Widget WA bytes %Rl HARGE KL
4-byte RHATIAFHES], FrilsE—A Widget object KrNE WA bytes FMA, 1M
sizeof (Widget) MIZEHRA 4. WH, wEEmAEOBAE, GEdsilme [ETeerrR
INAETRE 0] X554, AR char 4% CounterdWidget> W, JIFPEE
sizeof (Widget) IBJEA%M] 4, ZfF Widget WE—4 Counter<Widget> object JRNKR. Y
S A Counter<Widget> object AXAUBAR T JRAMAN A KIHAS bytes HH—A. A
b, IEHFARE WS, BUERA TSR G Wt — TR ) E4En, feemudtt
XN O

PATHPEAS BITFAa s, 2028 5 S0 QEM H B2 R 0K, XRVrReig kiR
T, FAWMHROIXNEZWNH. ., WERPBECLIBAL T . REMWHEA
SR, PR LR B PR REAT BR AT R A AN e T o
® f#f] PrivateInheritance (FAFH k&)

B ANX B, I FBEATLACN Counter H &> virtual
destructor:
class Widget: public Counter<Widget>
{...}h
Counter<Widget> *pw = new Widget;

delete
pw; // SEGRE XK CRENFD g8 —
// W Counter #t=Z —4> virtual destructor.

T RIATG G # 0 [P delete iz FEAMAILE | MPHIEX— RAIENE, HEK
IR, AFERHBBRIE T new EH X MMIAIG 12t BRibz Ak, A7 HAD L AR VG o 3 AT
A PAZE ). FRATTATPAZE L —A™ Widget* pointer (IXj& new MI[RME(E) R A —
A~ Counter<Widget>* pointer. #AJi&ii, FATAT LR LR AR R 3 bR B0 ek . -
ATIME— 5 A 2 Tpublic 27K ] SCh [private 4k ] .
class Widget: private Counter<Widget>
(...}

Counter<Widget> *pw =
new Widget; // t5iR! B HERREH K (implicit conversion) AJLA
// ¥ Widget* #:k Counter<Widget>*

AL, BAURFF LRI, LA Counter Mh base class, FEASHENN Widget MK/
— WRF Widget FAZAMRRIA/NHECITE. 2, FRETERA WIS FEAR, BAE
class IR/ANA 0, (HE — W, IHARKITIEMEL. ROESDE, BAEM—
A objects HIR/NK 0o CH+ FRUERURS BIAHRIERE, —A> derived object ZH(¥)

[base—class Ffir] IR/NATBUE 00 ZHSE b, 2 gmifds il ITEm [ 2 A5k
AL FiA ] (empty base optimization) [T 4],

R, WHE— Widget W& —4 Counter, Widget B K/N—E<Hn. KA Counter
(1) data member SERJEINHC, MAZMANK base-class ifiy, PIEBIEIET KA,
Han S Widget 4k7KH Counter, ZmiFasflifsLlMG Widget MIR/MRFFEFSSRGE. XAH
SRS [eAZ AR RS AR H B 28 A B v h iR B s (SR | e, $E T —A
HEPHN: 2 [private 4k | Il [ &5 AR (containment, composition) | #BHETEK



MIFEH N, REIEH [private 4k | . (Fd: X ENZ FH Scott Meyers [
(Effective C++2/e) 45K 42 Mk, %43 AR —BEE WK, WL [private 4kzk
M TEAHAR] Weese AR H I, REERE AR SRIMEIREE, AN XA
BOEH M. D

AR BT LT TE 6 ESE R T AR 2K, B IR R4 B [ 28 A 2EAE ) i
fEfk]  C(empty base optimization) MJREJ), Witk—K [4k7#H Counter| X—FSA AN
SEEINN ZEA AN, 1eAh, BT Counter member functions #BAZIAE inlin PR
Ko EFEMBIIR LR T 22 K, FOWTHESEZ 1 Counter member functions H#Ak
PR, BLLpt 4 Bl CH+ IENY, 1) private 4RARMLHIRAE IR TR UER — [
FEER ] U derived—class objects #24f% base—class objects —FEHUAGEE.,  (4FIH,
AN, EIFELENT Ay Widget MIFEFH MTRES B LL—> Widget LAAMRIZE IR EIL L
Counter, WmtEii, fihralfeil Widget 4k& H Counter<Gidget>. FKXFIXFPalFEMEFT KL
PR E: A, D

EFER w0 i F AR A S A, T Ref NSk v, dbn] DATEfR ., AT
private k7L, EUR howMany () SSERTARMIT R private, BrARTAEZ I 220
N using declaration, fii howMany( ) &k public, A BE#Y 2T :
class Widget: private Counter<Widget> {
public:

// il howMany &4 public

using Counter<Widget>::howMany;

..... // Widget TR A LS
I
class ABCD: private Counter<ABCD> {
public:

// il howMany J& 4 public

using Counter<ABCD>: :howMany;

..... // ABCD FIFRI iR 43 AT A%

XIS HF A $E namespaces (x4 78 BIgmikdsim 5, LA EHBW T L H IHATH)
FHZGRk e (HIEABEED -
class Widget: private Counter<Widget> {
public:

// il howMany & & public

Counter<Widget>: :howMany;

..... // Widget FIFIEREAI AL

2, FREPAT [P e R, DL BB Rz T HEs TR P i
REIS R class AN 1) K classes, WAUSPFtE: ¥ Counter & A —A
base class Jfil: howMany ( ) "J#HCH [7E 5]

SR PRAMLH I, & F BNAME A B IIE O 55— B I T Cambiguity ).
RBERAFTEX Widgets VL, MEAIA LI NI EEM—EH . — W5 Enx,
A1 Widget 4k H Counter<Widget>, Jf% Widget::howMany( ) A& public. IfE
B BA1H —1 class SpecialWidget, UL public JF4kaAk H Widget, A1 EHIRMLLS
SpecialWidget fifH# 141 Widget Al = Frfie =2 MR . ¥ ), 754 SpecialWidget
47k B Counter<SpecialWidget> B[,

{HIX LT AR PR Cambiguity) HH) 8. ME— howMany () %} SpecialWidget Ifij
TARHEIE? E4kK T Widget HUHAS, BEZkZAK H Counter<SpecialWidget> [
AN ATV, &K H CounterdSpecialWidget> AN, (H/ZFATEIMNELEAM
5 SpecialWidget: :howMany ( ) FUIGHL T U FRATH O SB[, B2
Hiff) inline pRZ:
class SpecialWidget: public Widget,



private Counter<{SpecialWidget> {

static size t howMany ()
{ return Counter<SpecialWidget>: :howMany(); }

I TAS FH AR AN LR 5E A BT AE ] BI5E —AN R g, Widget: thowMany () 1%
[FIEAS HALFE Widget objects IANEL, WALHE Widget ATAEZEA T~ 24EN objects. Wl
W Widget MME—ATEZRAIE SpecialWidget, Ti—4EA i Widget FRNZHPFFI—=A>
SpecialWidgets 744, FBEE Widget::howMany( ) #4%[0] 8, Hesx, H—A
SpecialWidget MIEEMY, tHIRII 2358 ISR (Widget 4D MR,

o FHE
DL EOm e R 77 B L AT 1

® WL TAE B AL AN IAE, (H A B ARG R IR EE R 5. J2H “Do It
For Me” pattern (Coplien FTiBf{ “curiously recurring template pattern”)
AT Re =R IE RGeS . 1B private QhRMLE], W] ISR ALY 1F £ Re
15 XA KGR AN o

® UWRInANLSIER: [4k& 1T — empty class| 80 [ W& HEAS class object A
data member | B}, 2k ECRUFRIERE, S RVFE S

® it C++ R—U)% S EAE heap objects FENIBIIE P ML 8E 4 /2 A 0 A2 A IR T
(memory leaks), FrLANZTF2H 2] operator new ZFExUhd, W75 £ 2
X ) operator delete.

® Counter class template HAETAREEHA Y, HAZTTEH— object. TH
R, DR, R n] DL E HIERAH T4kapUi ] sk [ 246 (A6 HR],
FER L[] — A N R X R 22 R AN ) b i A FH AN [ 1R SRS o

o FESEFERE
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[2] 3 —FpJji e 20 Widget: thowMany (), b7 EHHTNY
Counter<Widget>: :howMany (). R, WAL HKMES, BITEMIEHRATASE howMany ()
s& Widget AIHIF—HS4.
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[6] RN IXA R — AR A4k, TRk Widget PA Counter<Widget> iI%
YA IF A XA EERE Widget MR ATH, HEEARVF
Counter<Widget>: :howMany () # HEEIFN . FIHIXANZ S AN M IS REihie
FEZTE
o H—IHIEY

R AR B S B 2500 new 1 delete HUZATY, 1EU3E Dan Saks #F CUJ 1997 4—
AZE-BAF LR, B2 More Effective C++ (Addison—Wesley, 1996) 4%iX 8.
U AR 2 ISR 4 Cobject—counting) [, ALFEAAMTIREIZFEAS class A
AL IR EL, 15F More Effective C++ 253K 26,

o B



Mark Rodgers, Damien Watkins, Marco Dalla Gasperina, #i1 Bobby Schmidt % -%f4s
RS T LR L AT WAL, AR SCHEVFZ DI T LI .

o f{EXk

Scott Meyers Wi F4E Effective C++ &5 A More Effective C++ [FEE (W
ANPHEH Addison Wesley i) o YRATLAM http://www. aristeia. com FRF| T LA7 Iid
iy AR ARSI TRE . PEE:  (Effective C++) 25 R Meyers %) 3t
o X¥
Mgk, HHEERA, L1 C++/Java/00P/GP/DP. 5 AHIE 1 S PR IIKA TEAR, LA
() ST R IR Z IR o
® sidebar : Placement new 5 placement delete

malloc( ) 7E C++ PHIXEEY)E operator new, free( ) fE C++ H X0 EEYINIE
operator delete. 1 malloc() K& free() ANAIHIZESE, operator new fll operator delete
HR AT ARG HAk, HAAR AN il 452 5 BERRAS RN SRR B3 1XX operator new
Kt — I 1EMf, (HE 2L, A X operator delete tHAAZ,

operator new [JIEHARIC (signature) J&:
void * operator new(size t) throw (std::bad alloc);

CONBRAEER, Tk, BIGZIZEZN& exception specifications (FyE: it Lk
(1) throw (std::bad alloc)), B EATAIF H Al ) E MG %V R . Doperator
new MEZENMA GBS IHT 22, JrLA—A> operator new HEZRA T e KX AT
void * operator new(size t, void *whereToPutObject)

{ return whereToPutObject; }

EAFFIRIA) operator new $E5%2—NEIAME) voids 514, FRHUILER AN Z LT
BEFEHR o HIAEANRFIRTE AR CH+ AnvE AR Q2 rh 2 anuth i Wi A H CE A TAZR LY <new>),
BRI T — M@ B S FR: “placement new” . XANUAREILHILHE: ARVFREY 5
H [—A object MAZUEA P ICIZMAMTAL]

BEAG I [l 25, AR [ BSRAAMS 135 (1) operator new WUA, HASHTHTKH] placement
new IXPMARIE . 5L FIXADMRIECLHEICH CH+ bR, Kk, 2 C++ R k3
Pridn) placement new BRI, AAIFTRIABERE FRIEAS [FREASN—A voidk &%, H
CLFE B B TA T AL | IRRAS, (H ] RE 2 FRTRLE [ o B s — M2 size_t 514k
W2 | AR operator new WA, fuff FiAp=, tWAFEIHAL [513E 2 | 1) operator new

iR v, IO SRR EICIZARRC B N, “placement new” B [operator new
PIFEAN AR, 2285150 o IXAARTEAEHL AL & o] g A= S (HBRAMIATIRELIRN,
Bk, B, WRARTFEE 24070, WEEE AR RETINIBE Y.

FI placement new &ML, RifE “placement delete” W [operator delete [JHAMAR,
P51 %] o operator delete HJ [IEH | FRidUnF:
void operator delete (void%) ;

JITEL, AEMTRAR) operator delete, HEEZMGIHZIA FIRK) voidx, HiE—4
placement delete PRZ(.

IAELERATE RIA SIS I — A 3. 24 heap object fEEEMIANZH—7H,
SR BRER? PR R LA XA BT
class ABCD { ... }:

ABCD *p = new ABCD;

st =4z ABCD object B FEU T — AN RIAIMESCHAIRH, WikRHkE ABCD
@R, operator delete 2x HEhHMuiE, B operator new FriicE HJciZA. HnR
operator new #ZHAL, TEIUKAAT? WRAFRRAN operator new LAA[E )77 2UHC E
IR, AL SCR WAl 2 operator delete WIMA[KINTE % /G BAMA REIEMIRE BOCIZAA? AT,
W ABCD object Z&UA placement new FoEHISKE (B FIHXFE) , XAZWi:
void *objectBuffer = getPointerToStaticBuffer() ;

ABCD #p = new (objectBuffer) ABCD; // TE—MMHFSZEMX P E—A ABCD object




ERIA placement new FEAFLEATA LM, & M LRI —ANEFR, FRIAIBASE T
B2 RS SR IX . WKL, AFEEATARE RS E

IRWAR, operator delete FRHUIATZN (HEARIEILH N2 operator new AT KD
WAL EACZ AR BRI operator new JRASTIE o
H TR R AN SRR T AR R 2 operator new (AT ], C++ hnifER
RSP RET C+, U operator delete tREEWHE 2 3tk . 24 heap object Y] constructor
TR, AR SOE Y — 48, WRIERRIR) operator delete AR, Bb—Ji
KA RN, XL IR N IA S Rl 2 operator new fRA,

WA AT — AT placement delete FRAIANEELRENE XTIV A [ e 2
placement new FZIANEEL |, IEE, Wi AN AT operator delete #{Ml ., A /&, operator
new AT AT R FE WA AR FR . X IA LS [placement Kl [ operator new, iX
W, A EATT AN IE RS B2 SR, — B &, iR A — B 2 B [ placement
il 1) operator new, VRN iZPZHE— NI EENK [placement Jix | operator deletes
W, KD IR e 2 EN VAT 3% placement delete. IXFhZmiFEssirr=4 kIR AT,
R LT A5 52 52 — N2 AR (memory leak) o HITHLAE heap object @A —A
S ER, FAANSHITMA NAERR constructor Mt 2 B8 EC & IIC 214

P MRPEFR AR, GNU C++ 2.9, Borland C++Builder 40, Microsoft Visual C++
6.0 =FIFREC L LIE placement A operator delete, EH AL Visual C++ %A
NG, 24 [TREFT—MEAH placement delete HIEIANZEEHENS K N AL M e 2
placement new HZAPEH] I, Visual C++ B R—PNELIHE:
no matching operator delete found; memory will not be freed if initialization throws
an exception.

9.4 N BEIRWRSEZAE operator—>* (Implementing operator—>* for Smart Pointers) #&

e BRB

FEREE: AR (FEFR) 2E 2001/09 K. PREEINM, HoRW. &EE
MRk seAdE S (7)) ZeE s N¥ e AE% fo, Faihtt, CUEEMEEEE, R . K
MRS S N AR, AT B 20K I SC A 2

PRE: DUN2ARSCHTRH M LA SIS BB R RS -

client : Vi o

type: T Shyak G RN HAB AT AUARTEVRYE, AR TR ) mdE (2R3 .
instantiated: HIbL. [£%— template, EARSZHLH —3s2ifh] M,
instance: SEAk. TZ4] ] RETRIPEE.

parameter: 24, B, BE.

argument: 18 BRRSE B, KB

user—defined: ffH#H B E

2A class, object, data member, member function, constructor, destructor,

template ZEARE, HIRFATE.

BIRPEES More Effective C++: 35 Ways to Improve Your Programs and Designs
(Addison-Wesley, 1995) K, FAILAHETT T —ASF @ RHEfePR (smart pointers) o
S50, BRNVF 2, P R AN 8K H Andrei Alexandrescu, fiblnF): [—
MNHEIFEH B Gedabr, 1ZA1%5T operator—>% S &b ? IRM ARG L H AJBEE
) o W, FAMAKRE DA NBEA, Brolkueilit. TrA s RE R EEE XL,
b [SEIL operator—>*| TZ, b KA BWHKAHT) templates iz
® Ki[¥ operator->*

WERARIN L K 2 B 00—, AR KA I operator—>%. BRI, 7EFRARFE UnAT
K REFRARSEAEIXAS operator A, AR — T 'EMHNEIT N



RBEEH A class C, — MRy pmf , LRI C EEE member function, PAA—/>
fitr pc, HLUFRIA C object. BAFiEHA:

(pc—>#*pmf) O ;  // #E #pc 5 LMl member function *pmf.,

S1E [pe FraMIRAS object] & EMuid pmf FrigMIEA member function. —uifE
AANFR 7R, — 48R member functions HIFRFR, HAT MR —M kN Fahs,
SRR R e 2 BRI UR G, FAGE pe—xpmf (RN SR E, Bh
Gikas bl T

pc—>*pmf O ;  // #5iR!

LA -
pc—>* (pmf () ; // HiR!
L e Wil
class Wombat { // wombats FWRWNEFZ K —FE L3509,
public: /] FERRA S,
int dig(); // A&[Hl depth dug
int sleep(); // A&A] time slept

b

typedef int (Wombat::*PWMF) (); // PWMF: —/Mg[n Wombat member function FKJF&HR.
Wombat *pw = new Wombat;

PWMF pmf = &Wombat::dig; // % pmf 5[ Wombat::dig

(pw—>*pmf) () ; // IXF pw->dig () ; AHHF
pmf = &Wombat: :sleep; // % pmf 5[ Wombat::sleep
(pw—>%pmf) () ; // IXF pw—>sleep(); AHIA .

® 7% operator->* TSI

MG VF 285 F—Hf, operator—>* g I al: EEZWATIE HIAVEN X fe TR
FRIAE operator—>xif, ILAGIHUEMNMERedRlR, fam— MR T ik, A5 150E
NER, $8IA) class T [~ member function. FFAY operator—>*2 1%, FAIXIL[A[fE
fHME— R S 2 e — 280, e —A TeeXrrn ] o FrLl, operator— >*
(R R 20 & He AT Toperator () (T function call operator) 13 LUMIATHR F 1 (1)
ARV . operator—>% [P [REAEAR R — AN B A (1)L R SE R R Y, BT PAFRIE operator—>%
AL B BIFR A PMEC, =B —> “Pending Member Function Call.”
XS/, A RTRN TR ASIR KBS (pseudocode) -

o 1% — (pseudocode)

class PMFC { // “Pending Member Function Call”
public:
return type operator() ( parameters ) const; // PR (1)
b
template<typename T // template, FHA T &Redahr, W LIZIE operator—>%,
class SP {
public:

const PMFC operator—>%( return type (T::*pmf) ( parameters ) ) const;
// FEE(2)

1
// EE: B (DB return type 1 parameters AZIFN (2) "IN N )52 4 —FE,



HARE—/> PMFC object #AREKAE —ANARIEEIIFEIY: FFAY operator—>* U 2
member function, [t member function Fl PMFEC: :operator () A iIf; a0 &%) 56 AH A
T i, FfBi% T ) member functions ANEEZATAT S E (FYBIRSFEIGIX TR ED |
IR B ARAR AT DL RE 1) 3 — 0 e ORI =,

° AR =
class PMFC {
public:

return type operator () () const;

b
template<typename T>
class SP {

public:

const PMFC operator—>%( return type (T::*pmf) () ) const;

I

IR Tpmf  FrfgnZ member function] [RMERINIFTTES AT EEWE? AIfE int,
double, WHHE/E const Wombat&. J&[1, ‘& W REAEATIA]. VRN K IXFI G vl A4l
4L template KFIL., AL, operator—>% ILLEARRL T — member function template.
A, PMFC AR/ T — template, AR [operator—>% HIUAA ] & [RIA R 2L 5
(1) PMFC objects. &4~ PMFC object 7EdL operator ()  BEMECIN, HEZRNIE [B14% 4L 5
AT

— FB e AR AL (templatization) 4%, A LLErFEERIY (pseudocode) , HH
ELIE[ PMFC Fl SP::operator—>%, ifezts# Y.

o  FEAFIFEN

template<typename ReturnType> // template, FA—A> [BHUEHLGN ReturnType] M)
class PMFC { // KR5EH] 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
® FLLfI&%H Member Functions
G H—NARSEWM) member function call, PMFC TFEAIIEMAEATE, A RESLAEH:

operator O: (1) "B =mEMENIYME/S member function, (2) ZEMF object & _EMuidi%
member function. PMFC constructor Wi &RPUXLL ;[ H—AN Gt i thsh, ¥ bk
PIFE AR PUBCE— PR UER pair object WALTHEMNFEE. WERNFAELYIFR A

° YR A
template<typename ObjectType, // BRAE mem func B4 class.



typename ReturnType, // mem func FIRAETLH],
typename MemFuncPtrType> // mem func H)52EEFRIC.
class PMFC {
public:

typedef std::pair<ObjectType*, MemFuncPtrType> Calllnfo;

PMFC (const CallInfo& info): calllnfo(info) {}

ReturnType operator() () const

{ return (calllnfo. first—>%calllInfo. second) (); }
private:

Calllnfo calllnfo;

I

ERZ R BARBCTARE A%, FLSA M . MRS PMRC, fRDAZIFE H g Ny mjp
—F member function(iFyE: Xl 4& iR MemFuncPtrType HIVER), 348 BAEME—F object
5 bt e (P Xt Bk ObjectType MAERDD o FHAZ 4 RMeE PMFC ) operator ()
BRI, AR TR RIS [ 2400 R e 8 fitAr (ids) oK) 1Y member function.

TEIE R BRI operator () RARMEIE T WHEM operator—>% SiEHR, ZHniE, HA
MR RETRbRN [ A e operator—>%] HEIFIY, A 2= —A PMFC objects, iX
i [ B8 operator—>%] N [15F NN operator—>%] SEAEHISK. XA
AT RGN LU 52— MBAF I #r: - [fEH#F A2 operator—>] AT N, Fl [
SINEEZ operator—> | MILICHEE, BN C++ XA TMEM#E HEZ operator—> | H&F—4
WPY, SR (Barmmt) PPy 2] (355 NER operator—>] o WIHIXFRILG A N %y,
Fom H s EAEIER B 77 ) b

RA[ ey ER S T, ObjectType, ReturnType, 1 MemFuncPtrType =4 template
parameters PAH B R, KA WIRIEA P MemFuncPtrType, FRAT1HEAEGEHER H
ObjectType #1 ReturnType. B3 AL ObjectType B¢ ReturnType, #F & MemFuncPtrType
P—iB 0o (P, FRATREATH [l mtrfb] (partial template specialization) 4%
A, M MemFuncPtrType #ESH! ObjectType Fil ReturnType, {HHIAHE [ ] HiAK
Z RS IE Ao K (BEE: #ilin Visual C++ 6 G¥A 3% » ATPAIRKAIERIX
PRV, R ARSETA [RFFCEEA ] KRB TR, AU E LN [Partial Template
Specialization Y5 operator—>%] JyERF,

A TRERFIR TN PMFC SEAEAZS, SP<T> I operator—>% JLT-B& 58K, & itk
[Alf¥) PMFC object F%—™ object pointer F1—> member function pointer M AH#I{HE.
—WFEFNR AR, Faefabr I L ASH 4 data member HKAFIX object pointer;
Z A member function pointer, JLSEHLfE operator—>% ATk 4. Kk, FEH|E
GRS Y i ] DUA s . DAERITINK R AN g ds (Visual C++ 6 F eges 1.1.2) 1
o, B,

o e IE 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 Mk L

#include <iostream>



#tinclude <utility>
using namespace std;
template<typename ObjectType, typename ReturnType, typename MemFuncPtrType>
class PMFC { ... }; // —nbAE
template <{typename T> // —biAE
class SP { ... }:
class Wombat {
public:
int dig()
{
cout << ”“Digging...” << endl;
return 1;
}
int sleep()
{
cout << ”Sleeping...” << endl;
return 5;
}
I
int main()

// —tLAE, PWME ZEAMEhR,
typedef int (Wombat: :*PWMF) () ; // $8m— Wombat member function
SP<Wombat> pw = new Wombat;

PWMF pmf = &Wombat::dig; // % pmf 5[] Wombat::dig

(pw—>*pmf) () ; // WRERFATI operator—>%;
// Bl “Digging...”
pmf = &Wombat::sleep; // % pmf F§H Wombat::sleep
(pw—>*pmf) () ; // M IAIH operator—>%;
} // ElH “Sleeping...”

RN, KT, XM RS HIL NI (resource leak) , PKA#HE new HiKIH
Wombat MAHE delete. M, XMFEXMAEH T—4 using directive (L2 using
namespace std:) , MHES A using declarations HELH T . iH RGO SRE
SP: :operator—>* Fl PMFC [ E.Z) b, ABKHPetntt /N1 WK TH#F (pw—> *pmf) () 1
AT R, o R IR S8 T i GG IE A5 DT G B XA E IR 2K

WA —42, B operator—>% member functions FAfFHE K PMFC member functions #E
& inline PR CEARIFEIHEE ) , Bk, FReTCAFUN, B35 LR IR A=A ke it :

(pw—>*pmf) () ;
HAIZH SP Al PMEC P& DL, KA DL S5 A B s A R S 3% A P -
(pw. ptr—>*pmf) () ;

b PE N s S shE. Rk, ] SP’ s 2 #ifk operator—>% I PMFC' s 1%
#tk operator (), PUTHARATT LA ZE : R IEANRA S &, FRIFASNEAE A2,
MR, SEFR AR G e S AL RE T ARIARHERE S ZEXS A pair Fl make  pair [¥)
SAFTE « AT A G B2l (P AR HERE ) 5, 4T A SRk I
1%, A NIERSPRAPIT IR AR operator—>% SEAERY, J— A%,
® Jji Xt const Member Functions HJ373%

HIFAETHE SP<T> [ operator—>* B MIEREE: ReturnType (T::*pmf) (). ik
A RR, AL ReturnType (T::*pmf) () const. XM, BHIEM—A> 451
const member function] MIFEFRATLIMEALIELS operator—>%, IXHELE MR operator—>%
4% const member functions. WIHEEF AN VFREBE —NEA RIFEIFNRE RS S



ST . SEIEIE, IRAVBAEZBERIX IR S . HE5h SP N B =/ operator—>*
template, FEMEIIHLAIIEHR [F51 const member functions] HIfEkr; WAEAHIZR /.
HBP A, PMEC N BEA TG LM A, RO EE MemFuncPtrType 2 & 45 (LA
—/ member function pointer Y& b, AL member function FE75 K consto

o FE:ABIFE N
template <typename T>
class SP {
public:

// Gy

template <typename ReturnType>

const PMFC<T, ReturnType, ReturnType (T::%) () const> // il const
operator—>% (ReturnType (T::*pmf) () const) const // J_E const
{ return std::make pair(ptr, pmf); }
// Gy
I
® 7% [HAZEEIK Member Functions]

T T EBHMAERAT, T T RwiEk [—/MEbs, $51 member function, 1%
member function 1 —NEH] o AR H TR R, PODARME— T Z M B 21
M operator—>% FTEEAZIIEHUNY, RIRIEL PMFC AEHEIXIAAR . sl b, fRME—7F 2
R mie h operator—>% MEIN—ANHTH] template &4, HAURINAZAEHAR MK member
function Frg (Tl BZIBEA . SRR E AR — 1177 28 5 B OREE— B I ARV
A, HA SPAT> WNAZFEIN B [ FA240] 1) member functions I [#52—4
ZH] W) member functions, FTUIMEKNAZAEARIN—HH operator—>% template. fEFE
AR ILT, TREERIA nonconst member functions K1 $E, ZESZ X%} const member
functions MSZEEANK A 58 R o

o fJFEIL
template <{typename ObjectType, typename ReturnType, typename MemFuncPtrType>
class PMFC {
public:

typedef pair<ObjectType%*, MemFuncPtrType> CalllInfo;

PMFC (const CalllInfo& info)

: callInfo(info) {}

/] PR 0 NMEH

ReturnType operator() () const

{ return (calllnfo. first—>#%calllnfo. second) (); }

/] 1 ANBE

template<typename ParamlType>

ReturnType operator () (ParamlType pl) const

{ return (calllnfo. first—>*calllnfo. second) (pl); }
private:

Calllnfo calllnfo;

I

template <typename T>

class SP {

public:
SP(T *p): ptr(p) {}
/] Tk 0 ANEK

template <typename ReturnType>
const PMFCLT, ReturnType, ReturnType (T::%) (>
operator—>% (ReturnType (T::*pmf) ()) const



{ return std::make pair (ptr, pmf); }
/] 1 ABE
template <typename ReturnType, typename ParamlType>
const PMFCCT, ReturnType, ReturnType (T::%) (ParamlType)>
operator—>% (ReturnType (T::*pmf) (ParamlType)) const
{ return std::make pair(ptr, pmf); }

private:

T* ptr;
I

— ARG AL BE A BEN AN B4, IR D) BT A 28 ik FdAiA~ 3,
MNTXETEE nNEE] ) member functions, 1H4E SP P ESE P member template
operator—>%, —PHHEIE nonconst member functions, —/MNHFKZFE const A, FF
—A operator—>* template #NIZIRTF ntl NRGIEEL, Hrh n MECh R ASEATH,
FTRIBA A5 e R AL B2 Rk, 76 PMEC Hn XS operator ) template,
MR T -
® A X operator->* [HISTIE TR R

VF 2 N BARKT R Refatn 2 PRI ASLE ], o FARAT T 20t 6 g — PR, R
IR TAE, AT — @ A m % ARARARE BB ReFabr AN A GRF— RIS C++
250, iE%F KevinS. Van Horn [FIM %5 http:// www. xmission. com/ ~ksvsoft/code/smart
ptrs. html. SEIE )&, % operator—>* KT 8% T1E, A UA#EEE N —4> base class %Y
X, WYL A

o BAFEA+

template <{typename T> // iX&Z&— base class, R EEFIR
class SmartPtrBase { // %} operator—>% HI¥3%.
public:

SmartPtrBase (T *initVal): ptr(initVal) {}

/] 0 NEH.

template <typename ReturnType>

const PMFC<T, ReturnType, ReturnType (T::%) (>
operator—>% (ReturnType (T::*pmf) ()) const
{ return std::make pair (ptr, pmf); }
/] ¥k 1 ADEL
template <  typename ReturnType, typename ParamlType>
const PMFCLT, ReturnType, ReturnType (T::*) (ParamlType)>
operator—>% (ReturnType (T::*pmf) (Param1Type)) const
{ return make pair (ptr, pmf); }

protected:

T* ptr;
I

NAAR BRI operator—>+ AR RE I A Rediabn, N4k SmartPtrBase BIn]. {HE,
HA Y TR Reebn N & — A —debs, FLUERETIERfR mshfE ] i, st AEH. T
T edebs ] R WA — M Re e bR vk 7 2, (IR SABAS [ v, X RANFN R
] HE T B LIS A A AL iR ) 7 3, K operator—>% MLAEMAEHC K . b i)y xEk
YRR private 4k&MLE], PFOAWMEAEH public 4h&MLEI, A LEN SmartPtrBase
M_E—A virtual destructor, PIMIGINIEAN (BLEILETH derived classes HIR/ND o
Private ZkAMLEIN] LUBE G f HIXFEARHY, BAR, "E7ZE—/> using declaration (WLF%
KHE+—) AELE [ L private J7aN4k KM operator—>% templates] A A publics



R B EATORAF HELF, LUK SmartPtrBase F1 PMFC template #RJSGHE—N i 4 2% [H]
(namespace) .

o FEAyEt—
template <typename T>
class SP: private SmartPtrBase<T> {
public:

SP(T *p ): SmartPtrBase<T>(p) {}

using SmartPtrBase<T>::operator—>%; // ik [private #EAKTTHH)

// operator—>% templates | A publics

// RRREFRRR I — R B IX ) L. operator—>% HLHEN LS H 4k &ML HAT
I
o AEIZR

TEFRGE T W BEFRAR AL operator—> SCHE TAEMR, TACKIMMILE AR Usenet
HIVE EEZH comp. lang. c++. moderated, HE K ETIRIN T . IRt Esa Pulkkinen fi
HTUTFH®:

PRI IT I DA PRA 1) 7
1. RIHEAEH  pointers to data members (HARIXIRAEZfEHR) o
2. PRIGIEAEH T # A (user—defined) | ff) pointers—to—members. WIHRAH NL 3
67 operator—>%, EHZ 17K member pointers| [HELE objects, RAJHELAR
FAEYRI) smart pointer class H'3Z3ZUMAY) “smart pointers to members” . AN,
PRAGEL traits classes A AESRIFIXFhZH AT operator—>% [F][EI{E TS,

Smart pointers to members! WEKK, Esa XM, (ZFSE B HCRREAYIIT TG EIE
e WUAEBE S AR SCERG 2 AR B BN A Y, FRI— AN X FRE I T — AN i, % ) @ nT A
ffif smart pointers to members HARMUFEYA, FAREVF. D FIEME, AXCDALE
KT, TPl BNk, Y Esa MVESI TAEBE g . Rk @ iX B
o JHEL

WRARE Hbs & B EIR PR GeFabr (smart pointers) AT MR AT REAHA AN & (A
fabR, IRNAZSCHE operator—>%, FAZNETFEARTIME N —FE. 18 class templates Al
member templates, FAl17F AL AN SEAE W IR SC4R 8 ) HRIX LSRR A0 A0 —A>
base class, WJUAMGIMILE M, J7 (8 HAD BedaAn it ot
® Hijf

Andrei Alexandrescu [T 5N operator—>% M 4, W HE M1 T Foxt
PMFC [)5E4F . Andrei AR ASCHUHEC RSO 7 A VR 22 W Wk, JF M7 J5iah5 . Esa
Pulkkinen #l Mark Rodgers A% TAHRIFIDTHR. AATTOASCRR AR B, (2 HRZ.
o {EH

Scott J&—Af C++ Jiija], thi& Effective C++ CD-ROM, Effective C++, F More
Effective C++ HIVEH . MRAJLLET http://www. aristeia. com/ FIBERZE .

o iX¥E

Mrigt, Bh#ERA, LK C++/Java/00P/GP/DP.
® sidebar : Partial Template Specialization 5 operator->*

RIS A WIE], Esa Pulkkinen Fl Mark Rodgers 4553k, Bt fmiFib A (partial
template specialization) B H>EM—/> [ pointer to member function] HYjIrpASHL HY
1% member function ATJEM) class Bj), DLR e RME R ME—FFEP L AT traits £
ARy W2—Fie) Zis IR C+ FREREERHEIR . N traits $0K, iEZ4% Nathan
Myers & : “Traits: A New and Useful Template Technique,” C++ Report, June 1995,
HSC L EA http://www. cantrip . org/traits. html,

Mark Rodgers #IYFERFIIEL A+ FFIIITLE templates, EATH R EZNE2500L—
NEE) member functions. TR EAIT R AEZH L BE, MIRZT0 RN HAEE 15
HET Y., A 7TIX templates, PMFC mtnl LA A [ TG — AR5 &40, JRE]




MemFuncPtrTypel| o AREFE A, BHANTGNEE ObjectType 1 ReturnTypecan FJAR$E
MemFuncPtrType #ESH k.

® ObjectType & MemFuncTraits<Mem FuncPtrType>::0bjectType

® ReturnType & MemFuncTraits<Mem FuncPtrType>::ReturnType

o FAMIFE I

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 0 ObjectType; // functions

I

template <{typename R, typename 0> // partial specialization

struct MemFuncTraits<R (0::%) () const> { // for zero—parameter
typedef R ReturnType; // const member
typedef O ObjectType; // functions

b
template <{typename R, typename O, typename P1> // partial specialization

struct MemFuncTraits<R (0::%) (P1)> { // for one—parameter
typedef R ReturnType; // non—const member
typedef O 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

IEHIXLE templates, FRATME A BRAGRE SR A =HoBiH) PMFC. FRAFT HALIX L5k
R traits MIECARATT, WAFTHEMERE A typename W ILE template Y4
WRZ A FiRiXEE templates A LLKEFEK smart pointer classes [ A 3E operator—>%]
WE TAERE. ZE52 F, Mark Rodgers $2EE T AT, HLEA—4 operator—>% template HLHJ
A2 Al HEf) member function pointers, AiIBEE FTTERIH) member functions 2
22 /02, ALY member functions &7 A const. &M, HI SP (B(
SmartPtrBase) HATH ] operator—>%* templates EEEAC AR FR T VUAGRIA], 7Y
BEH MemFuncPtrType B4 R45/MEM—F pointer to member function # & F, A
i£1% member function MWIEENE. [FUETELH]. HEHE (constness) o ¥4 pointer to
member function MRS ALHLS PMRC, ZEARE, MWFFLHLE] (partial specialization)
SORTAT, HIRATIAET- R A BT K
o ARt
template <typename MemFuncPtrType>
class PMFC {
public:

typedef typename MemFuncTraits{MemFuncPtrType>::0bjectType ObjectType;

typedef typename MemFuncTraits<MemFuncPtrType>::ReturnType ReturnType;

// —nAE

I
o FyFE A+
template <typename MemFuncPtrType>
const PMFC<MemFuncPtrType>



operator—>% (MemFuncPtrType pmf) const
{ return std::make pair (ptr, pmf); }
Mrikid 1. se R an s, JF AN A0S :
// veblx] cbd[x] gecc2.91.57 on win32[o]
#include <iostream>
#include <utility> // for pair and make pair()
using namespace std;
// partial specialization FiARRH GCC A1 BCB %, VC6 W,
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;
I
template <typename R, typename 0O, 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 CallInfo& 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
b
template <{typename T>
class SP : public SmartPtrBase<T> { // (1) JR3CKH private gk, GCC kM. 71
public:

SP(T *p) : SmartPtrBase<T>(p) { }

using SmartPtrBase<T>::operator—>%; // (2) f£ G++ "ulgmiE{HICAEHR]

// normal smart pointer functions would go here.
b
/%
® i

Jie (1) KR private gk, {HJE GCC A3$#E UL using declaration %

private inheritance HIFRHI] (AfEIX AW (2) WiEgiFE, B! D, & main() 29 ML
A pw—>x RIS PRE iR . HUF/EILSCh public. BEZRSRA] public inheritance, (2)
BB LT RES T (HZ, {C++Primer T 3CfY) p. 981 ¥ [LL using declaration 5%
il private inheritance WIFRHI] , FKLL 981. cpp Wz, G++ HNRIMREF. MAFEE? 1
£7 . well-known bug in G++: “Using declarations in classes do not work!” L
Frequently Reported Bugs in GCC 2.95 (http://gcc. gnu. org/bugs. html)
*/
class Wombat {
public:

int dig() { cout << “Digging...” << endl; return 1; }

int sleep() { cout << ”Sleeping...” << endl: return 5: }

int eat() const { cout << “Eatting...” << endl; return 7; }

int move(int op) { cout << “Moving...” << endl; return 9; }
b
typedef int (Wombat: :*PWMF) () ;
typedef int (Wombat: :*%PWMFC) () const;
typedef int (Wombat: :*PWMF1) (int) ;
void main ()
{

SP<Wombat> pw = new Wombat;

PWMF pmf = &Wombat::dig;

(pw—>*pmf) () ; // Digging..

pmf = &Wombat::sleep;

(pw—>*pmf) () ; // Sleeping. .
PWMFC pmfc = &Wombat: :eat;

(pw—>*pmfe) () ; // Batting. .

PWMF1 pmfl = &Wombat: :move;

(pw—>*pmf1) (2) ; // Eatting..

}

WRERE 2: AEBAESCHARE] wombat & —FHRINES ™ 10— AT 8820, B leokAT nidgA.
EMNEFREIFARWIL . wombat SERATESIY, FUE L, JEANKSE. P2 wombat ff]
o

VEE WVFRE Sy — FRPHEF P dingo, AREEFAE MBI XISR A1, AHEEE, Ea
INEPOXTIEN YIS -
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