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1. BF (FEH#)

Ct+ &M% o FHIE S !

Ct+ [IMES, AMUAEIL) HEE, DUROERESRIER, DUAOERTSENRE DY,
DL 2 B e S B AR s C+ [, IEAEIRN e 3t T UM R (HARAHAR D RE
T EYERE S procedural-based, object—based, object—-oriented, generic paradigm.
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2. ®iE

XfC++ B AT, HFRIPA St afd. BRI AZR] 10 45, CH HIER AL
HUT P BB I R G 08 5 %1 1 o I AR 8 v T AR EL Bk e ) R 2 )
AN AW CH+ ML TS R CH+ N, B g ) i) — AN @ 2 AR
FEAT ARHMEIF UG C++o CH+ FrifE A 5E G, TPy Z AnvERE MR 52K, A
a C PRV, WA Z A4, X A— AN KRR QAT AT PT REAEAS LG4RS A8 1 1R 15
LR, BURTEA D I SKBES 5 I SRR PR 5 S 0T 5 58 IR B 18R 52 2 FE K
CH+ G B as AR ANBIE I, e AT I B S 0 35 M O BT 78, e AT P 2 Bt ot A W
M. CH+ IR TRFMIIF RS RCR S, B RCREEA, Rl (robust) HIFEAEE
kS FALFE U LT B0 A2 %A N s i S i 7 K.

— HEFHEARAM, MmN e AR k@ L, BN En s ik
BE. 1990 A AATANANIE C++ 2P ARG, 2T 1992 47, MR ALE wTIE . b
Cot+ P2 5 1n) 10 1) SO e . FR o] e 1 v HE O N A R T SR IR R AR 2 B o] fig i e 38 e =
T (R 2 T AN ST 48 I Ik R0 g T 2 FR A B A% S Hh 1 5 R e BB SCAR RS T L RE 2

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

ARADEVRAR A B L SE R B 1 R SEAE C+ BRAR: e AT o S A T S I
SRS ] AR RN RE SRR L U IS N AR TR
GET | TPRME RIS B L A SHIEMIEH; ARG 8 5 & an ik
AR LT

AKANEEI R 35 AFcae BEANSREE R 8 RG22t C++ R+ 22
TR R o B 25 LAVEE DU P 200 o 52 0, o B P 0 B 0 AR X 45 v U A A A A7 A, I SRA
BIE SR 2B R, DA AE O AT DLA B SOZHMEN) . BT 4 - Aok, Ot
LG 2 TR OO A8 [V 5 R0, R IR T RE A 50 10— 283k it flindkak 9715 &
HA exceptions (Ebf% Tom Cargill, Jack Reeves, Herb Sutter fkIRHIIRSLI =
—FED o A A KRR AT 45 A AN R RE PR LUE BCE S B AR . Bl 4kak 25731 i
A BRI A AR AS B B A A, AR AR s — AN DA R 20 531 7 At S ACL R 40k o8 X 1 2R P
W[4 smart pointers 5545, HAMAIKAEIRTE) Z B H . 40K 16724 LHEJARCE LW
VOB, ANTRWE—2%3K, PRAtp#R 5 H A BUH O¢ Hs ERIEL . 75 More Effective C++
— PR 2 3] B n] B SO RS B A Crr o KRy C+ R R ORHE MR U R
i, HEE AR — M sEimnc.

XA AL BE O KRR, RN A A T 2 A AR O, FRABCR AR T AR
(classes). TR¥"Z2% (protection levels). MERIRZ. FEERIE, TR Cimme
templates il exceptions RMM S . TIFAIABMRE—AET T, Prilid 85 WL
CH+ FRPEmy, Fooasut— D gRE

2.1 AHFTRK C++

WAEATPR P C++, & ISO/ANST FRifEZe i os it 1997 4F 11 H 58 ) C++[E
brifi iR 8E2% (Final Draft International Standard). X7 T AT A S E8E S
MERTBE I ALEVR ) w3 2% (s) SZHBRE 12 8. HHLy, TR ORI 5 — BT 37 ) R,
W% A templates, 1Ml templates 414 JLT T2 & Ko itds M & HLAE. Fothiz ]
exceptions, JFREAEF ALK 9715, WRIRIMGERS (s) AKBESCHE exceptions, #ATA
KAT s X IEA W A H A 37 AR I aF Ak o {HE, Wrakil, AERASTF FH 2
exceptions, JNN S 9715, PRIABLESEK AR 50 T L Aig i 43
B N URERIN 1% T A

AN, AEFRMER B PEa b T SR M R A R R 92 4k, IR AR I % E
R OO BUAE B AT RS as b, BOZSEAVETR Ol N R BE R B F R 3AEE . — Hix [ s
WEZ RS #g | A [ BIE R A OS2 9845 ) R &, BATHE A ImLAHE, 5
RIG LS LA s AL 45 . AP B AR, FTLLSIRIO R 3628 (s) FI C++ BRUEA—EL
i, A AT LA BIR, A5 UROR AL T H T EE AT (1280 RAB A G 36 2% (s) AR R 38 5



PE o T AR PR Fg— L8 i A B8 T 47 R A e I 82 DB SCP A8 35 e PR AR, AR5 RmT 5|
e
ERMIR VRIS (s) W, RATHEE . A PESRXT Cr+ ARUEMIMWE RS A
FHIE, P AFREEIRLE 22 D PR g B2 (s) ~P & ERJEFEAS . XA AH0nT DAHS B AR ik S AN 22
AN G 1 L R T S AR JBT, B R FH AN G P A R AR HEREAS (R A R P 7 o X
0] DL Bkt G A FH Ik B2 S E IR g PR RO, A SR R A A S )RR SRR
WIR A S EA SRS R (SRR Z, FAPERIESE, BURME AL, 1 C++ #1F
FEAE XX SR Sk Z AT A5, TR IRN LS o THE T MRS N4y, HY
PRI H bR B = TSR, Reime &0 08 OF Haete 5 N616) 154
AT IR AT REANTERGR I C++ PEBT, EATERE ML A IO C++ Az rp. Khdk
R SR EAT], AR SRR AR AN AR, IR AT 42 5 DAUR I & A LA ke B e AT T
AT bool, HAEM AT true BX false. WIHRIIGRIEERAS A SZIE
bool, AW NTIEFUMRIE .. BN EEMH— global enum: enum bool { false,
true };
X VRS HCN bool B int IASIE AN BA 244k (overloading). St fid, WEEM [k
a8 T (comparison operators)] Ui== <, >= ZEZE{NIH(L[F] ints.
B CACA R 2 RS AT AN an FRATT P P A -
void f(int);
void f(bool) ;
int x, y;

fCx <y ); // Wy £(int), HILSZEMNZFFIY £ (bool)
— HARSUH ELIESCHE bool (Mg ids, XM enum 1AV n] g 4538 e AT M 1
RG

F—MVEE SR typedef SK5E X bool, FLAHEMIMEECA true 1 false:
typedef int bool;
const bool false = 0;
const bool true = 1;

KM TFIEA B IAAL G C/CH+ T 2o Al XL R, FER A 2] S8 bool
RN Eas 5 218, TS Sl e TTEE R A2 it (overloading) M
X3 bool Al int. LA LPRATNEHAEEREL, HEREOE SR —F.

BoAEME R, HE R EMIEE T static_cast, const_cast, dynamic cast,
Fl reinterpret_casto. WIRARANARIXLLE TG, WERIRISK 2 AFg eI 25,
EAIAR R EATBARE C MR 2, Wler. 5P AR g 2 3R 7 LT H 1Y
B, FRAAE B U A A

Ct+ HAWEBESASGHEEN ARG, 21, CH+ &G —MERMARMERE (LR
E49). FRJLA]EAl FHARvERE 0 B it () string B MISREUAR charsk 4845, 17 B Ikt 8 R
XM, string objects HALL chark—based FHAEERAE, EATI U4 2 vT DL BR AR KHT
M EACIZ AR PR TAE . 1 B R & 2 exception 3G (M43 9 A1 10), stringobjects Lt
WA memory leaks (GidfZARIRZ) Hn) .,

SEAE R string BUBIFE S AT RN N () chars HCFERCE, 1 BT R4 im (4ak 29 2
YRR M) o WERARANFT AT T FRUER string BUWI, FR249R2: 8 L string B3
fib classes, &M? &1, HE, BOWMEMZARIGALL B charx KA.

Bl ST A BT RO 0 VR 4 M. 4K ) Standard Template
Library (”STL” — W23k 35). STL f% bitsets, vectors, lists, queues, stacks, maps,
sets, DL Z RV, PRNAIZIS AT X SRR AL 1 TR 254, ANEEA A2 RS — /N
CIRAS . PRIV PR BLF A B STL 254, (AR XA A& . & Silicon
Graphics Aw|FI#Ly, FRATEAM SGI STL MG FE— 2%/ i, ‘& nl AR 2 P a5
fic

TSR H R IEAE A AN S S P STV RO g i R S, i B A AR 24 e, 0
AR WU T ThadE ] ANt STL. ARMw R RE [ STL) F1 [ B474RS



RIS T RERTI ] 2 (AT LR, RNAL U STL. e ARt M P 2 STL
(LSRR S R HABALIE ) 2 oV 2 B 4 (A T AT P .

2.2 BBIEARE

AFART B 2 SR B R B inheritance (4kzk), T EE public inheritance (ML.453K
E35). WIRIKAJER public inheritance, FRESH] LI, 22l 4k A& & RN, Foxt
base—derived KRMHIA T, EM derived classes 4f base classes Hifik,

Blhn, TRHE SR 31 Bk kAR R

GameOb ject

SpaceShip Asteroid SpaceStation

XAERI T ARIRAE Effective CH B—hR GEE, AR R IRHPIHEA
[ o IRAE TP AT X Pl e ) W42 52 B 4k 7 i Sk 9% . M\ derived classes H4E base
classes, 1M HIRIREXNFIELRRIAN—%. IR ERT, %) (abstract classes,
il b K GameObject) #%Fm EFI RN H %285 (concrete classes, i1 b Kl
SpaceShip) KINH.

Inheritance (kML 2351/ [pointers (& references) AW AIREL ] 1)
P, PN B EFST] (static type) Fzh&ES (dynamic type). Pointer BX
reference M) [FRASIHI] RA5ILE SN AN, [T Wb EA1s8hs stk
YoE. e EE BTSN
GameOb ject *pgo = // pgo HIFEZSHL 2 GameOb ject*,
new SpaceShip; // ZhAM5) & SpaceShip*

Asteroid *pa = new Asteroid; // pa HIFHATIA]Z Asteroids,
// BT S Asteroidsk,

pgo = pa; // pgo MIFHARIBMASR (GKIZ) J& GameOb ject,

/) BRIP4 JE Asteroidsk.

GameOb ject& rgo = *pa; // rgo HIFRAALN & GameOb ject,

// ARG E Asteroid.

XL R T R —Fhan 44 7. pgo s&—> pointer—to-GameObject; pa
& pointer—to-Asteroid; rgo j&—> reference—to—GameObject. i LAk 7=k
A pointer Fl reference %4,

BIRERHANZH 4 FK: 1hs Fl rhs, EA1502&" left-hand side” Al”right-hand side”
W45 . AT TIFXSS ARSI IEA T, 155 18— kR R 734 (rational numbers)
] class:

class Rational { ... };

WURFRAR LD H LALLM A Rational objects MR, FKATRESIXAEE D
bool operator==(const Rational& lhs, const Rational& rhs):
IXAFPAT LS XA A

Rational rl, r2;

if (r1 = r2) ...

FENENY operator== HIIEFEH, r1 ALA7==" Zefll, BERLN Ihs, r2 FLJA"=="4/I,
B RE5TA rhs.

oA HALYE B 2 FOIEEFE: ctor f8E "constructor”, dtor {8 destructor”,
RTTI fRFE C++ X} runtime type identification M 4% (FEMMEEH, dynamic cast &
BT I — A



B PREC EACAZ AT BAT R, PR AT T memory leak (IAAZAAIE 2K ) 1) @ . Memory leaks
75 C Ml C++ HARAT, HRAE C++ 7, memory leaks Jrid R HIEA I, By C+ &
YR =, AsIFENY constructors, M constructors A& nf BEJRACH % UE
(resources). M1, FHRELL NS
class Widget { ... }; // ¥A>class — ‘Eft4aHAEE,

Widget *pw = new Widget; // ZWZSHE —> Widget Wff.
oo/ R pw — EHARBAMER (deleted)s

X B it addZ Ak, A pw Prdai Widget WEEMCRBEMIFR . Wik Widget
constructor fit B T H fth E Y (I 41 file descriptors, semaphores, window
handles, database locks), XEEFHFRANIZAE Widget DIFFRHESTRERL, BIAEWAZC
AR —FEHRI R T o A T 5RUHAE C++ 1 memory leaks fHAF oyt R HAMTEYR, KAAH
‘H DL resource leaks —ifHYfX memory leaks.

PRASHEARTPERFZ inline K. JEAZEKAER inlining, 5L ERAHE
inline PRE CH+ [—IUE T ARMPOE —DNRAE BN inlined, &5 7%,
U, M HEFEHXC L4 E33). Pl IRSEE 4 inlining, BRAEILAHAAASCHE SR
ffH inlining AA. MREARPBZHFER]—/ non-inline PR, HFAREKREINATEE
o inline MR ER, MILEU, & [£%HAH inline] 5XBHTEH BT,
AL 48 C+ MR B bR v LS HERR o SXRF B gt B 1D T 5 1 B AR R
A, DR E R AN, BRI AL Gortk i i AR A, T AR B o X AR sy
R AR SR R T, U B AR o AR N2l AT FH B R R vE o, (2 I AR B A
W, D gmiEds) R TR R, SR IIRAE RIS, B DU 3o (1) M iR £
AT U Z4F

Jrid client, RIS REAMIR . B 2Rtee N CREC D), B2t Ley)
(classes B functions). ZENMIF, WHRARE T —/ Date class (HKFIMEH. Fi&
JARR « HBER PRI B I H 4555, AT H 71X/ class BN, fE2RH client, (T —BLAf
T Date class %, WK clients. Clients SEEIZEH],

H b clients AWEARAI T A WEHEA NFHRS AL, IR XATHEEW? R
RIMNFBARE R MATiL clients BN, WHXSFRMWPATHEINAE, FOALFRIHAE LA
BN Lo WERARYLE TS WN, AWIBAE T MELMHE A S classes 58
functions "2 MIAE, RELEIRE K client, FTLAik clients BEERHR, HSugiEil A
O, FAFID.

IS class template BY function templates A HEA1H=EH K classes
o, functions B, 1AL H MWK, A——"5H templates f1HL instantiations (H
AR 2SR 2840001, W Array 24> class template, fIMAIZH T, Fn]
B2 Ll Array fCFR I template IR € HIIAA (instantiation), HARESZ Array<T> 4
SEIERN class ARk, [FFEEFE, W swap &4 function template, - PHFISH T,
TTHESLL swap 1MTAFE swap<T> RN HLHIUMA  an HXFE 1 R) F R R VEAE A R 00 S A8 E
2, WAFSAERIR template HIUAI I E template 2%,

2.3 RouRs, BHRRM, AEEH

P IJU XA EANGUE . vk w1 A, (AR R ENE e 5 GE Al
WERAR RIS R — FRMER . W5 B0 B BUR T AR v — & IR
SIREEART R P EIEZ o WS SRR, TSR G R4 & % 3
AFEG S (acknowledgments) o WIRARATMEE, TR ARF Y.
PR AR AR CH+ FEA BT E S OEN o W AR AEAT X 7 Th ARV I I R 5 3R =,
T Toame WD R RIHECE . DURIRED SR RS, a7 4
Scott Meyers
c¢/o Editor—-in-Chief, Corporate and Professional Publishing
Addison—Wesley Publishing Company
1 Jacob Way
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R AT BLRE L7 IR 21 mec++@awl. com.

TGP H AT E—RICCRIE I e, KPR REILE. SCHEE. DLREARSE
B o R LAMAS S I 3t B A i 5, DA HA 55 A5 AH OC 1) % R . /Rt 7] LLiZ Td anonymous
FTP, M ftp.awl.com [¥] cp/mect+ HgH U & . WARRABINAX MR, HIEE EM,
A GRS kb, FASHEEF — AR,

XA KR, AEIRATTITAA IS,

3. EMBUH

FERSUE . 21, pointers (38%F). references (1), casts CEBIHML), arrays
(21D, constructors (Fif) — PR LU EETEFLARPWUE T o JL B fif 51 C++ FEFy
W BN LA SRR, M2 RET S 2 LR E R

SR AT RE LA 103 RTE 5 IR — 8B40, AT IR S AT S S A VRNZ B 5] 2 0] TR L
M C#:3] C++ HIFEF G, AN references, dynamic casts, default constructors AZL
‘B non-C PTG &, A —Rrals A B

18— A pointers Ml references MZEr, WS UFREATIIE M-I L. Az
AUHTH) C++ KA (casts) VL, WARREAN 2087 R A 3 L IH 3 C SR 463
Poli. AFAWEE C WA S LA C++ B2 (polymorphism) M, W B 245
EHERGIEHEAR 2%, Hh, AFEITE default constructors (BRIAMIIERRED 1Y
E TR, W@ ek, EREEE R (A EIRA T default
constructors MIHI T, C++ WLIR—,

SUBER O R THA 45 3R M A USSR s AKE ) 3 — (AR L 1 H bR b« AR B A2 7= R 3 A v A
TE 2 T R A R BRI e v E = A

3.1 Item M1: FR4F55IHKIX 5]

REFH TG EEERAF G HERAERE “«” F1 “=>7, gl HMERERIERF <. 7, H
A EAMLT-A AR IR DR . Fast 551 A& LIRS | A S o R W] P 74T 4 I ik
HHFREE, TEA AR 5 e ?

G, BONHBIFEARATE B N HARRAT AR m DA 5 H o — A5 TR 4R ) Ll
X5 B I RARAE ] — AR I ik e R — X5, AR IR AR B AR R ot m] BEANTR 1)
FEATR S, XN RN A A T I $REE, DA IXRAR T IR S 12 7. M, iR
HEESR I DX ER, GIIIRE BT A SRVFR RN, XKt AT DA & A o 5

“ER, HE N, IRMEEMLR], “CXFERARIS S AT AR T 7

char *pc = 0; /) BCEIRE A AE

char& rec = s*pc; // AETIHR

KAEAEHATER, Z5EN . SR RATER (nikdste b —tqmih, PEULfTH
AT RERAD . WAZPIFE IS, BRAEAT R R O 3R . i AR LAY
A 23 IR AR IR AT L, I ARl s A e A 5 TR, AR 25 1k AR 5 O 7 1
Fflite FRATTVA S K 2 — AN 5 | FH AR 1] 2SR K P B

B ST EERTRN—MNE, 75 C++H, 5IHNBEPIGL.



string& rs; // R, 5 a AL

string s ("xyzzy”);

string& rs = s; // 1EHf, rs 8 s
FREM A XL IR .
string *ps; /] RYIGHI T

/] EPABSER:
ANAFAESR ) S H 5 1IN F 2 R 5 1T BOARAD 2803 oA I 9t B 2 i o RO A
A8 51 22 B AN 220 ) A2k
void printDouble(const double& rd)
{
cout << rd; [/ AFHEIK rd, &
} // HER A double fH
FABC, FREH N AZ R BEIE,  B 3
void printDouble (const double *pd)
{
if (pd) A{ // KA NULL
cout << *pd;
}
}
TR 5 U 53— AN TR AN R FR BT AT AR LR 7] 55— AN R B0 4 (H 2
SNSRI eI B FR e X %, BUE AR .
string s1(”"Nancy”) ;

string s2("Clancy”) ;

string& rs = sl; // rs 5/ sl
string *ps = &sl; // ps & sl
rs = s2; // rs P3IHEIH s1,

// AR s IEIAE 2
// “Clancy”
ps = &s2; // ps BAEFRIN s2;
// sl WAL
SRR, 7E LU N ARNAZAT I FR B, — AR & BIAAAEATR AT A0 S 107 fig (1
XMEHLT, UREEBCEIREH N ), T RAIRFH R AL AT RN ZIR AR R & (FEX
FIEUL T, IRAESCRRREIFR IR . WAL &R 0] — X SO0 H—BAem — Mg A2
oA SR, AR iZ A 5 .



AT — PG OL, WO MR EBIEA RTINS, URBAZAEH T Sl B 7 B AT
[Jo ARSI AR IR A4S HARK 5, FEREAIR AL

vector<int> v(10) ; /) BB (vector), K/NA 10;
// Ty AN ERRE C P B — AR (W 453K M35)
v[5] = 10; // IEABEIRAE IR H AR Gf 2 B 4 (1 [ml )i
WMARAERT [TIR[E]—ANEEE, A5 — MBS
*v[5] = 10;

ERZXF AN v B LERE et Pt RaE S ek B — 51 .
X MBS, 2 WA M30)

MURFE VR IR 7] — ARG HAE S AR 17 I, B0 A2 AR B A
FLRE SRR, ARAROZAE TR S MAERRIEZ AMIABTS B0, I AE TR .

3.2 Ttem M2: REMA C++HRAS KRR Bk

- 2 AR AR AT B PR R T L 4 D g (cast), HARR PR LA SR goto ) —Ff
LN AHREIEARIES NS, AR R ) Sk, Rl i L 75 1
XN B — AL i o

ANRL C RS RIS B W AR B AT (R B e D RE

—RENS THLE, B ARVFIREAT AR (A BEAT e 6 o ANId Tt R EAT SRS Al i 28 21
Feffe, XM IR P AR BRI R, Bt —AN 817 const X4
() 48 % ( pointer—to-const-object ) %% ¥t J& & M 4k const X % W & 4
(pointer—to—non-const-object) (RI—AMXAX ZEk const MIZRALEHL) , BRI HEK
IR B e g 1) 2R MR B (RISE BN R B . (LG C RS 2R B AT ik
PR TIX 7 0 (X — RABANS NIEF, B C WU ISR A B & O C i 5 vevh i, T
ANy CHHAEF D .

Tk C XS SR T B A R P B ) TP LA o AEVE TR b, RIS FAR AT
MR, XA U AE C+ + TP AR 7 o IR ATAR 0] 25 GO — NI IR AR AT OGS A A
0 ) R AR AR R A e AESXAN AR rh o 1] 7 R4 2 70 X0 RO N T ) 324 T e 22
TR RIS, A grep BT HMEPAEARETE AR L X 20 T EATTR

CHHt Rl 5 [ BE DU AN T R R I A MR AR Se I T C XU S AL e ik i, IX DY RAEAT 2,
static_cast, const cast, dynamic cast, #reinterpret cast. ERZEIEHN T, X+
XS PRAE R 75 AT SRR AR ) T XA,

(type) expression

MTIRAEAR RN AZ IR «

static cast<type> (expression)



B, BRAARE A int 6508 double, LUBLEALE int FIWASR ek
VRIS . R C U OIS, R AIRE S

int firstNumber, secondNumber;

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

USR] B SR AT, RIS

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

XA I I B W AN S N T30 2 o 2 PP AR 25 5 A

static_cast fEDIRE FIHEA B 5 C KU IR B —FERRR, & SCB—FF. B A DIRe
R B, RARER static cast B C MU IR EH—FEAE struct Fpl int 2K
M FAE double KAV RE AL, Ji4h, static cast ANEEMFRIEA P LBR const J&
P, B 55— ASBT I RAE AAE AT const_cast ATIXAEIDIRE.

FEB g CH+2R AU S B A B A 4 P A 75 25 2 BRI 7 o const_cast F T8 i
Fik3UH) const B volatileness J&1. HILATH] const cast, fRIm) AATHIZ A 2R £ 18
T IR B AR L S — S5 4RV 1Y) constness B{# volatileness JE1E. XA Lk
BRI AR const cast SKRIEMAEEL constness 5{# volatileness &1k
AN, IR AR 4L . R I 2] 1

class Widget { ... };

class SpecialWidget: public Widget { ... };

void update (SpecialWidget *psw) ;

SpecialWidget sw; // swoat—NE const W%

const SpecialWidget& csw = sw;  // csw #& sw [{1—A 5| H]

// EFE—A const KfH
update (&esw) 5 // iR !IANEEALE A const SpecialWidget® A2k
/) Yy HEBE SpecialWidge t+ S RUAR & (1) B %
update (const cast<{SpecialWidget*> (&csw)) ;
// Wi, csw i const # s R (
// csw Al sw I Z B HTE update
//RREP REREH)
update ((SpecialWidget*)&csw) ;
// b, BT AN BT
// B C XK IR ST A 4t
Widget *pw = new SpecialWidget;

update (pw) ; /) G pw [FIRAYIE Widget*, {H &



// update PREAEPLIE Special Widget Y
update (const_cast<{SpecialWidget*> (pw)) ;

// iR const_cast [N BEHL I AE MR

// constness or volatileness i)y . |

[/ ASRERIAE R Gk AR 1R AT R A e e

FIHAT IR, const cast sl i H] el & e 4w 0 B 1) const J@ M.

5 MR R B B AT L dynamic cast, EAEH T ARG IR ARG R n) H gk
TR . X e ut, UREEH] dynamic cast $48 MFEE BFREE BT | 4 e 1) SLUR 2E
R U R RIRET S5 I ], 1y ELURBE AR 15 ) o R e 4eof iR ol S i g xS
FREF AT RN ) B S Ao 5T R A N )«

Widget *pw;

update (dynamic_cast<SpecialWidgets> (pw)) ;
// EMf, ALY update BB NRE
// JEFRIAREIA Y SpecialWidget [ pw [F454T
// WA pw BRI,
[/ M I 2 PR A e R
void updateViaRef (SpecialWidget& rsw);
updateViaRef (dynamic_cast<SpecialWidget&> (+pw)) ;
// M. ARy updateViaRef pR%L
// SpecialWidget pw F&%F, W pw
R ES I NE SPUE
/) MR
dynamic_casts 7E3H B AR Ya 4k 2K 2k ERAT BRI . e A RERE T T B 2 1 oR i S Y
E (SRR N24), WAGER]E KA constness:

int firstNumber, secondNumber:;

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

const SpecialWidget sw;

update (dynamic cast<{SpecialWidget#*> (&sw)) ;
// BER! dynamic cast RS
// P const.



UNARARAE BAT DR AR G R MR AL AT 4, R AT REAHE static casto WIREN T 26k
const, PRETFH const cast.
XYW AF R [ — N reinterpret casto A FIXANMREAF ISR G,
L B e g5 R LT #8047 8 X Cimplementation—defined ) o [H M, A
reinterpret_casts IARAGIRAMERS FE o
reinterpret casts [R5 0 (1K) H gl A 75 pR BRI 3-AT e ke 9, IO AR
A REERE AL
typedef void (¥FuncPtr) () ; // FuncPtr is — MR %L
/) WfEER, AZREOAT B
// RIBMEZEAL N void
FuncPtr funcPtrArray[10]; // funcPtrArray J&—/HEAYN
// 10 /> FuncPtrs 8554
IR BARABE CPR D S 2o 5 4 HAD i B KD 48— A48 ) R 1 e BRI 4R 57N
funcPtrArray $(4i:
int doSomething();
PRANBEA 2 R By E A A8, P14 doSomething BREUN T+ funcPtrArray #4HK
YA — MR . 7 FuncPtrArray 04 B s BOR [FHMEJE void KA, 1fif doSomething
PRAGRMME A2 int 8%,

funcPtrArray[0] = &doSomething:; // EER D RAUARPLRD
reinterpret_cast A LALRARIBAT n s ARG 1L LB EA:
funcPtrArray[0] = // this compiles

reinterpret cast<{FuncPtr> (&doSomething) ;

A bR BRI ACAD S AW RE R (CH+ANCRAE T AT 1) R B R B R ] — e J7 VA 3R
TRy AE S IL R IXFE R P AN IEIN S5 R (S WA M3, T LUAR IR 120 G 4 46
PREGRENZRAY, BRARIRAE TG T8 7K — A A T B i fe S %0 e — 0N )T —30aRH
AP

T SRARATE P £ 4 3 gt R 2 00T (R 2 PR e 4877 QR S R T A A% 4 ) SR AR A 48 07 10:AR
¥ static cast, const cast, PLJ reinterpret casto tHA] LR I 1228 e R AEALL BT 1)

IR S
#tdefine static cast (TYPE, EXPR) ((TYPE) (EXPR))
#tdefine const cast (TYPE, EXPR) ((TYPE) (EXPR))

#tdefine reinterpret cast (TYPE, EXPR) ((TYPE) (EXPR))
PRAT LG IXAEAL P AL A

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



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

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

XY A SR I HIRAERT — e 4y, H 2 BRI 9 PEAR P LSRG ) 1R 28 1Y e 4
B, EATTAT CATR A AR AR T2 i

B —NEG IR dynamic cast FHEAE, (HERZ REERME T REL, ©4a
AR IR AR IR (AN EAT R A e e o T SRR V30 A 3K 8 R B80T PR A D6 2R A T IR A 1) S 1R e
e, PRt mr AR C XURS (R 2R e 46 70 b, AH S R TR AR K AN e SR 2 2R A 480 a2 75 2R
MR, AR AT DL LA KR dynamic_cast FIIIRE, B GALIIILE S B 40—

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

HICAE, XAMRIFANRESE AL dynamic_cast ZhAE, ‘©EA IMNEFIE OSSR
.

TEE, R, FAE, iR AR AT AR SO M LA S A B AR AR BRI,
RARKRIVEANTE 550 NV, C RS HISR AL it w] LLARSEAE T OF B0k AR, ik
ST PR A B B T B AR R = S IR R & kb TR SO AT vk B JF B,
AT F BT R B e 5 (R BE R Gy A AT ORI R N B 2 T L RET), e e vrd ik
A R H JEOR AN BE A IR D% o X BB TATT C MM SR AL T VA s B o 3B 2R
S VLRI AT AN SO BN BRI — i

3.3 Item M3: REXNHKAMHAZE

AR AR I o T S (R I AR PT DA B B s | R B IR A 2K o XA 4R EH 205 | H]
HAT A2 R, R EN RN A ZRIEE. Cr AVFRIE BT R 5| K A
IRAZRE o AN IXARAFA S — AR, XA B AS L A R i IR 324 T

BEARAT — A2 BST (LU 248 R M0 5 Fgkzk B BST 2K WIRA=2E BalancedBST:

class BST { ... };

class BalancedBST: public BST { ... };

FE—ANFSLRA L, AR AZ RS, (HRAERXAM T IFAEZ, N BRI
RS EEHE 15 o O T8 T8, FATMECBE BST M BalancedBST R4 % int JEBH .

AIXFE—ANEREL, EREFT BT BST 2R3 s — > BST X4 1 45

void printBSTArray (ostream& s,

const BST arrayl[],

int numElements)

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

s < array[i]; / /¥ BST 28



} /BT HAERC
}
MRMEB L R E AT BST MR AEA AR, B RS IE R a7
BST BSTArray[10];

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

IRI, AEHEE N, RIS BalancedBST MR FEALELT printBSTArray
PRECINS, S AT AREI R

BalancedBST bBSTArray[10];

printBSTArray (cout, bBSTArray, 10); /] EEIBATIER

PRI G PE AR 2> OB o Mg XA R B, H R — T IXAS R AR

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

s <« array[il;

}

XH array [T] 2 MR FEN4E S PRI E* (array) . JATHNIE array
s MR AR LR ED, (H2 array T % TUER WA HBIE S B ZH O a6 bk 1 )RR 5T
TEHZARWE? EATNRIEG L ixsizeof (—MERA RIINER) , BINLE array $41[0]2][1]
AT T ARG Gnidedn 1 L A3 P 2O AT AR, e 20 e 1 e B 2 o 0K
N, XGRS K UL IR B MBI . S50 array # /W BST 2584, ALl array 2041+ 4f
—ANICEARGE BST A, IR e BRI A IE IR ] B 2 i*sizeof (BST) .

AR P A A IX AN [ o A A RARIE — 547 BalancedBST X 4 (50 AL 5 A%
45 printBSTArray P VRN IEASHLSIOET . (ERXMIHOLT, gwifds i e DB
Hrhcsm S BST X R IR/ —5, AR IAEEA h a0 R K/ BalancedBST —2.
JRA IR BT HLE LK . BATEME BalancedBST St KB LL BST Ko B itk iy
T, printBSTArray UL IFREF R R BRI, WA NEniE I R H] BalancedBST 40
KT printBSTArray BRECK S R AAT AFRERI G R . AR IRAT 4 J5 AR NA R .

WK IR — NS A IR SN RIEAL, BRSPS DUT 2 — MR
A e H RELAS IEAff (R 50 o

/RN, R Sl s — MR AR B

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

{

logStream << “Deleting array at address ”

<< static cast<void*>(array) << '\n’;



delete [] array;

}

BalancedBST *balTreeArray = // @NL—7 BalancedBST %} &% 4H
new BalancedBST[50];

deleteArray (cout, balTreeArray); // RIS MR R AT
X HLT R AR 1R B AN B RFREN S 2 DN RN BRI, R DA TR BT e
B S . g A B A SR
delete [] array;
B E GIXFEAE AR
// VA5 RIS A B U K
// ) array Z2H LK 5
for (int i = HATLEKNEL 1; 1 >= 0;—1)
{
array[i].BST:: "BST() : // W arrayl[iliy
} // Bk ek
PSR R T 5 BTG A TR AR A AN BE IE RIS AT, T A B i T AT AU 5, AN AT RE
HISAT o WS G P UUE ARSI RN R — DS AIRAESIEN R AL, S5 0K A
T R PRBEREPATIAERAUNS B EAS A AL EIR . LN HILAREREAE—
R, P S 2 S MAREIAE ik
AR B R R AR N — AN HAARZE (concrete classes) (il BST) JRA:H 5 —A
HARZE (Biltn BalancedBST), MBAVRELA KA eI FIE F 2 A B AR . IEWSK
M33 FITEREE), AMBARIEIRA N AR IR Z 474k . Joay AR 3 — T 453K M33 FI N &
(WQ fnid: VC++ip, BEBHIEMKISR, FACRERELHL new/delete BE.)

3.4 Ttem M4: 85 JCH B #I1E BRET

BRI FRH SR IE B (E CrHFk F e — Rk iR eh A k.
I PR REAT AR AT B2, T 2 A 3 bR B0 P UANR A AT £ N7 06 B I (¥ A it h e )4
WG o ATIXFEIR VA RA (1o Bl L84 7 Rk 55 E AT IR R AT AR A D 2
AN RE BB 2 5 BRI, SRAT PR BESR L IS A5 3R P SRS Bl 48 M A mT LA AR A ol 23 7 48% o

HARPA IR S48 T BRI, X FARZ XSGR, A AN R 21T 52 A 4]
AL RANE B . B — N EAT A ZE A AL 5, AR L. S ]
FITAT (KL 35 AL AbAT — A 7] 1D 58, BT DAFE R SO G AR AL — A e i, AN it —
ANEIE 1D Sh, i A SR AR AT B



FE—A5E R AT AL, JEFE A AT B B AT S0 B 28 AT DAL 5 SR I e B, T 22
iR S R RN ANRE G5 A M I e B MR Y R AT B SE AR 5856 4, BT LA
PATL I S 2 (N 2R o R WR A IEAT B MG R 2, A7 A 2] A R
o

HHEE TR DR, ERRAFNBE, IMREE AR DAY, X4
1D A 2 55 1l 5 i bR 2 2 5
class EquipmentPiece {
public:

EquipmentPiece (int IDNumber) ;

K25 EquipmentPiece B¥EAT — MRAMIERREL, PrUAE=FMEL TEH S, maiEs)
B Ao 55— P B SN o ROR UL, BT P IR REAE S AU I A 3 R K
A TR ESOLR, AnlBEET EquipmentPiece X% 404l
EquipmentPiece bestPieces[10]; // R AR
// EquipmentPiece it pfi%L

EquipmentPiece *bestPieces =

new EquipmentPiece[10]; // R 5 R ) R

LR AT =R 7 R R R X AN B 0 T AEHERA (non—heap arrays) (RIATEHE
P T ICNAF . D) I — Pl R VE R A B 8 SRR B E 2L

int ID1, ID2, ID3, ..., IDIO; // AR 1D 51
/] AR
EquipmentPiece bestPieces[] = { // 1M, PRAEE T MIE
EquipmentPiece (ID1), // RIS
EquipmentPiece (ID2),
EquipmentPiece (ID3),
EquipmentPiece (ID10)

ARG, IR TTIEAGE AL HER A (heap arrays) )€ X L.
> S P B AR R T SR AR BT B RAE — R B -
typedef EquipmentPiece* PEP; //  PEP 485145 1)
//—A> EquipmentPiece %} %



PEP bestPieces[10]; // e, BCH I R ek
PEP *bestPieces = new PEP[10]; // WAL
FEFREH B A — MR E T, AR 10— M ANF Y EquipmentPiece X4
for (int i = 0; i < 10; ++1i)
bestPieces[i] = new EquipmentPiece( ID Number ) ;

AL PO VEA AN R AL B VR U SR A AR SR BT TR 0] R G RS T
W RAENAEMR . 5 3G T AR BCE, DO IE AR TR EEA MR A YN EquipmentPiece
MH—HE, AR ES R AR5 .

WRAR A HLA 53 IC raw memory, VREEA] LAREGRIR TR M A7 {1 placement new J5ik (2
WA M) fEN A Hi& EquipmentPiece X%

[/ RN K 10 BB J3 e 2% ) N AT
// EquipmentPiece Xf%; TEANME LIS WA4K M8
// operator new[] &%k
void *rawMemory =
operator newl] (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
// fiH"placement new” (2 W43k M8)
for (int 1 = 0; i < 10; ++i)
new (&bestPieces[i]) EquipmentPiece( ID Number );

HREARIIA43 44— EquipmentPiece Xf IR MG MESE . X NER CRIHREHE
AR TR —FE) SCVFIRAE A B4 3G B BSOS A7 — W R . B A S i iy ik
RS HITK, b EWEANE] W R AR, S REORUEX R ERIRI A6 1L .

fiiH placement new R SER T @& K2 HAL T AR EARESS R &t SEHET ),
AT A URA AL E R EBAFA AT I I, D6 200 F By FH AN G AT R e K, R 5 T P R A
£f delete[] KB raw memory Ciff 2 W45k M8): (WQ fmyE, B4FH placement
delete/delete [JEAERFT, ESAZIHANTTHERE.)

// LL5 K bestPieces X G AH & K i3
/] R

for (int i = 9; i >= 0; —i)



bestPieces[i]. "EquipmentPiece() ;
// deallocate the raw memory
operator delete[] (rawMemory) ;
W RAR I T IXAN SRS 7 30 R E AR 5%, I8 A VR R (R34 T K 2 AN m] il
Ho XN HEMER— DA new #EAERTR B W AFFRER, H A R HE L.
delete [] bestPieces: // EHTEX! bestPieces
[/ AN new BAERF MBI
K new. placement new M'EATUM S iyi& s . Bt s —AHIKEZER, iF
A& M8
X T LR A 8 Sk A A 3 R BT I R B A )R E AT G VA AR VF 2 B TR R
(template—based) HIZERISHALTT o PRy S0 — MBI, BEA )R SN iz et —
AR R, TN SR o XN R R H TR A, R ST AR AR S H
RAVEA . a0 — N EA RS
template<class T>
class Array {
public:

Array (int size);

private:
T *data;
b
template<class T>
Array<T>::Array(int size)
{
data = new T[size]; /] HEANEAH TR
/RO T::T(O)

FEZHUEOUT , WA A0 ASTAR AT LUR Z500) 545 #4368 bR B0 75 3K o 9 Ak AE R vector
B (AR SR AT AR AL K2 X e (ISR I S 0AcAT A6 AT A 4 3 bR P 5K
AN, ARSBRSSBA LA A AL L vt X0, WA 1 i R B SO AN RE S 7F
DR . 2 CHIEP RIS T BRSSPI R BN Z AN PR A R T . X
DAL KN, e TN AREL.

dJa YE— N AE BT RSN P s PR SR8 (1t 4 ey 3 R 04 2 AN At e A H 3 R B
PIMER SR o AP ALH A IE R B RE RS, AR S JEEAT A DU LTI A IR AR A S5



I 86 20 25 R LS 38 PR B (I S B0 Xl B SR P A R A A il 2 A 3 R 0P R R SRR K
IORIIRASR i 2 40) HL Z5URE I BRI (I 4 e B2 3 o B0 24010 35 3o PRAER
(IR o AN 2 AR IR B WOX IR E 1 o

DRy 3K S8 i 50 B4 K pR AU DS BB AR BRI, — 22 Nk T RSN 1A Bk
AR PR RIS A 3 pR AT A 06 (R B SR SE BT AR A — R B BRI SR
PHSIXFEE M EquipmentPiece 25:
class EquipmentPiece {
public:

EquipmentPiece ( int IDNumber = UNSPECIFIED) :

private:

static const int  UNSPECIFIED; /) HAEAREE ID (HANH 5 o
I
X AVFIXAE N EquipmentPiece X4
EquipmentPiece e; //IXFEETE

XRERIE LA I B 2 R R 5228, O ANFERERI OR EquipmentPiece X HBEAT T
A SRR o BB @ — AN ID A & W EquipmentPiece X%, A K%
K 5 PR TN ID 2 AP . WURANEAE 1D, "EATH 2 B A0 R 1k . ANidid
WAIHINAZ B A XA, AR 2 A LB A B ARt PO — AN W s ] — > R
BSOLFET o X FE TG R A, AR e U sk 4 7 1 B BT TR T — P RAE AL 0 2
T RESR AT R R A T

FAETE 7 SR i 4 ) 3 BR B0 2 S M S I A 28 o SR R B B0 280 BT A P 0 2
S AT AR, I 328 bR B T 2 A5l A L BB 22 BRI a) o T LB A4 H 5
Z (AR, PR R XA AT AT SO s R AR SR o B AT T A I R 11 e 7 T A R ke Ak
PR o PR — SRR B HRE S T DR DT A I 0 ) ARk, P X SR B S RE A Tt
Hoo SRR PREL— AN SSERBEIX A ORAE, It AR E AT AT Re Al SR AR5 WA 3 SN, R it
FATHIEAT. ATHIXF (A BB MIE R 2RI — LR, (R SR e, &
WEERFLBE T — B ORAIE:  VRBEAHAE XA A A SR e 25 S

e

4. BHFF

IBEATE — —RAFA R ENT BN VRS TIRI) B E R C+ + AWK
RSERANREITETR, AT EA, e SR VR 98K I RE S E A RIS ST 19 ) K e Btk b, 1o
KRNI E MR B, 8%, IRAEMSAEAG QIR “+7 A0 “==" XFERIRT S e
PRABMIK XA RSN E T Is AT BRI RS IR e iR B . CH++ 10



T RE ] 2 S AT F B A T WY R AT AIURIH .

WS, A SEETE . SR IS R BON K SO B A R AT IOT, RN
EATT S B AR BAT AR AT A s 1 I (R T T s X2 3 B0RE P X4 D X 2
e — MR A EAE T “&&” A |7 IXFERIZ AT, IR PSR B 15 i X
R IR AR BRBAETEVE 7B T — M A, X — AR B0 B. &)a, ¥
2 BRAR AT I bR E (15 AR IR AR, (H AR A A A SR IR 23 A PRI AR 1k )
A

FE R K2R, BT R I AT N T HAr g i, eTnfrstt, el
IAZ WA PEIR AR, AL SRAGIX L 5 1 (PR . A7 T X B R R, AR BURTE 5K
PR (AERD —Mesift.

4.1 Ttem M5: #{HE REVESRHL

C+ + G PEAS RE U 71 PP B 2870 2 R BEAT KR U (implicit conversions), ‘E4k7K
T CIBF AR TT %, Bl RV char B4y int M short B4 double. [
BRI —A short (AL IBAHER % double B AIREN, KRR IETT. C
VP2 XA AR AT RE S S BUH  E R, BN CH KR FEAE, 45 int $ short 1)
FE 4 A1 double F char M.

PRI IXBER R IE TCRE N DI, DU BT TE 5 AR G 1R . AR k3 i 8 Sk
TAWE, AREET A SE 2 (450 00, U PR BEE B R s Lk g PR RS AT B R A i e

AP Pl of B ATV G 1R AR EAT IR LS R M. S M) 3G pR B (single—argument
constructors) MR M EAIZ AT . RS HIE R BOL T HH— A SEEIAT LAY 4
TR ZERET LU e LT — AN, W DU B LT 2ASEUEE — AN S LS
TS HEA . LLUTA AT

class Name { // for names of things
public:

Name (const string& s): // ¥ string |

// Name

b
class Rational { // AR
public:

Rational (int numerator = 0, // ¥t int F

int denominator = 1); // HHEE



B R IS AT S — M o BE R L PR operator K, HRER—A2K
M5 o ARANHLE SCRR AR P15, DR R [P S R il XA s B 40 o o T JevF
Rational (7 BEAD) KREA Ay double M (FEAAT BEECHA TR G RALSH, W HEAT
A1, ARATEL e A 8] Rational K.

class Rational {

public:

operator double() const; // ¥k Rational 2Rk
b // double 257
E N A OL T, XN 8 A3
Rational r (1, 2); //r PMERE 1/2
double d = 0.5 * r; // e v F) double,

/] RJE Rk

DA X i ] o — AN 3], R IEAR U2 A A AR T 2 g A PR 4 R 2

RS o 2 VR EAN T AL P 4 R BT, X 1) R R B S R IS AT . 4508, X ue
ANTERA PR 20— 28 A RS, TR SCAROHE JA B e D A

RFRATE S — PRSI AT, AR A S AL B o AT N0 BT
) Rational 2K, FRARIEZZIEIAT T ENG BECS R 0T, Bl Bet— AW ERA,
I, RATRESIX A
Rational r(1, 2);
cout << r; /) NAZATENH " 1/27

FHBARS T 4 Rational %4 5E X operator<<. {RAIAEALST ENERAE R 2RI, R s
FIE I operator B, FURIRET T . 4iai i operator<<if, £RIMEAIXFE
(T RR AT, AR S 2 T R B — AN 508 1) B AR B A it e LA A5 s B0 I is AT . 26
TR 0 GUF ) R ) 58 S AR, AR AEBLAE X MG BL N, S s 2 R BLEATRE M T
Rational::operator double E{ECKAL r #e4itol double ZRAL, By LA EIRARASST B 45 2R 2
TANE R A M XRTE NI, AR R TR U A A I i
AR P BRI K

figt P 7 5 FH AN T OG B 1) A I IR ok Bk B R s AR . Bl T A
Rational X454k double, H asDouble P&%{ft#% operator double pRi%k:

&

class Rational {

public:



double asDouble() const: //¥4% Rational
¥ // J¥ double
IXAN 8 03 A e A 0 =R

Rational r(l, 2);

cout << r; // 4! Rationa X R WH
// operator<<

cout << r.asDouble() ; // 1EMf, H double 2%
//3TE T

TEZ UGN 3T 5 2 8 R B0 8 Y ERSR AN (5, L2 iR 3 1 47 U P PR R AN 5
SRA, XEBRRERN . — R, AT 2RI O+ 7 Dl s YR T AR s 4
o BIUIZE CHARTEE (S Effective CH+ 453K 49 FIM35) Z3 a4 TAEMIN 2 AE IEA
SRRAT S I , AATTINAEZE PR AR 1) string R FE R U string F4 ¢ XS
char*[{ifig, e X T MR RE c_str HASERIX AN FER, XRITEA? REALZ.

T B SO 3 e AT B S B i o MV Bk o T AR AR 2 15 D0 T X L8 e i 5 30m)
) LT B AR T B s AT

H—AMIIF, —A array FERN, X EEHA FE B A A A S RS TR
template<class T>
class Array {
public:

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

T& operator[] (int index) ;

S — AN I R B AR VF T R B R S TN, BN 10 3 200 &R —ANPISEH
T R BT AAS e SR A 45 o K 55 AR Bk L TR AU SCBA T A B Al
P75 P9 BB A FARBLD . A AN R (2 & el R B e e s B, R B0 5 1Y
S

BIWIELAS Array<int>XF 5, MRS LT
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]) { // Wy e Nz “alil”
do something for when
alil] and b[i] are equal;
}
else {

do something for when they re not;

BAEH a MEANITES b RN TCEA LR, (U2 YR a i, A MER D T2
AR AIRIAIA B PR AR BEIR H S R A AR EE E, (ERERARH . P EIEIEAN
AR Array<int>ZH O T a) Al int O T b[1]) ZH0MH] operator==pki %, RMKAH
operator==PRHUTIXFE M ZERA, AT BT Z BB Array<int>#i& iR
Hheie4 int KMF] Arrayint>2RA, XAMEREAT A int BRI SH. RGP
A LG E, A AR S X
for (int i = 0; i < 10; ++i)

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

FE— IR ERAE a AR — RN bR EZ (N AR E XD . X
AN E] BELLEA T 923847, 1) HAE 2 RCR AR 1 BB — AR IR FRAT T 250 ST AIRE
T Array<int>xf% (WA M19).

WA YIS AT (operator) HJ5v%, W LA b Ik B3 AU Y A i da SEAT )k ki, (HJ2 51
SRR IE R B AT IS A TR . FE g, PR S ARG T 4 N RS it eR B[R] IR A
A B 5 1 Gt PR AN I b R XA I8 R B SEas i, AT NIRRT LAk R N S R
HeAFo FL ERWANTE: —RBESTTE, & AR G e 2e AN SRR 5 K 7V N By b 5
I Tk

KD ITERRH — A Bodn it as REE, explicit KBRS A T PRSI
TMRE S INIE AN, B AT D AR G 3 . A3 s explicit A, W ALIXFEAL,
e as TR A T B SR AL R pR . Wl SR A A AR 50
template<class T>
class Array {

public:

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



b
Array<int> a(10); // 1EW, explicit Hi&rR%k
// FERENT OGN BE E H S

Array<int> b(10) ; // WIEH
if (a==bli]) ... /) R WA Ik
// Ba o
// int #| Array<int>
if (a == Array<int>(b[il)) ... // 1EH, WA int 3

// Array<int>#:
/) (ERAE I8 4
/) AEED
if (a == static_cast< Array<int> >(b[i])) ...
// FIFEIERS, [
/) A
if (a == (Array<int>)b[i]) ... //C DK % 0 s T A
// AR
/] ARIAA G B
WA T static cast (BUAZKM), PIAS “>7 FIFRIM KA AERRE, R
XS A
if (a == static_cast<Array<int>>(b[i])) ...
KA IR B CHEREERIE 007 MOh— M5 KR . e
OF MEA T, RS ETEDA R
U RAR I G PERS AN SRR explicit, ARATHAMIBAE F Bl A B3 U A 6 ol 201 5. 2
KOk 1 R H
R 1 50 1o 52 2 R ) e R — A B U A A i Bk, W AR A BRI o X LB
WU PR — AN RERS AL 5 T B ST I T SR 2 B b it o 25 e AR TR 408 B4
PRAER XA KR I EF G AR )2, AR R AE0E IE LI, (A 25 B pR A AR i) B o2k
T
FEARAR— N RN, R e AR AR B WA R o 5 S BOR A e B2 DN, AR [ B
SCRAZB TS 1k A AEECIE I S 1 I B 0 B B AR I e e o UREEA BIXA H 1Y, SE2E T —A
BiZK ArraySize. XAWZ ARG A H &R M Z @A RN o R ZUE S Array
SR R, FH—A ArraySize SRR int. AARSWIT:

template<class T>



class Array {
public:
class ArraySize { /) XA
public:
ArraySize (int numElements): theSize(numElements) f{}
int size() const { return theSize; }
private:
int theSize;
b
Array (int lowBound, int highBound) ;

Array (ArraySize size): // VERH

XA ArraySize IKEN Array 1, O TIRIAELEE S Array —IEAH . IR0 B
ArraySize NAAT, N T AR NHSHEAL I E

N, il RS IE R EOE X Array X5, S RAEM AR
Array<int> a(10) ;

PRIV gnEgs 2R A int ZE0AH Array<int> B[S BREL, (HR AT IXFE AL R 2L
PR RS AR B E RE M int BEEH L — MG ArraySize %%, ArraySize Xf% H &
Array<int>HJi& s BUIT TS, XA PEARIEAT T . O] ORJLE R R W
U T

FL AR IR REfS 22 O Mk 3 Array A5, ANREIXFERENE AT VR G 2R A 4. B —
ICSNACE
bool operator==( const Array<int>& lhs,

const Array<int>& rhs) ;
Array<int> a(10) ;
Array<int> b(10) ;

for (int i = 0; i < 10; ++i)
if (a==blil) ... /) Wy Ta” Niggt “alil”;
/] BHER AR
T WM operator==pR%L, JiFAER Array<int> 0 GAE” == 47, (FUEAAFAE—
MNSHCY int B SHOIE & H 1 e 00 int Befl—MImi ArraySize Xf 4R
Ji 38 I 3K A I IR S 7 WA R Array<int> XF S, PR R 3X R PN P e X



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

ArraySize KM HA LR AT HIKMHF T, X2 Al HEAR M N H S . 284
T ArraySize IZREH WFR N proxy classes, RIWIXAEZRIRE— A GA K T SCHReAln)
S LA ArraySize M SERE— AN, RRIEEAL Array X % Iiff e 4L
R/ Proxy XS REFE O SE 47 a2 AR A (R 7 RELE T TR AT A, 75 WAR A e 42 T 264 T
s HendE BB, XPAT N R ARRE S A A, I DUR A EAR IR 2524 SV R T o kT
REZs I RG] 2527 20 el ? — R ik R R 10 4K M30; B % 18 proxy classes.

TEARBERI SR M30 21, FHAFAIZE 18— N ASKI A A . Lhgm s 24T o XSS AL e e iy
T8 B R TR A ORI AL, T CABR AR IR S 7R 2, AN SR R 2

4,2 Ttem M6: BN (increment). B (decrement) HAERF M BIER S ERERKIX H

IRALLET O\HEAD, A INEX 3+ FI— AR FF RS S e M o 1A 1) 7 2
PR B R A, Tt CrHESE3 TP R, AVFHEZ increment M decrement FRIEFT )M
T

SRIMA—/NR)vE IR R, AR BRI e Te S8R i 2R, (HEA
W/ increment BY decrement HHTEEEIE JGEH E —DNSH A T RPOXNE F 08, C++
L G —A int BESH, MR BRI, dnidasfest—> 0 0k int Z80M1H
AR EAE
class UPInt {

// “unlimited precision int”

public:

UPInt& operator++():

const UPInt operator++(int)

UPInt& operator—();

const UPInt operator—(int);

UPInt& operator+=(int);

/] ++ T
/] ++ R
/] — W%
/] — A&
// += $AERF, UPInts

// 5 ints iz

I

UPInt 1i;

i // W i.operator++();

it // W i.operator++(0) ;
i // WA i.operator—();

i—— // WA i.operator—(0);



AR — 2B, AR SR, B R R RS S R O
R PMESRAEAF 1o BESUE AR B A5, JREUERIRE—A const AL, i HAl
R+ RT St S IR 808, XL YWt [RIFEIE ) 34145

MARTFEG A C FERE SR ITAS, PRARICAE increment (1T 4% AT IR U A« 86 0 4R Ji5 X
517, JE g A« BRTR R 40 e IX P AJTE AR L, Y EA 2 increment RS 5

B ERRNE
/) BTSIEA: SR JE BnlE
UPInt& UPInt::operator++()
{
*this += 1;
return *this;
}
// postfix form: fetch and increment
const UPInt UPInt::operator++(int)
{
UPInt oldValue = *this;
++(¢this) ; // &
return oldValue;

}

// &
// BRME

// WA

/7 BRI )

IR B I E RS EMSEOUE R ST g s Ja ek 8O . Wk
B

REALERBUR T 25, P2 gied 2 o

il

» AR AR O T 3 X S 5 A
N

B, — P& EAT I 7 L A WS ARA AT S84 W Es.
RIHE — G4 increment WAZIIR[A[—NXFS CEIR [FIPEBMETED, {HE T4
& const M HWE? A2 const X5, NIHIACAE T2 IERAIT .

UPInt 1i;
{4+t
XA 5 R T AR AR ) -

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

// PHIX increment J& 4%

RIHE, Z—NMHHT operator++pR HUR [FIFIXT G H T 58 =/ operator++p& %,
HWAFL SR Z % LR IX R, F—RE N ERBT A Bk —
AN IIE R [ U, — N HEREEZZRAT NS int B30, 1 int BB RS

TP IR G 4% increment:
int 1i;

T+t

// B!



F ARG increment J™ AR R S5 5 T # WIEEA 2. a0 L
N, BT operator++ SR KB S B — I FH IR [0 RIE, 1A SRR 0 R IR E .
PR G 2R
1t+++;

S AR, ORI T — X N B AR TS, A AR CGHT int SRA4HT UPInt
AR —FE , Frbls i 48 1 EIX A0

CH+481E int ALK M, R URI AR IEIR B O8RS XFERAT A . A5 7
PSR increment JR[A| const X% . 4 gm i g XA AR .
ittt // same as
i. operator++(0). operator++(0) ;

BRI operator++e&HR A const XF% i operator++egk%l, ARiiixA
BHUE A non—const KA KHE, FTLA const XFRARER XA RE. A SRR R AR AL
—NRRHORIE] const WEEAHALME XL, BAEIRFIIEAINIE LA MK, JE4 increment
Ml decrement HL2Hl 1. (HEZ MBI T2 U Effective C++ 45K 21)

WRARIR SRR 8, R — KB BG4 increment BREUIN, VR AT AESE 19T L6 ) 8
XA PR L AU SE — AN IR G LA SRR [RHE, (S HARML9),  FIR AR it ar |
AN RIR I X% ColdValue ),  IX AN I I O6F S 0 250 44 3 T A5 d5 J5 AT A4 o T 488
increment RRECBATIZFERI NG HBEARHE — D NFIIEE, RO T $e @ty
B, UPInt (A # NIZ R B TS increment, DG4 increment, BRIAEMSE T E
R4 increment. IEFRATHIHG—F, HACH @ LRSI, L a) g M AT i 4%
increment, [KA'EMRHIR .

PTG T IR AR increment BRAEAT . EATRR TR IBMEA RSN, Broe i Lhag
e R, BMEIN—. WiMEZ, e hae—F . I ARuififRf54E increment
FIFTEE increment AT 3R ? A RIRLE 5 2 4e 5 FITH AL I, A4 R IR UE &)
A AEZER Y AR Y LR AU B S 0, X A REAS B AR o IX A R ) S 4
increment M decrement NAZARYEEANIHI AT LI ARSI IR ZEUES AT IRA, B1h
R8I A8 5B AT A — 2

IEWRATE B, ERATSRG4% increment Al decrement /2785 . — H T fift 7404
IER IR [BME 2RI DL RS R N A% LTS5 AR A7 0 SERIOR SR R, e % 1 o

4.3 Item M7: Z‘{giﬁ “ok” , «| | ” , ﬁ u, ”

5 C—#¢, CrHi AR /RFIARFTHE R (E: (short—circuit evaluation) ., XF/R—H
fifie T A /R RIE A EARAE, BT AT 3 R A A R, AR R ba s,
.



char *p;

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

KA Y p AR strlen TEIEMIZT, BAWE p AETF 0 BMERKI, strlen
AR [FFE:

int rangeCheck (int index)

{

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

}
Wi index /N T lowerBound, ‘A4 5 upperBound HEAT LLAR .
IRELLART,  FIRAT R R PE s S S HERM 4y C A CHHFET 63, BT LU T30 %0 38 12 1
7 AT AR T e SRAB SR SRR o e LR 88 —AMRAG T, 4 p S dREF IR R
strien AEBERALRIREZLN, A CH+brifEut GELN C bRyERT vt FZS 385 strlen,
SRAHE -
CH+ VPR FH P e SUIR2RT, SR ke | [ BPERT . Tk R B R4 operator&k #iI
operator | |, VRAETEA R TR RAN I FE R AR A0 SR X iy ik, AR 25003 1k
TEAERR R AT RN o A1 A 0 DA e 508 AR T R B SR A o B i SRR 3 T
BAERT&&, R TR A R KR
if (expressionl & expression2) ...
TGk, SR TR Az
if (expressionl.operator&& (expression2)) ...
// when operator&& is a
// member function

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

KIFGEA AT AANIR], AR RREC FH ¥ 5 0 SR ABVE S AR AN A1 o 5 24 R ok 1
W, TEEHEILFHE S, Ll KA functions operator&& FlI operator| |, PHAS
SHIRTEE, WE2, BARMBRII A B2 Gl S R E RS Hm
VY, B LA IMEAERIA R 1 HRIA 2 — AN . Bt 5 A NS H
B RO S IR RS v SVEAR B o

DAL A SRR T A& | [, A INE SR ARG TR DU ARATT BT SRR T AT e, i A
ANELTE LA | o



[FIFE (R R R A& T2 SRR, (R AEIRATRADIUE 20T, RIEZEF T, iR
ANEEREVE, 2SRRI SRR Y 7 AR . 12 SRR T A A S
PREFAE for PEIAIIHHTER S (update part) HUd e, W Rk T Kernighan” s and
Ritchie' s £H#L{54E The C Programming Language i Jk (Prentice—-Hall, 1988) Hik%%:
// reverse string s in place
void reverse (char s[])

{

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

i< j;
++i, —j) // WL GRS ERAERT
{
int ¢ = s[il;
s[i] = sljl;
slil = ¢;
}

£ for JEM I — MBI L, 1 BRI § Blekob o AEIX BRI S AR, POk
fEfe e — AN BTN RIA, P ITRIEFORECE 1 A j IER A GIEN

X T A EEEAREAN | |, CHA — SR e e s 5. SR, wAa ke
SO G EAAT T I — MR S IRIAE S HE 5 2 RIE S, RIATHHGE
A IAEIE I BEAFRIE N 45 KL 5 A R IE S BT LAAE LR a3A R e i 20 B
G A L, R —], S RIEAM LIRS ],

WVFIRA AT AR EEANTEIXLE N 0 ? DDA AR A BRI AT R, W R
WG A ORI S B AL ANSEIRARICIERA -

WERARE — AN E A B EL operator, PRANBEORIIE A IR IE G T AL R IE A5,
U e K Coperator) i FHIN P AN RIE MO S E AL 1 2% o (HZIRA e T R AU
VRSN o B LA 53 e B iR AN T

RN (0 S 5L PR operator URATRENE T o B BLR I AN BEHCEE 1712 %5 220X
S S IAT R Rr I, PR RS AN g b 2% M7 v B R AN e T 0 5 #R A
75, DRAIEE AT RIS EORAR I —FE . BB RS aRRNT A .

PRAT BEIEAE A XA AR ST AT AT 58 W RAR e AL SHRAERT, IREAT (T4
ABEEIMIWE? IEW IR, AAAE—LURRG], ARAREE BT m R4

X e ?:

Bt

new delete sizeof typeid



static_cast dynamic_cast const _cast reinterpret cast

IRAEH 3

operator new operator delete
operator  new|] operator deletel[]
- xS % & | h
! = < > 4= = k= /= %=
== = KD D= K= o= 1=
= o= & |+ — %
O [

(5% new Al delete &4 operator new, operator delete, operator new[], and
operator delete[]ffIfF &2 ML.4#K M8)

MR e UK SR E T A LRI BT E R H R AR A S 5,
EURERAE, AN P AR IR R TR 25 R AN o A SRR — N B R AR, AR
o BRI, [|, R, 0, B —ANFE RN, ROV EIRIREA% ), BARRLLE
AIAT R ek 5 P S B I —FE

4.4 Ttem M8: FEEXFIAINE X new M delete

AT AR Al CH 1 35 R TEAE LA . EL AN new #24EAT (new operator)
1 new #:/E (operator new) X 5.

MPRE IR

string *ps = new string("Memory Management”) ;
PRAEHIE new 52 new #RAERT . IXAMRAERTELE sizeof —HFERIET NEN, RARKR TN
T ERDIRE R R B EE R T RESN BT B A o B B0 A 2 E AR R A A LA
BT RIS B 5 o E I IS B BTG A N A TP N B o new #RAEFT B2
PG, IRANRE AT T R B AT R

PRI BE U R 2 Q] R X A R A7 o new BRAEARF IR FH — > B E0K 78 B 75 10 W AF
e, PREENS TS m E AOX A R ECK SUR B AT o new BRAERT O 73 T A A7 i H R £ 44
#& operator new.

BRI operator new i IR A B
void * operator new(size t size);

WRMESRALE voidk, PIARXABRECGRMI—ANRELIE (raw) BFREN, RYILGHHIN
TEo CHRARFEK, VREES —Fh operator new BREL, 7EIR[MI—ANEEFZ AT e WU N A2 LL
AEfil— o0, (2 — AR AM.) S5 size t RN BLE D WAF . IREEE INFAM S5
H K EL operator new, HEH—NSEHEMALAUE size to (75X operator new B Z [



fHES W Effective C+ 453K 8 £463K 10.)
R HEHH operator new, {HJE—HIX A, RA] LA H & 8 —FE i
HE:
void *rawMemory = operator new(sizeof (string));
AR operator new BR[| —ANEEE, FR ) — PR D — A string BRI N7
% malloc —#f, operator new [JHRTT HIZ 7 MCNAF . BN R4 R £ — T A0
operator new AT TR E A7 2 operator new IR [FI AL AL B )5 £ AL 1B 25 — ANt
G2 new BRAERFI) LA . AR IK 4 B 25 08 DL IX R (1)1 ) «
string *ps = new string ("Memory Management”) ;
BRI B2 8D 5 R AR AR AL CBEZ 475 I Effective C++4%3K 8 FI4%3K 10,
EH ML Counting object HLIKHERE.):
void *memory = /] 1FBIRG I N AT
operator new(sizeof (string)); // Sk String X%

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

on *memory; // WAEH
/] W5
string #*ps = // R ps FeEHR R
static_cast<string%> (memory) ; /] B S

ERS s TGRS, RO MR AR R ORIKI S0 15 25 U
BATRANZI, B AT LSS AR — 1) o AL dn SRR AR S — AN Gl A U] new #AEFT
ANRE LA A 3 R BT AR AR 5 o
® placement new

A IR S A B AR A IS R . AR CAFAE RN BT T Rt el O B 3 XY
PRI ey i bR B R AT A R B, 10— R R AU BEAE S5 E MBI B WA A — Ko AER A IR
AL E L B AEIE AR AL B (raw) NAF,  URTT EAEIX LS A PRI — X SR RAT LA
{FH—AMFFIR ) operator new , ‘E#iFKN placement new.

N 2 placement new W, FZE—F:
class Widget {
public:

Widget (int widgetSize);

I
Widget * constructWidgetInBuffer (void *buffer,

int widgetSize)



return new (buffer) Widget (widgetSize);

XA BRHOR P —AMFREE, 10— Widget X5, WGAEELHLL RN buf fer BT,
R PAT P SL 2 N 7 50 memory-mapped 1/0 B IEAN R E AT 6T FH, A AEIX R P B 52 b
IR BB AT — A i hk b B BRI R o B A e (2 4R M4, — AN
placement new [ —AANFEIFIF.)

# constructWidgetInBuffer HLII, R [AfHFIENIE:
new (buffer) Widget (widgetSize)

XAVE b ZATEERA A, H 2 new #RAERFIN— AN IV, SR EATH —ANES K AL & (buf fer),
2 new HAERTEE ST operator new BREUN , JEIXN AR RALIBETE o #7IH HIH operator new
BRER T AR S HL size t Ab, B2 void« g iS4, FRmMMIEXN SR A
{730 JXA> operator new fijg placement new, BFH LEZIXKE:

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

{

return location;

XA AE LRI B 1 B AT o, {H R X 2 placement new 75 B4 S . YA 3% operator new
(1) H A2 R %3 B A A AR 5 R [B148 1) 3% A A7 I FR B . 7EAEH placement new TEHLR, i
M3 & TR WA R, DGR 2 AE X S ROZIEE B . placement new W25
Ml R A s e e e R . CRAT RN (EZSREIND S8 size t AT AT, LABT 1L
PR R S BT AT M s WL4kFK M6.)  placement new JEARiE CH+PEM—&5r (I
Effective C++ 453K 49). A T4l placement new, #RUAZUEHEfJ#include <new> (i
0 AR ) G P A% I AN SRR ORI (R Sk SO 44 (BRI Effective G+ 453K 49) ,
<new. h>),

1EFATTM placement new [FI2K FrZl, BHFE new BEVERF (new operator) 4 operator new
IE R, RARLEHE EE S — AR5, A% new BRAERT. & BEZMC P A7 S A6 58 FH Mt o
o WRARNAARSNBE A, BN %I operator new BREL B AL I B K. i
PRARSE ) B O AE X S ST (0 I AE X TR R, R RZ S R E Y operator new PR,
SRIGAE A new BRAERT, new BEAERT 2 0 AR € Hl1) operator new. WIRMRARTE—He O 223k 43
TREFHINAF L — 05, WiZH] placement news

(HXRBEZIAFER new 5 delete MMLAZ W Effective C++ 453k 7 MM H
Counting objectss)

® Deletion and Memory Deallocation



KT RGN AL, SIS NAL IS — AN EE A S H deallocation XM, PR
¥ operator delete 5 delete ¥EESFIKIC AR S operator new 5 new AERF IR R —FF. 24
PR 7 31X LA .

string *ps;

delete ps; // G delete #EAERT
PRIG G 14 2 A2 AR AL SR AT A 0 G IR RE U0 5 5 B TR AT
Operator delete HISRBEIUNAT, "EHIXHFES IH:

void operator delete(void *memoryToBeDeallocated) :

(Al it
delete ps;

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

// the object occupied
XA — AR 0 R i AR AR BER BT AR AL I A, IRV %580 new I delete
BVESRE, A operator new 3RTF P AFH operator delete BN R%t:

void *buffer = // SIS
operator new (50%sizeof (char)) ; // PWAELLERYN 50 /> char
/B R FH ) 1 BR 2
operator delete(buffer) ; // REAAT

// BATE F TR e A
X5 CHIH malloc Al free 25 [,

W AR placement new 75 A AFH NN S, AR OZBEGAE XA AET H delete BRAESRT.
K4 delete #EERFMA operator delete MR PIAE, [HAZALET SN AFBHIA 1
operator new 7 HCHY, placement new J iR M1 36 45 € IS  WESRNTE XA ERK A7 2
AR I 122 S A P S R AT AL BRSSO A 53 3 R 0 ) 52«

[/ AEFLEE P AE R o3 BRSSP A (¥ R 4K

void * mallocShared(size t size);

void freeShared(void *memory) ;

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

Widget *pw = /) EFR,
constructWidgetInBuffer (sharedMemory, 10); // {fif]



// placement new

delete pw; /) R LENARE
// mallocShared, Tfi/A+& operator new
pw—> Widget () ; // 1EHf.  MTA pw FR I Widget,

/) AB R BATREIN
/ /5 Widget HIPIAT
freeShared (pw) ; // 1EM.  BETS pw FR I A3 A A
// ABIE AT AT e
B R, nEAEELE placement new [ raw NAFAE H OSSR GRS —LS0AH
HT7), W IRA R N A, R0 Ce . (S WIS Counting objects
BT placement delete [HH:FE.)
® Arrays
B H AT VIR, AHEEAHEAE E - B H A7 B3R R L — RS — AN
Ko BFEECEA? SRAA A
string *ps = new string[10]; // allocate an array of
// objects
AL F T new {59842 new #RAERT, {HZ G EA IS new #AERTHIAT 0 5 A X R A
DVFARTR . B NAAATIH operator new Z3rfc, AR LS [A £ 4L 2 i s £, Y fi
operator new[] (ZHHEFRA array new). B operator new —FERE . Xk SLVFIR
FEHEBA NI, BRARBESE B A RN A B — R (HZ A — RG], 20
Effective C++ £53K 8
(operator new[1XfT CHKuise — AN LB AV, T ELUR IR 9 PR 48 W] REAN SR E
WMAEASFE, TCRAEEAH P I REI ZAt 4, 4R operator new K4 HIKRET A0
IMHENAE . LEIXFERIGTE RS T € B A A7 Be 2 INAER, PN e RS 45 operator
new, XA AGE MR GIEZIES . ATEILT, 2 J5 operator new ALFIFE > A7 ()
BNASWNATITEC, T LLEAT R AT SR HOR AT IR NI 3k ) S0 . 10 HLA2JR) operator new
A—MEFHZ4 (normal signature) (Hmif—ZH size t, Z U Effective C+5%
A9), PrRAmRAR R E ] B CHOTEAENE, RSZZEIRIEE R SV EEANRE (S W45k
AT HET XL LR, fEEZ operator new[ ] SCHF )G R BN B4l € I N AE B BEA S —
NG BERBTE)
5 ANANIF A new ERAERT IR HIAL 3G s B B 0 TR, AEBUCH LR SR
T8 BRI 6 S R -

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



new string[10]; // string X} G5 MM AE,
[/ SRJE XS HZ e 3 H
// string X B REAE R KA
[FIFEY delete SAERTH TR, & BN Ed e 2 TG B KL AR5 T operator
delete RFEETHNAF
B AR RSB E R operator delete —FF, RUFFHLEIER operator delete[]. 7E
CATEIM L AT SR W SR CH B . (T RTFI Cr BRI B, S0
A5 285 TUIHER)
new Ml delete #AERFRENEM, HATHAZIRMFES], L2 ENTHR 1R A7 2 iR
JECRR BN R LES ). 4R AR E ] new Il delete $AERFIIAT I, ECAERAS GEEL )X
— i IRH BB EATT N 58 BCE AT D) e BITRE 5325, T e ATT BT 56 B D e 0 v 35 [ 52
Tk, ANfEAE. (You can modify how they do what they do, but what they do is fixed

by the language)

5. R

CHERTIE 1 7 (exception) LI T HLEHRs, XFSCRZRZIN, WKH), whE
A NAETIRA o A1 A HI R 28 Ab B ) B A IO HR B AR AR S 6 s e Ut 1 P RE 1 1
AT R A SR IAT by HAOAL) 3 b 250 55 AT ) R AR A 0 A o AR /N B L R PR AT I
SRt PAT AR A ZERE P RO BN T, ) I 384T 3 PR T
KA PTG R S . IR Z AR CHI NEARE R P %, KEHAA
FE AT EAAE R R Rt AT AT S BAT TR R AT SR, AEARZ TTE
TR A BIERMEIZ 2. Ch TIRZ T RIEA I, 2 W, Tom Cargill 5
ff] Exception Handling: A False Sense of Security. £ cixusa) it B 5 w1 &

R
T
e
A

’
7

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

FAVRE : FEFPRERSAEAAAE TR BT DL B IE W I8 A7 2 RO EA L IR EOR AT T B0t i
AR I F e FW %4 (Exception—safe) HIREF AR —DMEA LR EKE
PR MR P AEAAAE S H IS D0 N IsAT IEH IR 5 AT 14 M 2 e R 2R AT i1
FEIFAE 2 REIOIASE M ISAT IE W IBER AR, BE%04 0,

NAT AR WE? A C IS RAIIMIR, C B sl 2 T 8RS (Error
code), FTLIGA AR EFR RS H W, 2 W RS W e L P U R A AR )l 5
SOETRI A SR AN RER G o AR A e B BEE IR R BOR PR AU KR R
—ANSRECIRES AT IR DR B BOR R A A B e R AR o SRR P N
BRI RORASDRELIZAT, SR BAT BN, R LRI b AT .



C Reh B RENS UL set jmp A1 Tong jmp K58 i 57 5 AR BEAHALLI D fiE - {HZ 2 long jmp
15 CH+rP AT IR, RSB B, 22 B I A IR AN BT =) 35 5 i I AT A4 ek 2. (WQ
H, Ve +RERERX— /M, HEABRKBIX—.) MARZH C++FEF R AHO T X S iR
B, Bl setjmp A1 long jmp ARERSEF LT H AL B WERAIRT 2 — A5k, R IE AN
AT 2 1) S RES I HAE R (searching the stack) DUMERF 5 Ab BLARH
IS, ARIEAFH DR SRS AR B AT ) R BOb 20 XN gt 7 AP CH IS AL B

DU BATE LR A S AR BEIRE P e A TR T, NI Le 4k ioe — M5
Hi 57 24 (Exception—safe) BAFIIATEEIITE T R ENILAEMAE CH Pl 71 Ak
BN T SRR Tl B N IR T, IR s B SRR, e
PERIRCNE,  JF HARKS [HIRETFVF 22 75 A8 57 5 A B I 20 5 38 21 f) o) L

5.1 Ttem M9: i FIATH BRZLKH LE FE IR

SHHREFULFTE WL o AN PRI AN 23 5 A I HR 5L

Ok, PRANFIA AT B F T 0 FF L, EL AR T B0 R BV R %6 U (Local resources)
IFRET VLR I e B, IR IEAE A — AN NSO g 5 5, /B 2 BT i — AN 35 B/ A
NI A NI 2R A RIS BT L — A SO, 8 MR e BT B O B i R
PRI AR S — AN PR P X 8 SRR 5 SN IR A S W AT 36 2 1 4 Cappropriate
processing).

FERGX MR — G LR 5 8 L — Ml %2, ALA (“Adorable Little Animal”),
SRJIG R /NIRRT IR A2 o — AN AU R B processAdoption 43 Bk ARSI S AT
Ab B

class ALA {
public:

virtual void processAdoption() = 0;

b
class Puppy: public ALA {
public:

virtual void processAdoption() ;

I
class Kitten: public ALA {
public:

virtual void processAdoption();



PRt A RSP B 205 6, SRS AR ST A5 B A2 — A puppy NV X
L kitten UM M5 XA TAEARR @S T UGS (virtual constructor), fE
Gk M25 TEARHIR T X P ek g A T Se B AT H bR, JRAT XA 75 B o 4
[/ s PERESE R, RIEIREAS R
VA IR 3= MVAIRE LB
ALA * readALA(istream& s);

PRERE P IR SRR 73 L2 I AN BRI R s
void processAdoptions (istream& dataSource)

{

while (dataSource) { // AT, dREARER
ALA *pa = readALA (dataSource) ; /AR —ABhH)
pa—>processAdoption() ; /[ RE B Sh )
delete pa; / /MBS readALA 3R [7] (R 5% 5

XA ) dataSource WIFAE R, ALBLE BRI EEATIH o ME—ZdER—
FRAERFRAEIN G AR pa. X220, BEARERIA readALA #GHA. —MHEX R
WIRANBR T 5, AR A B -

WAEHZE— T, WR pa—>processAdoption M T —A =%, ¥ KEMA?
processAdoptions WA RN, BT LA R A% 4T processAdoptions I . fLidH,
processAdoptions PRECH I pa—>processAdoption i flJa [ BTAT A A AR BRI, XAt
Ut pa WAHMIER. 45K, FEATINA% pa—>processAdoption #ill i — A7 #f 2 2L
processAdoptions PIAFEMIE .

HIEMRIRA ) -
void processAdoptions (istream& dataSource)

{
while (dataSource) {

ALA *pa = readALA(dataSource) ;

try {

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



delete pa; // EG N A7
[/ AR

throw; /) Ak
}

delete pa; // WG B
} /) B S

EJEARLZI try Al catch XFARAIACRSIES T /N sl o B B R 2 AR 20 5 XU T B AR RS,
NIRRT RS, AR R AN RS . AERXFMEOLR, B PIAS delete 40,
ZIEEEAAD—FF, ERHD SRS N OBUHET4Edr, 1 B e b LR AR n)
ARFATRZ 1L processAdoptions IEF IR L2 575, FRATH T ZMIBR pa, FTLbAH4
FRATT L IR EEAE 22 A 1 7 9t 5 N B A R e 2

(WQ iy, VC++3FF try---catch---final £ SEH,)

BATTAT LA LB T 135 BRACHS TN processAdoptions BREL A [ JRE % G2 (AT 4 bR £
B, KRR AT DAE S0 S B A BR AR o A 2 R OR[N SRR G R R, O PR
TR B Ao AU — R Al 2 Uk ] Tong jmp e Long jmp FIZXANGR UL CHARJESTRF
A H ) T E R D

BARTT i — N G AURIREE pa, XX IAT N HIREHAHLL. 2 pointer—1like Xf
% AR S BRI, RATREL E T s B ] delete. BARIRET BN SR N
smart pointers CRIGHRE), 2 WA M28 INfifRE, FRAE(EF pointer-like XJRAEH R 1.
X, BATHAE X ABEVIRFEE, FATHFEE A pointer-1ik X%, HE B/ LAFA
[ FsF 2501 MY B " i3 1) DR 5%

HHIXFEARIEA A, (R IATATTE A LT o Frifk Cr+78 R 85— A b,
M4 auto_ptr, IXIEEFATEEN . B> auto_ptr KRIUMNERECE, tE—MaEHTRm—
MHEXSZ (heap object), I HAEE MM BRECEMIER XA L. THIFT7RH2E auto ptr
RI)—LE )
template<class T>

class auto ptr {

public:
auto_ptr(T *p = 0): ptr(p) {} /] PRAF ptr, FRRIN R
“auto_ptr() { delete ptr; } // MR ptr 5 %%
private:

T #*ptr; // raw ptr to object



auto ptr R SERACE R AR H A BRI, ORI AR SEIRANREAE S PR N o (FRATT
2 /DRI L VIS B, TRE operator FIKEAE 43K M28 YHA Y pointer—emulating B
BO, HZREH G P & R B NAZATE K. H auto_ptr XAV raw $55F, RIGEA N
HEXT G A REMIBR A0, RIAEZESL i BF, 0T Gt el S bR . (B4 auto_ptr 1IHT
FA R B FH (1 2 X S FE 201 delete, FTLL auto ptr AREF TH& XIS EA0HREr . QiR
Ul auto ptr REUT—MNEAIBR, (RBHEHCE 4. ERXFEI T, H vector A
array A AESEIF. )

fiiH auto_ptr X %408 raw #84, processAdoptions Wl FFiR:
void processAdoptions (istream& dataSource)
{

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

pa—>processAdoption() ;

XAMRA) processAdoptions £E AN J5 1 X ) T 7K [ processAdoptions pREL. 55—,
pa B AW —> auto_ptr<ALAXIZ, MARZ A raw ALAMRE. 26—, fEIRHMHIE R
1 delete ifit). HARIMAA—HE, BIARR THRIE T, auto_ptr M RIAT HHR — %
W . EARRE S .

B/ auto_ptr J& BBV Fl— AN SA-M T 2E0% H AR BEUR, ARG KEEX %
FRIHT ) BRI BOCRBETRCE YR, XA AR PO AT Bl JUAESREE L, ad e HI 72 20 B 23 o ARE
L AR TN IRFE—ANE GUT R TR B8, By > window Sk B — 285 B
/) AR E R ARSI, AR AN R E
void displayInfo(const Information& info)

{
WINDOW HANDLE w(createWindow()) ;
1E w AN window R E R

destroyWindow (w)

RZ window R4i45 C—1ike #11, fiH1% like createWindow Fl destroyWindow pk#§
SKERHURURE S window FEU. U1 SAE w SR K window P R A BN, —ANFH B, w Bt
XF ) window KA K, B ILE RN TR .

fEP TR S AT TR I —HE, AL —ANE, AR oA EC S AT R R EICR R EURURE T8 0%
Ui



[/, FRECFIRETI > window AR
class WindowHandle {
public:
WindowHandle (WINDOW HANDLE handle): w(handle) {}
“WindowHandle () { destroyWindow (w); }
operator WINDOW HANDLE() { return w; } // see below
private:
WINDOW_HANDLE w;
// TR R R A W D AL AT S B 15722/ WINDOW _HANDLE #% U1
[/ R ARG 7 TR TE 2 WA M28
WindowHandle (const WindowHandle&) ;

WindowHandle& operator=(const WindowHandle&) ;

K& EEAALER auto ptr, FHZRMERRIE S Vg A5 (R4 N2,
AN B R e 3 /E GBS WindowHandle %42 WINDOW _HANDLE. IXAfg 5%t 4l H
WindowHandle %GR B2, KIXERAG IRRELEAT M H /5 S48 H raw WINDOW HANDLE —
FERAE ] WindowHandleo (ZWACHKMS , T fEAAT AR i EARAT FH B U B AL 40 1)

45 Y WindowHandle 28, FANREW HE displayInfo p¥L, 41 K FoR:

[/ WA R, XA BR AR I G Y5
void displayInfo(const Information& info)

{

WindowHandle w(createWindow()) :

1E w XN window H i 205 & ;

B — A3 7E displayInfo WAL, #% createWindow #A7 MK window L AEHRE L.

PR AL BT — XSG, REARIX AN, AR50 50 REIRE G A1 A A e o PR LR A
BRI o A W R AR IEAE S BC U I — A e, e R AR AL 2 48 G4 4R 1E b
T resource-acquiring ZEMIMNE AT o IO W RIXFE I B IEAE RN, — AN S bk
Pk, X R ANEBUNE? Ha) 3 ok BRI 1 R B SR IR I BOR o AR BE7E 453K M0 FH 4%k
MLT HPREAT G AN

5.2 Ttem M10: FEHiE A% B 1B B IR

UERARIEAE T R — N A Z AR D e AR T o IXAN RS bR T REAF il 1 11 307
R4 Hihk. An S, EREAEE A I (AT RLgY HAAT 144 T I IE R A )



TSI R, KT LUK RER
class Image { e
public:

Image (const string& imageDataFileName)

class AudioClip { // AT EEEE
public:

AudioClip(const string& audioDataFileName) ;

class PhoneNumber { e by /) TGRS
class BookEntry { // BRI % H
public:

BookEntry (const string& name,

e

const string& address = "7,
const string& imageFileName = 77,
const string& audioClipFileName = ”7);
"BookEntry () :
// AEREA R EIN HLAE 5

void addPhoneNumber (const PhoneNumber& number) ;

private:
string theName; // N4
string theAddress; // ABAT bk
1ist<PhoneNumber> thePhones; // AL FE A
Image *thelmage; // AATTEE S
AudioClip *theAudioClip; /) AR — B B

SR RN 25 H AT 12 Bl P DLRT 2 T S EU G R (B IL40M3), AN
RITEAR hk. BGRAE S FSCEZ) MO TTIER . ERNAZM RS (Tist) 76



G S, XA ARHE CH+8E (STL) HPi)— A48 (container classes). (N
Effective C++4%3K 49 AT 43K M35)
%5 BookEntry H4i& B AT RREL, A — NI VE R
BookEntry: :BookEntry (const string& name,
const string& address,
const string& imageFileName,
Const string& audioClipFileName)
: theName (name), theAddress(address),

thelmage (0), theAudioClip (0)

if (imageFileName !="7) {

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

theAudioClip = new AudioClip(audioClipFileName) ;

}
BookEntry: : “BookEntry ()
{

delete thelmage;

delete theAudioClip;

He)3E PR BT SR ET thelmage Al theAudioClip HIAAHE A, SR Ja AR R N R AL 3 b K S
BARA, AR 10 FCSE I G M e B SO R IX 22454, #ifR BookEntry
MBS RATHEMR CHafi SRR 25 $5 52 2421, BT A BookEntry K144 e 24
TERARET BT AN ZE A DX LR A di 1) T 228X 4

G LELE VIR, EIEWTEIFHSEAL, (RATRERE T (FHEa 57 &
ERTELL ) BN A S BRI T .

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

theAudioClip = new AudioClip(audioClipFileName) ;

— AN, TTLLE N operator new (ZW 4 M8) ANEEZS AudioClip Zric j2



BRI A7, BATLARY AudioClip MIKAMEBGHL A Ol — AN . AT AJRIA, e
BookEntry Kt B # Nl S IS i A A 8 B ST BookEntry X G (KMl )5 (E AL 3 b
HARMAE . BEEED,

IAEM BT theAudioClip X GENLI, —ANSEH A Cify B AR AR P4 A 3]
BookEntry MIxs BB KIANIT ), B AR TR theImage TVESR TN SWE? %55 WARM
AL H BookEntry KA, (HZXANME SR % 248 K. “BookEntry O ARAA SR, Kk
AL

CHAUX REMM R Bl 58 M3 X% (fully contructed objects) , HAT— X4 Ky
R BEAIBAT SR e, XA R A W oE A MR o T LA SR — A BookEntry X% b N i
XGRS, W
void testBookEntryClass ()

{
BookEntry b(”Addison-Wesley Publishing Company”,

“One Jacob Way, Reading, MA 018677);

I HAEMIE b R RErh, — AN, b TR ECA SR A . i H an FARE
KN TZ)TBAL B AG O, B 50 R BN H] delete, 417 R JToR:
void testBookEntryClass ()
{
BookEntry s*pb = 0;
try {
pb = new BookEntry ("Addison-Wesley Publishing Company”,

“One Jacob Way, Reading, MA 018677);:

}

catch (...) { // ARBTA R
delete pb; // MBS pb, =4l e 8
throw; /) A

}

delete pb; // IEH MBS pb

PR RINAE BookEntry #Jit BN Tmage JPRCHI ARSI R T, IRt R
new BRAERATIRINTEN, FeFe A pb BEATIUE#RAE . WIER BookEntry (Fa i p& £l i —



ANSEHE, pb K —ANAE, PTUAE catch SRep IR ERR T 1R B QU B 4F DAAMNEAT A
YERT. IR T545%F (smart pointer) 3 auto ptr<BookEntry> (Z W4k M9) L% raw
BookEntry*t A WA AEH, BN new #AE I FE e, W EATX pb HEAT IR #RAF -

CHHE Sk VAT 6 AL B VR R0 SR AT R R B AT — S JRU DRI, 1A 2 s A R
TR B PEAR 200 R X A MO BT R, SRR E I SRR B 58 k) i
A (R0 G AT AL BR 250, T ) R BB AT 23500 2 ANAT IR AN AR 0 R BN — B8
KAR TR B EAT T 2 /02 2 SR LA A R ORI X e T I F S W AT R L A o X
(R SR 23 VR A AT AL B BB AT IR, , IR B R K. CHilE b TIX Rl IR, (AR
Mot ANGE 9 S I BR AR 23 MG B0 5 o CGRALXRIERE FAT A 5 R IZ R BEAT 47 AL B
#lFiE ] LLS WL Effective C++453K 13)

DR A 50 AT AL P R e S CHAN TSI BR X 5, BT AR 200 F B e T R IR A4 32 1Ry
HULEEATE O &% R il kT s, RIGHAT S BRAY, Bn FFE
B SR b e ks . W TR, fF BookEntry 4 R P A A IXAN 5
BookEntry: :BookEntry (const string& name,

const string& address,

const string& imageFileName,

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

thelmage (0), theAudioClip (0)

try { // 3% try block /ZHFTMAL
if (imageFileName != 7") {
thelmage = new Image (imageFileName) ;
}
if (audioClipFileName != 77) {

theAudioClip = new AudioClip(audioClipFileName) ;

}

catch (...) { /) HIRPTH S
delete thelmage; [/ SERL B BRACAY
delete theAudioClip;
throw; // DRELAL I



AN BookEntry (1R 50 B DA 488 o, 2K 10 ey 32 R 500 R ) -2 s 3 5
H 3BT . TSR BookEntry Fiti R BRI AT, XT 41K theName, theAddress Fil
thePhones $(#i il i CL& M S8 ARG UF T o IXLeHH ] LARE A UL S8 IS I %, BT bLe
TR B BRI ASFARA NS o 28R T SR 3K 56 52 (10 K 18 o 50 T T i 2 4 S S 5 )
B0, T TSR] 3 bR BODA 200 25 2% A 3RS 5 DA AR A A K 8 S 2 T 5 Jle 5 PR ok
A,

PR AT g CL203E 75 31 BookEntry A3k B catch Herb (135 A 548 BookEntry [RIHTH B %L
WA JLT—Hf o IX LIRS B R R A AT 20, i AR I 1) J e 4 P ARG A N —
ANFAF helper function Hv, LhHai ok % 54 i eR 0 &

class BookEntry {

public:
// TAE
private:
void cleanup() ; // 108G RRAHS

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

thelmage (0), theAudioClip (0)

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



}

BookEntry: : BookEntry ()
{

cleanup() ;

REALFAT T, HEAEEAHZER T XM BRSNS s — T ixil, ik
thelmage F theAudioClip &% & (constant) FREFFAY.

class BookEntry {

public:
// AL
private:
Image * const thelmage; // FREFIAE &
AudioClip * const theAudioClip; // const 2

WAGEIL BookEntry Fit R B S WI AR AR AR IZ FERI R L, DX R PR AT e
HiT T LAY, const ¥54FIME (Z . Effective CH45aK 12). WH SiXFEYILE4L theImage
1 theAudioClip:

// AT REAE SR Yl D N SR IR R ) SE BT
BookEntry: :BookEntry (const string& name,
const string& address,
const string& imageFileName,
const string& audioClipFileName)
: theName (name), theAddress(address),
theImage (imageFileName != 7”7
? new Image (imageFileName)
2 0),
theAudioClip (audioClipFileName != 7”7
? new AudioClip(audioClipFileName)

0))

AT SIRAT R G — FLASRE G (1 [ BT HH L. 2R theAudioClip HIGALI—AN 57
W, thelmage PrifKIXIEAN PRI 17 HIAIA GEIE LA 1E s AP HEIN try AN



catch WHAPKMYLIR L, K4 try Ml catch &EA), M RHIIHEN RN VPR RIEA X
N AFRAT O IAE thelmage F1 theAudioClip MIHILGAL S ?: LIACE if-then—else
R ERD o
OV, 55 A 366 22 T 50 B B AR R O — P D V0 U A R X A S i, T DA AR 3k
MIABEAE AR R TIBON try Fl catch 4], FABEEMNBRH eI . — Rl e &1E
FAA G R R, AKX R B IR EHR A 4RI 1) theImage FI theAudioClip Xf%:.
class BookEntry {
public:
// Tl L
private:
// B R R L
Image * initlmage(const string& imageFileName) :
AudioClip * initAudioClip(const string&
audioClipFileName) ;
I
BookEntry: :BookEntry (const string& name,
const string& address,
const string& imageFileName,
const string& audioClipFileName)
: theName (name), theAddress(address),
thelmage (initImage (imageFileName)),
theAudioClip (initAudioClip (audioClipFileName))
{}
// thelmage ¥ SEHIEHML, It LLRIMEIXANHIAG 40 R M
// AL, XA BB AT S Ab
Image * BookEntry::initImage(const string& imageFileName)
{
if (imageFileName != ”7”) return new Image (imageFileName) :
else return 0;
}
// theAudioClip #55 ML, FTEAWIRAE theAudioClip
[/ WA R e, S fR theImage U USRI
[/ PIXAN R EAE A try. .. catch

AudioClip * BookEntry::initAudioClip(const string&



audioClipFileName)

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

throw;

TR RANES, g T A RA A T W . AN S, E SR E Y %
J& TR I R BN AR E 3 B LA R EUR, XA TRATTIRAEZED

S (AR 7 ¥ SR 48 MO A2, theTmage A1 theAudioClip 45 A % B8k
— AR, B R R A . XAMEB YR ALK — N S theImage I
theAudioClip JEFAMEES, TRIZHIADELMINT G, IS IRE R RE, X605 N %
BEMIBR . auto ptr KHUEIETIXAHIMM BRI . (ZHAFHK M) KR AHE thelmage I
theAudioClip raw fiEF- 28O0 B (1) auto _ptr 2KAY,

class BookEntry {

public:
// Ak
private:
const auto ptr<Image> thelmage; // eI R

const auto ptr<AudioClip> theAudioClip: // auto ptr %%

XAFAEFT BookEntry Fts ol £ BIMEAE A7 A2 5 3 A D0 B R Re A AN ittt B 05, o HL
EIRATRERS A H B A T Ua R kW45 1k thelmage FI theAudioClip, WK Fis:
BookEntry: :BookEntry (const string& name,

const string& address,
const string& imageFileName,

const string& audioClipFileName)



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

FEXE, WURTEYILGEIE theAudioClip INHH 54, thelmage L& &M sE I
W%, FrLLERERE A Z MR, 3% theName, theAddress FI thePhones —Ff. 1fif HLIA N
thelmage M1 theAudioClip BLYE A&7 BookEntry FHKXT 4, 4 BookEntry # MR &
ATaERE B SIS . AN TG ST IR eI fa 1 B0 %o w] LUIZAE 4L BookEntry AT
ARSEAE
BookEntry: : BookEntry ()

{} // nothing to do!

X R IR IR A 56 A 245 BookEntry [T BRI AL

gi BpriR, A RAR IR auto ptr X GRAERER O A T, gt nT AR 1A e Ao
AFAE S I R AE RIS RS T AR R ek BRI U, IF HARIE R % LLRT AL HI AR
const F&EH—FEHH] const F55t, 45 HRAH .

FEX GG, ALEE SR S AT e, &/ NMTI I, (R auto_ptr (B K
LT auto_ptr (128) BEAL BN AT o & AT A NAN G BRAR IR ARRD BB K, 1M HAE A3 F2 )P AE
RRS 0 TR I D0 T L RE AR KR IE #1247

5.3 Ttem M11: ZEIFR 158 (exceptions) TR EAN

FEAT PRI OLF 2 U AT PR 55— FlORAE IE W RS O N IR — XS, it G
TAE R b deletes 57 —Rfid 3 A4 3 (U HERR AL T (stack-unwinding) 7%
H, HR AR GMIER XS

P EIR PR OL T, 1 AT R R 5 S T RE A TR A B T REBCA AL TR IRAS
IR BEAT IMEAENTHE BB F81X 53 H I sl 0 o DAL A "5 7 g o I AR 6 200 £~ B
BEA S H G o DU WERAE — N5 W A I RN, i ek Bt 0, OF S 80 e
HIABUEE RS BT RR ELAE, CHof ] terminate BREL. XA BRELHME A IE W0 L4 7T ROR 1«
AR IEAT, M HAEEI L, S R N R ORI

NS, A Session RARKEREAAEL T HHLI sessions, session Hiisfr
FEMAR— G SV HNUIT A6 — EL RN AR GO 1B I B R - 100 . 54 Session X5



SR PR ST B R TR AT ] «
class Session {
public:

Session() ;

“Session() ;

private:
static void logCreation(Session *objAddr) ;

static void logDestruction(Session *objAddr) ;

PR%L logCreation Fl logDestruction #43l H T-ic sk 6 S g e SRk, FAT TP k]
PLIXAEGm S Session [FATHA) pRI 2K :
Session:: Session()
{

logDestruction(this) ;

—YIE L RBE, (HELE logDestruction #l i — MW, SRAAAHHNR? FHk
AW Session MR & ECHIARAE, Fr LLE R A% i3 BUATAL o 2500 T 288 L o (B AP SR A R
HOR L 1) 208 8 TR L e M, 84 terminate BRECKEHE AT, )KL
IERIFET o IEASRARFTA SR LI it o FEP 3 WSRK FRECH S5 B, X RASEM,
P AR 2 FER B ER] T UMK LTI T 42 R, R
B 1AE TogDestruction Pl H ¥ 53 £ 3% 31 Session HTA sELIAMIT . ME— (1 757202
try Fl catch blocks. —FR HIRIIMOE S IXFE G S R 4L
Session:: Session()

{

try {
logDestruction(this) ;

}

catch (...) {

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



E S XAEMOIT A EEAR R AR 22 4 o WRAE catch TP operator<<IN FE—/M 5
WA, FATHOGER] TZ R, AR RIS Session M & HI A .
FATATLALE cateh RN try, (HRZXEAH —DBRE, SN AIEH . PdIE
FETH Session I W20 ZAME A5 T AT B HA 1R 7
Session:: Session()
{
try {
logDestruction (this);
}
catch (...) { }

catch R EAFBREAMAEMEN, X2 "M%, b ek TAEMA
logDestruction Y (1) 577 #i A% 2 session MR . FRATIMAERE mALTCIE T s
Toe session MR BEARIEHEFLIEF (stack unwinding) YR, terminate RRELEA
SR

AN FOVT S 55 A 350 B BT R BRSO T AT 58 A D R o G SR — A e e A o B 1 T e A
TERREL N EBHIRAE, B AT R B A S 58 21T CESAFAEI W AN 7 B
RATHI RN E RIAT, E VA A e T Gt o i, FRATTX session KA—
MEX, AEEEST session MR Z)—PMEHEFE S5 (database transaction) , #1f session

I 45 RIXASF 55
Session: :Session() // AT TR L,
{ [/ XA R BT
// AR

logCreation (this) ;

startTransaction() ; // JB#) database transaction
}
Session:: Session ()
{

logDestruction(this) ;

endTransaction() ; // %5 database transaction

MR IXH logDestruction Yo —AN 54, £F session ¥t B ELN B 31 transaction
AL BRATOVFRENS IE I T B 9L session HT 4 bR E0PA 1) R 500 FH NP I Vi 4 1)



A, HREWER endTransaction WL — N5, FATER TRIZMER try A1 cateh 4h, 5100
P

LR LA, FATVRUELE 1E S A3 BIRT R R BOMT AN SR N, 2 RENE AR S B i ) HE
FRIEH T (stack-unwinding) MIREH, Biib terminate B, 5 € REFEBIAH IRAT
He) BRI SR i 58 CERAN 1A B A I AT it . Cln SRR IR ANRAS IR IR S B ey, AT AR/

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

and Why They’ re Evil” IXE),

5.4 TtenM12: FAR “Jit— A 5H” 5 “HB— B R “WHE—ARER” FKER
W L ZEBR BRI S5 15 cateh TP 7S HULTRAT A4 220

class Widget { ... }; [/, BAARRAT AR
// AEXHLIFANE 2

void f1(Widget w); [/ YR EL HSEU RN

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

void f3(const Widget& w); // Widgetx 57

void f4 (Widget *pw) ;

void f5(const Widget *pw) ;

catch (Widget w) ... //— catch T4], Fk
catch (Widget& w) ... [/ R, IR,
catch (const Widget& w) ... // Widget, Widget&, &
catch (Widget *pw) ... // Widget*

catch (const Widget *pw) ...
PRI AT e 23 A H throw $il H — AN 58 2] cateh 1Ay Salad s B0 AL 36— 28
PHEEEAAH A o IX HL AT —LEMH [R] A0, AR AT AR AR BRI 22 5+
EFRATTSE MAH IR fUE o AR5 s B S 2 5 8 IR AR ] DURARAE et 5 | ] slidt i 17
BE XA o AH R SRR S EON 5 I, RGP 258 R A I R I 2 58 AN R 1
PN ZE S 0 SR S R P RO, R B R R A ik e ik 1] B R B I Ad, (H
URPO SR, FEEHIBOK AL 3P0 S T .
HXFE— R, ZHETE Widget, FEPUH—A> Widget BB H) 73
/) AR, AR EE F] Widget
istream operator>> (istream& s, Widget& w);
void passAndThrowWidget ()
{

Widget localWidget;



cin >> localWidget; / /A% localWidget 3| operator>>
throw localWidget; // Y localWidget S

k3% localWidget FpA%L operator>> B, ANHIHETHE DUHEAE, 124 operator>> W
(51 AR 5 w 45 1) localWidget, AFAAf w ML ks E#IEINE] localWidget Fo iX
5 TocalWidget 7 AR KA o AN AL Bl 3R i i & i i 5 | AR O Rt
FREH PO A 7, OB TC IO #OR AT LealWidget 45 DUERAE, At i 414 5 catch
THIFHIZ TocalWidget 145 Do AU 2M, P TocalWidget BT T 24EFZE MG, H
WrAs B ECK S o WS4 TocalWidget A& (MIAEEIIHE DD #4845 catch FA), XA
TR B HE TR T Widget, —AN Widget M “J7 K7, X R TIEMLEA. A
Il Co-+ R SRA AU A 7 0 0 L (R0 S 25 236

B Al L IR AN ORI, M HEATHE DUERAE . 0 SR passAndThrowWidget B
HE ] localWidget AFFSLHR (static),
void passAndThrowWidget ()

{

static Widget localWidget; /] AR (static) |
[/ BAFE R FER
cin >> localWidget; // ZRULHT R IsAT
throw localWidget: // 5T localWidget
} / /AT P8 DIHRAR

Ul S TR ST TocalWidget f—M95 DLo SX RoR RIS I 5 | FH Al 3R 5
WARELE catch FPEH TocalWidget; INAXAEMELL LocalWidget FIFE DLo X5 H R B AT
SRS I8 DL, XA BRI BY T BAT T REAR S Bt i S R AR AN e P SR AT
WL S H L 2N .

S HON AR LI, 3% DU 2 FO0 S (0P8 DUR I oA 6 U o 128 DR B B X
ZINFALR (static type) FIANIEMHE DG REL, AL ZMZ)EZHEE (dynamic
type) XTRZRMHE DIME R . LLan DL R IX 4 D VHE X1 passAndThrowWidget:
class Widget { ... };
class SpecialWidget: public Widget { ... };
void passAndThrowWidget ()

{

SpecialWidget localSpecialWidget;

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



throw rw; [/ EPH AR Widget
/] W

X HYH B SN B2 Widget, B rw SIAIHIZ—> SpecialWidget. BI2h rw HIEHA
FM (static
type) J& Widget, MiAN+& SpecialWidgeto. RIIZMIEESMA A FZES] rw SIHKLE—D
SpecialWidget. ZmiFdsITiEm e rw IEARA (static type)o XFMT R AT g5 VR ITIY]
FEIIA—HE, (HZIX SEHABE LT Crrp 8 DRI s B AT b — 80 CRd AT — R
ARETUAEARAR I S 1 8) A58 dynamic type #EATHE DL, 2 WK M25)

FHRIVERN RN D, XA FIGE W B R WTLE catch Serp Rl — . bk
XA cateh B, E—FHUIHE—Ff:
catch (Widget& w) // i3k Widget 5%
{

// AR

throw; [/ EFH R, ke
} /] GREAL
catch (Widget& w) // 3R Widget S
{
// KBS
throw w; [/ A A R
} // ¥
XA catch B ZE JIAE T 55— catch S B Fl H 102 S Bl R i, i es — A
catch PR EHTH Y AL 2 AT 3R R T —ASE B0FE DL dn SR RS A AN S DU R G 0T

B, EXFROTILIE E R A

R AN E R 2 2 HT R (current exception) , GibE A AR,
R S B TR A S TP AR A2 A SpecialWidget Z8AUHY (1, A0 A 58— ANBR b A3 25 (1)
WS SpecialWidget 547, RUAT w A RA (static type) /& Widgeto IXJ& KA E Bl
B I BT R DL . S5 A catch BREFIOH B 2, RARJE Widget,
Hhow INERASSA (static type) & Widget. —RORUL, RN IZHA throw KEHHIH MHTH
S RN IR AN S LA A 3o R 25 1) S R, T HLSE A 80, RO AN L A e — N DL
CASE B —F), S AR i # DU — AN IR A B IEAN4RaK 19 RREI, I 0 S Re ik g e
BARAG A Coptimize it out of existence), ANidFRABMRIIG 1k B AR AEIX 4 4K,
DGR AR R A8, DT AR RS R AN SR J7 AR KR MRS 70

AEFRATI — F F X = A SR 38 Widget S0 catch TA), S EMCA



passAndThrowWidgetp i H 1

catch (Widget w) ... // IR IR

catch (Widget& w) ... // ARG R A 3R
/]

catch (const Widget& w) ... / /%ISR ) const H)5IH]
/ /AR

BAVLZT BB TS S G R I o AR MR E I X% (WA iR
ek, RGO W DL 5 R e AT EE I R 1 const MEKGIH]
(reference-to-const) i3k, 75 e&ECH A TP A SR VFEE I — AN IGIN A Z 3] —AHE const 51 H
FMSHOL (B WML, (HJETESH hHb: /vy,

FRATEAE XA ZE 5, (125750 S8 DU Aok o JRAT %018 4 R A ¥ 5 A i
RIS E, AT T AL R — I (S Effective C++ 453K 22), JHERXA
P2 DU B R B S 8O . [RIFERA DS AR E 107 AL — A, i A, 43k
TVXFEF B4 catch FAJI:
catch (Widget w) ... // A IR

SHEST AN R B FE DL, — AR AT e AL AU ST BRI R B, B AR AT I
0588 DUk w b (WQ bn, EE: BEASD. [FFE, A3RATE S T3R5
catch (Widget& w) ... // 3B A3
catch (const Widget& w) ... / /a5 AR

XA A S A7 — AP S HE DL 8 DURRE S — AN IR 5o AR B4 BeAr 1 51
R RESHUN, BATHATXN S8 DL i — RN, RGMER) (LU SHTigss) b
R S IR DLE EE DIOAH [R) X B ARCA 2 50t 3éd 0 R BSOS R 1 8 DUBCEE 22—

BADBEEA THE IR 57 Gl AT, Sl R e = ol i fe A i 2
KOS F ) o AWM VLA — AR B IOHE DAt 3d . A0, IRANBE I 4852 — 4
Fa 1) R SRR EE, R 2 e B R AR B AL A T, 2R AR R AR R T
Catch FHPRIRAGF MR 0] QAL RN S IHREE o XPAT HAEBCHIN 1% T LABE 4 o (WQ
miE, WA BARERMEMETR.D

X G N BR E IR ) Ab A% B e B S HUE 5 WS W AL 36 3] cateh TAJIHTR A
THEARR, X H 2 S8t 5 5w AR I OW I — AN J7TH s 58 A2 572 76 pR B0 & sl
HH e A R U P A B R IR R Y DL IR I R AN ] o B AE R HERA B (the
standard math library) ' sqrt pRZ%L:
double sqrt (double) ; // from <cmath> or <math.h>

FAREIXRETH S — AN HUR TR, W R s

int 1i;



double sqrtOfi = sqrt(i);

R, CH+ A VFIEAT N int ] double MRS, Fr AL sqrt (IR, 1 4
Ay double 2R, JFHILIRMIEME double. (AT RERASERFMMTEA TR
WAFHME) — R, catch FRIVLEL 3 RB N AN EA IR Fe e IR T (4G
void f(int value)

{

try {
if (someFunction()) { // R someFunction () & [H]
throw value; [/, P — AT
}
}
catch (double d) { // FAbFE double ZRAL [ 5k

76 try BRI int S ASS AL HE double S I catch TAJFR. % 1H) FLAERH
B ELECIEIEA double [R5, AT, PICUUIREALHEER int %, AT
A int B int&S N catch 74,

AREAE catch J Ay HEAT SR ULIC IR AT DABEAT P AP A S i o 28—l 4R b B2 1)
(e e — AN HIRAHZREE R cateh T RJH AT AALB)R A SR e o B AnAEARUE CH+/28

(STL) 5& XIS 2P K2 Wil 7 (diagnostics portion ) (S Effective C++ 4%
K 49) .

i3k runtime errors 73 [ Catch FA) 0] Ui 3k range error 2RHUA overflow error
KA AT LA SR exception 2 cateh T A) REAISR AR IR ALK 2

EFRAER 5 (inheritance based) [HJIF) R SR A4 vl LR FH T-40fE . 9 IH A

P& L e
catch (runtime error) ... // can catch errors of type
catch (runtime error&) ... // runtime error,
catch (const runtimeferror&) . // range error, or
// overflow error
catch (runtime error*) ... // can catch errors of type

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



// range error*, or

// overflow error*

5 MR RN AR TR S (typed pointer) AR LR MAREE (untyped
pointer), PTLLAA const void FREFH catch ¥~ ) REMIBRAL MR AOHRFH RIS 4 -

catch (const void¥) ...

[ [APATAT TS R 5

3 2 BRI o S5 T B g — R 202 cateh “FAJUCHLINUT S & B T e A TZERE P
BN o DRI NIR A W] REAAE BRI 1Y) cateh TAJHHER, BIME A7 A8
1 BE B AL AR IR AR NI cateh 16), SHIFEE try om0 N, -

try {

}

catch (logic error& ex) {

catch (invalid argument& ex) {

// XA catch B KRR
// BTE K logic error
/) S, RS IRAESR

/) A BIRIEA AT
/R B A 1Y

// invalid_argument

[/ FH AR

// catch FHJ4fiIk,

5 EHXRAT A B, SRR A e R BT, 45 A 1) e BOhE 15 A R B0 H )

MRMZNZEFRM (dynamic type) HAHITAIZSREL . Fn] LUXH i i2 40 b8 BOR F B aE 7
7 57 5 AR FHR R R B 5B I8 5 o IR MR BRIR AR B cateh T RIAL T AL BERESE S
(K] catch AT, Sk A i . (ROYRFERAUIEAE CH+ LW A AL Al
PREIF AT FRSE BT : AN AT AL AL R 8 (1) catch T AJBEAL PR 2828 1) catch T4
IR . B BTN 7, NIRRT

try {

}

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

}

catch (logic error& ex) {

/) BRI IVER)

// logic errors S



ZE LRTIR, AN KBk 8 2 bR B — AN 5 1 P R 0L R A 4 — A Ok S
H, X2 A=A RO o RN RSN ST UL 2 ARy s 3R
I, SRR UL T IR W A S H U 45 pR BN A — 8 7 s DL 2 W3l
NS H A 5 S Bt i 45 s B L, i R e L n 35 22D (i R R
Ko Wik catch FRJEAT A H SRV AC AU e ATAEIR AR h B, 26—
ANRAVLBC I cateh RERHIRIAT o 29— X G AT > M UL BN, Bleade 36 11 R 2307
TR PC R S, B R AN S AR A ) F T 3k o

5.5 Ttem M13: #iF5IH (reference) #HIKFAH

RS AN catch FARJI, DS E Lk S B 7 L3 B cateh FAJHL, fRATEL
A=A SR REBUERSH—FF, iR (by pointer), WidfE{EH (by value)
aUE 5| (by reference)s

A TE TS Fe 5t 7 A FR % (catch by pointer). M throw A&k —A 5w
F| catch FAPE—ANEENLIRE, EELS RO 721 S BN T 3R A R R AT R et
(170 BRURTEAR 3 5 A5 R, AR AR R B S (R O A e A B A S DN & (S
WAZKM12), .
class exception { ... }; // K EKRHE C++PE (STL)

/] PR R R IR
// (BRAH12)
void someFunction ()
{

static exception ex; /] FRERG

throw &ex; // PO —ANRE, FRIA) ex

}

void doSomething ()

{

try {

someFunction() ; // P —4 exceptionk
}
catch (exception *ex) { // fi3k exceptionk;

AR EERIE XA



XE EERAH, (HRSbE AR A T R IER BT, Ry 5 E SO
X G A DR R P PRI T I FR B I B, R RIS RESAREL A7 . 42 s AN
ZAREM A RNX — 1, (HRREF RURE S S ILRXA AR W ER i3, b1 XREE
(AR R
void someFunction ()
{
exception ex; [/ BRI S;
/2438 R R A T I
[/ IEAK BRORE L

throw &ex; // P —ANFREE, FRM
// ORI S

WX SRS T, DA XA T8 (1) cateh A2 BI04RET, AR R LA
FHAFAE

Ty A FRE I R L — M HEXS S (new heap object):
void someFunction ()

{

throw new exception; [/ AR, iR AESE
// BRSNS (T

} /) BAERF new — Z WA M8—
// HEAZEFHT A
/] FHL)

XY T AR AN R CCREBON SR B ) (H cateh 3R] A LR —
RNKRFEN T AR A AR BRARATESZ IR ET? WA AESE PN R O 5, AR
MILZAMIERE 150 23 Pt UM o« WSRANIEAEHE AL (R 5, A2 X AN BERH B
By R AT AR AT T . % e A ?

ROEANTTRERVE K —LER 5 AT RE 2 A 386 4 ) B AR X SR I Mk, g — BT e A3
HEH LS O R L o S ISR B SRS, KBRS R R L AN RRIE
FEAMIER? X2 — ML EI R . BT LR B R TT

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



bad_alloc (34 operator new (2 W4k M8) ARE /ML A2 N AF IS, Bl , bad cast (24
dynamic_cast £F%t—AN5IH (reference) #AE KM, Biid) ,bad typeid (4
dynamic_cast X5 FREFBHTEAER, i) Rl bad exception (T unexpected 5%
ZAH ML) — — FRAS AR P R AHRER, T LUR 2008 o (B 85 | F Sk gk el T
MWREHRE A (cateh—by—value) R LAY LI ik I R, {51 G 7 5 X6 S I3 1) i i
AT R BR 0 S 5 R B el FL 2 R AT 0 IS R G S S 0 B DU I (2 WL 4K
M12). T HE 4/ slicing problem, HIYRAZFEI S H 0T GRS H 0 GA SR,
IEIIRAEZRAT AR T (sliced off). XFEM sliced X5 SEhx It —MIER 4 .
EATR A IR EAE B, 170 HARHE S e AT R R BT, R G AT I 1 PR
FERMNZ A CH— DG A B ik B, W RAE—FHREL——Z 1
Effective C++ 453K 220, Wl FIHX AP RH T e BARAER 2RI 7 H R ERIER:
class exception { // ik, X
public: /) —AFRE
virtual const char * what() throw() ;

// 3R AL T ] R

/) (AERREE W) 45 R AL

// 1 throw()”,
I [/ R E S R

/) ZWEH14)

class runtime error: // Wk FARE CH 5 R
public exception { ... };
class Validation_error: // B EAIANE

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

[/ EHE AL H R

// REAUh PR E
I //
void someFunction () // Yt —~~ validation
{ /] S

if (a validation MR {

throw Validation error();



}

void doSomething ()

{

try {
someFunction() ; // P validation
} /)5
catch (exception ex) { / /TR AR UE SR 2R
// BB IRAE
cerr << ex.what(); // VH exception::what(),

// TiA+& Validation error::what ()

U HT ) 2 AR 2RI what pR B, B B HRE 0 R E XY R 2 runtime error B
Validation error KM H'EATC AT FiE X TiXAMELREL, Xl slicing 1T LA E
PRI SAEE IR

BRI R ik 2l 51 3% (catch-by-reference). ML 5|3 H AEAl
PRBEFE IR AT ) o AN AR AT IR, I VAN AT 0T G N B3k PR i s LA e A
PhetE R R WG, X TVARA slicing problem, 1 H# 4
S8 Ik

AR a5 Sk S8 0 VAR S B s M1, R TR
void someFunction () /I R BB AT A
{

if (a validation MIRZELM) {

throw Validation error();

}

void doSomething ()
{

try {
someFunction() ; /)] AR



}
catch (exception& ex) f{ // X H, ATt 51 gk e
// DREAR R R P T 1 A 4t 3
cerr << ex.what(); // BAE TR 2
// Validation error::what(),

// TMiANF/ exception: :what ()

XHE AR throw HEATAEATESA, XS T catch 7], SEMT 5. RN
AN AR g it il T E R IR AL, TR cateh B 1t e 400 ek B fit % n 30 1 B SRS R A
T: WM Validation erro pRZURFATTTEHE SO I AL

R R 5 H sk % (catch by reference), RELHERETT LR M, Ak
ST AT MR S HOM ST s REREIEETT slicing S % REMEHIRPRAE ST 7 2R AL: Wb
X T B DU H o BT DMRIEAE S A 2 Tl 5 35 I (Catch exceptions by

reference)!

5.6 Item M14: =H{EAE R MKE (exception specifications)

ZIHEIR, SRS A5 H Rk A A S B AR, DX e WA
T A BRET DAB HA A R S o AEREAN U — TR TRE o G P £ 2 1 I I
REMS AN 2157 5 RS I A — B M0 FLAR AR B — AR 3 A YL LN S, &R
SALISAT I BE AL XA, SRJE - DNMEFIR AL unexpected R4 BB . 573
A% B R LUABCH — A48 T SORS ) It 2 S P 0 s R 2SRRI, e 0 AT AR IR A1
o

AEAEE RGN, KPR E R, SARFZIIFAMCRIL AN Z . A
unexpected B4 AT A 2 I BB 4L terminate, Ifi terminate §44 (K147 2 1 i B % abort,
PFITEA—AN3d8 S S RS FRORE PP FL T AOAT i halt (SEibkdsds) . AEBEE IH (1 R A2
AR P abort AEICHIRE I ANREA IR BRARAE o X570 MRS IO AU AZ A T
—IEANNAZ R B A

ANSERY I, AR D U RE S 2 5 T EUR L TP ICHE (R BRI 2 P 8 LA 7 RS
SR 5 S RS DR — B — e B T 50— ek, JF R A T Redl i —A4
R R R, (A BEIGR] B B G EIADY B BB e — AN A R
AR Z RS, PTELZAS B S S T A BB SRR BT GRS AT
Tl DLREA TR, I FLTE S AR AE b g B dR A e X R F U5 52X OV T DL R R

I RRH £ AT P WIS RS, SRR IR e 50t T DA HH AR R SR S



extern void f1(); // AT AP AT R e

ABRBEAT AN BRE £2 38 I 1) 5 A R P B LREHE int SRAY I e
void f2() throw(int);
£2 WA £1RAER AVEN, BIAE £1 ARl —ANIE R £2 55 MRS 1) S
void f2() throw(int)
{

10 ; // BIME £1 AT EEMLHE AN int R
[/ 5N, X WIE AR

AT S B AR T AR B AT e U R 2 A B S AE il AR, IR R 1l (2
TR E L,

PRI Ay P P 20 3 s SO VF R P — AN R KR, FLA L 1) S 5 b P ) R 800 57 RIS AN —
B, I HAXFER IR T e S BURIGFE P AT R 28 1k, T DATE G 5 3C1F ) I A2 R AR Tt
AN BN B g D o TPV AR A RS H RS A P S AR o 940 T
FIRE, &R AN BEIE AT 7
// a poorly designed template wrt exception specifications
template<class T>
bool operator==(const T& lhs, const T& rhs) throw()
{

return &lhs == &rhs;

AN PTATRRE SCT — MEAEFT R operator==o X TAERE X ERUARF (K0
%, WG —FERHE, BRI true, R[] false.

AR A5 (R S RIS R AR A ) R BN R 1 5 o (EL R SRS m] BEAN 25 IXAE
P4 opertor& MUlk#RAEFT, Z L Effective C++ 453K 45) BEML —LeRIUNT R M WIARRY
FHMLE, I operator==pk %N H opertor&if, opertor&nl RSl H —A~ 7%,
R S T BATH 8RS, AR P2 Bk 21 unexpected.

IR ol B B ) AR A XA B AR R At gl AT N I SRR S
BRI AT ARERA R o AT LA RE — BRI — AT TSR 3 % o Dt
BRI RN T IR S k70 R BE S AR 5 3 A AN 2R A A

AE%E S 1 ] unexpected BREUMIHE NI R A1 ARAE— N s B PR FH LB AT i
% FAY BRI B I 12 25 BRI A R BB S B o IXARAE 2 B, (ER SE B T A B R . B e



VER P A 0T o 4
// —A~ window ZR &[] R FRE
[/~ window R HAF KRS
typedef void (*¥CallBackPtr) (int eventXLocation,
int eventYLocation,
void *dataToPassBack) ;
//window REJE, &AM EIRE
/%I R AL RE R window REGK S EM
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
b // function

/) T SEBRIAR e B, FRATTUR FH M R AL
/A AERR 5 3 M B3R R iR 2 2
void CallBack: :makeCallBack (int eventXLocation,

int eventYLocation) const throw()

func (eventXLocation, eventYLocation, data):

X HYE makeCallBack P func, HEE 55w MR I XS, XA JGIEAE fu

Pl AT A BT ) S
WL AEFR P AE CallBackPtr typedef HH R FH BT ™ g i) 57t B8 FUAR S A oA ] 7L
typedef void (¥CallBackPtr) (int eventXLocation,
int eventYLocation,

void *dataToPassBack) throw();

XFEE X typedef J&, GHHEM—AATRES P H 55 1Y) callback UK & AEVE

/AT SRR A [T o

AN
=~



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

void *callBackData;

CallBack cl(callBackFenl, callBackData);
//5ER ! callBackFenl A fig
// bR
/ /AT SRR (0 0] R £
void callBackFcn2(int eventXLocation,
int eventYLocation,
void *dataToPassBack) throw() ;
CallBack c2(callBackFcn2, callBackData) ;
// 1EH#f, callBackFcn2
/BT R R
A 33 R B R B AT IR S A DR 1, 08 5 TR AR I T DA R BB AR 1) G 128
AN SRR AR o AR EAIASIHE, MO ARKEEIR A CoRA IR AR IR 22
G A] unexpected [RE =ANVZRALBE R GEA G0 H 1) 50 o 1K L8 S T R LI
& bad_alloc, Z4WNAE/ AL R & # operator new il operator new [ 1HlH} (2 W45k M8).
WRARTE R BUEAT A new #AERF GEZS WA M), RN BT g 2 bad_alloc 5
VEGFHES
AR BB TR 97 (R BUEAT RO B, (AT I A2 Tl A #f
AT AT . Wl A I 4240 3 unexpected S LU (/e A T30 HY B2 fRT 8 450 /R iF.
TEGG S — /MR, REHRH A T 58 MUk EL AR A 200 N A FH 7 RIS PR R e b U
PR, EPT L unexpected SR ANILSEY, PR i 75 S SR R R A R AR o
BARGT 1B unexpected % RAILSEN, Hg CHAVFUR I E AR 1) 5 8 A
e unexpected %, MRAEHE A FHIZAREE o 140 0R A BT 1Y) unexpected F & # A el
UnexpectedException %% . PRAEXFESN S ACHS:

class UnexpectedException {}; // A7 IH unexpected S 4 Gk
/AR A XTI X 5

void convertUnexpected () // WR—/> unexpected S #

{ // o, AR EARE

throw UnexpectedException() ;

R convertUnexpected p& AU LA [ unexpec ted BRI, AKAE LB TFARIZAT o 2



set unexpected (convertUnexpected) ;

BPRILZ AT LG, — unexpected i K& convertUnexpected PRZH.
Unexpected 5% #—Ff UnexpectedException B R e, WA BIE [ K 57 MRS o
7 UnexpectedException J¢, M4 5 AR Mg Ak 4 N 25, iF 8 5 W s B2 19 Bl 2 . (i
RS WA UnexpectedException, terminate JF#¢ U A, BB AR B A &
unexpected —#FF)

73— MHE unexpected AR N4 KAL) T 108 B e unexpected BREL, L ELHTHL
HCYHT R H, XFE RO 4 bad_exception. RA]LUXFES S :

void convertUnexpected () // WnH—/ unexpected 5 #

{ /7P XA R O
throw; // R EET 2 A

} /]

set unexpected (convertUnexpected) ;
// %% convertUnexpected
// H unexpected
/) BEARE
WX 2, R AZAE P ) RS AL bad exception (EUEIFIEDR, ArifEdf
exception). PREEALFHOUIIES] unexpected 7 & FERLTFIBAT L AL . ATAT AW
(1) 5 HCKE B A bad exception, 3XANS AR BRI e i Ak A0
FIIAE ARV 12 P S 5 A 8- SR R JBR AL o 2 36 4 A AL 08 20 M ARG IO e A ) A P 2
B8, BB e SAT RS, —ANEREITIRRE 530S Kk, JF BARSRE LT
EAOE S 2 PR P A ALBAT . ST N St 2 BT AR 38 unexpected B
fuke, BUAE—A high-level WHIZE HERALBIREN I A S8, EEan R INXAN JLF—F A ZE 1L
ok H SR ML 457
class Session { // for modeling online
public: // sessions

“Session();

private:

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

{

try {



logDestruction(this) ;

}
catch (...) { }

session MINTHI RS logDestruction i % session M BB HLIIGEE, &
LAl IR LogDestruction JlHH KT AT 5% o {H2 logDestruction [ A% R HA
P HATAT 8 s IRAEAR Y LogDestruction P I EREHN H T —A %%, 1 logDestruction
B BATRSIE R AX R G, HIEWIRA1FT I, RAESHES HE R AR
RS . iAol logDestruction 43 oK, unexpected ¥G4EMAT, AL T
SERTLEAPAT . XA EMATH, (HIXJE session M sREVER JT A5 B IAT A
A2 AEE AR B AT AT RE S, T LU R AN R AN, session HTHY B HLIK) catch SedhAT
ML 2B . WA logDestruction A MUk, XMFHEMASRE (—FIB;Ik
(K375 ¥ b At adk (6 AR5 e unexpected).

DAASTHI PR 11 B 2506 A e B SR AR FE 2210 o e (TR I T AR 55 ) SRS R B — A e 4
AR IR, JF KA SCEIEOLY, ATl M s R, FEPHOL A2k, g e
S (RIS S B e MRS DU AT T — B0k, P DABAT TR R S e A 2 i S . T
HABATZBHIE high-Tevel S AbFE A R ALFE unexpected S , B 5 Ab F 48 471 1 1
] 48

Zi LPTIR, SRS & S R AT R o AESEEATIMA BRI s B 1, %
JEEATFT A A AT R T R AR T A5 S AT A

5.7 Ttem M15: TARFEGENRZTH

N TAEBAT I A B, R 2l KRS . B PAT R ATy, P/ AR 2ine
g UM Y QURAE AR I 1 57 5 U, R ORI — 3 5 R Fr b AEnIE & — A AL
DA try SRR 0 TRE—A> try B, ABATHRL AR ER 5 FAHOGH) cateh §A) L JIX 48
catch TRJBEMSAIAR M R o IR E B RAE B M Ao B AR DR P i a2 5
TR AT ELSAT I A LLES (runtime comparisons), i L4 5 il Hi B A FHATS M ) T4
IR TBAR I IR AL RCIERA ) catch i) EE S AL B2 A AN I, RIAE IR A A
try, throw 8¢ catch JCHEY, IRIFFEAHAT HH—L84CHT

AEFRATSE AARAME A 575 Ak ARt A H (A QA RO o 1 8 222 TS S i
KERER NS SR S I (constructed) (B4 MI0), FRULTEZE CPU I ) R FFiX 28
B G AT SEFT o IXLE TS — AN RAR K, AEE R I AN SRR 50 1 D5 0 e O R e — ML
SCRES PORE P AB AT ML R 7 25 AR T

RS b, RAREXXEACH BEATIE R SRWE CHH— IR0, CHagiFds LI R 5T



o WAL, VR S AL BN URAN B UL G B 25 A ™ TV BRI 5 T TT A, AR —
FBCE Z AT A U H AR SCIE Cobject files) H, A —AN HFRSCHAEAT S A HEIF
ANBEAR A H AR SCAEANIEAT S Ab o vy FLERS R il AT SRR B bR SO AT S
KeBE, XA ENIPTERLRIRE P PENE ? U RRE P AR — 3 T 5, e i
WELFF AR o A7 MAEIBAT IR AN AT RESE O LA IR S AL 2L

AL BR, SEPs L ICHR I SCRFS IR G B 25 1 AR SR VEIR B el R A AR A
AR LA S e W I A AR URRTE AR RE > BAE AT BB 73 HEANVE ] try, throw BR
catch, Jf HARMENIE PSRRI FEM AR AT EH] try, throw B¢ catch, AREEAT PR IASE
FESR W AL BRI Ty 1A T 1, 3K ] A NRE P IR ST AR i, A WR A A AT 2
IRF PRI HACHY o B IR TR HERS , (8 H] SR AR B R P R T hn AR A9 1, B Al ik
KB WASRENL T, AEZAREE H AT AT I AR DUORE , WERAR 28 g A AEAT (K 57 45
Py WA RIS SRR 1 5 IR0 B R 2 MR RE AL I & BV o [RIFEIXN AR 57
H IR PP R R A 2 — PR REVLAL AV 535 IXREDRAIE ST 5 AN 23 N i Ao P A S B0 R P P
B, AN [ IR e 5 2 7 i R P T8 SORE PP P v A B VR AU BR O AN SR iF 7
2 ) g i LR I R

A A B S A THEOR AT try B, BRATINAETE, Rt MR Al s s i zihse
HI, ARARHARAS N AT AR o AN RIS 8 SEDL try SRIGITVEANA, e LAg 18 #1594
AR TP AN —F o Al o, A BRI try S, ACRS I RSRRE N 5% —10% JF Hiz
A7 P A A o XA BB R PP SO 3, BOX LR M R e R P AT try
BRI . 0 T D IRA, R % S E I try B

G PR 0 S RS R B S EAT T try SRAEIRKACIE— R, BTN S R —
AT try B HFEZ RGO A4 7 URULIRIA g 574 IR S0 — M i 2, kI
EMAST A ? BALF, BHEIRN S BB AN T .

BUEBATREN T W K% LB 2y, B AP AT o S5 EBRATARIR S LIZ A )
L PR SRR WK, IX R R AR B IA Y exceptional CREH, ZFEILHD.
80—20 M (S WA MLI6) &5 kA AL (R S AN AR PP B PR REE B KI5
(B JRANTE PRAT |H 4 7 M AR A R0 — A3 B 2 KINJT A, 2 38R X T g b
BOKo 5N IER I EORIPIALE, JERLH0 o 575 e B R Rl n] e i =AM e 2. XA
TR K e AR W N A S XA TT, — A R A ER I R AR ] S R
AN LR 3 FRDAR L 5 9] 401 5 POt Bl 45 A P g B TR — M 3A IR 20T 7 T DA%
[

AR N, AR o2 B A R IX LA 1 ? W RS R 57 0 K 2 B 1 2ok
VU — DB R E, SRS R G 8 (10 S W VB AN R, I B e RE LR e (0 R
KB K 5%-10%, ‘& A MR L mts, i Han A KRR A, s e s



EHCRPNIRIENE ? B FIE A NIER . — LB [ A — IR (benchmarks) (2 0L4
AR M23) o FESE AR > N AL G P A 1 A S o AL B T LB A A2, BT LU
TRA T S A SR TT A, AR AE SR ) A R R

PRI RGE R A K ITRGR T BT T 1, (HRARITRR IR (HUETEA S B3
BUEY e AR H AL BRI AT 2 KA AR AF gy HAT 20T I A AT R 0o O T AR
(K15 A B/, EERT REMU BRI AN SCRE 3 (5 VA B AR, JEAEHT try SRS
RURS BRABIEAR A S s LA b7, IF HRATE N 7% 0L T (exceptional) A i
o WERARAEPERE LAIINAT R, SRS — N ORI B AR DLE S 7 SRR A2 — il
I ER . WSS, A B RS g P 2, BEAE Com W AR By T AT B iy SE B AeR
INETIEST

6. BE

FMBE— L NAE CHERAETT RN 53 5 EREAT R (0 LTV KRG, I AT 4 482 2
R IXAMART, VFEZRET RS K. (Scott Meyers ELHUER B

HY b, FERAAR IR RS . —NRRECKE R EfRIt R LR 2 45|
NVE HEA S ANV o« ARNAZIZHRE o A R B BRATE L 3 TAE, $isdrid
JENS A JE AP, YA EE 32MB WA IRE I LA AT 2 16MB A A7 ORI, B ] 100MB
= T RO R P BEAS S o P 5OMB A8 () R P, SRR LR EAEZ W T A — 2
FEFFHfRE A T REAT R AR AIE S A" by Y58 22 (R I TR 2 ), (RS TP 22 Ry R it K e 4%
T HRERE R B AN L PRI i A o

FEH] CH5 O RE 3> T, ORI CHA B 25068 5 R B i 21 A AR e PR RE_E ¥ 1)
TR AERAE AR CHRERe, R E SERES s B L. K2 RITT R
N AR BRL T IXA G a2, TR BERS AT LT, BAL#RAE (shift operation)
HEMS IR, (EE W R AR PITAL P 1) i J2 B0 A FE R AR S LS st A AT AR TR
SRS T IR 3 ] O R s UER . ARe i I S R B ?
RO, LA SRR R 7 BT R — A RO G, BV SR ARAT A I 1]
AR TR Fo

ASTE K] A I AN S 56 LI B8R (R o 55— TR S AL I L, SIS SR REAEAT:
i 5 HARREA AOARP o CHo e fIsett TR g LN SBR[ E R B 0 S0
AR I DT RE NS S PR 0255 Bl G R R A AR AR SR AL S DL, [R) I 438 1 PT AR FR AN

BRI CHIEFE A . mtEREI A S B A BRI, B RS g R AR
TS BUAHR RS, Rt BRI S 2 o IR SE F ISR R DA S R I AR 5 5
R IR A I RURE RO N B i — PR IR R o T 22 (R B A3 RN BRI



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

FESL KR IR RAN S R P AR T R S A a8 AT 3 AR 18 AT JE — 2 Pk e e v
MR, BFERET FERIEREAE SRR SEIL (implementations of language features).
E NI4T BB K

FE2E ] TARBE AR LU, MR B RETS R mRE P PERER LA JUU, X8 vy BUodE A+
VRBT S BAEAT R o VRKE S0 T U ] YRR M 7 b AR UR AR HL R BN R0 5, JF Ho e
A T HAT A AT AT A BB R I

18R UL H % G (forewarned is forearmed).o [T LA THI (¥ Py A8 AL B i 2 AT TR UE % o

6.1 Ttem M16: Z2ig 80—20 M (80—20 rule)

80—20 MENLII S& KLY 20% MIARELAEH T 80% AR/ Wi K& 20% 4 RALSFER T K
2y 80% IFis ATl K4 20 % ARESAEH T 80% IINAT: KEY 20% IIARHEHAT 80% I¥1Hk
BV 80% YE BN T KL 20% A by W G LSS HlE RGN Y b
(RS20 3K A5 VR D) L 28 0l 7 = UG AR, . 80—20 HMENA FUE— &AL IBHE, ©HEE—4%
HRARGIEREMN TR T, B2 IRE PR 52 (4 S 56 B

A E] 80— 20 HEMI, ANEAE L ARKCE B AW GORTE, — 88 A S0 A% 1K) 90— 10 #EM,
17 HAR A — SRR S R e . NEUEMH A 2/, AT AUE—FEI: AR 1
PRSI AR AL ) — /N 43

URE 5 7 B KA T PR RE . 80—20 MENEE R4k T R X T4 SAE AR 1K) TAE
AFE AR — 7T 80— 20 YENIIZ 78 K 2 BN (R VR RS 4 55 1k e — MR AR A, R0 80 % I
(] LXK LA AR AN S S M BB R G PE R, X 9D — e R I TAR K Do 11 55— 7 T
TX S5 HE I 2 T AR (R P R IR T P i R, AR T — AN R PR A, DRA R AN AN 0 2
B G — N PARRD AL, S0 7 48 = e AT T PR R o X ST 55 v i N A
K2 KRB RGOS A AT AR BT RS R 2 BN 177 A0 Eaf K 7
e

KREBN TR TS . Biess, Hi. Sadlh. RIR. f£EokHite
ERCHFHIAR Y, — AN AP 01— AR IE 2 S FRAS T O B ) R e 4R 1, DR A 19X 8% 1 S
B, ANEGFR AL, i BB BT 208 AU B — SO R B R AT G R 31 1L
AT G T8 f) o IX GV Al R LAty A W S i e N IR 2R R At ke, T8 ok e 23
FARATT R P #B A2 B ER 1 o

RZHREP DA TR P PR REARFAE b 1) B0 R AR K, DR RS PP M BRRFAEAT AR AN e 4



FURRAAE o« AR AP AR e A B R TABE TR BN g, EZ X R e R AR A T A
AW E R o ) a7 RE e BT Re 8 S5 MU THIR B N AR EE R B 454, (R W AR P
(P BE R T 224E 1/0 | (1/0-bound) JE At 22l ARIER] . KH] 1/0 MEREsmEN AR
EARES G VA AS S BN RE e 22 (2 465K M23), i AR P i MR8 = 2448 CPU |
(CPU-bound), KRkt AL 21

FEXFMEDL T, MRS AT # AR 8 i 2 WAF IR, ARz e 2 80—20
DR SOt e WL MR iR — A AR P BB AN AT e A AR R T By o P PERERFAEAEAE AN BESE
WA E » XA TR H P REREAS AT i LS AL o — B 0 R PP I R X M T vk
GBI X o B At A5 R We?

g5 R A RAG MF R 20 % 15y Ao S EURCIR . BRI 752 M profiler FEJ7
PO N IRIIREFP I 20 %6 3875 o AN ITAT I TAEHSLE profiler 2ef. ARAEAEE & HEEL
IR RO A BRI i R KRG8, ARARAL profiler 5 YRARFE: AR B0 #B
FEB T 2 /DI TH) o SRS R OCTE S L8 Jr) S AR RE S8 B IR R TR = (R 1 7, X AR 2 AR K P2 e
G e

profiler HYMREFLIEAIAT T 2 DR B T 20K, 1X2& —MEHAT R
M TH . AR E TR KRS, IRAHI SO — S4B A — DR B i T 2 k. Rl
/38 B P SR e P T AR AT TR 2 BB ) s T TR 2 R R . W R L
P, BAT NROAT 2 /DIERBAAT, WERFEFPsATINg, A AN KDIENT 2 ARD. iy
IR AT IRESE Ry, AR AR R P LA 155 1, AR 2 DR
ANid, TR AJPAT ek O B RE AT I REHS B VIR S N B IAT Ao it 2R
PRIESL T 100 DMIERISERINT G, 23 IR P Z SR 8 s 8o BTk, XAME G sE 2
A OMELIRY o 177 LT A R B8 E5 1) 1 FH £ e TR 22 1 355 ) R B A AN i DN B R AR AP A T A o 9
IR ARAN e LR 53 A AR B S TS0 ST PN 773 TG B ESOR P A7 88 R 501 T A0 A i
HHB . (BEi/E, operators new, new[], delete, and deletel[]—Z W43k M8)

AR BT B 47 () profiler M52 Fo AL BE IR B0 s mi o dn SR F ik = A 1 1) K s
profile fREUFEF, FRAAREAR profiler FERILALTEFHIAR 80% HIFS 2y, M A XS
FEFPIl & B TEREAT AT A 58m0 . 4T profiler {XREM A URIRAER —KiadT (EEJLIKIZIT)
I —MREFFEAT oL, B LA R AR A BA AR R A Bdls profile —MEFR?, IRRFTEE
ATH) profile WEA MR HHSOXFEMUR T g 3 EUR A AT AT Dy, TAERR AT
R AU, JUDRT A A AR A S A T CEASCR TR )

By (EXPPANTERA I S50, B 552 S AT RE 2 (8 profile ARIGHIE. BBAh, IR
IR IR B A A2 ) (B D R e B2 ) A A B T T e A AR M . Tl
AR AR B AR S 1), B VF 22 % P S B AL AR AR AT B 64T profile M2
SEARZA T AT KA.



6.2 Ttem M17: % B lazy evaluation (fiifEiHE)

MECEIMRORE, SRR AT, TREr, A an SRR A 2477
SR, AT AIEAEREFE FEAG AL INANARRD HEAT TH e 2 7 HA RARAN 7 AT V55, B4t
] WA ZPHAT IX LA AT g 2

B ZEMWS -

WAL A? BRI S — % T, ARESCREAY PRI S50 o AR WU R I —F, 2 i “ b
(), SRIGIREAIR B CRISE o RS LB F Wb al e RO BB B (R B HEAE T I
JE RO, S2br B E BRI WACRE N BT R AR b3 )2 17 ORI, R4 20 B 1
H I s 1) B e SR PR P PR 4 P W AR, ARACBERT e AN S KA R 1) o5 1], 8
FERI TR VRl BEARAS AN IS BB 18] T

R 1) B 3R SRt FH - AT FUAF Ts 18 CHARI7 i TAE b EVE LRSS, 3]
ERRIXFEMREIR A lazy evaluation (HTETHEIE) . “4-{iH T lazy evaluation J5, X
R IR R HEIR T 5 TAE H B R Gl S R 4 R . R AR AR, A B
TS, A RIS BE—FE, AN AR .

V5 PR A 0 B U () X 28 B R AT A R W2 — AN ] LS B R B AR . lazy
evaluation J" VZ i H] T2l B F A5, - Fr LA FRORE 73 US40 Dk
o SIHVHK
class String { ... }; // —A string 3 (the standard
// string type may be implemented
// as described below, but it
// doesn’ t have to be)
String sl = "Hello”;
s1; / WM string $% DUk IE bR 2

MH string #5 VUKGE B s2 7 s1 WIEGL)S, s1 M1 s2 #i4T H C/” Hello” $5 UL,
XFPPE DUk 3 R B o 5 DESEOR BT, RO 28I s1EP5 DL, JFHEEIRSS s2, Xl
L) new $RAEFT 73 BCHE I AF (B IL4K 8) » W A strepy BREHE DL s1 WIEE S s2, 1X
s&—A> eager evaluation CARETIED: HPAH] string # NkIG %, shEEHI1E s1 1H
PEVOHE TG s2. SRR s2 FHFATTEZXAMERIFE UL, KO s2 WA AT .

s e > TAE . AROZIRGT s2 —A> sT UL, Miadil s2 5 s1 s —AME. F1Al]
S — S8 s U AN E e A=At A, e A s ] new FIHE DUARF RO TS . sk |
sl Al s2 JLE—ANEIRAH, X0 T client KULEEHM, T FHERIPEFHRE, XEH
fEaz20, B e Bt
cout << sl; // B sl E
cout << sl + s2; // B s1 A s2 HIME

String s2



A IZEABIBA string MEBAE ST, FER—AMERINEA NGRS UUE
A string PH, AR BEIES, X — USRI, X4 iEa):
s2. convertToUpperCase () ;

KRR OREEEN, B s2 ME, MARE s1 H—SE .

h T IXFEATIER), string (A convertToUpperCase BRAUN ZHIME s2 MHI— L,
RS BORTHEIX AN FAE AR ZS s2. 7F convertToUpperCase B, FRATAREFWNE T 40
Ay s2 GRZERD (EHIERE WLAE s2 AR . 55— 07T, WRAEME s2, FATtA H HifE
EHOENE N, BRI EBIR TR WRBIEEIE, s2 Aais, &l
O T BAVAGE WAL A IR E B IERE SRS )T

PP IL AT VAR SN CERR T RS 745K M29 rh i fit, (H2 L2 & i
Mgk 2 lazy
evaluation: BRAFIREASETTEE, AL NAEMARTGHIVESS W FATRNAZ 2 Wi K, H2n] GEmt
SRS A2 A, RE T T LUK A0
o [XADNFFERMBA

LS B reference—counting string % %. KEFAMH lazy evaluation {14
TR IR A
String s = “Homer’s Iliad”; /) ARG A

// reference—counted string

cout << s[3]; // A operator[] X s[3]
s[3] =% ; // WM operator[] H A s[3]

H5EHH operator [JHREZHL string M, (HE5 I ZREUE N T 58S
Pk ATV B XD AF S RS P, B2 reference—counted string fEfR%
Siftl, S NIEAS string WFFEALES ANFTNZ string {EHIE—ANH#5 DL

AN T WHEZ e AT B IXFE, 7524 operator [1HERICA FIHE (4
SN T T R E T FZ R EOL 2 0 T 58 U NERAE TR RO o JAr ) S i
i operator []1# context /& B HUERAEIL & 5 NHRAEE 2 BRI (1 95 52 AT A vT B 40t K
W H] lazy evaluation MIZEEK M30 "F AR proxy class, FAlTml DAHEIR M JE i85
W SR PE, HEITATREAINT H IER 2 2
® Lazy Fetching (HBiTEREL)

H=A lazy evaluation [ 1, BEARMFETAIH T —Le 5V 2 FRINKEDS % .
TG G A A7 W T R AT W, BT LA T S0 A ik A0 25000 P B AT — A
ME— R BB VAT, FH ok NBICHE 26 b JE i SRAT A 4
class LargeObject { /] RBSFE AN B



public:

LargeObject (ObjectID id); /] WHERE PR B 5
const string& fieldl() const; // field 1 f¥1H

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

const string& field4() const;

const string& field5() const;

DUAEZE R — N AL T PR LargeOb ject HIJT4H:
void restoreAndProcessObject (ObjectID id)
{
LargeObject object(id); /] WEXG

[y LargeObject XS SEBIIR K, Ak bEIE GRIUITAT (5, Kol e 10 B 6 1R 45
K ARH K, R U N IZE R e SRR A i Y 2 IR AR I o ISR A B T
NGB A B . i, ISR AR
void restoreAndProcessObject (ObjectID id)
{
LargeObject object (id) ;
if (object.field2() == 0) {
cout << “Object ” << id << ”: null field2.\n”;

XA filed2 BME, BT A RIS 7 B At 55 ) 2 IR 9t
Y LargeObject X G L I, AMEESE E e G 3R, IXFEMRE AR T XA )
e ARLRXINE SO AR “7e”, Al BRI, XA B AN e
[, XA “demand—paged” %G A UAA I SEIRTT V04 -
class LargeObject f{
public:
LargeObject (ObjectID id);
const string& fieldl () const;

int field2() const;



double field3() const;

const string& field4() const;

private:

ObjectID oid;

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

mutable double *field3Value;

mutable string *field4Value;

b
LargeObject: :LargeObject (ObjectID id)
: oid(id), fieldlValue(0), field2Value(0), field3Value(0), ...
{}
const string& LargeObject::fieldl() const
{
if (fieldlValue == 0) {
MEHREE R filed 1 ELECERE, A1
fieldlValue $5[IXAMA;
}

return *fieldlValue;

XGPS BURR ] — AR I B (K45 KRR, LargeOb ject #4it bR BT AR R H4)
IR A A XS RO T BOL AT B P B U . B LargeObject A5 BR AL
Y 1) - BAREE TR 1) 1 EE 2 B0 207 BT A A RS o W SRR A, X RO AT
A 2 T A 250N ESCHAR P P B3 BRI 1 St

S Lazy Fetching I, ARTHIGA —AN il . AEATAR] B D3 oR 250 #1047 W e /R 2 AR L
FREI LR 1 BCSE A, BARAE const R BRAHL, Bl4n fieldl. SRIMARAEIAE const
F 03 R B R I, SRR S RO . SR (K Y W BB O mutable, X
INAEAEAT R B L AR BE IS T, A const WA BRBUE (B 0L Bffective CH453K 21D,
XA AT AL LargeObject BT FB A Y mutable.

KT mutalbe JE—ANLLEHT C++ RFPE, PTLMRH IR T REA SR B . il
R, URAFFEHRE Y —Fh T Ak G 1 88 RVFURAE const BB BB HAE OB A B . — T v
fie “fake this” (fhid this F8EF) , IREEL—ANFE 19 non—const F8EF, FRIIMXI SRS this



faet—#E. AR SR O, JRE “fake this” Vil)E:

class LargeObject {

public:
const string& fieldl() const; /] BAHE
private:
string *fieldlValue; // AFEHN mutable
VARTS VS E A E T Z A 2N
I /] HE

const string& LargeObject::fieldl() const
{
// FEWIEREF, fakeThis, M4 this 810 [FFEHRIN 5
// AR B LA T X R
LargeObject * const fakeThis =
const cast<LargeObject* const> (this);
if (fieldlValue == 0) f{

fakeThis—>fieldlValue = // IXMRAE A EHA I,
the appropriate data // A4 fakeThis Fi A1)
from the database: J /G A HE const

}

return *fieldlValue;

EABRHAE T const_cast (B W4k 2), LB T*this [ const J&PE. WIRARAI i
ZRANFF cosnt_cast, RATLMEHZL C KK cast:
/) AERIZEK cast, KA mutable
const string& LargeObject::fieldl() const
{
LargeObject * const fakeThis = (LargeObject* const)this;

// as above

FIRF LargeObject MRS, WX LERREHAATARL NS, AR5 B T E AT 948
WAHEATINR, I NRWUR T A5 S B R A A SIS IR ] smart (RID) $R/EH AT



LB St 58 X Al 2, RARA AT AZ ML M28. WIRAE LargeObject HLEH] smart
REE, ARER AN /5 ZEH] mutalbe A EHTREE. X EUREFIN, ON 2 URSEIL smart F5H
KR & 22l 3 mutalbe.
® Lazy Expression Evaluation (BiERERNITHE)

K lazy evaluation ffR)a— Ml 7k B THTREF. % REFERAN:

template<class T>

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

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

W operator [ISZHIEH] eagar evaluation: {EXFMEWLT, EatEARM nl 5
m2 (A XAV AR K (1000000 KINEIZ 5D, MR RG24 50 HE N AFRAT it IX 2441

lazy evaluation JJVEULIXAHL LAERZ, FTLGE@AEE LM 1Tt Az — AN Eds
SRR w3 EE ml 5 m2 IR, 7EFH —AS enum FRon e AT I . IREHE, @i
AR ml 5 m2 FNERVFL, AT KB AT

BRI R XA 7 WA, AR m3 ZHT, AU HAT AT
Matrix<int> m4 (1000, 1000);

// TR md —2Bqy
m3 = md * ml;

PAEFRATT AT LUSBE m3 2 ml 55 m2 (AT (R TR R IR, X BIERA TN Zid(E
m3 J& md 5 ml BEMEER . ANy, FATAHBTIREIZHE . KOARAEWER), &0
%

XA L RATEME, DU — AP RN S IR SR T AN R (1 R
AZHEA] AR TR EXARE LRI AMAE  BARGFRET A ST AN T 25
ERAE L PR BB T R IR A, A0S ARTAT T SR A3 AT TR, XA il 2
HOLIK o e SO AT HEAT VR SR SR LI SR B G R AE AT REE (S
Effective C++45iK 32), AILixA il AR K88 2 B

E 2 Xl 2 A ] lazy evaluation ME—IRAL, ABWARAER T o —ANHHE WA
FHASUE I A BT IO 7 B4l )3 i o Bl B S B 100 A 4k m3 A ml Al m2 1)
M, BRJE GOX A m3:
cout << m3[4]; // FTEN m3 ()55 PY4T

IR, FRATABERMWRE T, NAZiHE m3 DT, (HRRIMBARREO R, &
ATBATBE V5 w3 S5 DUAT LAS 45 s m3 JLAR IR0 7075 IH ORAE A TS IR IR 25 1 30 sy 91 75 22



EATME. REis, JAT—HATFE.

TAVE AT RIZ AL ? FE R T AU I 2256 o XA ] REVEAR Ko SEBr I Tazy
evaluation A fET APL ¥ 5. APL J2AE 1960 FAUK LKA S, BRI THIFRI
AL S A EEE AT e TSNS S 6E T30 B BUAE LBy HL 8 Fr i, APL ZRHI
RS REATREAT BRI e, LR AR PRI M S ORAEFEANBR | B BT e lazy
evaluation. XA HE AR, BB APL B9 N SR DURE B AN 2 P b A A7)
ity LA, TR A EEH /N BB . APL 1] lazy evaluation KL A
RS B D) I R T PR i AR, ARR T B8y SKbs L, IXREST
VFHPAE— S RAABESEIK eager
evaluation HITFEEHL EAZH A SRRV DIAETH SENLEBEAR PR, (HR Bt et i
Ky R B Z Ly, B DR 2 BUE AR R IR ] 1azy evaluations

SN IEMBYE, B AT It R AU AEAL ] m3:

cout << m3; // FTEN m3 i1 HIME
—UIER5E T, BATLA T m3 A A A . [RIRE S m3 P AT — AN R, 3K
(RRCER A RYAE IR =
m3 = ml + m2; // A m3 & ml 5 m2 [
//
ml = md; // BRAE m3 JE m2 5 ml (9 {2 A
//

X IRATBA VLIRS HER IR LS ml LUG AR m3. £E Matrix<int MR EAE
FEHL, FRATREWSAESUE ml Z B3R m3 (R{E, sl BATAT A ml (1 I IVE— AN 4% DUk m3
M FIXANHE DU, RV CR IS HEAf £ m1 B LUS m3 IR AR ERANAS . B RS
6 CCRE I (1) i 5000 230 IR 1 5 AR

DR R T3 BEAEAE P R RAKISOC R, EY AR ISOC R B R P #, SBRAERT
BIURAE T« ¥ DUERAE R INTZA5AE, Bl lazy evaluation FERCFAUN AR Z . 59—
TS AT R I e 8 1 48 D e PRI ) R 225 ]

o N4

LA I PUAMG] 7R T lazy evaluation 764U E A N REBERATZNN S
UL, BIEAE operator [1DX4) HBLARAR, MBS ANT BB PR URAE, 8 S0 AN TR 2
BOFAAE . (R EIEAE R o U S R AR K A BE R KA AR 10 5 18], 8- i A 4
D AN S DRI T AR SEbs b, WnRARITH RO B2, lazy evaluation AJRESS
Pok N TP I3 0 I AE AR, BRI R T REAT BT BRIV S DAL, ARIE i R e P s 45 K41k Lazy
evaluation /RUAJREHLAESE —IMNSAT . (ERELERE IR BRI APFREAT J5OR T LA IEE % 1) v 55
X lazy evaluation 4 &4 HI.



lazy evaluation X§ T C++RULE A H AR AR TE . XANHRBEBOE A T4 FiiE = 1L,
JUMIE F W15 4 10 APL. dialects of Lisp (3¢ BT FIEHRAIET ) HHE AL
HVEF AR o AR EIFET BEUHE S R A I 2 eager evaluation, CHitEiiiE
T ARE CHRRRIE A 2B lazy evaluation, PRI E ) R 0 S R REAE S HUINA
lazy evaluation, IARASANHLEISIAL ] # iE

FE—F LT R ARG 5 B, RERBERIE R eager I8/ lazy evaluation, 7E
PR O IR R A X BRI LA E#EH eager evaluation JjiARSEHL—
AN, AR AR B profiler A (S W4 M16) R IS SLBLA — Mk BE A,
Al LUHAEH lazy evaluation FIZRSEIUREMRE (S Effective CH483K 34). X FAT
FH 2 BT SUR AN PE RE R4 iy (RO PR RVRE R D o SRS & S X IR A 5 =
AR e 4 T DA A B 1T

6.3 Ttem M18: ¥R HIE M

TEAHMLT v, FAR I FREME A0 mi, JROP] BEHBHESE IS 1), Jf EL AR 1 B £y 42
R IS AT RO . AEIRA SRR — RS . X AW . RS
LR s LR R IR 22 2, T I I A 7 2R s R A (R R g o IXAN SR A o h 2
over—eager evaluation G BEHEVHIL): FEERRMIELE RN LLATg e el Bl
TSRS, FIRF ORI R 8 e 1) — ME G
template<class NumericalType>
class DataCollection {
public:

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

NumericalType avg() const;

fEBE min, max A1 avg bR AR [ BUAEIXAN S5 1) de IMEL, SRR EAT I, AT =Fly
FIIIX =AM H . T eager evaluation (BHTHEE), 24 min, max 1 ave R T
I, FA AR P AT A, AR IR AN S ] lazy evaluation (fififisil
SR FUATH S i 22 R B0k PRI AT A R o AR 0] E P SR Af e Al K A0 454 o
fii]1] over-eager evaluation G EERVEHTIEE), FRATBE ERES H ATE A B AME, K
EATP- IR, IXFE 2 min, max B ave BRI, BATTAT DAASH PH SRR T 2030 7] T ff RO AR
WA RS min, max A1 aveg, FATHCEREAR S EAME SRR EIE T 73 JERI AT
XL p B L AR ECR T T T8I L eager evaluation { lazy evaluation



LN
K7 over—eager evaluation J& [ IS ARZ URAR UK — N HSETR SA AT, AR5
AT AT AN B0 45 1) v R A B S8 T ST SR, X ] LB AR A 530 SR IS R T4
KH over—eager Hfii LI T IAHE caching (ZBAF) ASLE L&l vH 4 H KMy UG & Al
RETE ZEHIME . BIUNRG S T — e, HISRERBEA O DI (S B, X L85 R e il 48 4 o 2
I 0 i B2 PR I B ) Bt o TR JRE ERA A AE S P B, (R X - K2 M
K, iSRRI HE AR, B A FEA S AT . O T RAR R 4
Hlls PEE T E M 4, PTLAGR S — AR 4L findCubicleNumber, FISREOEAE A4k 214 .
DU it 22 2RI R 1) S5 I8, W BLFE cache HLERE, 1y ANFH 1) Hodhs [ A i)
PAUR 2SI findCubicleNumber H—Fi05i%: "EAEH] THsHERAR A (STL) HLE map X
% (47K STL B W25 M35)
int findCubicleNumber (const string& employeeName)
{
/) ENFA map, 1Efi% (employee name, cubicle number)
// pairs. X~ map J& 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;

ANEERAN STL ACHD P SEIRA 5 B (ARS8 45K M35 LU, IRas UBRE 28D Wizdtid &
JIBAEIEA RS 1071 b XA TTVEZAE ] Local cache, I FFAHANS AN K1 A7 Hh 25
B = AP R NI S < i I O T TIPS ¢
findCubicleNumber AL FZZA7 25 /b1 [T RE (8] 5 (P-4 4 o

CERACH AT DA ERE T, e MBEARIIR R (it) . second, A

W it->second. WA ? BZEIXIEN THESF STL (RN FiHAHbl, iterator &—
ARG, AGEFREE, PRUAAREORIE” —>7 #EMNH2IE Bl Al STL ZEk” .7 fl7 «”
7 iterator FREGIEM, FrLl(kit). second fETE L BRI ER, (HEMIEREETT.)

catching J&—F MR T IFAI %o Prefetching (FRHO & 55— R k. &
A LU prefech ARG B SR RS il 10 SRA IRIFFT 401 o 490 A i A 42 1) b ARG A B OB e, 8
AT 2RI Pl A g DX E BRI o X2 DR — IR — Kk
B LR A R B TR) S P AN B = A /NSRBI B AR . 1T HLR 46 o AR R A 7 ) B
AR AT fE R 5 B S B . XA EAM RIS . IERDN XA IS, RERTHEA N
HEA FIBHE AL 6% cache FINTE cache, EA #1354 prefetchs,

PRBARA T BMERAR BB L CPU cache IXFHRYINZR P B I, prefetch £
i N FH BLAT A A kA dynami c $ZHSEEL— MR, dynamic g2 A AT 52 1
JGT, CUEATBLE S RIEE, B AT AE SR 2R 5 2 Sk

template<class T> // dynamic 4
class DynArray { ... }; // R
DynArray<double> a; // AEIXE, HA alo]

/] REFEBA TR
al22] = 3.5; // a AP R

[/ BHEZR G 0—22
/] RATAN
a[32] = 0; [/ A AATYRE;



// BUE al0]l-al32] 2 AVEN
—> DynArray X UMATAETT LN BATY W ? — M E 810 7 VE 2 o BTl A 1 A
1o HUGIXFE:
template<class T>
T& DynArray<T>::operator[] (int index)
{
if (index < 0) {
throw an exception; /] SR GIAEE
}
if (index >4 KMRTME) |
VA new 43 L /L B IOEAN A7, DIEAS
Rwolavk;
}
&\ index {7 & L HELLICH ;

U G I A P, X new, HJZUA] new £fil’k operator
new (Z WL M8) , operator new (F operator delete) K1 B H TSR K. e 14
FEURERAE RG], RG] AR — R LEHERE P ok 50 Y a8 PG o PR FRAT T Y 1%
R R G A
f#H] Over—eager evaluation Jy ik, JL IR A TILAE L 250088 I 4l 1k RS AR A 2R 5 1,
T 0 AR AT B AH O B I FRATT AT RS 2 M I A T AR AR AN EL 1 K ERGA T
G R B R EAT 2 IR (OB IR A3 BT, FRATTIRAERS N DynArray IR LLREAE § &
VIR EER, AR AR IS R S e TR R AL AOTE B Y o 490 an AT T n] LU A 9
DynArray: :operator[]:
template<class T>
T& DynArray<T>::operator[] (int index)
{
if (index < 0) throw an exception;
if (index > HAETHRAKRIIA) |
int diff = index - 4AiEKMIRTMYE;
WH] new 7 BC LW IBONNAE, 13 index+diff &%,
}
&M index {7 & L ELIICH ;



XA BB 3 BE IR N AE 2 BT T I N AE I A% o WU RAT T PR — R T & 21
TR, ey R F) DynArray 2L T —IRESE A, RIME B 8 5 R e T IS K
DynArray<double> a; // AU al0] 2 Ak
al22] = 3.5; // WH new ¥ &
// a AT T B ZR 5] 44
// a HE%HERE
/] ANy 23

al32] = 0; // a I H T
/] RESCE, fevEi A al32],
// ABEBAT I new

WRFRIR T EY R a, HESRMLMRGIARNT 44, ¥ RIFFHHA K.

BRGNS —AN I 2, AR T ST FEE 2 N AE . BREFSATIN IR %
MBS BOKEAIME, X TERIM RN, (R A . Cache IEH &5 LT E 21
PAE, AR — ELRR R R A (1 45 AL I ah G el 75 0T A R I (8] Prefetceh 752275 ] TK
B4 prefetch ARG, (FUZEIRD TV R SR M BT TR AT IR (1 4
R AREE LU TR (] o CORTATAS R IXRE, Al IR AN S R NG 5 L AF B cache
o AE—LEZE MG IL T, ALK o AR (R PR RE DS 23 DOERAE IS I CPE B4
RGN NGB PEHTD, cache firh A AL, B PR AR RN A 2E . Qi R IR IE 8%
FE )8 2 R4 profile, profile, profile(Z W47k M16) .

FEAR S h R A L, B over—eager J7 /0 MWL S (I TF4Y, Bl caching
Ml prefething, XIFAGRIELZK MIT PHEHINA K lazy evaluation MEBUHT E. 4
PRIAG SR AR T AN ST S 45 N, lazy evaluation & 78I 548 FH (# FH AR
FEFP BRI o AR ISR R LA T L 45 R L F RO 4 7 BB AN b I T 220
over—eager /& {EIXF AL 1) FH] SR s B2 o e i) — FiboR e NI = A 1 BRI P g
P UE B 7RI T AR SENE ) (A3

6.4 Ttem M19: FEfEINE X5 KRR

HREF DL AT AZ R AT T8 A DU AT 2N B T B A2 R A W B 22 o 510
£ N X B swap (5 #) Bl L -
template<class T>
void swap(T& objectl, T& object2)
{
T temp = objectl;

objectl = object?2;



object2 = temp;

WHEH temp MBS 5. Ak CHIM T, temp MAA IR AR, BIHUE—/NR
KRB 4

75 CH+IP EER IR I G2 B AWK, AT AR R A b o S — AN i 4
e (non—heap) XG4 AEIGRIAT G o XA AT 44 0 GOl H AE R4 AT Rt BT
A5 R K08 Dy U P T A T 8 XSS 20 2 0 R KSR [R50 2 T o SRR A i R Ay - N R B f
GOEARE LN, DRI RV TBCE AT T TR TR R B Ut 5 AN T A 520

T 567 1 O AT R e A P T S ST IR SRR 10 o AR IR 2 R B0 SR 5 2
FMIAVEFC I 257 AR IR DL o 1 40— R B & TRV S — AN P RFAE 74T b I R
// R[] ch 4F str H LA EL
size t countChar (const string& str, char ch);
char buffer [MAX STRING LEN];
char c;

/] ENB=AFRE LR, ] setw

/) WERGAER I, AT

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

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

&N countChar I 5B MEALILN S EUE FRIEEH, (02 0] B & U IEAR R e
WS EIFEAE const stringk. PUUTHBREBIAILECLS, A GEMIIHATIZAN W, RIS
PR AR BB R BT, TR A string R I I 6 % o a3t BL buffer ik 2%
WH string IS BRECRYIAL XA IERTXT S . countChar 4L str B0 € 7EIX MG IS
(] string %% b 4 countChar 3R [AII, I %55 A SR

XA R AR T ORERSER — 2 WAK M5), H2& NRCREIML SR A, i
string XGAREIE FIRE RO A L ERI T4 . WA WA BT LIERE . — & Efol
PRIARAS, ANLER AR ARG o IXBh T IAE 43K MB TR IE R 3T o Sy — ik ad
LB BRSPS e, 2Rk M21 D 1 n AT L4

PSR ALAE (by value) J7 AR R uliffid i 5 5] (reference—to—const) Z4
I, Ao AR BER A, U flih— N ER ESIH] (reference—to—non—const) ZHN 4,
AR B N IEA R
void uppercasify (string& str); // A8 str T RERT

/] BAERKE



TEFFFH R 7, e B DAL 3% char 2020 3 countChar Hr, (HJ2 /53X BRI H] char
AV upeercasify BB, WAL I
char subtleBookPlug[] = “Effective C++”;
uppercasify (subtleBookPlug) ; /] AR

BT AT D) i AL I ISR 5, A A e ?

BSNS54 N G it 15 5] upeercasify o, B SO AN IR N
W5, e FRSRKRS . HEXS subtleBookPlug B YL IFE S B05% A T 500
AL T IEES AN subtleBookPlug 2B string X% . TLEEIXAERET I A 211 F27
bifEiE subtleBookPlug 443 uppercasify B, WEIEK subtleBookPlug HIMH . 4 FE
7 RS ARG I X iy, AR S5 A (references—to—non—const) AT HIFRAEAY
A B DU I X B o XU AT 4 CHif 5 28 1A E R /5] (reference—to—non—const)
PRI S . IXFEER S (reference—to—non—const) ZHUi AN 48 2Kl ) 11,

ST IR G0 3 A5 B BOR [P0 S il operator+ b iR [ — X%, L
FoNE ARSI (B Effective Cr+ 4K 23D BlIN4yE— 4288 Number, X
FhZRALE) operator+H X FE 77 1«
const Number operator+(const Number& lhs,

const Number& rhs) ;

XA BR BRI IR IR, A B B 44 & PR BRERIR I o AR 200k I
] operator+HA & AR TEOX AN RMAS AR . (A AT AR IFME & const ITEANERE,
S, Effective C++453K 21)

W HARAARAT HIXFER R . X TIX e g, AR AT LAY) ] operator=, TS T4 .
S M22 AR AT TREAT IZ AN L4 1K) 7 v o ANIE N TR 22 0R [BD BRI R EOK U, ev D4 3]
NGOk NTTRS & SPINFS /R Apew Y =) 6 LA EIE (= R S a5/ Rl - S A RPN i AN AP AN 1A
TR 2 [A) A TR AT, WASORA, AT IR e AR 7 kg IR [N B ) pR L, LA
VRIRE) i PE R O A I I 0 5 o IXSBERAL R, 5t WA AT R 2 R [BMEAAL, X2 453K M20
HIN 2

ZE EPTIR, I SO AT IS, BT LLUR R R 0] R 22 B AT, R S 2 I 2
H O AT B SLImI X SIT o AEAR I g L EE LB &5 (reference—to—const)
ZH, RAPAE LIRS X B IRE S H LT REPE o AR AR AT IS iz H 22 L 38 o B0k [ 52,
WA — MG RN (USRI . P FHRIX SN i, IRAAE 10 2 Hh 0 iR
g PR R I SR T BT 5 A R Re

6.5 Item M20: hBh5ERREMEIL
—ANIRAI G R AR MEA B = AR, DR AR AR (]2 3 B508 FH 6 S 08 TR A8 1 R AT A



BRE (S WA ML), XA P AR G i) o ) IR — AN R ECEE AN T IR IE IE 1)
A7 R B0 R B ARARK A WA EIR B T RS, A INEIE R PR 5o it
FIX

%)% rational (5 EEEL) FE10 A 51 BR 2 operators:
class Rational {
public:

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

int numerator () const:

int denominator() const;

/] RN ZIRIFME S const AR, 2 L4 M6,
const Rational operator*(const Rational& lhs,
const Rational& rhs) ;

HEAMGE operatorsffUS, BATHENEE € LR, BN E IR B )2
MEBEC IV EEE R . XS R ORE R IIEUT . operatorsk i RERE S LB SO AL
EATRTH RS R ? IXRATTREN, Pl e A AN R IFIR A . AN CHEREE B AT
SRAEB R 0 ALV Kk, BRI R ER IMI XS 5 (S0 Effective CH+ 4%
K 23 T4 31D,

AT 2R EFRE, TS BOX R FE A7
/) AN G BRI RE G 3R [P0 5 () 7
const Rational * operator*(const Rational& lhs,

const Rational& rhs) ;
Rational a = 10;
Rational b(1, 2);
Rational ¢ = *(a * b); /R REAFIERAR “IEWR” A7

EAGIA AN R 1 YA R o BOR [P R R A7 IR R ER, JF
Halw 2 PS8t .

e gF R NSRS X R ikfer A vl gz i aik,

/PG R AN IER D) J57%,  THoRAEE Gk o] 5
const Rational& operator*(const Rational& lhs,
const Rational& rhs);

Rational a = 10;



Rational b(1, 2);

Rational ¢ = a * b; /) B ELREGH
R R BE R IE DS . — Bl ) 7 i X 1

/) Sy RSERI T AN IERG) J7i%, TR

/) EEGIR A B

const Rational& operator*(const Rational& lhs,

const Rational& rhs)

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

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

return result;//WQ inyE REIR, HIBRERINZOERNGFET

EARBOR TSI, AR M R DAL T o SR MR 2 — AN ) J5) H 0 5
result 5[ H], 4 operators iR H I result #% H AR 1R 148 17 BB G151 H
R 5| 40 AN REATE A -

FMETR: —2epR 3 (operatorstB R ) W ZER [N 5 o IX o ENIIsAT 5%,
ABE I, RASIRIT .

PRI BRALARIR O] R R 55 T AR R o 1K — R R o BRI RO
PRANNE 12 R0 R BGR AT G, ARAAN L AZ IS BRI T o AR I AZ GO R S FE AR IR 55 )
G133 TR MDA B TTRS Lok, AN LB A S (FRATTEAE A RS XA 5K
THIED . iR EA G ZAKM IR, LS KO 2 /DX R ?

PARER I VEIR A0S 55 BE 1L 2 125 V5 AR I P X S X A » X 40 55 R B0 2 AR Bl )
XFPE &R M) constructor argument AN FLFEIR PN S, R AT EUX LA :

/) RSO T, PRSI
// BRI G R K
const Rational operator*(const Rational& lhs,

const Rational& rhs)

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

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

AR PRI EF EEGFZIEAEMA] Rational HIMIERE, SLhr EAfE
RXFE . ARIERIX AN RIS — AR ¥ Rational X4,

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



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

I HIZ RIS, e HEE S P D2 e 2R [0

&1 constructor argument TMANHELREIX 5, XFOTVEE S IR RIRZ T,
SAARAT T 206 250 A3 A R E0PA 1 B 0) 2 P R e OB T8 A EE A, AARAT T A 250 Ay B B8R [ % 52 )
Ry AR TR M A AR . (HRARCEIRAT T hrAb . CHN) ST VFg 3 S5 D0 ALAS HH B AR s P o)
% (temporary objects out of existence). KULWIHARAEL N IIALEH A operators:
Rational a = 10;

Rational b(l, 2);
Rational ¢ = a * b; // #EIX I H operator#

SR LS SCVFIH BRAE operators A Il I 2 Al operatorsik [A] il I 28 & . &AT]
RELEN HAR ¢ 20 BCH A7 BURE return Rk aUE SCHIN B o AR g BE g X e 2248,
M) operator*fyilm i G T Al &% WA LIRS o IRAAHT A2 W] — M IE e
B—— 57 ¢ WA A9 IE R 5 T BARARELLIZAAS B LF 1, KA ¢ dan xR, dedaxt
BAGERHR (S WA M22) . AN ARIE W] LB R A W28 inline SRIHER operators
MR (A EEZ W Effective CH+ 45K 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()) :

“CUF, ANERT, URWENHLEE, Ui, HESCOMGRIERSREMAT 4 7 BRARKIE E AT S T AT
2, Does any of this nonsense work with real compilers?” Tt does. IXFUFRKIIT
A — — AT R return A7 B LR RR O A7 B — M SO RIM B R
PO BN 5 — — 2 AR T R BN BRI 5l S o ' RIS — AN 44 IRIEMEARAE (return
value optimization) (WQ BWE: 7 CIREIRZR C++MIHRAL) A7 5 2 HIEN UFA,
‘B2 named return value optimization. {HVERE, XA A I G
I RS AN e 5 DU I e BRI SN AE, B84l 7Em ORTE RUERA AT Nk
AEEFRATTRE T Do SEbr EIXFMUACAT H 4 T A 5l o] DURRE A A4 e ) iz A
o T4 CH+omBEas IR D023 ) B 65 1 O B2 2 5 IR M AR Th e o S SR — RSB 7 1
A=A M RAARPG? 7, B AR ER S RS W, ALY,
ARRIAEN 1% LT e GEARRIEZ AT, BEE YA AN §3E o))



B

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

capitalism. Sometimes you just gotta love it.

6.6 Ttem M21: JEITEH B H%ENFEREH
DL —BeARAS, BB AATHEN, SLERARAARTG:

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

UPInt (int value)

b
/BTN AR FME A const RS, Sl Effective C++ 453K 21
const UPInt operator+(const UPInt& lhs, const UPInt& rhs);:

UPInt upil, upi2;

UPInt upi3 = upil + upi2;

XHIEFEANEAT A4 A4V upil Al upi2 #B4E UPInt %F45, FELUEATTZ [RIAH N
4 A UPInts 1Y operator PRA%L,

UAE B8 R X LB A

upil + 10;

upi3
upi3 = 10 + upi2;
IXECTEAJ W AE B IS AT o 2RI I AT I I X G AR AL 10 #4504 UPInts (S



A M19),

Uk 35 56 X T S B B 4 i SR AR 7 M8, R R LI IR A T R e A
FERS R, 1 FATTA ARSI IR o 3 5 K 22 BN R BORT TS HE 32 2 17 AN AR oAt — 4
K2 H CHIREIT AT SEREAT B I O ST RS IR B R B e o (R AE TS U R R AT
TRTING, FRATTUA eI 4 A 2

IEFRATEGR 20, YARBITATH H A S I EHA TR A4, W& M UPint A1 int
M ZHOM R operator+. Bax AL 2 FIKIA 3 H I F-B, AR BT ERE TB
S HE . A R 7VER LURIhHEAT operator+{RA T, e 5 e X 8 A i e i
B W R BA VA ZAE UPInt Al int XFGARDN, 7 B an N JUA s Bos 2IX A H Y, 85—
AN RBAE AR SRR,

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

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

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

UPInt upil, upi2;

UPInt upi3 = upil + upi2; // A, B upil B upi2
[/ PR X 5

upi3 = upil + 10; // 1EH, EA H upil or 10
/I I X 5%

upi3 = 10 + upi2; //1EMf, A H 10 or upi2
/ /A SR IR R

— HARIF U H ek B R ORI BRI e e, AR AT ml RESX AR A e K, 0 A R ER Z
H
const UPInt operator+(int lhs, int rhs); //

XA S, T UPInt A int 287, JRA 1A BT A Al Be 4L Ak 3
operator PR, AL T = EH R, M2 a4 int 25801 operator,
P BATARE e L.

BB AT E CHP AT —ZMNE AN operator AU —ASH e R
(user—defined type) MIZHL. int ARHI7E XA, PrelIRATAREE L operator A
G A I [int I 2RB S H0 s A (SR E X RN, FE7 DK RE SR T8 SURHERE, IXFE
WA E R IR AL . Lo A FE 8 L3R 1 operator, 423l int RAUHINY



o)

R FH T AR G s P 0 52 1) 7 R B I AE operator B3 b HLldE K ZHRERE P, IR
MAVHERTGREAEH] string XA, B—FELMEH] chars, RZIRK. [FIFEUL0RAR
IEAEAE ] numerical (BU7) 28, fld0 complex (Z L4 M35) , #kAHiL int Al double iX
FEMIZE AT LU AE numerical XRAMEMTHL 7. PIUATATH A string. char*. complex
S R BCRT AR FE 7 R B A e 4k

i, 2 80—20 M (S MLAFKMI6) . AT B SEEl KR B 8, BRAREfR
A7 B R AR A B R B DL S TSR AT W A

6.7 Item M22: HBEABHFNMELX (op=) HAIHEMBK (opd
K2 BREY GOA A U AT TR S AU

X =x ty; X =X ~y,;

AR AAT It e XA
x =y, X =V,

W x Fy JEH e LR (user—defined type), FEASAEMIGRIXHFE. mi Crofki,
operator+. operator=Hl operator+=Z AR, PIULUIRIRAEIEIX =4~ operator
[ AR TE AR IR ) OC&R, w2 CSRBeAT. W3, operator —, %, /, 5555
—H#s

1% operator MIMR{EE S (assignment version) (#ll operator+=) 55— operator
[P IE K (stand-alone) (U1 operator+ ) ZMAFAEIE R R R, —Mlf ikt a4 ($a
operator+ PEHVE) MRIGATH (35 operator+=  PEHVE) K (B4 M6). IXIRA
Uk
class Rational {

public:

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

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

// operator+ HR# operator+=5LFH :

[/ RN AR IBME 2 const IR,

/)5, Effective CH+4<3K 21 F1 109 T AT S92 H [y e 4
const Rational operator+(const Rational& lhs,

const Rational& rhs)



return Rational (1hs) += rhs;
}
// operator— ¥R#§ operator —= KL
const Rational operator—(const Rational& lhs,

const Rational& rhs)

return Rational (lhs) -= rhs;

XA T H, MEIFUE LI operator+=F1-=, T operator+ Fll operator— NIJ&iH T
VT ATE B B BOR SR A SR ThRE . ARt Ik, R4S operator HYBE Tt
177 o 1 HARRBGK operator TREIEAAESEH public #5115, XA ik operator [
MOEARIATE (B Effective C+ £k 19).

WRARAN BAEFTA ) operator HJERMIEAURAE 4 RIIE, ISt rT LU HIBEHCR AR
BB R S -
template<class T>
const T operator+(const T& lhs, const T& rhs)

{
return T(lhs) += rhs; // Z NI S
}
template<class T>
const T operator—(const T& lhs, const T& rhs)
{
return T(lhs) -= rhs; // Z W N HRE

A8 FHIXBEAR , N2 operator WUETE e SRR, — HFRE, JLXTV I operator
FBRE A2 B E B AR R

IXFEGR S SN, B H AT L, BB B, MR R AR T (1
. AEIX BTG HR AR = AR T RS, 55— ISR operator [IRAE A LIt
SRR R, RO B AR B — AN FTRE 5, AT I B 6 G (R R i RS T AT —
SETFHY (2 DL M19 N4 M20, 364 Effective C++4%K 23). operator FIIR{E JERIE
IS B E SRR, RIS T7 B2 A il 6 5ok 28 40 operator [{R [FI{E .

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



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

Rational a, b, ¢, d, result;

result =a +b + ¢+ d; // TR T 3 AR
// A operator+ PHIMEH 1 A

TS EFEG S
result = a; / /AN IR0 5
result += b; / /AR I3 5
result += c; ZN;ELiiRpoE
result += d; / /AN N6 5

A LR 'S « debug FZEY, FFHAE 80% [ [a) L e M g 2 vl DA 2 1) (S
WA ML6) o Ja 5 A B R, Al o T gnis 5 R8P ik il s B O — 26, Jdid
PRBEPIRI T 5, R LIRS TF RN B3] B 5 ) B S A operator SRIT AN
debug RS, [FIR{R B AR =1 operator WRAEE XA RMIE XA T 7. 1 H AR
operator KM SEI L MBI, KPR AERA TR 2% ) i I — R TE D)4 21 5 —Fh e
U, BRI TE O] BLRFFAAR .

JE—r, W AF operator AL EI . FEF operator+ KL :
template<class T>
const T operator+(const T& lhs, const T& rhs)

{ return T(lhs) += rhs; }

TS T(hs) WH T T 48 DRI s B — Mm%, S Ths —HE. X
MG AR KRS rhs —#2IHH operator+= , FAEMZE R A operator+ik[n], XML
HFBRAHEGRIEX AR EEGAZELA?
template<class T>

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

{

T result(lhs); // $ 01 1hs %] result H
return result += rhs: // rhs 5 & NI P45 R

AR U5 BT (R AR TR, AER AT R R A B 2200 o 35 AN 7
—ANARR, result. XN R EWREANGES operator+ FATHIRHHEINL (S
Gk M20)o B SEIL 2 T AE AR B AL, BT DAGR 1R 28 S S A A6 AR S 1 T R
PUIRAL N

J A ) S A R Rk



return T(lhs) += rhs;

PUOK 2 B 1345 A B BEAT IRDR [P DU AL BE AR 2% o L Tin 55— A pR S AR AT IAF: (KD e P %)
ZITH, BN A X5 result AR AIITHT—HF. AR 4 KX AED St B L
A X G T BRI 2 FRATTI R 8 iy 4 X6 BRI I X B IR EA T i, T I 0 5 5
b8 BRSPS L@ A X RIE 2, Fpal e Al S, ERfEdia
o

XA My 426 G R 40 GG P ARAT BRI, (EO 20— m2 operator
FIRAE I Coperator+=) LEHAMIE (operator+) R & MO —MERITFEITHE, N
W AL, WO AN RPN IT A FEOLSE 5 FE PEREIN IR 1% 7% 1€ 75 FE H] operator
T (B A P 5

6.8 Item M23: HBLEREFE

FEFe PRI BT a2 — TR B . BEARW R P R ROZ A RN L PRI . 38K R
TEHY L ATRER) L B MRS B RAFRSCRE . A AR WA R X
WIEAAFAER o A RS M T REAT DA R P e — AN RE R A . B AT K T REH ISP
PEAN s FAT B o BAT RS U RS PP EAE A VG B2 AT B JTsl it S AL, IR REAHAT
KRR, BAAAH .

AN BT AR X AT T AR AR e G AT T ZE BT 4t T AN 25 G
DTS — FBCPI NS A AH [F) D R PRI R 2 PR 04T 4 58 A AN IR) R P REAREALE

filln, %8 iostream Ml stdio FRJFIE, XFF CH+FE)7 bl Kb P& #A2L nT AT o
iostream FEJ¥ L C W) stdio MIELATJLAMLAL (B UL Effective C+H)o GIAIE R %L
4 (type—safe), ‘B2 H M. RMAELZEITI, iostream FEFFFEE AU stdio, P
A stdio PEAEMIBAT SO Tostream P24 HRAT SCAFAH B RSH /NG HLARAT I3

A FEAT B ) . AR fostream A stdio Z MIMPEREZEM, — 7 vkt
e FIX AT BEKIZ AT benchmark ¥ o AN ARUZ0EAE benchmark 238t . A OARME
TR e AR B R R R, i R S S ok 2 A, BRAEAT AT SERY
TN H R BRI 2 g SR AR o AT benchmark 3842 BETE [F]—A 1] ) AN ) il o
TiE I O HO A g it —BefE B, T DUR A 58 42 MKEE benchmark /2 AR, {HJ2 Z0EEATIH 2
BEEM

LEFRAT T — AR 1K) benchmark F#7F, HIINASIEAR 1/0 Difg. XAFET MWbriEsn
AN 30000 AN RUEL AR5 EATT LA 2 A0S XS B0 bR L o g eI PRAL BEAT 5 STDTO
Yoo el H stdio 382 iostreams WHE L TXMFS, Wt H stdio, RMEATH iostream
PR o
#ifdef STDIO



#include <stdio.h>
felse
#include <iostream>
#tinclude <iomanip>
using namespace std;
#endif
const int VALUES = 30000; // # of values to read/write
int main()
{
double d;
for (int n = 1; n <= VALUES; ++n) {
#ifdef STDIO
scanf ("%1£”7, &d);
printf ("%10. 57, d);

felse
cin >> d;
cout << setw(10) // BOE field FERE
<< setprecision(5) [/ WE N E
<< setiosflags(ios::showpoint) // keep trailing Os
<< setiosflags(ios::fixed) // A IX e
L d;
#endif

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

return 0;

MU AR EAR G XA R, X -
0.00000  0.69315 1.09861  1.38629  1.60944



1.79176  1.94591  2.07944  2.19722  2.30259
2.39790  2.48491  2.56495 2.63906  2.70805
2.77259  2.83321  2.89037  2.94444  2.99573
3.04452  3.09104 3.13549 3.17805 3.21888
KRR T A iostreams HAEIXFIHEE/ ™ F fixed-format 1/0. %K,
cout << setw(10)
< setprecision(5)
<< setiosflags(ios::showpoint)
<< setiosflags(ios::fixed)
K« d;
AW printf ("%10.5£7, d); FAJE (FUZERAERF KRR R 24 (type-safe) X ]
DAY JE, ifi printf AN BATX PRI AT
BT UM SR B E RER I AR AR A A, 3L BT XMy, iy
LR ER AT stdio MR FPIZAT A B LA B AN PR — 18 (K2 20%), AT MIPRIR 2 (3%
T 200% ), {HREFRM KB B —F iostream FRISZILMIE HAHXS N1 stdio HISZIIBIT
R Sioh, A stdio MIFRIFIRH L SAHN. M fostream MFRTFEN CHI
MRIZ) . O TRYFILSETH RN, X R 2 3E T,
NAZIAE R F] stdio R E 3R i SRR SEIL e ¥, BT LAk D Mlilid i R 40 300
K 1) S IR B BB A MR I IR R GE I 2 i S A ] BE R I fostream il stdio JFA 034
f2e5t. Fisz b, AP MG S KRBl iostream FCHYSZILEL stdio BEHk, A2 iostream
TEG PEIN A 58 T AT HRAE BN SRS, 1T stdio MERBOUE /B AT I b i UF A (format
string). iostream fl stdio Z [AIPEREMIRS LU & —ANE 7, XHFAESL, HEEPEEA
FH R D A AN [F) RO RE 3 P M e RIS (R AU 15 6, o DL — ELARFE BB it st G
AT profile ZX WA MLI6), MRINIZENIE &5 T Bl ik B4 3 R BR . bl dndn 2R
WRIFEFAT 1/0 Js, RrTLA I8 stdio 4K lostream, UWIHFRFAE SN A7 FLFIRE L
A EATH T KR, AR ) DURARZ 547 oAl ¥ operator new FI operator delete [¥JSEHE
I (S WA M8 Ml Effective CH+455k 10). BRI IR FEEAESCE . AT Rtk Bkl
P SRz R Al — Lo ek b2 B A AN R vt S, il AR e 45 T PR RREE 2 5 R I
PR, ARAT IS ) UK B2 b e P i 8%

6.9 Ttem M24: BFBURE. S4hA&. BRI RITI Frz AN

CHo I T R S BLTE 35 AR — MRk o X SE SR A0 24 AR 0 th 4 s R UE 1Y
I BANF R G AT AN R R VA S BE 5 1R ARG 00N, IRA DG DI L 3G . 4R
T A7 LA P PR SIS B RN 8 08 B B A T3 FEAT AR K R 5, BT LUK T 2 P A —



ANFEAR TR, FIE g RS v REAE TS IS A T St A, BURASAR FE . Ry P v e FE L 451
T RERRE

L A AR BN, B AT ARG 20 T ] BB R R B AR — 2L fR
I X G AR 5 | AR AL SR AN T B 1 o G 10 Q1A R 8 v RO AR S IX AT e ? K 2 Hi
PEgs el M virtual table fil virtual table pointers. virtual table fl virtual table
pointers il #4> HIHLER A vibl Al vptr.

—A vtbl WHE LA REIRH A . (LR I RER R A, (R SEAT
Pt R R RN S ] TR e B Ak R T RE R, S O vtbl,
I HEH vibl B3 H J& 45 1) fE pR BCSEIUA I FR ST Ban, an N XA EE X

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

void f4() const;

I
Cl ) virtual table ZréHE Kk FEFs:

__—» implementation of C1:~C1
Cl's E____- implementation of C1:£1
vthl [4——= implementation of C1::£2
== implementation of C1::£3

HEEARRE R £4 AELRT, 1 H C1 ISR BB ANE . AR RS (O EHiE s AL
EABPOE ORI ED BRI C BT FESEIL, BT AT R eI R AETE e By
CRRZRIN e

WA —A> C2 R4k C1, FFTE X T B4k — 2Ll s %, JFIA T8 B O 2
HE R E

class C2: public Cl {

public:
C20; // AFRE R AL
virtual "C20); // HE LR
virtual void f1(); /] B SRR



virtual void f5(char *str): // HTRE R AL

¥
‘B virtual table T H #8510 55 GAHIE A B A S, X LI H AL HEFR ) A # C2 T 5E
MUK CL R R B R 5T -

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

C2's
vthl

XANBIR G H T HE B BT 5 B 28— M IR AU R 5 R B B2 virtual
talbe B H2S[A]. JEH vibl AR/ 2R 75 WY R e B BOE R G CRIFE FEZR KK 1)
BERED . FAENIZHEAE A virtual table, FLA virtual table Fr a8 HAL K,
H I RARAT K R AR 2R P KRR E, IR R I vibl 23 o5 IR & (1 sk
Gl 1P

DA FERE e AR R AT 2 A vibl $5 0L, FIr DAGW 1A% 15 78 2338 21— BT 1 )
FECHAEMR L o K2 BORE e FIRE P PRt 24 object CHAR) SCHFIER ML, HIEHEA object
AP Z AL o WEAS object SCAFMNAZAL &4 E S vibl Wg? FRATBES U A TBHER S
main BRELIY object SCAFHL, (HAEFETPEEAT main, 1 HICIR WIS main MIJESCHEA S
WRARZ W52 vib] B9 . G PEAs QL] A0 S A TR S —AS vibl W ?

WK I —FOANF R 500, Gmieds) 7 Ie 2 PN o ) TS i RS (3
TP MERRE D) 1) R, R TER VA  RE—AN ATRE T vib] [ object ST
A vibl $5 UL AR ARG LRI AL DL, e T PAT SO R LAk
AN vibl PRE— NS4

SEHE )BT T R R R R EVERPGEME A object UM AL 52K vibl o il
B R AR IR A object ST AR vibl, %K% object IUAF

TN ANIEA L. AE4lERIE S (non—inline non—pure virual function) &

CHL g2 2RI LB o PR F3k C1 281 vib] Kl & 45 CL::7C1 % X object 3CAF

B CRR W IRI R, C2 2010 vibl BBCE B E C1: 702 58 LK object SUATH (A
KRR HO -

bR b, XA R AN EVEBORARGF o AR A SRR I 23 50 W kg pR 50 TG R B (2
W Effective C++45iK 33), WAL P PITA RE R&EG N 75 W0 IR &, R e sUE Rt
SRW, KRBT A K AL G B AR object U AR B — AN 2K



vtble AERMARGH, XL FBETASF—AKMEE ETA vibl #0011 K2 HOEEX
Pl e S EVE O B B S A IR — 28 iR N T vibl B9, H & —Fl 4 i et )
RO 5 7 e A0 R BRSO IR IR R . R I IRAT K 3, A7 L8 SR DR 3 BOAE 1) G P2
— R S R BRI F inline $84

Virtual table JUSEHL T LR EHT—2FHLE], dn R A X2 BT . S A
JidR M A ) vibl I, SRR . IX2 virtual table pointer ) TAE,
ERE XL R

BEA T MR BN R B ATE, B NE ARG 01, FE 10 N2
virtual table. XANEAILIIEHE R ABFRA votr, BegmiEdd e &8, A8 HAG 4 %
PEARANIE . BIS EVR, FRATTAT LD R G5 A R R B G (0 A1 SR i SRR

Data memhbers
for the object

Object’s vptr

MR 2R vptr AL TGRS, AER AN E I, ANIR] 0 G P R AL
WA fFERAMTEO T, — ARG vptr S5 P i BT . W R A7 7E 2 4k ok
(Multiple inheritance), XK &G HERIL, o LRAMIHEE . DI it
AL RE R B AR IR 2R A AR R BRI R R L, IR AU BAMRHR B AT
AL

WARR ZARN, I MRKHIA . BRI ERAR B0 S 2 KA 4 EURS R A 8l
LA votr 23l il ot Bes KNI —1% (8 vptr K/NA 4 BEE). 72N A7 52 2 BRI
KRG, IR R D e ST S (B . AR A A B IRIBII R L L, IRtk
PUX o BARBAT PERE,  DUABCR I A W REANE G IHES Y (cache) BRI AF HTH
(virtual memory page), IXumlnlREMEAT RIHR TR Z .

BUNFATH — AR, BE LA C1 M C2 XW&%. W, vptr FIRIAFATUHERR vibl
IR, AR AT UKL AHSR



¢l Object

Data
Members

vptr

1 Object

Data
Members

wplr

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

<1 Object

Data
Membears

wptr

2 Object
Data C2's
<2 Oblect Members vibl
o vplr > Implementations
Members =2 Object —= of C2's virtual
vptr = [
“ Mompers - functions

vplr

% 18X BUX B AR -

void makeACall(Cl *pCl)

{

pC1->f1() ;

}

WRLARE pCL PWHIERIREL £1, AUACEIXBARED, RS Al e 8 A 2 i —A £1
PR ——CL::f1 80 C2::f1, PR pCL W LAFR I C1 X G a LLFR 7] C2 X 5. A8tk i
FATIIRAF R AE makeACall [1) £1 R AR BARAS, B2 R TET8 pCL FR AT A% %,
BRI R FH A 0E A o S AR AR S5 il T X B o

Lo Gl vptr FRFISEH viblo RO — MR AERAE, B g s FIEAE N RN
MR REER ] vptr CHETEE M BEARBCE e D PUIE AN L& — Mg i3 (L5 3]
vptr) ARG HE (B3] vibDD.

2. ARBUXTAY vibl PR B R EFR B (FE B £ IXRAR R 1,
D1 Ay G T 4 R B BE BRUEAE vibl WAMIC T —NME— R 51 IR AN SR AE vib] B A
M .

3. PHHIEE PR BB IR ) 1) R A

U R A BB AN S AT A B B s A vpte, T HL £1 78 vibl TR SIR i,
i)

pC1->f1() ;



PR AR R X R

(xpC1->vptr[i]) (pC1); // VAR vibl HEE 1 AN G R
// 1 RREL, T pCl->vptr
/AR I vibl; pCl A
// this REHEIG AL

XJLT SRR REE—FE . AERZHOTENL e 2 PUT TR 1 — 2454 . i
FH K B BT A5 (R AR AR b 5 0 T v 8 B R P BRI o R RSORS00 AN T e IR
o

TESbRIsAT Y, KRR EIT AR A 5 NIRRT G S B BB BE R N IERIN . X
SERh “CNEE” TR ARG 1 R) R AR 1 BRI AR B R AR BB R R 4, 7 (R R
BB “HE 7 TR L BIEAT I A K03 B AR — AN R R g PR A R R A
(3 FH AN A2 A SR B, IR BE AE D A e A S WS R B . X
W R R IR =AM ARSERR EBGT T IR A CHamid o SO R R O,
FTLLRE G, AR R 2 00 R B0 0 S R R m I ARy, 3T R FH A e A A 1B
DR A s i S R I 7 2, BT LUK e Bs b EAN R P9 386 )

BUIAE A 1EFA T8 R VGG F T bRk fl 2 4kk, (HR Z4RI5IN, HEma
MEME S (30, Effective CH4kak 43). X HPELIISIAILANYT, (H2AEZ MR, 7EXt
SRR vptr BT RS SRR . RN R B ZA vptr (M4
R A5 B T BATC S S (K Al F O vibl LLAR, 845 R 3282 iR ik 1) vibl .
DRI 386 0 7 AN RIS 6 G v 1) B A P AR 2 ) T ELB AT I o FE T 95 PR A Rt 3
ny e,

ZIRREH FEOS R K B R, R NIRRT AL IR
AR AT, BRI B A WY S B — AN R AR SON R, AR S HE A (K B 4 AR A
AN DL R B — AN S Ay B R AR B, AT AR e SO RS I RT LAV BR X A
SR FE A B 55 e AT B AR, BRI R BRI 1) S B 28 5 A5 R i 1 ] BRSO HR B ABCA
WERSHINTB, — s 2 IR H A i e B

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

inheritance diamond)

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

class C: wvirtual publie A { ...

class D: public B, public € { ... \ /



A AR, B BRI C IR T8 ] — S8t Chedl a2 EBEE
GiEas), DG EIRXEA A

B Data Members

Pointer to virtual base class

¢ Data Members

Pointer to virtual base class

D Data Members

A Data Members

FEIES (R R 1l DA X S ) B e, X AR AT LT, (RS IR AM . Mk
] SEPL R G R 16 A o, e TR A MR mT L, i B S i B Un ] 5 06 % T B MR
EFIRES PERSIA BT LURAS N ZAE MG LA S A R IR ] . — 254 38 v] e In N 58 /DI 45
Bt AT Lo RS S A RO NE AR A A I B S R EE GX Rl edt ik vptr 1 vibl
FALE T

U TR AN 3K 0 P 5 i R AT AT virtual table pointer B EINTG HLHE H &
FrilER, BATAANRBNaIRAE iR gk &k R LA A GAEATRE B AL, W% D (N AEA )
A IR



B Data Members

vptr
Pointer to virtual base class

¢ Data Members

vptr
Pointer to virtual base class

D Data Members

A Data Members

vptr

XX R PR PR ARy, ROCLM TP, KBRS, KA
AR 5 AR BT8R 43 8] (R T AR L A8 b 2R b Bl v o T/, BN AR ok . xt
TUEHEZHARMIE, AR UEIMAM AR, R ESEREN.

AT — PR IR 2 AR AEDUAN 2, (HE BIRER A =4 vptre HUBSmIEAS 24K,
R UAE YA vptr, HEEATCELS T CERILB FI D B ILE—A vptr), K4
G s o ) FHIZ A BL 2 oAl b g 4% 2E B B b 5 4H

FAVIAE CEH B R BTN R AR SR, T AR NI, FRAICald 2
A 7ECRI R BE B 38 I SRR

ERRATEE g J5 — AN, S4TSR (RTTDD.

RTTT RELEFATAEIZAT IR BN RAEI A AT, I LA €A A it T X485
BAETATA W) X LEfE BAAEEAEIRALN type info MG, IRAEEILEH] typeid #fE
Vs i) —AN2E 11 type info X%,

FERRAN AU TG BE—AN RTTT (945 D1, AFOR A0 JRidAS BT AT SR A B 5K
b EIXRURIFASEARUER o T8 5 VS FIXFERIIR : FATORAE ] LIRS — DX R BN RAUE B,
MAZRIAT /D> — AR RE X AEA RTTL BRI FA %% virtual function talbe (M2
PER) o BENRIATA T EZE R — AN I, A THEE—Fh 575 AT L5 R ek 0 5
IR AE A5 B X Rh RTTI A1 virtual function table 2 [A] AL A IEAS R IG4: RTTI
e A EZR A vebl FERE ESzBl.

B0, vibl F4LIRE] 0 AT LA — type_info X RIFRES, XX S8 T-1% vibl
XN, B3R CL 281 vibl & b 50X FE:



Cls type_info object
implementation of C1::~C1
implementation of C1::£1
implementation of C1::£2
implementation of C1::£3

Ccl's
vthi

i PRSI 5, RITT RERRI0 2 RLAE A5 180 vebL o TR MG FE L A7
i type_info XFRUIZI. %L KR virtual table [T o710 P47 JE A A 25
— P, AR type_info KT NTTBE] I

I RA AR SR IR RITT F75 S B 3.5

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

U NFFIXARME LS, SR, ATEAT C PO NIZEH ¢ REF. (HAZT
O U SR B AT IR SRR TR AL TN RS, R T LRSS . EZ RSB, RN AR
FUTT e Lo g PR AR U AR RO AR, RE E s 22 . il IR ES 1Y switeh 1 A) a1
if—then—else EAMRLEE R AT, H=En0 R LE R ek B0 e ZE 2, i BARES
BATHE BT, P, R0 E O T EREART M, RSN S S E A a amk
TIFRZE (type tag)o PRIBLIRASAFRIT /NN S .

PR R 2R, RS RTTT Fras AR S B2, (R an AR B e T g,
NERIAFER T IEARERAF N AT AR, BRI B RIFE 22, A7 IR A s A 2 5 3
(¥ S DR B o 1R 2 2B I R4S B BRI vt R i) B FE 2R (KR B2 (15 4 icdim A v
FPAits CHnf Gl R R 2l e A R4S RME, T AR ] R S8 SR VA Bl S v, BB
N2 5 M 56 X AT 55 o ANt B A UK, 1k A O 5 AR AN R BB AT LU G 285 A A
(¥I RS T 4

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

ARASW B K 2 BN B R RE (45 I o X Se Ul B FE), (FR R AN
FEMENIA S o AT MR LRI -RIE i “SERIN” (Felix the Cat) , FEFIAEICI (I
BRIRME, EHEFEEM trick B WER—ARIEMOHA D trick @, WA CHEEF R
FUENAZA T o X FASARI trick WIESA

YT CHAEREI, Bl =S B L8 NP AR LA 3 pR AR E R B3 R 2
FAT AU e B RF 07 ARG BRGNS S B (K B 2 AR ] 7 L 3 v e N7 5 i 2
PRAMAT SCRERA PRITAT SR ST AEHE e ? L — LRSI 53 pR BTG TR o I R T 5 i ]
SEAX GBI E A e SR AR T IR BELEAN R B0 SR A A, T LR RE N



I D EAT R — NI B S R#5 D2 AR IX 7 operator [T HYIERAFM G #AE? 1R
gL — AR KL HAT AR PE RO T AN R S B2 ?

PIATIXEE R GRA 2 ) AAEATAGRIME, AT R ERUA A S CHAE e b1l i
RN, BRI A e TGRS T 1. FACIZLE Py i i se Yy, AN eI eARE
XA HHE (stylized fashion) VARSI, BAMCTY idiom M pattern. ANVEIRILERRM
o, AEARH S — H N FHATTT A TAERE, F I 5 SRR 2 2. B ARG o
WMt A, BT CHERSERE .

7.1 Ttem M25: ¥H3E B& MR R A REUB AL

AR, Wi “ RBRMIE R A WA B X YR — M aitelg H, (HEAmEIL
F8 N B FLIR AR AT AR, AR AT LA B0l pR Eok 58 kR E B (type—specific) X
FIAT A o SR EANE — NI GAE SR XA D) 508 AR 0 G R, R A2 1R
P18 PR Ao T JEAUIRE) 38 bR BN AT IR A W 2

TRTRT PR RV R AUUAA) A R B R R I e i S, LS eATE R RIS AL Can RARIA
JBA B SCIANE A AL, I8 AR E SRR IAC BE 22 st e 2 ) CER IRARH ) B 2
PR RS S T XA, |75, XEHRE R RIR TS, AFEg. 5
FED. Flhn, RS — AT, FERAT B s 1) TAE, 408 IR IE AR th 30
B R A . URAT DU A T
class NLComponent { //HT newsletter components
public: // W&k
... /L b — A ali i R AL
I
class TextBlock: public NLComponent {
public:
. /] AL 2l R AL
I

class Graphic: public NLComponent {

public:
... /] AL 2l R
I
class NewsLetter { // — newsletter X%
public: // H NLComponent X%
[/ BVEER A R
private:

1ist<NLComponent*> components;
I
FKZ A KR K

NewsLetter
object

NLCompaonent

pointer

public
inheritance

TextBlock



7t NewsLetter I 1ist & —MFRUEBIRE (STL), STL s&br#f C+HIASFZE I —
4y (B U Effective CH45ak 49 MR M35). 1ist AN G 47 A ERIE AT L6 5 W) 46,
JRUE e AT LLIX 7 ke S B . %% NewLetter ANig4TIN s S fEAEAEmEE: o S T Beigimit
P FREEL AR R 5T Newsletter X%, il NewLetter (A4 BRECHAT istream ZHE
— PRI TV e eI R T S A O I B S RN, e AR U
class NewsLetter f{
public:

NewsLetter (istream& str) ;

};...
A 1 BRI O AR S XA 1) :
NewsLetter: :NewsLetter (istream& str)
{
while (str) {
M str ZHUF—> component %% ;
X ZE AR newsletter ff) components X & EEFR T2,
1
}
o, JERXFRE IS H T 5 AN A K F pR E A readComponent, 1R Fios:
class NewsLetter {
public:

private:
// NEEF—> NLComponent X% M str SrHUE,
// @SL component JEIR[F|—AFRES.

static NLComponent * readComponent (istream& str);

NewsLetter: :NewsLetter (istream& str)
{
while (str) {
// & readComponent i [1] (R FEEHA 2 components #ER ) H5 )5
// ”“push_back” —AMER IR RREL, HRAERER B G AT I AN A
components. push_back (readComponent (str) ) ;
}
}

F 8 —"F readComponent Frift) TAE. "EMH Pz B & T — AN %, 8
TextBlock E{& Graphic. PRA'EREENIHNG, EHAT NG HEREAEEL 1 B E e
NI AN P0G, FRATTFRE R AU 3 bR 2o R HDLRA) s BB R TR RE S AR F 4 N 25 & TR 5L
P BIAS [T ST AN RSB P 5o JERUME BB IR 230 & R R AL, A (sl i
W28 3 4z, B MG HIL D S EON G5 SR S i — AN . (WQ Ny : readComponent ()
PISEILATPE DL (. WiHE C+ +ZmFEfb )

AT — PR R S IR R AU 3 R B — — REAULPE DAL pR B — — A T T2 I H & o 40
$5 U1AA I R AR [H]— AR AL, Fi8 ) T B R BN BB DL RO X AT A e, iU
P U3 R B () 42— FER 2 copySelf, cloneSelf i J2% NIfiXFEHLIIML clone. fH/b>
ST R RE X A R 7 S
class NLComponent {
public:

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



} .

class TextBlock: public NLComponent {

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

};...

class Graphic: public NLComponent {

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

I

IEMIRATE B, R0 RE$H DR R 25O R e T B 13 DUR IS pR 2. DRIk “ 4%
U7 18 CE TR VUMY E R B ) o ST IE 3 DURY S e 20U T T B i % 0L, R4
JEFUHE DURE I oR B0 AR T B 095 DL o T SR B OE 1945 DUAA I R AN T A T 9 H5 UL, IR A U
DU 35 R B AR A T P 4 DL o T SR B 0 R 4 DUAA IS oR B — SE A R I i1, 9 TV Bk
copy—on-write (ZW4KM29), WS4 MEPLIMIE REIX A, 58—, KET .

TR IR () SR T Bl A4 R A0 PR A 0 A 110 R 40k bR K500 R 2R R RN « e )R A
JRH U RE AU R AN F A 200 5 S8 1) R A0L bR B0 EL AT R a0 [RS8 o 2R o 5 )l [ ] 26 7Y
MR IEERNTRE (B—ANTSTHD, A IRAEZR R E T LLUR [Fl— N5 1) R R A2 28
PIFREN (BRI IXANE CHIRZRARG A E TR, eI 7T fE S B % R FUA4 1 bR 250X
FERT R X5k /& A4 TextBlock ) clone BREURENS IR [F] TextBlock* M1 Graphic [f] clone
HEM% IR M) Graphic*ff A, BI# NLComponent HJ clone iR [M{E 257 24 NLComponents.,

7E NLComponent H [ iz 46145 DL KA it bR £ BE L ST NewLe t ter (19 (IEH 147) #4 DR i pR 25048
1R )«
class NewsLetter {
public:

NewsLetter (const NewsLetter& rhs);

private:

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

// WTHEEAS rhs BER, AR JC R B DR i pR 2L

// FETCEESE DUHEIX NS component £ .

// AR AR WIS AT RN O, 155 W43k M35.

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

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

// "it” g rhs. components AT ICE, PWHIITEM clone B,

[/ AFENZICERM AN DL, AR DS )

// EAKGI component HER 1)) ¥ o

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

}

}
WIERARGIARERIAR . (STL) AR, XBAU T Refr L4 N2 fd, AN R BRAR fif 5.

i JF1 9 4% DU NewsLetter X H (HEAS component 53, i FHAER AR J0 0T SR EH
385 PR FRATIHEIX LT B — AN R AU I PR 2, PR R P A0 15 45 1) NLComponent X4 145



i, AH SR TRAT AN SR — MR EFAN SRR W) TextBlock X%k s& 4R W) Graphic X %. LiR'E
FRmE, FRATEARSAT IE6H 00%5 VAT, RIS s Re g TN MR A
REFUAL AR R 3 pR £
A I BR AN BETLI N REFULRR B, ARR DR BRI AN B BOh S IE IR B R R 2 (2

L Effective C++ 453K 19). SR, BEIR—AN R ELBEIE 743 th A [RI 2R IR B ok 52 wT DABE i
(15 A2 [FIAE A AR XA AR R D2 bR R, o] DURREE 2 B0 A [R) 3h 228 Y 1 A7 A e e AN ] o
fhn, AR R TextBlock Ml Graphic X G S — AN HRAERT o ST 2 WKy 7322 R 40
IX AN BT . R R ERAERT & operator<<, BREH ostream&ffih & I A2 S 4L
(left-hand argument) (RIEETRAERESEYIRII /AT PR, XA AT BEAl 1% R £
RCh TextBlock BY Graphic %57 BRI,

OXFEf L, A E—BSREH A
class NLComponent {
public:

[/ R ERAE R IO AN 5 1 R

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

I
class TextBlock: public NLComponent {
public:
// A AR E AT (RS
virtual ostream& operator<<(ostream& str) const;
I
class Graphic: public NLComponent {
public:
/] RS ERAERT GEATH)
virtual ostream& operator<<(ostream& str) const;
I
TextBlock t;

Graphic g:

t << cout; // i virtual operator<<
//48 t FTEE] cout Ho
/] AT BRI

g << cout; //183d virtual operator<<
//48 g FTEIE] cout .
//ANTH TR

KIMEHE A stream M GBI 5040, X 5HHEERS —BRMHEMR. A
T RENS N ) E R s Lok, AT operator<<# H} TextBlock Ml Graphic 3%, {H &
IR TIEAEA, SARE A AR T )
T3ROS A FT B S B — N B IR B (BN print) #8¢E XAE TextBlock Al
Graphic ZEH. . (H 20 B iX#E, FTED TextBlock A1 Graphic %2 HIiE v H 5% ] operator<<
WM R E R I L RTINS A ST, IR LSRGV EARAE A N R FRATTAREE 1) 2
— A operator<<HJHE I AL, HHEAS print BILREIAT AR E. A OCHRAIATZE
2 AR SE By _E D AR BT an ) 45 2 e A . Al 12 X operator<< Fl print K%L, il
W WG !
class NLComponent {
public:
virtual ostream& print (ostream& s) const = 0;

I
class TextBlock: public NLComponent {



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

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

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

{

return c.print(s);

}

HAT REAUAT (AR A8 5% R AR T 5 o R g S — > RE UL BR BOR S8 B A, SRS 15 —NE
HEAULRR 0, E AT A AU XA AU bR K. D 17 38 Sk A FVEAE 41 5 1 e B30 R T4
PREIRAT AN RIXAN IR R R B (2L Effective C++ 453K 33).

DUAEARENTE W ] HRAE AT — S S H kAR 1l 03 e& BUR UL, An] BEARSIIE 2 5 AT gL e
ATRYE — AL B ZHURMEE? L, HRAZRIRE S . A2 WAEN? Z AR ML E
KL T R IRIXA ) 7L

7.2 Ttem M26: FREZENRIrHEERNZEE

PRARIIR T 5, AH R AT IR SRR SR A AR IR . B iRAE R Ge v R — B 4TEIAL,
JIT DRI S A 7 AT FTENLAN 8 H BRE A — A~ s ARAAURAT 16 AN AT 73 A H 25 13T
PERERAT, P DL A R SCAFRER AT X RAFAE B H A BB 16 Ao ARt e BEfg fi )X 18
W2 iy 2 BR6S 5  2ig 2

W R — A A NTEEAT UE ], AR AN n=1 JFERUERT, AR5 A H 4t e Ll O
BAEY] . SEIERERX A — MEMAE NG 1 n=0 JHGERA R A, Brildk
TN BTG o ARl GERE IR PR (X RSB (instantiate) Wg?
FVFRESLFEAD X

BRI — DX RIN, FA VRSO TE — Pt R MG s s S
SERXAE, BHIREESZIEA RN G, 5585 5 I T 1 2 A8 2R R R 3 R % W /1361 private
15
class CantBeInstantiated {
private:

CantBeInstantiated() ;

CantBeInstantiated(const CantBelnstantiated&) ;

XL, RN NEBAT BTSN B, FRATREAT R EHB AR XA BRI 1 Gt
FAATENHURE LR, (B S AT VA — DR R AT LR, FATTNAE T BTN Gk 3



FE— BN, DR NESREV AT I, (H2 AT TR S d T -

class PrintJob;

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

// Z W Effective C++4%3k 34

/] BAITEIHL S

XN =A%, 5. Printer RMIE R EE private. IXFEREPH IEENT
WG B BRI thePrinter #7775 R A TT, il thePrinter & ffAG HIE AT
RSl HG thePrinter & — A Printer X%, XEWE REG MW EEET .

P A TC IR T N 25 R G 4T ELIE

class PrintJob {

public:

PrintJob(const string& whatToPrint);

I

string buffer;

thePrinter (). reset();

thePrinter (). submitJob (buffer) ;

A HVi, EHBEATH thePrinter BRI

/ /37 buffer

RIRIEE] thePrinter 4 4 BRI LRI 217, RSB “2JRR



HERKS )RR, (HESRZREL gauche CRALNY) , TAIEITH 53T EIAT L ThHEHE
JUE Printer KM ” 4FHK), RAAEMHIS gauche XA A4+ (Lippman [1)— 5
HAER), SRR, AR Prihter 287 A ] thePrinter N A%, ARG S AL kAU
MR E . SAFFHREAICHERT . SRS, W R iR:

class Printer {

public:

static Printer& thePrinter();

private:
Printer () ;

Printer (const Printer& rhs);

I
Printer& Printer::thePrinter()
{

static Printer p;

return p;

FPEF printer AT L6231,
Printer::thePrinter (). reset () ;
Printer::thePrinter (). submitJob (buffer) ;

Fy—MITIERAE thePrinter 42 R, I namespace (fr 44 4% [])) (Z W, Effective
CH45aK 28) 0 M 44 25112 CHt—NEOBT IR o ATA0] BEAE A% SR 375 I 4% 78 0 R iy 44 2 ) HL
Al GFERSE. Sk, L AREL MR typedef 455, HLEATBN M4 2 W IEA I E
IAT KR, AT B 5 (A6 AN [ iy 44 2% F) B ) s R A g 44 0 5% . 8 Printer 28F0
thePrinter BREUIAN — s 200, FA AL AWM 2AE T Printer Al thePrinter
Yy AR IR BT 1L Ay 44 O

A4 A A NAJVE R BEATEE SR, HREEWAT public, protected B private . JT 47
#4E publice WIFF7R, A Printer. thePrinter BUANML PrintingStuff [y 4445
[

namespace PrintingStuff {

class Printer { // T4 A3 ]
public: // PrintingStuff F1f#)

void submitJob(const PrintJob& job);



void reset();

void performSelfTest () ;

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

Printer (const Printer& rhs);

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

static Printer p;

return p;

// i d A B A R
i RIXAN i 2 2 W) e, 2 7 i v] LOdE {8 ) fully—qualified name (C5E4PRHIRT44) (R

(EERGEA R R
PrintingStuff::thePrinter (). reset();
PrintingStuff::thePrinter (). submitJob (buffer) ;
R AT LA using A, DATRiAb BB -
using PrintingStuff::thePrinter; // M43 [ PrintingStuff”

//GI N T thePrinter”

// AL 2 T Ak

thePrinter (). reset () ; // BRAE AT LLGAT ey o 44
thePrinter (). submitJob (buffer) ; // —¥E, f§if] thePrinter

£ thePrinter SEHL A MM IIASI G H M7, EAEINE—F. H—, M
[ Pritner XFGRAEN T RRBUE AFE SR G A RAER T ERS R, KO AR R R
o AESEPRE AN S sbr B ARSI CRBRO, BRIz . Sk, H
S UAAT RN, A o ST R B IER RS BT LI AR AT T e 5 A S S 5

CANILARFF N AT AT, BECH B BN A 2 15 A B  Bo) JEST CH A
WSCHRARANTT ARSI AV MU, 7R, JEREBLT Printer IXREIXT G E SO
AR RAFIXFE I B IR . IRV 2T R IR RRIX M B 18

5 A REIE S AL, 3 Printer A HIGRA IGEF BOOIEAT — DAL BT

pin



A TRIANE o FRATT RE A HE fffy H 601 T R ER PR s ) DA T A IR B A6 4K “ AR5 — IR AT
SE S A DI BB o TTRAT 8 LA R S B AW IR AL IR (] o G0 — A
translation unit (AL object SUAFMUEASIEE S ) P B L5 ATER AL
PR AR R ARAIE, (H X FAEAIA translation unit AR R O3 IR0 GG A0 0P D) 3
XMORIE (S W Effective CH+45K 47). ESERREMT, XamIRATHRVFZ AR 2R
KA B BENE W FRATT A5 22N, FRAT TRt RERE S X LB RR IO, AR L 5 L, BEAREIRE
gl it 2, FATAAAHEWR?

BTAMIM AR NI RN SN RIC R FHE—F thePrinter AERE D pRI%L
B
Printer& thePrinter ()
{

static Printer p;

return p;

BT IRBATIXAN RN (A p D, HEIRMRIZ 2 — A AT R
Hi “return p;” —&RBMA M. XA BREUROE SO0 WIBRBR B H] . AR E AR T4
Wik At ale? 1G4, Rt A fREER G A ? 85 2 DA i AR BN 4
(—AN% DL, DUAETFH R “ IR IR AW 2 IS Lk, "o kst g 136 28 FH bR B0 (A0 RF
FRAZNT R LA, A R R R R BOE AN IR 8, R R 7 R BOE T HE I S Bk
HW# internal linkage (PEBEEHE).

WHTEOLR, RATEIARXAE S B NIRRT, AR “Han
PRI BR BT BEAE R BT (B 2 BRI H AR Cobject) AR AT BEE & —ANLL L
(¥ P9 B R BRI AR D, TP A T LT ek BN (RSN B 7 S AT 2 G R S — AN
B IR AN G AR R R PR, R T BE 2 RE P IR B S G (85 DU L —AN 1 BT IR B vy
5 R S e AN B PR AR 18 5% R

RS2 AR AT BETA A 37 bR O B — AN BB S 16 5 T, 3 BRI 5 (10 B 1 g v
WA WVFRIAH SR T BT O S B H, — BRZERZ %, sl 5, XA
WV, WFPIR, XA printer X4,

class Printer {

public:
class TooManyObjects{} ; /] AT R 2
/) AL FHIEA R
Printer () ;

“Printer () ;



private:

static size t numObjects;

Printer (const Printer& rhs); // XH HEEH —4 printer,

/] FTUAS S vE$5 DL
b // (B Effective C++ 4K 27)
PRI A O B AR 2 A A numOb jects BREF Pritner XM AFEMNSCRE . MR, &

(R B 0, BB, e ED . G EIE L 2 1) Printer Xf %, ghasPbh—A
TooManyOb jects ZEHI (] 4 .
// Obligatory definition of the class static
size t Printer::numObjects = 0;
Printer::Printer ()
{

if (numObjects >= 1) {

throw TooManyObjects () ;

}

AR BB AT IR R 3% RR AL

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

HEAT IR HOATAL) R B BE

—numOb jects;

——

PR BR AN BB H I 5AT AR G NI e — e R EWIN, R NARRE
B e, 5 ARIRESHE ERE, TRV R R 2 MAREAE -, Wk
e R TF—mey.
o EINNZHIE

R IERAT A BT ARERIITEINL, R EITEIHL. IXFHTETYLISEAT
VFZ T 5B AT EOHLSRANTR, BT EABRATM I AT BSR4k K K

class ColorPrinter: public Printer {



AR IATRGEAT @S TP — AN AT BT
Printer p;

ColorPrinter cp;

KA E X252 /0 Pritner MR ? ZREND: — M p, — & cp. {EBITH,
MkiE ep MIFEIS ), 23 TooManyOb jects J#4 o« X TUFZ R SR U, X AT AN fdAih
MIFT I R o (BTl et S ML E I concrete R4k concrete 28, AN B RIXF i
Al IXRPBE T RBARTE WA M33) .

B EXN B Printer MR, 2K ERIFER )

class CPFMachine { /) LA, FTLLEED, FTEp
private: /] RAEE,
Printer p; // BHITEIRET)
FaxMachine f; // FHAEERET
CopyMachine c; // HEERED)
I
CPFMachine ml; // BATIE W
CPFMachine m2; // Y TooManyObjects i

i @2 Printer MR BEAAE T =R MEREE . R ENIA S 1R IEIRA SR M5
He: WIRANAETE RN G . AAAEIX SRR PR BN HR G T IRER “AAEX SIEH ” 18
X, BAARG HA ) MBI S LS s A —3.

THH VR SOV R GA G APAE I DU R, IRAS B BRI Al S 45] (instantiation)
M. W RS I Printer ZRBIM7E, AR S AT XA ], P2k Printer
F3tE UL private, (AELE friend DA private M BREIM A REME R AL H,
WARIRA B I E R S . AN private Fi sk BURZEIRAE BT, XA Tz 34
FEA T PRI YR AT vk, X O AN T R BRI G S A 1) vk — A
B, VR4 FSA, Fn—A finite state automata (HFRZSAZIHL) o CGXFHLESHE
M TRZIET, W - Fmsh), IR R vr g AR S A= o5, (R R4
M FSAIRAEHF S . GRAEMUR— SR R R BIAE FSA AR AR ENTH BB, Effective C++
Gk 14 R T A A RS TR R AUMNT R R B, AR 4R M24 iR T A A A B R R A



USRS L IR A R B AT RE R BRI o I R BT, IXRE BT FSA AT LU AR A IX PR A K
class FSA {
public:

// Pkt bR £

static FSA * makeFSA();

static FSA * makeFSA(const FSA& rhs);

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

I
FSA * FSA: :makeFSA ()
{ return new FSAQ; }
FSA * FSA::makeFSA (const FSA& rhs)
{ return new FSA(rhs): }
AG thePrinter BEUEZ IR — XG5 GRS R REER)D, 4 makeFSA
(F3 Dl A4 3 bR S 3R [l — N D S I FR B (R R G2 — 1, MR . it
Vi AVFHEAT 1 FSA X 4 505 %A BRI o
WSt AL P ey bR B T new XA GRS < I A 0 AE I deleteo 15 JUImE
SR RIS o L AL FH A SR R A AR A RN delete £34 HBNIHL, flimT LA makeFSA
RS AE auto ptr H (B4R MO); 4 EA1 A B I EFAS AT, KR4 68
BB E AT 8 1] AR 5
// T PG FSA Ha)it ki
auto_ptr<FSA> pfsal (FSA: :makeFSA()) ;
// indirectly call FSA copy constructor
auto_ptr<FSA> pfsa2(FSA: :makeFSA (*pfsal)) ;
[/ ZRIWERFRE— A pfsal Al pfsa2,
[/ ANEA OB EAT

® AVFNFZREAH
FAVENIE U AT BEVE SRV A SEBIIE, BATIRITE R R R SR SR K T A2

IR, DR AE = AN ) A PR35 R AR 0T B8 TR P G AR a bR K, BT 140 v B e S v b TR
LI 0 7 v AR 3 B WOl private. I8 H B Ja— BAEASIRA T & 7] thePrinter
PR BB AN G B R 1), DAMETHE Printer X% BRI —A, RPNt 25 ik



BAER — BT REFP I L REAE T — A Printer X% . SEIRMIAFEIXEESG S U5
@57 Printer X% pl;
/] pl;
R pl;
@57 Printer X% p2;
f#H] p2;
R p2;

TXFPEE AL [F]— I TB) B A SE Ak 2 A Printer X4, MR ERET AR T A
[F[) Printer X% . AARVFIZFEMGALUAGH ., BRI AE K A GEAEE— printer
WA B INETE AR A?

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

class TooManyObjects{} ;

// Pkt R

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

void submitJob(const PrintJob& job) ;

void reset();

void performSelfTest ()

private:

static size t numObjects;

Printer () ;

Printer (const Printer& rhs) ; //BATASE SUXA R HL
b /A FevF

/ /AT HE L
// (W Effective CH+453K 27)

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

{



if (numObjects >= 1) {
throw TooManyObjects () ;
}
AR BEATIEH R IE B AL
++numOb jects;
}
Printer * Printer::makePrinter ()
{ return new Printer; }
MR G2, SRR, WRARUCIX RN NG VRIS & unreasonably
harsh, RA]LALEDh R IE B BOR [ — AN 485 28R 7E48 F 2 F S A EA T R o
B T L 200 F D A3 R 2, T AN LI A R B Ah, BT Printer 285
i FHHAB S —FF:
Printer pl; /) BRRD BER I R AU private

Printer *p2 =

Printer: :makePrinter () ; // NEA, D) ER P A e 3 pR AL
Printer p3 = *p2: // B FE DR R AU private
p2->performSelfTest () ; // A HE I pR R ET LA
p2->reset () ; // EHEA
delete p2; /) RN A, R

// p2 E—A> auto_ptr,
/] AT EIZ L
ERPEARIR A Dy ) B R ST o FATHFEE hard-wired HHAH 1 54
AR AR R, ARSI RS DI R ATR B, X A2 B S0 Printer
RIS SEIN, 52 AVF 10 > Printer M RAFLE:
class Printer {
public:
class TooManyObjects{} ;
// Pk it ek E
static Printer * makePrinter();

static Printer * makePrinter (const Printer& rhs);

private:

static size t numObjects;



static const size t maxObjects = 10; // LR R
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); }
BRI AR IR 20 1F 25 AN RESW 1 _E3R SRR Printer: :maxObjects MY W], X2 WM AT R,
I AZAUFHE 2%, G PEAS AN BB SR 1A 10 MHOA WIS IX AL SX 451 11) . 45 static const
BeOl (I int, char, enum 5555 #E WA K DI Re & AL A AR Cr+Hriy,  frbh—Lbg
PERRIEA SCVFIXFEIR S o U0 R BAT SN BB R R 4 4%, 7] LA maxObjects AL —A
private WA MR KA TR,
class Printer {
private:
enum { maxObjects = 10 }; /] R,

// maxObjects A 10



I

i #Z % non—const static & —FERIEELL static W E:
class Printer {

private:

static const size t maxObjects; // AR WIE

I
/] HE—AMREG S S A
const size t Printer::maxObjects = 10;

Ja XA VLS R T — RERROR, (H2 B sl 8 WM RE L AR > S A 5
PR AURI G0 5 28 SRRSO P const static BAME M IIRERT, IRV ZR T fE
H A XA Ty de

o —NEAXZITHINREMER
RIS S R AE — AU, BRI A R AR SETE — R, B —Tr

A LEE I WA BATH KEB Printer 7522 FRHISEHIEE 2, #0050 — i X — ki iy
G’ — RIS, BENRE — IR KA RN ARAFIRA . NAZA — TPV RE% B 8 A B
LAY o HMETE A R AE S T ) AR B e A AN 2R B 2
TAVMRE S MBS IS — A HA LB BRI, AR5 HME Printer IXFERIZEMNZ

BERakR, T HIRA TR S AF o FRA VI — MO vE B R 2 v B e, AMBE B sk
BITH RS R A, Ty HAR SRS R R A S . CHIRATIFESS I M29 R ko | F oh s,
G Bt EFFER B A RIX A I IIAZE T, 2 WIS counting objects. )Printer
RS H AL R nunObjects, FRATNAIZIAR BEIHAN TG THESE . AR 75 2 Ok
FEANTEAT S T RO 2R AT — A LR 2 T ts o A0 T T BERASAR RT LA 3 A e 4 i
Hrvh g, UG IRATTRELETHE i ek PSR b 2B B SRS R R A 1 0
template<class BeingCounted>
class Counted {
public:

class TooManyObjects{}; // R e

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

Counted () ;

Counted(const Counted& rhs) ;

“Counted() { ——numObjects; }

private:



static int numObjects;

static const size t maxObjects;

void init(); /) Tt Gk 3 bR KL
b // AR5
template<class BeingCounted>
Counted<BeingCounted>: :Counted ()
{ init(O; }
template<class BeingCounted>
Counted<BeingCounted>: :Counted (const Counted<{BeingCounted>&)
{ init(O; }
template<class BeingCounted>
void Counted<BeingCounted>::init ()
{

if (numObjects >= maxObjects) throw TooManyObjects() ;

++numOb jects;

WX AN B A B S AN AN fe 48 A Ay B 2R A0 DRI 0k ) 3 oy 50 0 A A4 R K 75 1)
protected. JE& private BRI init HSk#EH P4 Counted Mt sR T BN T H .
WAEIRATREE L Printer 28, XFHEH] Counted FiMR:
class Printer: private Counted<Printer> {
public:
// Pk i R K
static Printer * makePrinter():
static Printer * makePrinter(const Printer& rhs);
“Printer () ;
void submitJob(const PrintJob& job);
void reset();

void performSelfTest () ;

using Counted<Printer>::objectCount; // LR R

using Counted<Printer>::TooManyObjects; // ZU. FIH R
private:

Printer () ;

Printer (const Printer& rhs);



Printer i T Counter FMCREREAAFAEZ /D Printer X%, HRMPL, FR7T Printer
M5, B AKX FHE . BRI Rif & private, Xt A H4x BALH
private 4k (R[N (2L Effective C++453K 42). 7 — B 7k &4 Printer Al
counted<Printer>Z [A[f#i ffl public 4k7&, {HZIAMTLAL Counted F— NI R EL .
(W A Nidsd Counted<Printer>s g5t MiFR—A Printer X%, TATRA FENZAT
AR IERAI A ——2 WL Effective CH45K 14,) 40 M24 BRI A T, 7F Counted
AFLERE RS, LT 155 5 A Counted 4k I R AR I A/ INFIA Jj o FRATTANAR 5] NI 4
WM R, BT LS private ZEASKIRE GiX S8 1148

Counted BT A2 TAEXH T Printer (7 ) KA A& RO, {EJE X 8] ] AR
KRNI A 24172 /b Printer S5 AE7E. Counted BBHRAL T objectCount BR%L, FHKHRALIX
FifE L, AP IAMEN private 467K, XKLL Printer Kl T private. AT
PSR ALY public ViR, FRAEH using A

class Printer: private Counted<Printer> {

public:

using Counted<Printer>::objectCount; // ibiX/NpR¥HT Printer

//#& public

XL B AR T, AEE W SRR (P G 155 88 AN SR 24 25 18], G iPE At AN RV
Mo G FIXAEE, RIS 2 2 U7 I B B 1
class Printer: private Counted<Printer> {

public:

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

// 4F Printer #J& public

XM AL G (TR VE S uning 75 W) R AT A R A S0 R FRATT AN B RLIX R AR
TooManyOb jects RN iZ AN H [FIFE )7 2ORAEEE, P24 Printer %% ) dim n SR £ 4 3RIX A
SRR, AT BE S35 ) TooManyOb jects. 24 Printer 4k Counted<Printer>M,
EA LLRICH WS B3 - 905 Printer RN HRAA T AT Gt 4, siif5a ol
NENETH—FE. Printer (KK B8 BT LU IXAE 1)«



Printer::Printer ()

{
BEATIE S (13 pe a1

AT R A AR W B RIAR VY, TARARE ANBIRI AR I o AKX S 00 0t it fr 45 B 1)
W L, AT S0 3 pR S R BN A AE X R BB H o BT AT IX L8 A AR
Counted<Printer>IHJit B HK AL B, P24 Counted<Printer>/& Printer I3, F&fi14n
i Counted<Printer>[fI#)if p& B AE Printer (KT TH M. @it 2 x4,
Counted<Printer>{Fi& s B 2P tE 54y, FERABATWH] Printer R IE B2

BG — S, W2E X Counted P IFAAS Tt . % T numObjects i, iX
RS —— AT FEALE Counted fISEHLSCAE HLE SUE T
template<class BeingCounted> // 3 X numOb jects
int Counted<BeingCounted>: :numObjects; // AFE eI A 0

X T maxObjects Kei, WAL 05, FATROAZIC EHIEH A AMENE? W R IR R
VEEESL 10 4> printer X%, FRAINZMILAHL Counted<Printer>: :maxObjects 4 10, 53—
Ji ot R AT ) s VE o AL 160 S SC PR R R R &, AT Y i B4R b
Counted<Printer>: :maxObjects A 16. ZFIJiN %A MWe?

{7 BRI T VR A A AN . FRATASKT maxObject HEATHIEAML o T &1k I 2 P 4
PEAIE RIS . Printer FIVES DA 4B AN B — AN S0 SCPE HL
const size_t Counted<Printer>::maxObjects = 10;

[AFE FileDescriptor M/EE MAFIMAIXSTE A
const size t Counted<FileDescriptor>::maxObjects = 16;

WYX AR F S T X maxObjects FEATHIAAML, SSRAATATEBINE? IR BN 25
RAHTR, I maxObjects VAR E o WIRFRATHAL T 78 43 I SCRIXS Counted % 7 i i3
W TR, AT ol 2 in B IXAS AR I ARG .

7.3 ITtem M27: BESREKZEILAEHEH=AENR

A IR AZ R PR 5, BRI R0 S AE N A R, M2 RE “delete
this”e AR LIXANE BT 75 2R BN G I BOAEHE P o T e — LS AR AR AT —
OREE: “CAAEHEP P IERT B, TORUE SRR AL A 2 R E A o 7 B SRR R AN SR
e b TAE, AT TR BRSO, R AETEMRA R G I A AR MR R AL Y,
AR AR 511 A %A W RGN 5 AR ok SR sl A5 1B AE HEvh 7 A6 4 Cheap-based
object) We? MW IEA LAK, A IXMACIE LA “on the heap” MBS LLAR KT
T AR R o
o EURTEMEPEINES

EFATSE MR A T S R IF AR B o D T AT XA, IR0 B — b g VL A%
IV “new” DIAMAH G FBAEMN S . XIRESMEF]. JEHEXN S (non—heap object)



FEE e I T 8 A RIE, FEARAT I ) g R I E S gl Re e, i LU (A B R A i
PR KRBT AL R K, g ] LA SR A BR A o
IR L AR ANV I — b L (1) 7 10 A FE A 3 R BRI BT A4 R 2575 W R privates
EFEAEIE R R K. WA B LR IX A BR AT & private. SUFiEATHI RSN private,
R BB public. ADPERIFE S 45K 26 AL, ARl BAS3E—AN & b AT/ R 5,
SRV ) FLAE BT A R E e 25 v 1 FH DA AT ) R BORE TECAAT T S P B e (WQ I T,
A A B SR I AE AR P S AT R R S Z0 R g A D
filtan, AR PA AN AL HE P 37 40% unlimited precision numbers (JGFRRGHA £k
T OIS, A LUK
class UPNumber {
public:
UPNumber () ;
UPNumber (int initValue) ;
UPNumber (double initValue) ;
UPNumber (const UPNumber& rhs) ;
/] DANTRI R EL (—A> const DA pREL, A
// BME L const X5 RERRE . )
void destroy() const { delete this; }

private:
“UPNumber () ;

b

SR G B ) i IR R AT R e vl

UPNumber n; /)RR (EREAE, HE
[/ e TR R B B ot
[/ AR, AGIET)

UPNumber *p = new UPNumber: //1EHf

delete p; // g RERE
// private Mt ek

p—>destroy () ; // 1EHf

MR A A G B B A W Ok private. XPR VLB S — N RE WA UF
ZRIE R, RIVEF LA EA RS A private. 75 TG SHEIx 28 g Hogt 25 th g 3 2%
AR, R PR BCEEEEE DIRE R, ATE A MG R Gnieds R U BR R 2 public

(Z MW, Effecitve C++ 453K 450, BRIAAN A IR A R 5 private &R0, By &REA
EHA M R

T8 3k R A7 i) — AN S AT A bR £l ml e R AL BRSO BH L i ST AR HERT B, HR AR SRR 26
Cavill, XTI T 4R MEA (containment):

class UPNumber { ... }; // P BT R R B 32 PR 2R

// N private
class NonNegativeUPNumber:
public UPNumber { ... }: // R FTR R ER
/ /F 18 PR BN RE Y 156
class Asset {
private:
UPNumber value;
[/ IR BT R AR
/ /RE i R AN B2 TR

b
XL R EAN A FE T IR A o I HE UPNumber F#T#4 R %07 B 8 protected C[RIIHE (44
1 PR AL PR EF public) winl DR ), 75247 UPNumber X4 (1SS AT LIMECh £



45 1) UPNumber 4% :

class UPNumber { ... }; // BT R R ECh protected
class NonNegativeUPNumber:
public UPNumber { ... }; /) BAEIEM T ; RS

// REW T ]
// protected %1
class Asset {
public:
Asset (int initValue) ;
“Asset () ;

private:
UPNumber *value;
b
Asset::Asset(int initValue)
: value (new UPNumber (initValue)) // 1E#
{...}
Asset:: Asset ()
{ value—>destroy(): } // HIEH
o A — I XNREFEHET
WER A TRIOX TN 775, FRATLIAEFr a0 —F “Fedirh” XA & . FIRR RS )
58 X R B—AFEHET NonNegativeUPNumber Sof % 2 &1
NonNegativeUPNumber n; // 1EHA
B2 IAE NonNegativeUPNumber %%t n F7ff] UPNumber #82rtEAZEHES, XFERRT A2
BRI R v RISEIL I A i, AH AR MR X U AT, T UPNumber
W5 — BRI AR e IR AE SR SR — A A ME o FRATT G e B8 5 Sl AT IX o 24 TR Wl 2
B TR 7M. UPNumber  FRIFAIIE BRI ICAN W £ 40 0BT HE B A A0 AN0R) HE T S (1) 5 28 e 1
o g Uint T UPNumber [1)44)385 bR E5A A AT ZREA0TIN 2 7 T 9 b A58 1 DX ) =
NonNegativeUPNumber #*nl =
new NonNegativeUPNumber; // fEHEH
NonNegativeUPNumber n2; [/ AN HEF
AR AT BEAARE Feo WVFIRARIRAERE AL new #24EFT. operator new Fl new #RAEFT
FH B4 18 pR B AR FAE R R s/ NERR (S48 o n] REARIA I AR LU A AT T AT B, wI B
XFEE S UPNumber, 41 R IR
class UPNumber {
public:
[/ MRS AN EHEN S, P — AR
class HeapConstraintViolation {};
static void * operator new(size t size);

UPNumber () ;
private:
static bool onTheHeap; //ERE R BN, e
[/ RNEIR B RIELE
// ik

b

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

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

onTheHeap = true;



return ::operator new(size);

}

UPNumber : : UPNumber ()

{

if (!onTheHeap) {
throw HeapConstraintViolation() ;
}
proceed with normal construction here,
onTheHeap = false; /) A= R

}

WRAFRAMIT £, MAS K 28R XRONERMH T8 414
HE Bt st e ml, 28 operator new SR41HL raw memory”, operator new % onTheHeap
N true, TG RBARSHE M onTheHeap, FHXTZ M raw memory =75 #% operator new
Foric . WAy, — N804 HeapConstraintViolation PRI Bl il o 75 WA 3 pR 5
A A REAR S AT, Ui R B A4S KIS, onTheHeap % & M false, RJG AHE T —4>
o G 1 B A A

I — N EF I, (HRARRIZIT. WHE— FXM AT REM ) i

UPNumber *numberArray = new UPNumber[100];

Al U B S LN A7) /2 operator new[], 1A operator new, Aid (fif
FREI G PER SCRFED IRAES M S operator new —FEA Zy &S operator new[] %,
KR [) f2& numberArray £ 100 /NJE, FTLAs A 100 XIIE BREL. (FERA— IR IEH
AR, BBk 100 /M id e b A 38— A R A IS pR ZGHTHE onTheHeap WEA trues
M ARG R, S AN R, R R

RUEAN A, bit-setting #REHA RN, FBIXKIEN:

UPNumber *pn = new UPNumber (new UPNumber) ;

X IRATESE P S UPNumber, ik pn $R1) i — 05 XANZ A 7 — A%
PHEHAT IR o XS — AN A, FoAT158 21X N, XA R T R X ix 463
B MEL, AT E 2k A2 3

new UPNumber (new UPNumber)

AT new HAERFIIPIUAA, PIULZERHIPIIK operator new FIHH MK UPNumber
FIE R AL (S WK 8) 0 FEIF 03— M I B 1K B8 ek F LA L I U7 40T =

W — X% K operator new

W S8 — AN G IR ) oA 2K

P A% 1) operator new

W 2 AN B )4 1 pR £

{HIE CHHE S WA PRIEIX A2 A F B o — L84 3625 LA 3P A2 i R B0 H -

WS — AN % 1] operator new

W 28 — /M%) operator new

WS — A G A pR 2K

W FH 28 AN S A 1 pR £

Y1 L X PR 22 Z AT, AHZAE operator new H' set—a-bit HHE I LIESIX
Mowmitds — A . ROAVEE DR D E R bit, gk, AP
X SRR BRI, Bt UK GAN TR, R e s fE .

IX LR M A 15 5 LR R IE BB M+ this $REHE T AEHEP XA L Z O B, &
TR WIRAE operator new (8¢ operator new[]) HLff bit set A& — A EE KA W7
o BTAMVTGE L () 713047 W

WIRARBAN T WL b, AR ] RSV vk AN rT RS AR I s B o 91 G Ak e e R — A
TEARZ R4 FAFAEM s, F2EP (0 bk 2% () B i 0 2 et k57 B, 125 14 A Mt 223 ) ) T
BN, HE A ) B



. High
Stack Addresses
(Grows Down)
Programs’s
Address
Space <
(Incomplete
Picture)
Heap
(Grows Up) | Low
- Addresses

TELNX PO E HBRF NN RE R (R2Z2 KREHME, (HEEAHRZ AR, fraf
Reox AR AR AT F T 13X A BR HOK AT B AN o () b A e

[/ ANIEWR AR, RAIWT— AN HubE A e e

bool onHeap (const void *address)

{

char onTheStack; /] JRERAR AR &
return address < &onTheStack;

}

XA PR 5 0 AR A . 7E onHeap BIZXH onTheSatck & — il & . BILETE
Hetk b o 2438 onHeap I, ERIARIELE (stack frame) (gL EEf activation record)
BTBAERE PR ) T, DR AR AR S50 F& ) R I GEmICHisk), onTheStack ik
S LEAT AR TR AR S B S (bl o Gn SRS 40 address [l onTheStack [yl
CEEIASER L, M E e ESE L

PIHAT AL, XMEHRIER, (HEANEEN . AR A ) @2 % %] DL o o fE =4
7, TARZBA . 2, MRS AN S, HERITE TEEN S . FaX Gl
TEFEFIBAT AN BBV AR AL — IR I S o SR GAU TS B HL S BN static XS,
WAFELEA Ay 2 B NS (S 4T IR G @ TR L )y, Wik £eh
J7 BEAS SRR A M

EATTHIAL B K RG], SRR 2R AEA T R RS, SN T HER S
Uiy o ST AFE BRI BIVRR IR s, i B2 R 2 KRG EEAT s, (2R SRR
X R A sl, i S E)E, XKW FoR:



~ High
Stack Addresses
{Grows Down)

Programs’s
Address
Space
(Complete
Picture)

Heap

(Grows Up)
Static

¢ Low
\_ Objects Addresses

onHeap NG TAEMI R IA L ZIR ARG R T, A REHEINHERNT S 5 SR S -
void allocateSomeObjects ()
{
char #*pc = new char; // HEXI%: onHeap (pc)
// ¥z [E] true
char c; // ¥X% . onHeap (&c)
// ¥gik[A| false
static char sc; // ERAXT%: onHeap (&sc)
// ¥R [A] true

}

IRAEAR AT BEANJI— 1) b - R X 53 MEXT G 5 Mt S 735, A0 Sk B I AR ARLE T RS A
FATEE, HRRSX AIE AT DARSAF IEM A RIS A7 4ot Ass. A
TR ZAE LA FH P AR 5 ANAEE AN TSR “ Huhk bexs” $5715

A NAJT L ) 22 ANBAT — M T BRI 5 2R Kb G 5 AR HE L, T FLIZE REAE 22 40t [a)
I TAEM) “HEnT AL ” 1078 o« WARARSEAEIEAT 20 A W — A Mo b 2 R AEHE |, AR
WA SE A AN AT RS R N 7, SO T RGER A, R T o DRI AR R e BB i
THRIRAT,  DUE R A DA ZEAI W Soe A e

W RAR I L SEAE AN G A5 AR HE P XA BT IR, AN AT R R i DR R AR e 3 et
GO e e L2 delete. XFIMERZH K “delete this” X IR EE M E Ko
AL HNIE “ R RE A MER—MEE” B R N TE AR R AR I HE T Y AN
—FE, U T ZEHE T (YA RE B 2 A1 delete. 525 B AL 7 UPNumber XF 411 Asset
X%

class Asset {

private:

UPNumber value;

b

Asset *pa = new Asset;

IR sxpa CRUFSE IR value) 7EHE bo RIFFIRIA W AEFE M) pa—>value R delete
AR, KO FRE A E B new IR [AI1H)

SFIEM IS “ AW R A RER MR —ANREN” Lb I —ANREME M S S A e L B
Ko UM TR E RN FEE A operator new IR EES . BIAIRATEBEE Cdn'S
operator new R (Z L Effective C++453K 8—4%aK 100, LU EIXE— M EGIRE S
WRFTR, ATXFEAAR I A ) 85



void *operator new(size t size)

{
void *p = getMemory (size) ; / /P — R Ok S B N A
/ [ AbBE N AFANE R 17 250
HI p A BTG B 5
return p;
1
void operator delete (void *ptr)
{
releaseMemory (ptr) ; // return memory to

// free store
MBI IHE S P EEL ptr;

}

bool isSafeToDelete (const void *address)

{

B [H] address 4771 7 LA HIZE G,

1

XA L, operator new {EHLHE S ELAEA AN —ANJCE, operator delete ARG
%I H, isSafeToDelete fEEE S T A Il 2 M E R /AL ST . WK operator new
M1 operator delete PRE/EAJRMEH I, Etaei@H TIrARA, LR ik,

FESERR M, A AR B 2GR X R A o B R AT AN B S A 4 R
JE SATAT AR VY, 5 0] e D2 HAT AN LR e, % operator new F operator delete.
IEWERAT AN, R —/ N4 Jek, A —Fp B AT IE SRR e 28 (B2 S 588D 1) operator
new fl operator delete (453K 9). IXFEMEAFAFFRATHIHA: 5 &t S L4 R RCA 1)
operator new Fll operator delete A (WIANVFZ X R EHIRER G AFHE

BAIHRERIE A F AR R BAIATTEIXLE, Tt A i 22 0 PRER IR 9] )
SARESN P TS e ?

Ja— Ml Re A ey, (R EEL, S isSafeToDelete bt BBEMS IFH TAE 24
ATREMT . M 2 4R R ORI 2R Bk K B 2RI 2R 2 ANk, B DL VAR UIE AR 45
isSafeToDelete )bt 5S operator new IR[BI[FHuEAR ], BRI G AEHEF . gy
2 WA M24 F46 5 M3 1,

Pl 1A B X L pR A P I S T e I BE 0 ANvs e 2 Ry 2 S W), RSN TR, WA IE
BRI . SEIE ) CHH FH — PP S mixin BRI T HATIF L

GBI ANBERE SEE A 226, e 2 /b BAT — A2l s BU0 2528 cmixin (“mix in”)
KRR R Thfe, JFrl LS AR R ML H DI REAH SRS (S, Effective C++4%
KD KPS BB A SRS (nixin) FERGIRARFEULA
WrFEEH 4 0] 1K N A7 2 75 i operator new JMBCIIRES o ZRUTTFIR:

class HeapTracked { /) IRESR; R
public: // M operator new IR[AIf] ptr
class MissingAddress{}; /) FEEIE, IR A

virtual “HeapTracked() = 0;
static void *operator new(size t size);
static void operator delete(void *ptr);
bool isOnHeap() const;
private:
typedef const void* RawAddress;
static list<{RawAddress> addresses;
b
AR T list (BER) HAR A5 ERER M operator new IR[FI T AT $a%r, list Zbr
YE CHIFER—#B7> (B W Effective CH453K 49 FIAF5 42K 35). operator new E& 57 AL A
I hEIn NS 1ist J'; operator delete HISKBEMANAEIEM 1ist bkt &,



isOnHeap HIWr—/NM X G bk &R 7E 1ist 1,

HeapTracked Z&[F SR 161 50, 1 FH 4= )R operator new Fl operator delete PRI K 58
A BC SRR, List ZREM R EEATIE AR EFMIBR A, FEAT BiEAy 1) A R
YE. LA N2 HeapTracked [RI4 3B 529

// mandatory definition of static class member

list<RawAddress> HeapTracked: :addresses;

// HeapTracked [AfT#4) pREE A0 R R 2L, ATAF IR NG

// (W Effective C++4%aK 14). SRTIATHY R ELL R & S,

[/ ARRATA T — A5 S

HeapTracked: : “HeapTracked () {}

void * HeapTracked::operator new(size t size)

{
void *memPtr = ::operator new(size): // KEBNALF
addresses. push front (memPtr) : // FEHBHERE] 1ist IR
return memPtr;

}

void HeapTracked: :operator delete(void *ptr)

{

//1F 8=/~ “iterator”, MK list JGHEBHH ptr;
[/ RS WAk 35
list<RawAddress>::iterator it =

find (addresses. begin(), addresses.end(), ptr):

if (it != addresses.end()) { /) MR KRR —ATTE
addresses. erase (it) ; // MR iZ e 3R
:ioperator delete(ptr); // BEANAT
} else { // AN
throw MissingAddress() ; // ptr BiASEH operator new
} [/ SYBCETs BT A — S
}
bool HeapTracked: :isOnHeap() const
{

[/ BE—ANEE, FRRxthis &8 E N AR 2 H) R IR AL,
[/ AT RIS R e
const void *rawAddress = dynamic cast<{const void*>(this);
// 1 operator new IR [H[[HihE 1ist Hh& FIHRET
list<RawAddress>::iterator it =

find (addresses. begin(), addresses.end(), rawAddress);
return it != addresses.end(); // &M it 2 EF T

1

JVERATREXS 1ist RFARHE CHPEILEH A AR, AU RIE—H TR, &K
M35 KR IX AR AR 0, AN AR B R D& R R R IX AN 1 2 IS AT 1

HA— ATl RE Lk UK B N 2, gl XN ER) (£ 1sOnHeap BREL)

const void *rawAddress = dynamic cast<{const void*>(this);

P A 2 Ak AR B RN RS A LA, X 3T AR R
isSafeToDelete 2XfRE 24, XA HiE isOnHeap PSR4l 3], {HZh isOnHeap {VAX
T HeapTracked X%, FATAEMTH] dynamic_cast #AERT (S WA M2) ) —FhRFIE K
REPESR T BRIX AN ) . T SR dynamic_cast, {5484l dynamic_cast i voids
2 (8l const voidkuf volatile void* coocow ), AERFRER AR CRFRE R MR A
127 BTG AL . {H2 dynamic_cast HEEH T “Fam 20 HA—MERREIXN S 1iest
Fo FATIZIEN) isSafeToDelete pRELH] LA T4 MAFAT SR A (1455, Prlh dynamic cast
WAREH ) E . 1sOnHeap B HA LR (& X AENNATE M) HeapTracked X% F%), LA



AEFE this 8% dynamic cast i const void¥, ZBJN— M8 W) 4 R7AF S aq bk $e%r.
A HeapTracked::operator new K 4 ff X} % 4 B N 7 ., X A~ 8 & @t 2
HeapTracked: :operator new IR[AIfFREN . WIAARAIR1ESS SZFF dynamic cast #4ERF, X
AN R TE A I o

AN, BT ST R R o] AAE R oI N BRERME 4R DhRg . ABATT DT
B HOE LARATTZE M HeapTracked 4k7& k. Bl anFRATARAIWT Assert Xf R IGEHR 1)
SETTAEEXT

class Asset: public HeapTracked {

private:

UPNumber value;

} ;. .
ATRENS X FEArif) Assert+38ET, W FFR:

void inventoryAsset (const Asset *ap)

{
if (ap—>isOnHeap()) {
ap 1s a heap—based asset — inventory It as such;
}
else {
ap 1s a non—heap—-based asset — record it that way,
}
}

% HeapTracked XFEITRGIA A, EARHTWEEE, KR int Al char
IXFERISSTUANGE AR 7K 7 e 288 Ak % HeapTracked F#)Ji PRI — M08 2 2 40 I 2 45w A
WH “delete this” , IRAFREENERM LA T, KON ERMEE this 8%l
o ZLENR

ST G A AR HE R IR RIS Z R T o 5 A S A0 AR L A HE A
ZR7o ME BN IXRE AR DL AR EREAI s X BN YR AE 2 ) B A4k
M ZHARN BT ERS G o BATTRE L7 i 18 e

AR L P RSB ZAR TR R, DD A A new SKREESIXFIONT S, REEGLEE 1L H P
P new. RANBERW new BAEFFIIRTHIME CXIENIRTIBET D, (HEREEEFH new £
YEFRFEZE WA operator new BEUX Al (S WA M8, KIBEIHW. fn L H A XA
B, T HARFT LA E WA private. @10, A SRURAUANARLE ] 7 AR 4 TP g2 57 UPNumber
X5, ARATLLX AR S :

class UPNumber {

private:

static void *operator new(size t size);
static void operator delete(void *ptr);

};...

IRAE FH A AT AR S VR e AT AR A

UPNumber nl; // okay

static UPNumber n2; // also okay

UPNumber *p = new UPNumber; // error! attempt to call

// private operator new
8 operator new F BN private 2 T, {HZH operator new FHH N private, 1l
8 iperator delete FHIN public, XFAMCA LR, BT LABRIEA 4075 2 IR, A5 0
ANFEAEAVTF I, B UFESR M — AN A e, SRR AREE I UPNumber HEXT %
¥reH, WTUAIE operator new[]fll operator deletel[] (ZW4ak M8) W ABH A privates
(operator new il operator delete ZI[AIMERR LK ZE NG E RS Z . HRKEN]
ZALC ZR I NN — 8T, n] BAZs WK SCEE counting objects B sidebar #4530 )



AT, U operator new Ik private &% < BHES UPNumber X} 2 A — 7 T HE
HRIRAE AT G A Sk . PRI operator new F operator delete x& H B4k 1),
i operator new Fl operator delete WA EIRAZEHHE AN public (HHATHS,
overwrite), EATESkAREL T private FINRA, WHFIR:

class UPNumber { ... }; // Ak
class NonNegativeUPNumber: //RBEIXAN R

public UPNumber { / /A 7 B operator new
b
NonNegativeUPNumber nl; // 1EHf
static NonNegativeUPNumber n2; // WIEHf
NonNegativeUPNumber *p = // R B A

new NonNegativeUPNumber; // private operator new

WERIRAEZEFE 'S 1 O operator new, “GEHEH 0 BLIRAZXS G0, 32 W FH XA s 4L,
TG 53— BIASIRI 775 KB 1 UPNumber 3281 /3Bt i) 81,  UPNumber [f] operator new
J& private iIX— 1, ANEXHUE UPNumber 53 %5 (KI5 52 (1K) 43 lic 2= AE AT 4] 5500 -

class Asset {

public:

Asset (int initValue) ;

private:
UPNumber value;
b
Asset *pa = new Asset (100) ; // 1E#a,

// Asset::operator new &Y

// ::operator new, i&

// UPNumber: :operator new

SEfr b, FRATT A3 T A ) ok, B “dn S UPNumber X R MG AEHET, Tk

FITARY A S 7 ARIK IR IR ) A2 “ W A e, FRATTARY 5 7. IEARATAT
B () 72k AWl 2 S e HE b —FF, AT BRI 7 v A W 2 A AN E T, P LA
BAVRAEE, A2 A, B R RATGEH A A b AEHE L, FRATE R aE
A B B HEANESE o (R IRATI A REFE A oK .

7.4 Ttem M28: RI5 (smart) F54%|

RIGFREE— P ANANAT A A BT E S YRR ARSI N 5, ANid & BESRAIL T 22 (1)
e, EAEWEZ N R, RS (W4 M9, M10. M25 A1 M31) FofE &AL
AESS I A B (S 04K MLT AT M29).
MRAEH RIGFREF AR CH+I N FRER (B2 dumb pointer) , fRELHESAS T TH X L&
J7 T RS IRAT M«
®  FIEFITH o MR ] LAy s N7 R TG FRET I N 12 5 A . R RS R IS FR BT A 0,
e IR NS IE ARG I FRED o 38 M 5 — X R 0 g5 — A R I FREF B R il
B, KRG R I FREF W v A SRR EATTHR TR R S o S REAROR B 1 8 Pt s R A
.

® 5 UUFIE . VRAEXTHE VLR IGFREr oAy R IFRENZ 5 A B E A T30 . 6 T3
G 1) R TG FREL SR UL, IR AT A 305 DUEA1ITHR ) 1% G sl P X L) 5
AT R34, 21T deep copy GRIZHE VL) o X T H B B —28 R T3R5 K,
I DR A G O R BT AT IR B - B — 320 B B R I FREARA AN 72
VPR EeHAE . TEIRARIN A N W] 24, R I FREH UG 22 IR )4 i o

® Dereferencing (U FREN TR AR TGN A « SH P 5B R a5 T ifix 4,
SR ARG ? ARAT L AT U o B AR mT LU R I HREFSEIL 4K MLT $2 311



lazy fetching i
RIGFREF IBR AR R, RN B Y EEHREF R, 22 strongly typed (B887H) [1);
AR ZEUf e i W BRI . R 2 BRI R BIRE IR BB IXFf: templatedclass T>
// RIGHEER X GAAR
class SmartPtr {
public:
SmartPtr (T* realPtr = 0): /) BN RIGIRES
// F8n] dumb pointer FTFEHY
/] WG RUEITEE
// #AAEA 0 (null)
SmartPtr (const SmartPtr& rhs): /) FE—ARIG84
“SmartPtr () ; /] REIRR TR
// make an assignment to a smart ptr
SmartPtr& operator=(const SmartPtr& rhs) ;
T* operator—>() const; // dereference —AN R IG$g4t
// CAUT ] i o) G 1 R
T& operator*() const; // dereference RI5¥g4t
private:
T *pointee; /) RIGFREN TR %
b
4 DR I pR BRI A BV 7 00 IR AE X L o X RIS FREF KU, A e avrdbir$s I
FIRAEERAE, AN ZBE = Bk private (B0 Effective C++453K 27). P/ dereference
BRERTHE A A const, 2R dereference — /MR IGFREF AL B S TIE M UL
A LMEMFRE T FR X %) (GXFE, const B R TG4 A ] UAT HIX P MEVERT ). )5,
BRI T AR R IRE S — AR T /) dumb pointers XA dumb pointer fif [ H%]
ZA e R IFREHR ) ) FLIEXT B o
N RIGFREF S 405 2200, A — F - Wil fd R 19445t . HI8—T, 174E
ARG (R BTG — e AR, —SefE e fe) . AU Xy %, Ui AR
ST G s SR T S EE PR, RA AR T ) i AR R (RPC), B g —LeEk
RGP BTN 718 0T SRR I K, SR AN R 7732593 ) A BEAS s o %2
i goe — RIS o I i G kA T — Aoy S . R IR
A DAL R P SR R A A
template<class T> // ¥R T3 A= DB CEUd e
class DBPtr { [/ XTSI R IR
public: //
DBPtr (T *realPtr = 0); /) FESLRIGFREE, $R1
// H—AAH dumb pointer
// 4 DB X%
// LR IGTRE,
// ¥ —A DB X4,
// HATME—1 DB RIAF
// BRI AL

DBPtr (DataBaselD id);

b
class Tuple {
public:

void displayEditDialog() ;

bool isValid() const;
}s

//1AE
/BRI LK

[/ BRI TEE,

// RVFH P g4l .

// user to edit the tuple
// EAlxthis EAEE T
/] AEVERAIE



/1 AR TAEREA T AR A i
// ARSI T AR :

template<class T>

class LogEntry {

public:
LogEntry (const T& objectToBeModified) ;
“LogEntry () ;
b
void editTuple (DBPtr<Tuple>& pt)
{
LogEntry<Tuple> entry (¥pt) ; [/ NIEA Y ERAE S Id H &

// RGN WL 1 1 A
// B BIRGENEHE, EERUE T AVEMEIE.
do {
pt—>displayEditDialog() ;
} while (pt—>isValid() == false);

1

7t editTuple " #igmf ) oAl Lol LA T AR 0] DLAL Tife, (HE%S
editTuple FIFEF AN G IR L HE . RIGIREF RIS T KRG MK LT 1. Hefe iy 0 ¢
LT TN, WIS R RN STV R o dl, BR T W A e IAN R SR, HAT g —
MNINEFEE

B A editTuple ' LogEntry XF % 09 ¥k . — Bl 88 AL S8 19 e of 22 76 W H
displayEditDialog FyFF4f H &l x, WHEE R H & . X BATH 72 ik
LogEntry MM BREUR ) H &l sk, Fridsbias il H il s, IE W4k MO Prfd@Refr), 4im
X I, X% B SRR A EG R H &0 5% U E 7 o H e B0mT DAL e B Adok . i Ho gk
S~ LogEntry X5 EARR AU FH T 4f il sk 25 e SR R B 2 ) -

IEWARETE IR, AR I3 SA4H dump pointer WATR KM ZN . XKW T E%e
AR AR . RIGFEFIH P T AR AR dumb pointer —FEAHH R I5FEE . 1 anFRATTKS
BRI, ANIXMEASTEN.

o RIGIREHHIME. WERTH

RIGFREN I PR3 30 H AR T P FRBNFR I AN % (— Ml R IR Wil s B S s
H, AR IFRE RN EE dumb pointer FRHE .. WHRRAERBIN G, N EHIREEN 0
R MRS TEUEIH —AN 75,

RIGEREHE DU BR 2 WS VR AT R BRI A R 2R ) SE B T T FR AT 5209 BT A
()R] P AT 2655 0% o iR — A RIGEREHIA IR M A 5, 24 e R I 20201 47 5 i FRax
AN G X B R TGFRE R 1 0 SR BN AR o X PIMB AR R I HRE TR o2 WL (fF
KRM e XM B A TLSE R TV, S WA M2T) .

B FhsifE CHPET auto ptr BB, XI5 M9 Ffi ke, —A> auto ptr X2
—NMRIHEN G R IHRE, B2 auto_ptr HOREIH. auto_ptr [FIAT I eR UM BR IL 4 ) 16
G, SRAEAMAHNWE? auto ptr BRI SEHLATT

template<class T>

class auto ptr {

public:

auto ptr(T #ptr = 0): pointee(ptr) {}
“auto ptr() { delete pointee; }

private:
T s*pointee;
b
ficn auto_ptr AKX GE;, ERILAERIBIT. (H2 auto_ptr i+ DIsigIR(E N, 2
RAEAT AN B 2



auto ptr<TreeNode> ptnl(new TreeNode) ;
auto ptr<{TreeNode> ptn2 = ptnl; // % DR 3 pR
/e KA ARG L2
auto ptr<TreeNode> ptn3;
ptn3 = ptn2; // WA operator=;
/] RAEAT AAE 2
WRIRATAFE VLN ER dumb pointer, £ FENA auto ptr 5l —MHFE X . X
T AU, R 2SR quto_ptr KR4S auto_ptr #SMIBR A IITRIIAT S . IXEKE —
KGR TATTINER P I o 3Tl P N 53 P 225 SR 2 AN ] 0N Py O 5 2 OHE R 1R D o
F =Pl P new, S —ANITERXN ST L. XA T ASHEVFZ TR (A
— MBI auto ptr, (ARG (LUSIBIFRED it R4 id A nf #2 PEReiFE. I
HIRATIA G 2 @A A 28R %, I auto ptr<TOXTRANH TR 128894 T (X%,
BARATLAR ) T FYRAEIINT S . BRI IE R 2L (2 WA M25) AT 3 B A TR pRax A )
L ARE R A RN EATHAE auto ptr IXFEFE R,
Wi quto ptr 251045 DUFBRAE, #tnl DLV BRI AN W, H2RH “ 4 auto ptr 4545 D1
FHRAEL S, XSG A AR 2 i AE 8 ” (W53, Je— N H RIETERIfEr %
template<class T>
class auto ptr {

public:
auto ptr(auto ptr<T>& rhs); // ¥ VIR I R AL
auto ptr<T> & // TRAE
operator=(auto ptr<T>& rhs); /] BAERF

b

template<class T>
auto ptr<T>::auto ptr(auto ptr<T>& rhs)

{
pointee = rhs. pointee; // {f*pointee [ FTAAL
// A& E] *this
rhs. pointee = 0; // rhs NG
} // ARV

template<class T>
auto ptr<T>& auto ptr<T>::operator=(auto ptr<T>& rhs)

{
if (this == &rhs) /) IRIEA G A TR
return *this; /] A ABANELY
delete pointee; // WERILAESAT X %
pointee = rhs. pointee; // $B*pointee M FTH I
rhs. pointee = 0; // M rhs f&IH7F] *this

return *this;

}

R R B AR R L5200 G 0 A B LA D 2 B SR O 5 o W AN FEAIL,
JERAAT BN RAG KB A MR o 104, BR T auto_ptr X[%, WA ANIFT auto_ptr F5 )
I %

KA auto_ptr (I#5 DA IE BRET, XS AT BUAL 6 H 2, Br DAE R AL 7
AL auto ptr M ZE MUK . BIEA:

[/ IXAN BRHOE T 2 T BUR M A

void printTreeNode (ostream& s, auto ptr<{TreeNode> p)

{ s < #p; }

int main()



{

auto ptr<{TreeNode> ptn(new TreeNode) ;
printTreeNode (cout, ptn); /B AEAE 7 38 auto_ptr

}

4 printTreeNode (24 p BeWIUGALRT AT auto ptr (135 DIAIEBKED, ptn F XS
G T B ALE RIS T po 2 printTreeNode L5 WWHUTIE, p BIF TAERE, & IR
FOM e 48 10 PR 5 G2 5K ptr 38 1 XS0 AR1 ptr AN FHE AR 5 CE 1 dumb
pointer /& null), FrLLH printTreeNode LAJEATAR[ R EIE & (P4 AE #04 7= A2 oK e I
AT 0 o RATERI S AR G 0 P BUAR G 25— NI I ) BR S 50, A Resd i A5 (8 7 Ak
i# auto_ptro. IXPHFHHLIR D I,

EAZ VARG auto ptr MO SE ML, X EWE AR AN %, dit
const 5| H4Li# (Pass—by-reference—to—const) 7V EiXFEH:

[/ XA BRELAT R Y

void printTreeNode (ostream& s,

const auto ptr<TreeNode>& p)

{ s <*p; )

TERREE, p 22— 5IH, MAR %R, FreAAS i DS R iG pe 4
ptn #f £ 3 B [ X 4> printTreeNode I, ‘B ik {4 B4 BT fa %t G A, W H
printTreeNode LA I8 W] LA H ptn. PrLlilid const 51 AL auto ptr o] LUkEfufk
= AR AR . C “a] AL B AR ARG Z WL Ef fective CH45K 22D,

e PUARAE O BB T A BN —A R I Fa AL IE 2 5 — v 2, XM R ARIR A R,
T AR AT B8 O3 S 2045 DU R BRI VR A5 AN 1) 5 1 75 B 5 R R R AR AT R X 28
R AL S B0 2T const, (HZ& BTHIX LR HUUKAT « SLFr EAERE DU Fikix e
BRI AE 0 T IR B 240, 2 i, W auto ptr XTSRS DB AOA (B 45 4 1 2ds
B auto ptr X!

S, R, CHg Wt RIS RELEARIERE 22, HR KIF T o WRAE 5 2R DI
T PR BRI B A EFT LA const 40, MR ZHiZE0W) const J@PE (S U, Effective
CH45k 21) B HAh v ESE BT A B o ERfIILE: 2445 D1 — /X B B AN GAich
WA B IR, S IESOXT B XA REATLEAN N, (R E MR, N, XM
LN R HERIT .

WERAR I 70X LS auto_ptr B BRERAT R, VR0 REA A FCHEM L. 75 291
GO 294 gL B (R uhs), EIEARMEERE 2], {EhsE C++FE auto_ptr BifRA HHIX
HLPT A 1R B R B DR 3 R ORI 4R T o AEbRAE CHZE, SR8 R B2 1l D R A5
B, AN B s 5 BRI (FEAN SR ) T2 VRS ol 53 BRSO ot mT LA 132 Ef fective CH+
K 25,

RIGFEEFFRATTRA) pR O B 2 XA -

template<class T>

SmartPtr<T>:: SmartPtr ()

{

if (*this owns *pointee) {
delete pointee;

}

}

1 B AN T ZEREA TR, BIUAE—A auto ptr SEIAE E 8 R IR E . eSS
—ReEE, WS E S —MEH T 5T (S I4N29) R Iy FRE Wb 25 1E HI W &
AR AT S AT A S VT EUE . 2RI — 2 R 159851 % dumb pointer —#f, 4
CATTHEMIBR S, XTGBT 52 o
® 5P Dereference BRAERF

PR B 0] R T3R5 %088 73, operator* Ml operator—> PREL. HIF# IR [H]



R4, #Hig b, XIRM .
template<class T>
T& SmartPtr<T>::operator*() const
{
pertform “smart pointer” processing;
return *pointee;

}
T 56, IR REU A 4 , AU FR 5T 8T pointee G20, WA AE ] lazy fetch
(ZIAEHMLIT), REVINA pointee BN — X% . —H pointee &7 T, operatork

BRI ESO A (R L P FR R S ) — A5

HERORPIEALE DT H . WREIT S, RGeS VPR A, H1] fe U HMENE
Ja o WA Z 4 pointee A AAHRIN T KBNS, B AT LRI T HIURAERNZ .
WRAEIXFIE DL T operator* R EUR A& T RS G A ZIRAEZN G051, IR R 2L
SEFr _EIR PR — MRS P 5 (X jE—A slicing (PJED )@, 2L Effective C++
Sk 22 ALK 13.) ERMIMEM R LR EMEE, AahksS (R et
SIS KA RS SEBR L e SR 1 R I FREF A RE S R B LR 5, ZIXAE TR
R IGWEA M iR El—A5 | HIERets AT H S 8cE (AFERE— IR ATSR, 20
A M19) o BEME e it 1A 1 55 R AR e — R i R

WRARE—AN AT, R RES AW R —28 AFE null RIG¥EEF EIAH operator,
Wt o2 Ui R 5 F8% ) dumb pointer #& null. L. BE{EMUTA#81T. dereference —/4M%%
FREF I A e A I, P AR B A SCILARAN R A o AP — A 42 mrLL, dlam, A8
W abort B (MJREYE assert FERIIS A D 2 &F 1, WA, A ) 9 A3 a1y
HRBE AR H S 256 B4 ? AR AT DL o B BT A A b A, (R 0 S A S
R84 72 H HIP

operator—>M1E LY operators A1), (HIEAE/HT operator—> 2 7, iLFRATSEMIIZ
— FIXA RO B S ARAFE RS Lo P51 editTuple B4, HATH MR Tuple Xf 4
R I ¥RE

void editTuple (DBPtr<Tuple>& pt)

{

LogEntry<Tuple> entry (kpt) ;
do {
pt—>displayEditDialog() ;
} while (pt—>isValid() == false);
}
A
pt—>displayEditDialog() ;
B G PE SRR N <

(pt. operator—>())—>displayEditDialog() ;

X EE AR operator—> iR [FAT 4, ‘BRI 4E I FAH ] member—selection
operator (B IEFHAERT) (—>). Ik operator—>{UARIRFIPFI AR TY: — /MR M R0 %11
dumb pointer {5 —MRIGFEE . ZEELL T, RAR[FI—/NEE dumb pointer. 7EMI
R, PRIXFESZEL operator—>

template<class T>

Tx SmartPtr<T>::operator->() const

{

perform “smart pointer” processing;
return pointee;

}

XAEIEAT B o DA IZ R BOR [P — AR EE, T3 operator—>if I R %L, AT h R
e IERI .

MFARZ R R UL, IXHUR IR 2 TR R IGHRE il 0. 40 29 15 Iy



HEAXEEZ P IRE. (HE W RARER AN T i R I Fa 5, AR ZUANE S 2 1A K
dumb pointer FJZIPAIR FFREH Wi G A BRI ATAA dumb pointer. WIHARKELTHE
“Most people stop at the Z-but not me (ZEAEZ4miE, HIRAGEWXE) ~, N
RN 2 IE TS AR
o AR YIIREHEE A NULL

HEr A IEFRAT e e AL Be LEBRATTEE . Bl #5 U1, W{H. dereference RIJ¥EET.
A — BN MA R s 2 “ RILR I4a% 9 NULL”:

SmartPtr<{TreeNode> ptn;

if (ptn == 0) ... // error!

if (ptn) ... // error!
if (!ptn) ... // error!

AN ) R

ERIFREF R B IMA—A isNull R b pRHOE — R 2 3, (HE B g 4 K
NULL I R IG45 4745 dumb pointer ANAHBURI ). 53 —Hfp 722 PR AR Ba AR A L o
PERE, Savrgmie Bl k. — M i X fh H S8 B 402 voidx -

template<class T>

class SmartPtr {

public:
operator voidk() /) W R null,
// &A0, AN E]
b // dE 0,
SmartPtr<{TreeNode> ptn;
if.(ptn =0) ... // BAEIEH
if (ptn) ... // WIEH
if (Iptn) ... // 1EMf

XY iostream R R ALK EAELHAN R, Bt LAAT DL 55 A LAY

ifstream inputFile(“datafile.dat”);

if (inputFile) ... // W inputFile &7 CL44

[/ I HLAT TT

ST R BV LA R B —FF, e — A 2500 T BAR R Z B 7 A e i
FHRIGE, AH I R KR S e 8 B DU R (S AMB) . Rl e R VF R I5daEh 5 2 AN
[F] (R 2 2 TR)IEAT LU AL

SmartPtr<{Apple> pa;

SmartPtr<Orange> po;

if (pa == po) ... // IXREM M T G 12!

RI{#i4F SmartPtr<Apple> 1 SmartPtr<{Orange>X [A]¥% 1T operator= pR%, HHEEWS %L,
AR RIS FEEN B B R 3 voidsFaEl, xS T N e £ 24 N a1 be st pR . IXFh gk
TR SRR L AT R AR fE I . (PRI — R 4%ak Mb, 20 e e S ) 152, it 1) H- 24
AETE.)

1E voids SRR T TR, AT LA, AR KR 2 const void[R)2EM L4,
AT — LRI 3] bool [ H1k. X BEARLYHR AT T BV A IR 70 e 1) i) 8

A4 2 ] DL RS BRI nul 1 (ETEVRTE,  RIRHEAS R 1 R 15 Fa
Z T AT LEE R vT Re P B B B o X2 AE R TG FREH R E 4K operator!, M HAUY R g
B —NTFIREN, operator!iR[1 true:

template<class T>

class SmartPtr {

public:



gggl operator! () const; // M HACH RIFRE 2
o // ZMH, B&IF] true.
b

PR AnT B
SmartPtr<{TreeNode> ptn;
it (ptn) | /) TEW

// ptn ZEFME
}
else {

// ptn AT
}
{HEIXFERASIES T -
if (ptn = 0) ... /] ATREE R
if (ptn) ... [/ WIRHTRI

AAEIX RGO N RAFAEA S 2 (i) AT LA -
SmartPtr<Apple> pa;
SmartPtr<Orange> po;

if (Ipa == !po) ... // BEW YN
SEUFET A S XG5S . ABRIE, iostream FEMFSEILRR T HE4E voidxBast
IR, AT operator! BREL, ANidiX AN R EE MR AUIRS A LA R . (FE C++
KPEFRUHET (UL Effective Ct+ 453K 49 FIA T M35), voidkfa S A 4 C &k
bool ZEI 4 FT AR, operator bool & EiR[M|5 operator ! #H % (I{EH )
o R IGIREMFEA AL dumb FR4H
HIARELE— MR R A dumb Fa%F BRI PR s N R W da %t B, RE45:
A B RS R ASE A, B DAonT g — 2822 X 0 2 sk o A A R T4
class Tuple { ... }: // TH_E
void normalize(Tuple *pt); // fEpt TN
// A FEEAEH
// & dumb FrEF
&, WRARAE AR Tuple MR IIREAES M normalize, & I AN
O
DBPtr<Tuple> pt;

normalize (pt) ; // EEIR

XA AR 201, RO AGERS DBPtr<Tuple># el Tuplex. FRA]LLXAEM, M
1% PR BUE W IEA T

normalize (&*pt) ; /] BB, AL

AL BAAFAR S T DX P H 7 =K

2R IGFRE B BE InFE ) T 1 dumb FREF B L ERT, v DAL B E R i
R EAT

template<class T> // AL

class DBPtr {

public:

operator T*() { return pointee; }

b
DBPtr<Tuple> pt;



hg;malize(pt); /) BEMBEAT
I ELIXAS B Bt 1 ok 17 00X A ) AL

if (pt ==0) ... // 1EHf, 8 pt HARRY,
// Tuple*

if (pt) ... // Ak

if (Ipt) ... // AL (reprise)

SR, A R R BT A s UL RURIXFE, B M. ESH 6t
WEARAE Sy th B0 1) dumb $8%F, 28T “FIRE (pointer—like)” XMty “ R 15”7
R :

void processTuple (DBPtr<Tuple>& pt)

{

Tuple *rawTuplePtr = pt;: // 4 DBPtr<Tuple> #¥EAFK
// Tuple*
FH raw TuplePtr 1524 tuple;

}

T, RIGFREMRALR “ RI57 A7 R R v 0 = B s 4y, B A Se v P i
dumb R4S SECHEYER G R, Blhn, a0 DBPtr SEEL T 4cak M29 PRI ThRE, A
VE P i ELRENT dumb $RETBEATERAEIR PT RN “ 5T RITHE0” B2t 3805 | -2
o

T RUAFARFE A R IHREF 2] dumb FREF B R HERERT, RITIREHEARERIE
WA 5 dumb FREF B . R MR IGHREF S dumb FREFIOFESIE “F P SRR, 1{F
(7] — ) 7] 2t PR 1B A T 3 o 2t A8t () IR B AS B ik — IR o B B BT — AN R I A e 1 1) S —
JCA I R

class TupleAccessors {

public:

TupleAccessors (const Tuple *pt); // pt identifies the
// tuple whose accessors

b // we care about

1%, TupleAccessors [FJH-SHH s o ZE 7] LAAE A AN Tuplex3] TupleAccessors [F2E
RS (S MB) . IAEEE — N T-AIFMAS TupleAccessors R WA EH]
EERAE

TupleAccessors merge (const TupleAccessors& tal,

const TupleAccessors& ta2);

K2k — Tuplexn] A B4 #e 4 TupleAccessors, P dumb Tuplexifi ] merge
PREL, P LUERIEAT:

Tuple *ptl, *pt2;

merge (ptl, pt2); // IR, PIANREN B
// TupleAccessors objects

W R 5454 DBPtr<Tuple> 34T, gwikmias .

DBPtr<Tuple> ptl, pt2;

merge (ptl, pt2): // BERIANBEE ptl A
// pt2 HEWHR TupleAccessors X4

[X] #3 M\ DBPtr<Tuple># TupleAccessors )& E 15 FH P I H 7o RIS E A (— IR\
DBPtr<Tuple>#| Tuplex, —¥XM TuplexF| TupleAccessors), Fmidees AT XN FHIM
LI

AL R dumb FREF BRI EL M ) R IS FREH R 52 T — M EW A E 1 bug. % REX A
AR

DBPtr<Tuple> pt = new Tuple;



delete pt;

KBRS NOZA G G 3, pt ARTRER, B DR, AW — 0%, R
EHA RERMIBR, XFA?

RN T o AHIE[RIAR— TN 45K MB: G A AT B U R B 4 ke ) T B A ok 2501 FH Rl 2 5
AR —N 4 M8: i delete &I HMTII R EUFN operator delete, P HBZRAEL. 2
BEAR N TAEAE delete pt WA TP R BURII A, w3 pt By Tuplek, AR5
Bre. (AKERER TAM, MIAEESED T,) XEMLR SRR .

Wk pt YA ETR MBI S, NS SPEMERP R, —IREWA delete B, 2 IXKTE pt
PIATRG R AR R IS o >4 pt AP XS, e NS, W 904G 2 R 5 SR pt
I AE DR L, AR WA # A T STMER pt BN, AT RASIORFE DU 38 23 P OO B 1468
B0 AR A I3 BT PTIR I DU A2 55 o 1 IS DR 2 S 30— AN R A MR P Ik, IX A 2
AEASRETOR 5 2R

XA bug WA T, A BRBAE R T £ 5 1438 AR 2 L E A IS R AESMI ik
SEAEAT A AR dumb $8EFR AT BEHAHAL. AR IX R AR, ARG P ] B sl
IEAEAT ] R IG5 an S A s ] T IEAE A R I 3e45E, & € S/ new Z 51 H delete,
CLBT 1L WY, fE SR 57 A A AT TR A X W 2

JIRERAR AT s BRAEA — N AT A5 IR S DR X R, 75 W46t AN LR AL A 46 3] dumb
FRET I BRI L A E 1T o
®  RIGIRET RISk AR FR MR A

R FATA A public 4RA)ZIR A, DI SR 1 (R R i -

MusicProduct

Cassette

class MusicProduct {

public:
MusicProduct (const string& title);
virtual void play() const = 0;
virtual void displayTitle() const = 0;

b
class Cassette: public MusicProduct {
public:
Cassette(const string& title):
virtual void play() const;
virtual void displayTitle() const;

b
class CD: public MusicProduct {
public:

CD(const string& title);

virtual void play() const;

virtual void displayTitle() const;

-
BB, RATE B, A8 MusicProduct W%, EREEAT 4. I



B
void displayAndPlay (const MusicProduct* pmp, int numTimes)
{
for (int i = 1; i <= numTimes; ++i) {
pmp—>displayTitle();
pmp—>play () ;
}
}
XA PR IXFEAT -
Cassette *funMusic = new Cassette(“Alapalooza”);
CD *nightmareMusic = new CD(”Disco Hits of the 70s”);
displayAndPlay (funMusic, 10);
displayAndPlay (nightmareMusic, 0);
EIFEA A AT AR08, (HE 9N TR R PR AR dumb $84T, S5k 44T AW
void displayAndPlay (const SmartPtr<{MusicProduct>& pmp,
int numTimes) ;
SmartPtr<{Cassette> funMusic (new Cassette ("Alapalooza”)) ;
SmartPtr<{CD> nightmareMusic (new CD("Disco Hits of the 70s”));
displayAndPlay (funMusic, 10); // R
displayAndPlay (nightmareMusic, 0); // ER)
BEAR R IGHREHX AR, AT A AN Beg PEIX LeA XS e 2
ANEE AT G T R A 2 A e Y SmartPtr<CD> B SmartPtr<{Cassette> & ¥ ik
SmartPtr{MusicProduct>. MZIFEARIIUAUCKE, X2 WEAEM KR M Adnitds
) 2 X A S W 2 Ee = SmartPtr<CD> 8¢  SmartPtr<{Cassette> A & M
SmartPtr{MusicProduct> kALK 1), XEES 7 [MIBA AR, TATA T REE R G 1R 4530
— P G GGERAFRD SRR R S
FIBH R, AINEREIFIZMER G, KPR AR AR SEBr i) AR . 0T
A DLREAT B3 U 4 i A R TR B 2RI — AN B USRI BT (S WA MB) . 3]
WAfE music FKZIKN, {E Cassette F CD W) R I545 4 K W AR AT LN operator
SmartPtr<MusicProduct> R %L :
class SmartPtr<Cassette> {
public:
operator SmartPtr{MusicProduct> ()
{ return SmartPtr<{MusicProduct> (pointee); }

private:
Cassette *pointee;
b
class SmartPtr<CD> {
public:
operator SmartPtr{MusicProduct> ()
{ return SmartPtr<{MusicProduct> (pointee); }

private:

CD *pointee;
b
XA EA A S . 5, PRI AL (specialize) SmartPtr 28, FrLAARIN
NBE AR WA R R AR T SRR Rl R ko B8 =, R V] REL SIS IV 2 BT A°F
DRI A R4 1) PR 5 0] LA, T4k K 2 P AR BRI A B, AR 200k TR sl ALk 2 1 A — AN 2R
PRpt— AN RAEHAT . CAERARUCH AR BERS 7o IRIX AN 55, 702 A Ok e e 3 e 2y
PR fit — B AR HAT, 20 P ARALX AT 4 7 DR g 75 IR — IS TR) 0 FH P e X



FEIY A0 bR B ) IR BB — Ik, BN IANBEIER ) T MR I3RS L3 3R 10 T B MRIHEER
MR IFEE, BrAE R E PR e )

WERARBE LG PEAs I VRS S DA R R AL 4 ek B, X TR IR 2 I TR) o B S e &
YR, AbREERE A, XA EAEA I CIERE) RO BRI Ol st Y B AR (member
template)), PREEA e RAMAR IIFRE RA g £, WF:

template<class T> /) KRS, TR T 1
class SmartPtr { // RIGFREF
public:

SmartPtr (T* realPtr = 0);
T* operator—>() const;
T& operator*() const;

template<class newType> /7 RERR A L PR A
operator SmartPtr<newType> () J/ T LIRSS T R e
{

return SmartPtr<newType> (pointee);
}

b

AR, XA R EA A WRBIE TR ER RN R, (T
TN AR BRSO AR, EAERE, LR ESSA 1. TROIEIRE
SEW TG, BRAEM VR AN B IX BEN A T o) IR gmieas A — e T X5 R I9¥s4!,
RN G WSS T 3R MR TIFRER . nieds B ek SmartPtrd T2
X, BHATEAT SRR T, e A, GXARTR: 76 LB sAT
PR ALARAT ) G PR A8 SR e R B 2 A A AE— N 03 R ORI, I mT A sS4 b e B 1
R BRI T — DNIXAEER PG T RIS newType), FrLAE A newlype
B L T B RESS TR A S AR o 3K IS, M 110 ) R0 A S4B A PR 8 2 i 00 A e G 56«
f&i# (dumb) F%F pointee BfR 1 “T MHER” BIR IGFREH MG KA, DGTEM . FRE
pointee s&fi I T RAN), B HALIRMHIESR (public Bl protected) X% HIFRE
SRIEGVENY, RIS R B R AT RE S W G 135, 1T AR AR 1) T 19 R I 4aE Fa s Hb 28 Y
HAoatRN T AR R T¥EE .

25— e B . iEFRATIIEI 3 CDs. cassettes. music FEamIRI4kR)Z IR PR, T
ISR D& aniE T X BACR AN REY n i, Db dnitds AREEIR 10 CD I R IR EH 0 h 7
Il music ;=i ) R I HE%

void displayAndPlay (const SmartPtr<MusicProduct>& pmp,

int howMany) ;
SmartPtr<{Cassette> funMusic (new Cassette (“Alapalooza”)):
SmartPtr<CD> nightmareMusic (new CD(”Disco Hits of the 70s”)):

displayAndPlay (funMusic, 10): // LA & — AN i
displayAndPlay (nightmareMusic, 0); // CART & — A 5

BT RIGFRENSS, A5 T R S AR A 1 R 03 ek BOREAR LA S IX ARG 5 ] LA
IEAT T . FEW R, BE AT AR BT

displayAndPlay (funMusic, 10);

funMusic W ZHIZEM 2 SmartPtr<Cassette>. PAZ displayAndPlay WIEHHIZ % &
SmartPtr{MusicProduct> X} %, 4uiFas il BIZEBANILAL, Fo2 T3 funMusic F¥k
SmartPtr<MusicProduct> %} % ) J7 ¥ . & 4F SmartPtr{MusicProduct>Z& H F kT H
SmartPtr<Cassette>Z IS EU M RS HMIE AL (S WA MDD, (HEBEAKE. RG]
SR R A, DASEIAL = A XA e . EATIHE SmartPtr{Cassette> &I T AR,
2 newType 45 ] MusicProduct b, AR T g ks, SEBIALREL, AR X #f A .

SmartPtr<{Cassette>:: operator SmartPtr{MusicProduct> ()

{

return SmartPtr<{MusicProduct> (pointee) ;



1

Ae g 1F X AT A 4 2 SE B B IX B ARt 2 B pointee M A 2 W H
SmartPtr<MusicProduct> [RIMi&E RE, FrCAE IER R B2 e H— Cassettexfg & fyiE —
N SmartPtr{MusicProduct>X} %t . IAEFATHS dumb FEEFSEA L (M) O IRAKT,
CassettexFEME L AL 1 25 7722 MusicProduct 55 I /7. Rl SmartPtr{MusicProduct>#4
it BT LS, [A)RE SmartPtr<Cassette>3] SmartPtr<MusicProduct>2 [A] {25 4%
WAL BRI T . KB T, ST RIVIRE 2 MR, AT A LK T R B4 ?

HAh, HILETIREA? ANERIXA IR, MRk N e T3R5 754k
AZ R ) AT R R X P ] U TR AT A A TR B R R A 4 . i SRR
dumb FEEF TL#F1 7 —Fp dumb $545t T2+, Y HACYIREER U L4640k T2, /Rt EETE
R bt Fis M) T1 R IGFRE RN TR m) T2 (R IFREH R,

KR AR B TA LT A AR AT ARtk o B IRATH — 828 CasSingle k¥ 7
MusicProduct 252K, HHHKFE s cassette singles. UG ISR ERERE KL IXFE:

MusicProduct

A2 B IX BACHS :
template<class T> // TA) L, AR SRR
class SmartPtr { ... }; /] R () R R

void displayAndPlay (const SmartPtr<{MusicProduct>& pmp,
int howMany) ;
void displayAndPlay (const SmartPtr<{Cassette>& pc,
int howMany) ;

SmartPtr<{CasSingle> dumbMusic (new CasSingle ("Achy Breaky Heart”));

displayAndPlay (dumbMusic, 1); // R

FEIXA 1 5L, displayAndPlay #¢E 4, — A EREHT A SmartPtrdCassette> X 24,
HE B S8 N SmartPtr<CasSingle>, ATITHIEH I H SmartPtr<Cassette>, KN
CasSingle je H¥Z M Cassette k7K RKIT), 1MH4Z4k7K H MusicProduct. 48R1X /& dumb
FREFI I TAE T AT R IGFREASIX A RTY, AT R ERT IS 8 pREL, X C++
WPEARI T, A SR A R A 2 R S5 A 1 o DRI displayAndPlay (18 HRA = SCHE,
A M SmartPtr<CasSingle> #| SmartPtr<{Cassette> HJ 2& % # ¥ Jf A [k F|
SmartPtr<MusicProduct> IS AL EE WAL 5

TH s B B AR R SE IR I FREF (PSR T A W AN Bk . B, SCRER R BUAR (1) e 1 A
b, LR ARA A A R E . BSOS oW, (23 N FERX 255 24
I 55—, IXPPVEM) TAE RN E T, BB & 0 20 5 SR N B A pR K00 FH ) 1 240
VERC, BaaCoe Rt o 45, RSO ok B0 e XS AL R S D2 R BB o AT SR 53 DL AR AT
BB IX AR, IR A T X R AR, BRI IR AR ARATT . IR 1 A
SRS, X AR, (Hed TR 2 — A gl

ANEFPESHM T, HET i, FRATERNIE 12 LR QAR S 0 R T IR I 0 )y
I, FATWHTRERS LR IIHREH AT 8 S dumb FREF—FEWE? ZFSAR T L. AN . IEW Daniel
Edelson Jrifi, RIGFREFMEISR RIS, (HAEIRE: . B UF 512248 F R 53 AR A2 S 7R e e



PR fESTEAE T G R T casts CERAIEAR, S WAHK M), XA —A5E5E
7k, Ak CEIRAE T, 2500 N LB UM, DA AR 5 R 4RE R IL R
A T REAR LB A EAT 1
® RIGIEEHM const

XFF dumb FREFKUE, const BERTLAEFXTHRENFTHR M40, el DL FHREFA L, 5%
HAHRAMEME X (B Effective CH4K 21):

CD goodCD(“Flood”) ;

const CD *p; // p & non—const 5%l
//¥81A] const CD X%
CD * const p = &goodCD; // p s&—" const frft

// 4819 non—const CD X% ;
// BN p s const, &
/] IR
const CD * const p = &goodCD; // p s&— const fR4&I
// f8I—A const CD X} %
FATEH AT R e A IR R 0E . ASEE HEEAE— M iCE const, I
HEEFRE A S RAER, TARRE X T e X % .

const SmartPtr<CD> p = // p & const RIJIREN
&goodCD; // ¥&In non—const CD X%
AT — AR ANV, AL — MR R cosnt CD R R 4R %S
SmartPtr<const CD> p = // p & non—const R IG¥gEt
&goodCD; // ¥8In) const CD X%
IAEFATTPT LLEE ST const F1 non-const X GAFRE I PYMAS [ 415 -
SmartPtr<CD> p; // non-const X%
// non—const 8%
SmartPtr<const CD> p; // const XI%,
// non-const ¥5%t
const SmartPtr<CD> p = &goodCD; // non—const %

// const ¥5Ef

const SmartPtr<const CD> p = &goodCD; // const X%

// const f&E

R R A LR, FH dumb FREFRATRE FH non—const FREMHILHML const FREF, Tk
fIIH e R ) non—cosnt MR MFREWIUHILIR ) const MR FREr; WG AT IRE—FF . H1
an:

CD *pCD = new CD(”"Famous Movie Themes”) ;

const CD * pConstCD = pCD; // 1E#

{RE WURFRATA X R AAE R 455 b, s B AR ?

SmartPtr<CD> pCD = new CD(”Famous Movie Themes”) ;

SmartPtr<const CD> pConstCD = pCD; // IEHEA?

SmartPtr<CD> 5 SmartPtr<const CD>JE&5¢E&ANRMIZEH, FHmiFssE L, CIlIEZEAN
AT, BT LA EL ARG e SRS A 1. B H AT ILIX AN T, 3 EAIAR K
Wt AL SHe 25 7 M — T v 2 AR AR A bR £, FH R SmartPtr<CD> 28 ) 5% 5 4% 4t i
SmartPtr<const CD>ZRAL . U1 FEARAE (1) 2 P28 SCRF G A, At T LA FH i T B b i 452 779
H 3 A Bk i L B AR R e e . (FRATTII U I, HEDRT 1) dumb FR % BEREAT R
e, RIGIREHRRLRE AT R A, B I IRATT. 47 const [FSEAYHE4Al A )il )
WERARBAT IXFE I G 1288, AR 200 5 JIR 58 K1) TR 4 o

15 const IZRA LI ) M non-const F| const Mg 24 1), HZ&M const
Fl| non—const WA LA, 1 HH const $REHREMIN FE, H non—const FREHEAEM, H
#= M non—const FREFEREMILE — el (i, WEEIE. [FFE, M const X4
FRET BRI AR 47, 4517 non—const X R M4REHE AR, H2H 4517 non-const X[ %
TR ET BEWE 58— 2835 1) const XY B HIFREN T ANRESE B S5 (Blan, TAEERAED .



KSR A LK 5 public ZEA&RIBLNAHZRAL (Effective C++ 452K 35). IRAEMEE—A
IR G IS G, AHE S 2 WA X AE AR XS S BT AR AT Ar] S5 5 IR A St
i, AEE IR REXTIRAE A ) A — 2300 . FRATTREHE R X — mUR SR I FRER, Bt v T LA
EREAN R T (R T5HREF2E public JRAE H— /N4 N FE ) const—T MR I5FR %R

Smart
pointer-to-const-T

Smart
po inter-to-non-const=T

template<class T> // $& 1) const X4
class SmartPtrToConst { // RIj¥aEr
// RIGFRER 1
/] T PR
protected:
union {
const T* constPointee; // il SmartPtrToConst 1JjlH]
T* pointee; // ik SmartPtr vjinl
b
b
template<class T> // ¥&In non—const Hf%
class SmartPtr: [/ IR I5FREE

public SmartPtrToConst<T> {
e /] BB R

b

X R BT, $81) non—const-T MR IR ITFREHALS —AN48 1 const-T [ dumb
frEr, F8M const-T B RIGFREFFEM S — MR M cosnt—T 1) dumb $5%t. &R LR
4517 const—T [ dumb FREFIAEILIEHL, #2481 non—const-T (1) dumb REHRAEIRA AL,
SRTTIX PR By 7%, AN SmartPtr XA 5P dumb $5%: — /N2 M SmartPtrToConst
kR, —AN SmartPtr H K.

— e C A 2 A T DU e IX A ) 8, X2 union, “EI7E CH+HRRIFEA H .
Union fE protected 1, FrLAPAZRHACAI LAV i) e, BALE I dumb FEEFEAY,
SmartPtrToConst<T>XF % {# H] constPointee 8%, SmartPtr<{T>Xf%{#H] pointee 8%t .
BEFRATT AT DAAEAN ) BLAA P S (B IS D0 1 AEFHPIASAFI4EEE (S0 Effective CH453K 10
WS A=) X & union JENN LT o SR PSSR 03 BR B LR EATT H SAAR
EHIE A FRE . X2 union T E 1K

AR X RO, FRATTREME SR A T 2 AT R ek

SmartPtr<CD> pCD = new CD("Famous Movie Themes”) ;

SmartPtrToConst<CD> pConstCD = pCD: // 1E#

o T4

HRRIGFRETTIRIZE R T, FERATEFFXA TS 2 [T, W% XA — N R I
FREF W EIIRRGL, A, R G SRR I G B 28R 2 SRR R DR R BBORAR IS

T AR o Bl A R IR RO AL T 453K M29 Hr 5 | H v B . i H.



IR 7P s (8, RIGRET AL P AE — L0052 AR ORI B, B il e (i e e 2]
dumb F55t . BRAK T HANRTR A const [IFEE IS RIS RIGHRE I SCHL. BRAR
ANAEY 5 ERRIIE T o A RIS HE (A5 th B A A dumb FiE 5T 4 CHS IR AE.
W R A AT e ekt FaE A H R R e, g A dumb 55,

IEBFEFERACREROR, M RIGIRE (. RIVIREIDAZIEEH], ANEEA C++RE
Jr R 2 o RN EAT 1A I

7.5 Ttem M29: BIFHII¥

FUHTH RS R — A, B AR M FEE RN GO XAME RSB XA
APIAH BN 56— A A ERERHE P RN AR . — B0 Rl WA new #73Bic
HoR, BB AU FUEIA XA G, BT — — I H AT T 5 — — 5oex)
AR deletes HAZ, PR AN —AN0 GA% 38 2] 53 A — 05 (9 it o A%
BIRE S HO, PrPUREE DRI A AUE IR NAER . % auto_ptr (ML Ttem M9) IXFE
(2] LA BhERAT], HZR50 o KR 73 B Ie AN BE IE A b AS B AE 28 . 51 vH 20T BL A
PREER R PTAAUAE 1, BB SIS, AR A A HC. SR A e,
EACHIMSREC. B, 51T BO A SRR R A &R

BABHE BT AR AR R WURIR 2 N R AR, R XAMEAE 2 2
IRTCINE) o SELFI ML AR T AT R S AL X AME R SE I . X AMAMET 8 WAF, T HoAT A
SRR IsAT SR, PR AN SR TE AT R XM 75 DL

MR ES > B AR T A, XASHARAT — A m A R mgn =y, /e b2
N ER SIS TR R o R IR BRI T, EIRATE SR LI . — AN R
FR T PATPRE AT BEARATIE 2 2 A RA M. X )LAT— A

class String { // the standard string type may

public: // employ the techniques in this

// Ttem, but that is not required
String (const char *value = ”77);

String& operator=(const String& rhs);

private:
char *data;

¥

String a, b, ¢, d, e;

a=b=c=d=e="Hello”;

BHRK, W% a e HATMFKME “Hello”. HALMBAIAT String F2 B AL
(K1, AFGEH 1) SEOLEREAS string MBAT—NXAMENFE V. B, String MIEERAE AT fE
SO IXFE:



String& String::operator=(const String& rhs)

—

if (this == &rhs) return *this; // see Item E17
delete [] data;

data = new char[strlen(rhs.data) + 1];

strcpy(data, rhs. data);

return *this; // see Item E15

——

ARAEIX A B, BATRT LAHED, X 5 RTR KA

C}——-wmm
(@—={ Hello
C}——hiwh
@—- Hello
@—- Hello
AR BRI . 75— DA TR, JoA 1A 200 L e o IX R
Hello

OICIOICIO,

K, AT A “Hello” W#E UL, Py RATILAER) String X5 AL HLsHL

B FR, SCBUXAS EROEANTTREN, PR A5 R ER 22 DX A [l — MR
R LT RIXT S a K T “Hello” BAAMEI AN —AME, BATAREREAE “Hello”, Iyik
AWM RHEE . F—J5m, WRAE DN RA “Hello” XAMH, 48 H A4 =5 H]
I, BB BATIZAME T, JATL6Z0U X ANEL LUIRE G 58 Yt o

PRAF 2T A2/ 51 A —AMEL IR B H AR SR RS AT AR 7k [ s 28088 o — >
BAH G-



5 =1 Hello

@EOE®

(AL R use count, HEARIHZ —. CHHAIRZE ACKFE, &aH
T — A LMk A4 3] FRIR o 2 4 o)

o SLHIGIHTHE
B — A S T TN String ZEIFANNAE, (HFZE 2840y, Jr DAFRA TR IR X

FE—AN SRR 53 F B R B S SR, FEFFAR 0T, IATRE] “ TATHFH LR
FAAIEAN VB AR T o XA AN BEAE String X5 P8, B T ZE 2 RAS String
AT, AR EEA String MR — 5T XEWA String 5T
[l — X AR FR, P EAFRATTR G — AN SRR 5 I O BRI B . FRATT I AN 2K
StringValue, SCERA & ME— M ALt & H B RATSEBL String 38, JT AIRATIH & iR EALE
String KMFAAXN. H4h, W TET Sting KIFTAE O RIS X, FRATH
StringValue HIB} struct. FFEANTEMNE: B> struct WIRAERIIFAEX N, REfET
XA PIAT B 5V 1) IZAN G548, BB T HE AR AT EMvr CA9R, BT A0,
FEARBEIXFEN

class String {

public:
// the usual String member
// functions go here
private:
struct StringValue { ... }; // holds a reference count
// and a string value
StringValue *value; // value of this String

I

FATT RIS X NN E ST (W RCString) PABRIACAEH T 5L (HRMSE
IAZAE I P SO AR TE, A RO A G o A1 5 V50 String
A S AN S TS A, Hage D1 58 I, i LA A 2 FH S8 1K) 42 KA ) 95 TR Wi 2
LT BN 2 B AR A X A0



X StringValue [FSZEL:
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;

}

XEHFAN Y], G, ZIALLSEIA 5T String 38, — W), WAHHEN
IS R ECRRAEIZ S (L Ttem E1D; Z, BA RN refCount Y#RAE. JiHRLy, A
(D)t String K&, StringValue M) H AL AN ALK —ANRE 1 (0 (R0 3
ZILERIX BB HEC R ALK . StringValue 45 T HATXAS, Xt L8 T .

BATIAE AR AL BE String R BREL. 1 5G2 Mt s 4L

class String {

public:

String (const char *initValue = 77);

String(const String& rhs);

I
AR R SE IS R AT RE TR R . FRATHAE AT char * AR A1 T — N80
StringValue X%, HRHATEAMIER string MG FR XA F A StringValue:



String::String(const char *initValue)
: value (new StringValue(initValue))
{}

AR AR

String s("More Effective C++7);

PE B R SR R IR I -

@ -—@ =1 More Effective C++

String X BRI AIE R, ARG ZIEAICZ LSS, Prel, IXPEmH
(AR CH

String sl ("More Effective C++7);

String s2("More Effective C++”);

7 IR (1 K S 4 -

@ D-@ &= More Effective C++
@ D-@ &1 More Effective C++

MR IX AR BIAS S AT REM . i1k String (BY StringValue) X% PR i% CAF7E )
StringValue X5, Jf KA A B3 A GUEEHT IR0 B o AHGXRE IR S0 A7 2o 0w 25 H Az T2,
TR e A ) B 255

String 145 VUM R AR SR By String S 485 DU G 3k SEAH W] 1Y)
StringValue %}%::

String::String(const String& rhs)

: value (rhs. value)

++value—>refCount;
}
RFEIAY
String s1("More Effective C++");
String s2 = sl;
7 AR IR R HE S A -



D
€

XEEHEF R NS string 28580, AT E Y H AR string
HA BN AT BN AF LA N B8 DN IR A7 o BIAE, BATT AN 248 DL T — A4 f
BT — g T

String ZEIHTH R BRIRE R 2 SO, DR R A 15 00 B B A T BT il . 25
FVHEEA S 0, Bt/ 2 AT —A String XHAEAIXAME, XAMEHA T A%, 2
A4 AT BT T (2 S VB ERE N R BT T 20 1IND, String AT R
KA StringValue X%

class String {

o More Effective C++

public:

“String() :

I

String:: String()

{

if (——value—>refCount == 0) delete value;

}

B GBI AR LEA PR . ISFERI R B ] delete, RS A1
PR HIBAT I T AR . IAESR AL String X ZATISE bR EAT I HATAH IR (R, LT 3 A
SEILAE LI T A — T b 5 B0 5 0 35T HEAL.

U ARAE XA )L 5 | B8y i AR B K, PRARA AN T B R T .

XA String HIRIEMITAL, FATHLAERE BB AT -

class String {

public:

String& operator=(const String& rhs);

i

M TR IR AR
sl = s2; // sl and s2 are both String objects

HEERNZE s1 1 s2 35 FAHEIR StringValue M5 . W25 50N 1% 78 TR
wean. I+ H, sl JERIFME StringValue S %5 FHvHEN Zk2>, Rk sl AfEHAFIX



MET o« W s B BRIMERME—XT S, XAMEN R 5. 78 C++rh, LA
KABIX AL :
String& String::operator=(const String& rhs)

{

if (value == rhs.value) { // do nothing if the values
return *this; // are already the same; this
} // subsumes the usual test of

// this against &rhs (see Item E17)

if (—value—>refCount == 0) { // destroy *this’ s value if
delete value; // no one else is using it

}

value = rhs. value; // have *this share rhs’s

++value—>refCount; // value

return *this;

}

o G
FZE AT 5 T String 28, 18— M Ms#AE (LD, e idd

(BN PR Il
class String {
public:
const char&
operator[] (int index) const: // for const Strings

char& operator[] (int index) ; // for non—const Strings

b
XARE const IRAHISEIARE ), PO B — D HERAE, String WWRIMHEAR
AR
const char& String::operator[](int index) const
{
return value—>datalindex];
}
CEANPRECRIL T CHoL g SCEMRTRRR G GRAANZUL “A7 . WARARAR N B35
Ky, XEAFHEASN D)
4k const Y operator [JMA & —A 8 AR BMEE T o B R 17 oRE—A4



T, WATREROR I TR — 74T

String s;
cout << s[3]; // this is a read
s[5] = "x"; // this is a write

T B LU 5 A B A S o ] S ERAE, LU S const [ operator [1€
AR RSB, TS A 20U 58 AN [ 1 7 Ok ST

HPEAMESA String WRIMER, BAUVNLPTIEES T &I EME StringValue
XTI H R String MR I AR A, CHga PEAR A INE S PR RAT— MR E 1) operator []
SEMMEREHIE S, T LAFRA T2 R ST 1l “ P ” WHIAE const operator [JHIAT A
A T E#ME . (Proxy KAl AF B FATX 73 3iL /2 H, WL Ttem M30.)

h T A SEIAE const 1) operator [, FRATTL IR AT I String M RAEILEIX
AN FTRERE U StringValue X5, il 52, AR StringValue X H)— 74T
51, SR ARIX A StringValue IS IHTIEUR 1o X)L BRATT SEIL:

char& String::operator[] (int index)

{

// if we’re sharing a value with other String objects,
// break off a separate copy of the value for ourselves
if (value—>refCount > 1) {
—value—>refCount; // decrement current value’s
// refCount, because we won t
// be using that value any more
value = // make a copy of the
new StringValue (value->data) ; // value for ourselves
}
// return a reference to a character inside our
// unshared StringValue object
return value—>datalindex];

}

XA “HHENGIE MEE R S EREN AP B ORI RRELE T EALRE
TE&A TRAMZFBALKDILT, TIRARERS T BRI NF R EIEEEA S
R0 #E DUrP B Sl ke XA WL HE R, URFA DT B Eitmsk
N —NEIE 5%k — —Lazy J — — 14
o JEit. FIHEEREN



KHEBAEOLT, G5 VAT LA I GRAE R ANE ST . R —MEZ AL MRS FH
— RIS

String sl = "Hello”;

char *p = &s1[1]:

Bt S b S TR -

@ r-@ =1 Hello

WA G I — 24154 -
String s2 = sl;
String {15 DUFIE BRI AU AT s2 JL5E s1 1) StringValue X5, T AEHE S5 4600 42

g (2) H?tu

P

IR R T A AT AN SZ G R 2 R

#p = "x: // modifies both sl and s2!

String H¥5 VUK 3E o8 B0 A BRI IZ AL ) 7, DO EANFIE TR 1) s1 1A
StringValue Xf RIFREHHIAFAE. JFH, XA REARR TR B TAANRAE T
—A String [19E const operator [] IR [FME )5 IO .

A TR NA XA A . B AR RNR T, B AL, XS G
T String SR NI K I inl e 4 RARAT 1 5 VO String 28, —F
LA, BRI o RIS URAS R E IR ERAE (1) 2 5 2 5 LIV EUR String 28,
WU AR — XA 1o BT 3, ARATReAE A T — AMXFE R A A B 4.

ANTE JIT LAY S IS 228X A ) o A AR S8 11 v 2 PR U0 B B TR A A R 2 e
BNICRS, w2 s ] X A WARRIE A T, APROARE X TEIR iR AR
TRZE M T A EHEeE ), JHOILE RN, AATaRE: “4r T, FATE VR R
XA o7 XA SEIE AR 7, AR AT PR T N TR Z I,

B AT SRR IEA [ EANHESEEL, H R AR MBS T SR IR
EHIAPUEIXFER: fEREAS StringValue X S IN— MRS LU e /2 5 3L 1. 18
A OMFATILEIND) BbrGEST I, 7E9E const B operator [ 14 I 551, — EHFx
BB false, ERZKDRIFAZXMRE GF 10D,



AN T ILERRE S A «
class String {
private:
struct StringValue {
int refCount;
bool shareable; // add this
char *data;
StringValue (const char *initValue) ;

“StringValue() ;

I
String::StringValue: :StringValue (const char *initValue)
refCount (1),

shareable (true) // add this

data = new char[strlen(initValue) + 1];
strcpy(data, initValue);
}
String::StringValue:: StringValue ()
{
delete [] data;
}
WRAT I, FEATERZ A FEBSI AT AR IR . 998, String WG
Bt IS B DAL P AN ISR 7 o 3K B P8 DR At R B S
String::String(const String& rhs)
{
if (rhs.value->shareable) {
value = rhs.value;
++value—>refCount;
}

else {

value = new StringValue (rhs. value—>data) ;



JIT AT F e 1R 03 e Bt S 20 AR AL U A A X AN L BR RS  AF const 1) operator []
FRAEME— R ILEARE BN false [
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 H ) proxy ZRAHETS LAX 3 B2 5 #A4E,  ARI8 H W] LARRAIR L 2004 A
ANA[FEEE) StringValue M4 IEH .

® 5 HHEmER
FIUHTHEA U IE AR 8 2R b, R 2 AN G B AT A R ST U 51 v 4

S AN RUARAT S I TR SRR CAE, R A S AT KI LA EAL T o XA ALY
R BATH 5T AR S i S8 AT RS TE G, IR AE R I E B e 2R 12 Y
SRARLF . IR=RIE, A ADIETT S (RS8R0 T 48K 8 w200 AR
B R AN RCObject, AT 225 HITHERI R AR LM E 4k 7K . RCOb ject
BT S HVHERE, dnkg A 51 VIR R IR T XM AN AR A N
SO SRS (25 TS 0 ). Ba, Bas T — A FBULRESXAME N G2
RS, R A AMERTE S B false MRS, ARFE T ILZRR BN true [FE4
e, DRI RN S BROAAE TIE . i BT 1, — H— AR, T A L,
W BAT TP A PR A T L
RCObject [ Xl k-
class RCObject f{
public:
RCOb ject () ;
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 P LAREAAIE (A AIRAZSSIIERAL 53> AIbrh s AT LA 5 | A L i LA
LRl g I Fenr S v n] DLl by AR s AT DR i St = 7. X
& P At ThRE . 5 TARA SRS, X S e AT IR AT e AR 0 o ¥
BN RREL, & IR B IX AN SRR B TR (W Ttem E14). [R)I 2273 &IX
MMk BRBOE AR, e IR W XA R AR AT T .
RCOject M)SEIACHS:
RCObject: :RCObject ()
: refCount (0), shareable (true) {}
RCObject: :RCObject (const RCObject&)
: refCount (0), shareable (true) {}
>RCObject& RCObject::operator=(const RCObject&)
{ return *this; }
RCObject:: RCObject ) {} // virtual dtors must always
// be implemented, even if
// they are pure virtual
// and do nothing (see also
// Ttem M33 and Ttem E14)
void RCObject::addReference() { ++refCount; }
void RCObject: :removeReference ()
{ if (-——refCount == 0) delete this; }
void RCObject: :markUnshareable ()
{ shareable = false; }
bool RCObject::isShareable() const
{ return shareable; }
bool RCObject::isShared() const

{ return refCount > 1; }

FIREAR AT RS, BATEPTAT IR s 2CH #OK refCount B4 T 0. XK S ELE -



s, b, MIEXAS RCObject X RIIRZRGIHIE ! A MGG, H ARG e 6 5 5
HiKs refCount ¥k 1T LAT , BT LAFRATEATREIEA TAETEN RCObject PYiff. X (i 4%
R RRL A A AR

Iy ANTFPRZ b R4 DR R B K refCount ¥ O, T AN B UL RCOb ject b4
[¥) refCount [FI{EL o 33X PRk FRATTIEAEA I B IR G, T AT AL S 2 AR Bl L2 11,
R e mmE# 51 - Ik, WiEE 571574 refCount Bk IEMAMI1E .

RCObject MMAMEIZ SA A TE A PRkl EBRAT MR, . XA RO KT e
WM. RCObject A& 5E T 5| I THECKILZ RN SRR, A& N — RS 54—,
7 2% A2 AT X AME R SN — ARG 55 b — Ao AEFRATXA Bk B, FRATA =
StringValue Xf SN — KL J3 50—, FAVHEAEREL b JAT String W R4 K.
fE String ZHREERIF, StringValue MMEEA ZAAE L, FUREM G AT EpE %
T.

A, WTRARRG, IR ERAT S K IR AR R R AT RE A RCOb ject YRAEHIK, JfAS
W ARVERE S VBB E (W, Ttem M23 F1 Ttem E16). WIHIXFEMIE, RCObject MR
EARAE NAZAE AR 0, XA IE A I FRE st 2 2 HE A . AR 28 T 2 R AT A
FVFAE StringValue X IAIRAL . XFF45 & StringValue X% svl il sv2, FEMRE I FE
EAIR G EUE R4 2

svl = sv2; // how are svl’s and sv2’ s reference

// counts affected?

EWEZ 1T, D& — € HM String MRIEM svle XAMELEE I FE T BATHE L
A, U svl MERACR T o IR, —E8H M String MG 2 BT 48 M AT v2,
TEMAE S, FIFEECH B G481 sv2e sve 151 TR RE A S0 . >4 RCOb ject 7EMRE I
FERBA RN, 45 1) & R S EH A 32520, K RCOb ject : s operator=AN N iZ i 22 5]
V. BT SEILR IER . RN ? FTRENE, (HE A IR

RCObject: :removeReference (ARSI AH G 579X R 1) refCount {H, EHTIH
refCount {E &3] 0 WM % . JF& il delete this KSZBHLM, 1 Ttem M27 HhFRER,
KICH AT this &—MNEXNRN A 24, FIRXAKIER, RATLAHIR RCObject
HBBBE A HE o S — AU VA DL Ttem M27, ARFRAT TR VR I — AR50l 1 7 125,
ROK A Sk B G T8

N TAEFRBRATETS 15 FTHEEES, A1 StringValue f&E504 f& M RCOb ject 47K
152051 v Re

class String {

private:

struct StringValue: public RCObject {



char *data;
StringValue (const char *initValue) ;

“StringValue() ;

b

String::StringValue: :StringValue (const char *initValue)

{

data = new char[strlen(initValue) + 17;
strcpy(data, initValue);

}

String::StringValue:: StringValue ()

{

delete [] data;

}

XAMRA ) StringValue MR JLT—FF, ME— SR HIE StringValue R B
MNP FE refCount FBt. RCObject BLAEEEE T IXAN T Ak,

ANHBEREAE IR, WRARE ZEHRESR (StringValue) N—N5EEZ (String) L
KIWZE (RCObject) RATIKRME. B2 —IRE LE2AE P, HEeai, IkERANHE
BRI RMFR, FreleAT B b AE SRR SRk K. LUE, RAHSE U8 %X
FRAR AR T

o HINKTI st
RCObject R4y T AT AMEAt 5 | TSy, R34t 78 oy ek g AT T34 51 T3

B, AR X SR BN BRI T TN e 2. R T A String 1UHE DU I b
KON iz 5 s Boh B ] StringValue ) addReference f1 removeReference Bfi%. XIRAE
it FRATARE XL BB N — A ATE 2T, DT String XSS AIER A H 40
G HTHEAEATAN Y o RESEEII 2 C+ SCRFIX AR IR F e ?

fBo WA — AN I EK A VRO T TAE A R B ok A —A
JFEAT LU R ER 3 2o K2y TAERS ik e (FE—383rh, fRAT LIS BR T 5| 40 i
RS, (HIATIM String ALK P Z —. A AW REEIR T3, AL
B, ERIATENS ke JE const JRAN operator[]. BIHOL b, FATHRLHIN T XEKIK.)

B> String M RAE —AMEEHE R StringValue X%

class String {

private:



struct StringValue: public RCObject { ... };

StringValue *value; // value of this String

I
A1 HAE StringValue XA refCount F-BE, W BT IHEAT —ANE 7 & 1 F6 %
5 ERAE TR BIFE “HBIFE” GEE DR et a8 e 5. i
AR TR ET B CANEX LEFH AT A B HATXS refCount AR AL AHRAE, A FATH
FHT o AERE, SREFDIREINGS, XA AR I IEAE th S N AT RER . I4F, £
—ANIPERIG R EAT]: AT R RAFEE O R AEAT, (HIRFEE 2R TR T .
IXFERIXS G R IGFRER, R CALE Ttem M28 IXFH BI'E I 2 4177 . SERATX LI &,
SUBANEX S 208 1. RIGIREIR GSCFRF 0L SE (=) FIRGIH GO XM ERIERT,
R ILFREN —FF, JFAIAN IR — AR 9mSR AL IRANBER — MR T 1R T5Fa s a1 —
AMET RBEIRZ
X)L HE S | H oo AT HT ) R P FR BT R -
// template class for smart pointers—to-T objects. T must
// support the RCObject interface, typically by inheriting
// from RCObject
template<class T>
class RCPtr {
public:
RCPtr (T* realPtr = 0) ;
RCPtr (const RCPtr& rhs) ;
"RCPtr () ;

RCPtr& operator=(const RCPtr& rhs);

T* operator—>() const; // see Item 28

T& operator*() const; // see Ttem 28
private:

T *pointee; // dumb pointer this

// object is emulating
void init(); // common initialization
I
XA L R IGFRE R A IE G . W AR EA AdiedE . X sedif R AR,
IXLEX 0] L H S AT IE R I3V E R AL B RATTHR 1) (R0 B 1) refCount 7Bt
B, 24—~ RCPtr FJEREI, "SR N R LG IS | v el . AR AT R 5



FLALBIX AN T, KA RCPtr MUMIE R A A AL RS . PIAME3E s 2O LPARIRD, bR T H)
AHNR EIANE, A TASWEE, AT ERAN— N4 init BRI R bt — %
W
template<class T>
RCPtr<T>::RCPtr (T* realPtr): pointee (realPtr)
{
init();
}
template<class T>
RCPtr<T>::RCPtr (const RCPtr& rhs): pointee(rhs.pointee)
{
init();
}
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 (kpointee) : // isn’ t shareable,
} // copy it
pointee—>addReference () ; // note that there is now a
} // new reference to the value

Fa A R AR RS NV U1 ni ¢ SRE KN R RO AR AR 25007 1), (E S BLAE RS IR K,
PURAEREAL, XA B EIAT AN TE A

) R IEAN: 2 init FFEAIEE value I—ANHT45 DU CBRA CAFAE I #5 DUL T AN AT 4L
LIRS, AT T IR

pointee = new T (*pointee) ;

pointee [FIZRALESR M T (FRER, FrLX —iBARE T —A80 T X%, IR I
PRACHEAT T W64 . T RCPtr J24E String JENHE, T Kfi String::StringValue, LA L
[ B A)H5 PR String: :StringValue [RI4% DURIIE oA 2o BT A X AN o 015 DUAL 325 b
B, T UAGR AR R A TR B o IEAN A 5 DUAL Tk R A0 ST CH+1 1 80 A s DAL i
BRI, B ULT StringValue (%l pointer, M¥#A# WITHR MK char « P78 .



AERAT AR LPARATIE CIASGZ IV #RKAE, X2 AT AR BAZ TR A
AEATREF 2RO PE DIk pR £ CRIBREZ 50 19295 (W Ttem E11).
RCPr< TOREM () IEAAAT A BGR T T S A7 IEAAHEPE DT CniRH% U1 (4% DAL 3 Ry
o TATLIALE StringValue HHHEIIIXAE ) — N R 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);

}

TRPE LA 3 bR B AT AE AN A2 RCPr ST HME—BUBE . " IAZER T I RCObject 4k7K, %
/DPEHE T RCObject MIFTFEMLIBREL. 5L BT RCPtr X5 HUE s 745 5| H 114k
XY, EAMREIAL . Add, XAMBRBA 2 I 5N SR

RCPtr<T> i d Ji — ME B B IR M X RN To IXALF 2 WARK . 38, pointee
(RPN T {H pointee AIRESERS BRI T (—MNIRAEZR. @ltn, R REATH—A
2% SpecialStringValue s& M String: :StringValue Z& ).

class String {

private:
struct StringValue: public RCObject { ... };
struct SpecialStringValue: public StringValue { ... };

b
AT LA AN String, f25 1) RCPtr<StringValue>¥g i/ SpecialStringValue
X5 X, FAIAE init BIXA):
pointee = new T ((kpointee) ; // T is StringValue, but
// pointee really points to

// a SpecialStringValue



W /& SpecialStringValue ¥4 VURIE BAEL, AN E StringValue H1H5 Ui B2
TATIAT LA AG FH il 2 UM PR (L Ttem M25) SRSZPLX— . XFFIRAIM String 2%,
BAIAWIBE M StringValue JRAE T2, AT LLIRAT] 203X A 1]

FHIxFH 7 R SZEL T RCPtr [KIRIE B S

RIILE B IUAHR R . I8 SAR ]

T, ARl BRI S Al JESoRas R SR A T o S20s, RN R
ZAEBAN NG R ES 1) init RECHACLEL T o ATl BLIEHR AT A e -

template<class T>

RCPtr<T>& RCPtr<T>::operator=(const RCPtr& rhs)

{

if (pointee != rhs.pointee) {

if (pointee) {

pointee—>removeReference () ;

}
pointee = rhs. pointee;
init();

}

return *this;

}

// skip assignments
// where the value

// doesn’ t change

// remove reference to
// current value

// point to new value

// if possible, share it

// else make own copy

BB BUR A S o 29— RCPtr HEhT RIS, & FUR TR Sl e 51 ATV B 219 51

o Bx:
template<class T>

RCPtr<T>:: "RCPtr ()
{

if (pointee)pointee—>removeReference () ;

}

WHRIXAS RCPtr s fa — Mol HEMXN S, XX ZKESAE RCObject 1K I R 4L
removeReference M. Kk, RCPtr X570 </ OVaY 8 e AT 146 1) B4R AR Tn) 8
)5, RCPtr MIBHLERET MRV E M RAE Ttem M28 & B R I5HR4EF 43

template<class T>

T* RCPtr<T>::operator—>() const { return pointee; }

template<class T>

T& RCPtr<T>::operator*() const { return *pointee; }



® &
i 1 V584 Ve BATR A0 e it #3t — ANl FAT Y RCObject T RCPtr

A5 I vH 80 String 28, 8iVF, ARICEA SR FATHI A H Az .
AN G TR Sting o B4R SEILN IXHT: (1) K0 454 -

RCObject
class

public
inheritance

StringValue

object Heap Memory

pointer painter

I E X
template<class T> // template class for smart
class RCPtr { // pointers—to-T objects; T
public: // must inherit from RCObject
RCPtr (T* realPtr = 0);
RCPtr (const RCPtr& rhs) ;
"RCPtr () ;
RCPtr& operator=(const RCPtr& rhs);
T* operator—>() const;
T& operator*() const;
private:
T *pointee;
void init();
b
class RCObject { // base class for reference-
public: // counted objects
void addReference () ;
void removeReference () ;

void markUnshareable() ;



bool isShareable() const;
bool isShared() const;
protected:
RCObject () ;
RCObject (const RCObject& rhs) ;
RCObject& operator=(const RCObject& rhs):
virtual "RCObject() = 0:
private:
int refCount;
bool shareable;
b
class String { // class to be used by
public: // application developers
String (const char *value = 77);
const char& operator[] (int index) const;
char& operator[] (int index) ;
private:
// class representing string values
struct StringValue: public RCObject {
char *data;
StringValue (const char *initValue) ;
StringValue (const StringValue& rhs);
void init(const char *initValue);
“StringValue() ;
b
RCPtr<StringValue> value;
I
7 KAy AL T T 5 B B ROET, AT Am R Ak Ardiktfm R, FRATHE
String::StringValue "I T > init sAL H, WFAT FHEHEA 2109, € H AR RCPtr
HRIARTED: T R AL 3 e 2 R A AR
KHEAT AT REAE: XA String FEMAATH RIS A FATE F R FRAS A
[ o $5 VUKt pR BOAE R L 2 IRECE SAE R L 2 B Ay e /e MR L 2 3K LW WA )8
by b, W 8 TAEREF . WRIREE M4, WHEEY: C+ 7T (prepare

yourself for a C++ epiphany).



PATA PG EOM L B 71 #5, String XWBNFE VIR, JFH, XA UK
T A AL BERAE 5 T 5 VU StringValue X4, {H String AT ES FHA—174%
MRk TR BN PESE N String HNAERUKIFE DRy 3E B 80k B i I RCPtr B 51 1)
P VUK A% R HS, T3 AN DU R E050 BIT A L 2RI 6T StringValue MR IHAE, A HE
SIUH T E . RCPtr & —ANRIGIRE, PR el se it AR . & R BRAE R BT A9,
VA String KRFEFEATES HIX R, JATH A H Bk AR =T 5 1R A3k
1A CSK String KPB R HIafTHBIE R AR P MHEMIVERMEM . B, A
S8 T X (I RCObject I RCPtr PANE), FT LA & SARTFIR TAE I 50 ar o« e Ak mh
Az B TAE .

BT UAAR PUIBAE S, 1XJLAE RCOb ject AYSEIA:

RCObject: :RCObject ()

: refCount (0), shareable(true) {}

RCObject: :RCObject (const RCObject&)

: refCount (0), shareable (true) {}

RCObject& RCObject::operator=(const RCObject&)

{ return *this; }

RCObject:: RCObject ) {}

void RCObject::addReference() { ++refCount; }

void RCObject: :removeReference ()

{ if (—refCount == 0) delete this; }

void RCObject: :markUnshareable ()

{ shareable = false; }

bool RCObject::isShareable() const

{ return shareable; }

bool RCObject::isShared() const

{ return refCount > 1: }

X J& RCPtr [R5 :

template<class T>

void RCPtr<T>: :init ()

{

if (pointee == 0) return;
if (pointee—>isShareable() == false) {

pointee = new T (kpointee) ;



pointee—>addReference () ;
}
template<class T>
RCPtr<T>: :RCPtr (T* realPtr)
: pointee(realPtr)
{ initQ; }
template<class T>
RCPtr<T>::RCPtr (const RCPtr& rhs)
: pointee (rhs. pointee)
{ init(Q; }
template<class T>
RCPtr<T>:: RCPtr ()
{ if (pointee)pointee—>removeReference(); }
template<class T>
RCPtr<T>& RCPtr<T>::operator=(const RCPtr& rhs)
{
if (pointee != rhs.pointee) {
if (pointee) pointee—>removeReference() ;
pointee = rhs. pointee;
init(;
}
return *this;
}
template<class T>
Ts RCPtr<T>::operator—>() const { return pointee; }
template<class T>
T& RCPtr<T>::operator*() const { return *pointee; }
X4 String: :StringValue [FISZH] .
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; }
), JA45%) String, BRI
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()) {

value = new StringValue(value—>data);
}
value—>markUnshareable () ;

return value—>datalindex];

}

IR E NPT R S RRA AT LU, IR 2 BIFRIT e SR—, R
PEATIR 2 (ks o DAOA RCPtr S T KB ARTAE String A ERSERIAL BE S | TH B4 1~
B BN LR A AR RIGIREN O e T N AR ST . SEBR b, ME ARG R A
operator[J B, FAIHMH isShared p#fU% T HIEAE refCount M, I RIGIRE
RCPtr XS ZIH R T 5N 5 DU T T 4edr 5| vh BoE i) TAE .

XM R AR WERE SRl AURD 2 EBE SO BRID I B Y AR, XA AT
String FEAS X AP IRl & R SEBLAN Y, XA R IR DGR RE A AT
EEUFN B AE, XA G AN R . String MR B SR Y BTN T 51 L
FATEEIN T ARCHA String MM ICZRIRES, BATR 5V EBIhREB A — 82K,
P18 T Rtk ok Qs B 5 -ITHEL BRI ATAUEEA T E B 2L R, ATk
A2 String REE X, PrU i B g BB, (HARATAE B CARY LR B 2] T
SERMITRY . VRE D] T2 Iahemf SR MR A A ARG .

o TEBLAFR ERING|
BIPLAE N 1E, BATHTIHE AR B AT RENE VT R A7 SRR RS o (H W R FRA T LE —A

RS HE T IS B SSRGS IV B Ar AbWe 2 ANPTRELEE AT RCObject Zk7KH],
Pt AN GEX EATME I RIGHREE RCPtr. RATTIE AL 2



ATy B TATIIBAE N NAE S BATTE T LUK 5 L T H RO B R R Y

R RS RCOb ject kAR IKITE, FATHR BB AR 2T AFE T o FERXMEIL T,
AT EEIGIN— AN RCWidget DAL AEHT, 1 T AT A% AT String/StringValue 4]
T—Ff, RCWidget 1 String #H[], Widget F1 StringValue AH[H]. WilH K EIXFER:

RCObject
class

public

inheritance

CountHolder
object

pointer

A TIRAE T AN X AR 35 s VSRR o (18 268 0 3 e /1S mT LA s 1 o — > o )
SRR AT — N2 CountHolder LAANHE G| 4L, & M RCObject Zkrk. ]
il: CountHolder & —MaEHR ) Widget o SR )5 FH A4 i R 5455t RCIPter MR EAR RCPtr
Fitl, ‘& HNIE CountHolder RIAFAE. (BT “17 FoREFEE “indirect”.) EMUGE K
Wk

RCObject
class

public

|..I'.‘.’Ii‘|','.'.f|'._’.'?.fi‘|;',' g

RCWidget
object

RCIPtr
object

CountHolder

object pointar

Widget
object

& StringValue —#%, CountHolder XIS, & RCWidget MR Y. SEfn L,
‘Bl RCIPtr HYSEELAN Y, PrLle ik EAEIXAN K. RCIPtr HSEHLUT

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 s*counter;
void init();
void makeCopy () ;
b
template<class T>
void RCIPtr<T>::init ()
{

if (counter—>isShareable() == false) {

T *oldValue = counter—>pointee;
counter = new CountHolder;
counter—>pointee = new T (koldValue)

}

counter—>addReference () ;

}

template<class T>
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) {
counter—>removeReference () ;
counter = rhs. counter;
init();
}

return *this;

}

template<class T> // implement the copy
void RCIPtr<T>: :makeCopy () // part of copy-on-
{ // write (COW)

if (counter—>isShared()) {
T *oldValue = counter—>pointee;
counter—>removeReference () ;
counter = new CountHolder;
counter—>pointee = new T (koldValue) ;

counter—>addReference () ;

}

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; 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 HPALANIF . 55—, RCPtr XS HHEARMMEA S, 1fi RCIptr X 4t
18] ¥ CountHolder X438 MIEN %, 2, RCIPtr E# T operator—>Fll operators,
YA R X SR const FIERERS, HEHE UL A BT
A7 RCIPtr, RAZ S RCWidget, P24 RCWidget FRIBEAS R HCHS 2K b HI AL i 45
RCIPtr LLERAE Widget X% M5, W1IR Widget SEIXFFH:
class Widget {
public:
Widget (int size):
Widget (const Widget& rhs);
“Widget () :
Widget& operator=(const Widget& rhs):
void doThis();
int showThat() const;
b
A RCWidget K545 E SOAIXHF: -
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
1 RCWidget (AL KBS B4 BB AR NS HOR A Widget BIRIE KA Gl
new #EVERT, W ITtem M8); RCWidget ffJ doThis /EA] Widget ffJ doThis BR%ELI; LK
RCWidget [ showThat /&4 &[] Widget [ showThat FIIRMME K. [RIFEELT & RCWidget ¥



A7 H P DU I e EOFR A R e B, AT R 2. Ul String 2R—FF, EATREX
SEpR 4. JRISHT RCIPtr (4T 4, RCWidget FRIBRINFRASKE 58 % i iff (1 34

WA Ry A2 RCWidget HAT AARMUBR, ‘&M% AT, IBAMER1 . AHES /N
FEPHEZ W Widget IXFEIIZRIMIHTH RCOWidget IXAEMIZE . AR T —DNIXFERY, iEik
FANIE .

o it

iEFRATTM Widget. String. fH. RIGFREFFIGIHUMEER TG — T SAHLE R
— N, RS NE TSI EORMEREER, FRATT DA S A BN R
[ B, A AT 4 A 5 T T 40?

SIS VRO 2 BT AR o RSB SRIE —AN S TR, O R
FEULIERP G AR A SR AE S IV R IE TR 2N AE, T3 AR B AN 75 2540
T2 ARG, SeAh, s SRR, g T BRI R0 5 A B LEAN A IR e ¥
AHIHUTE String KA T A, MERAREN String WK A =AMk
(StringValue. RCObject HI RCPtr) SIGVEMIH. A5, FRATXA B LA ih i CRAEAE
PN R ST i R B T ERER N A R FR 2, S8 T 5 | T AR R S g vy
FAVE. H, KPYANRBIE ok PR SCRE. Mg, HpAREZME 2T
. B2 BN R E X s

S FVHEOR RT3 G i S A R A R S B (S, TtemM18) . W LAk %
ANFEALITE, 51 HTHECR L i 1 B SE 2 (8 AR BT S8 2 (ARG . 53— T, iR
PRI Gt S A7 EARKH RME AR 525 | TV H0Ks ] B 15 2 s TRDR 245 8] o L2 AR BT v Y
RO, RIS G H B Z, WA R AR ORI BRI R AR BOK,
PRAMRWEEZ . Bz, 5IHTHEEE TP OL R4 s 8o R4 H -

B PREAR R B IR G52 o SR 10 o e a4 P Ok 5 A R DA v R A
XS /MAE R LR Sy, R B A S L TR

PG IE R BN S A R s b, B AT KR I A IR, WA 2
ARSI F A, 51 AR A T AR AT AR 75

HAA A INEAR N LA R L, XA TP EA S B % (W Ttem
M16)o XTI VA profiler B THA M. MM, IR EUR IR 50 4
FVE A AT A 2RO, JFREfHIN B /BRI L] . RAT 90T 1A T X8, R4
REAT 2 A5 G IR T 250 145 380 (0 4 A Je e o5

R BT A 2 T, A ST E R AT R AN s i) . A7 SE B Ak (AT )
BD K B0 T ARG o IXFE R E s 450 m] R T BIAL I H 5T HIX S, e 3o
MNAEF, TSRV AN 23 B 21 22 o BRI IXAN TG FH B G540 T R B A0 4 ) 45 ) v ) &2
ARG o T AR R 3R AT A A 2 A8 AR ) ) 3 AR R A XA ) 5 ) R BR AT,



B FRATTIAE AL (R XA T B0 5 | o AR A R I A B S8 AR XA T RE .

R AN E 2, 51T EAARAR I ST RARAN B HE Y 2 25 40T I B 3))
Y, B2 G HIVHEOE R X AR 87 155« AR FERE 53R XA R R A 5 1 o
.

AT EG — R BEE HHE . 24 RCObject: :removeReference #l/b X% 1151 F it
sl ERETEZET N 0. RS2, removeReference it A delete this #5EM% .
AR QAR GOl W H] new AR A 224, Y DARRATIFE 22577 LA £ RCOb ject
HAEFH PPk A

IeAl, FATTH 2Bk f#E . RCObject HBe vl A FAERE 5 1V 0T G R A
F, IR AR X 5 N % R IS HRER RCPtr 51 o BbAh, (X5 1% H g & LS ()
GRIAIA; T BB T 1 A o FERRAT TR, EX SR A2 StringValue,
FAd e Y String AL PR HIFLAEH o A String W LA StringValue X%,
T LA String ZEMVEE WA PR IX LE (X G &l ik new #4E =R .

T, AT RCOb ject HAe/EME BBV I EHUR TR & — i L XN ER IR, JF
DR AT IX BB O RCObject X5, HI P ANTTRE A (Bif Rty FH—FA S Uiy
AU RCObject X5 FATTBRSG] T GBI 51 FIvHEO S IBU, 4 RATAE HX A BT I
VO ZT RS Bt 2% P A 0 A ) T 52 11 B T 4
® F10

WA CHHSATEER I string 288 (L Ttem E49 Al Item M35) [AlIH#H] T )i 2 Ay
7230 MAE const [ operator [T R A5 ELEI N — R A BEIE S0X A string [KIRRET
W IR #GR AR . A G, XA (BRI 77, Has RRE . IXFE
HE VT s string A EARETE T PTRRIE X string IR R true,

7.6 Ttem M30: FLHR

HARVRRIR ISR K ] R A AT [ — M A, (g AT o, W A XA ]
R, CHIBBEATNREIXAF, F, e AN cfE LU 2% . 78
FORTRAN. BASIC 42 /& COBOL H, RAILAAI 4k, —4E )4 n 4E404] (0K, FORTRAN HEEf!
W% T R, R TRESREN) . (HAE Crrpig? SRR, i Hoh SR SRR R
JE L.

KA

int data[10][20]; // 2D array: 10 by 20

T [F) P 95 A G AT FH AR S VR AE (0 /N, A2 AN ] BATR

void processInput (int diml, int dim2)

{



int dataldiml][dim2]; // error! array dimensions
// must be known during
}
T, FEHESI R A AN
int *data =

new int[diml][dim2]; // error!

o SLH—4MA
Z YRR AE CH+ AP (AT AR BERFLE T8 S AR, DT AR B — DB SR A R R 2

(Ko W IR CHARIIRRE % H— N ORSEBLIRATBTR Z 0T CHik 5 PR R4t
IRV DRI, BRATTRT LASE SC— S SARAROR S B — 4 454«

template<class T>

class Array2D {

public:

Array2D(int diml, int dim2);

I
WAE, FRATA] L LAt R 8 1 -
Array2D<int> data(10, 20); // fine
Array2D<float> *data =

new Array2D<float> (10, 20): // fine
void processInput (int diml, int dim2)
{

Array2D<int> data(diml, dim2): // fine

}

SR, fF XYY array M EIFAEIET 2. iR4E CF1 CH+rp ik I, AT IV %R
I (kR 1 5

cout << data[3][6];

{HIRATAE Array2D 2H NAZ R BTN AR A DA 34 TR] LUK A 42

FA 1A b Bl AT gL H W] —> operator [] []pai %K

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, FAVRPU & X Mhs)y, BV operator [T TTRXMZRTY, Jl 45 B AR ) S
PRGOS . (FrA W LLEIMIEHAT I Ttem M7.) A5 .
WARAR AR DA P RIEE, IR RES S ILEE S O KRR G184 . X4l R
H4¥, 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 a0 5 -

cout << data(3, 6);

ARK Ty S, TR S ) ST 2 YER A . B mUE RN Array2D X ZE EKRH
WA — A G SEbr b, BIRVITRIJCER (3, 6) MR ARG R RAH R EUH .

WHRARAE LAk Us ) S04 T A B KR G2 . FORTRAN SR8 REOR 1K), 450K 7iF vk 2> B4 [
ke BAREA operator[J11, HE N XML AL

int datal[10][20];

cout << datal3][6]; // fine

YL T A 42

B, AR data ARECER AL, TR A 10 TCEM AL JhR AT
E A 20 TEEMMAL, FiLE% R data[3] [6]5255 [ (datal3]) (6], Wit data
ST BN 7 ik, Himsz, B AREGE A5, 840
NI ] e 20 A T

AT Ll 4K Array2D %00 operator [15KBEFIREIIIERR. Array2D [ operator(]
SR —AB725 Array 1D (%%, FEER Array 1D () operator [1RIE [T F210 — 4e i
[y 6%

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, 8T
Array2D<{float> data(10, 20);

cout << data[3][6]; // fine

XH, data[3]i&[H[—A> Arrayld X%, EXANE LI operator [1#E/FIR ] — 444l
W (3, 6) frE EIiF k.

Array2D FJH P IFANTT BEAE Array 1D ZEMAEFE . XA G “— 4804 ” MRS
kAR, IR Array2D JEH P TTAEAE T o FL P G RE Ik S A A TE A 3 IE i — 4 %%
H—FFo 0T Array2D R H P XFHIOR BAT R X h TR CHIMRETLN, XEX5
WARAETET B T H P TR 2 7 — A 4R — A e 4.

TS Array1D SFREPE IS —A— 4504l XA — gL A EAH Array2D (R
o I o BE L BN R0 GOl B O AR . AEIXAMEI T L, ArraylD s —AMRBEE.
B S  (  — NEME S BRI — 4], CRIEREEXTS (proxy object) FIfY
2K (proxy classs) EARIEH; XFEIWSA BB surrogate.)

® XiEIL operator[|HEAT KR SERIFIE B EHAE
A AR S I 2 AR R ARE T 7 ik, (HARBESE R T i A 11X e i, Ttem

M5 o T AR ) UGS HEHIR B B 250 #ay s b Rl iR Y D AR e e p K. AEARBESE
(R i, el e i A X 73 i 0 operator [THEAT (12 B AFIL /2 5 A

8 — Al 5V SRR operator [T string JM . XFERISEIIA T AL T Ttem
M29o HERARIEA TSI HIC KT Jo ML, IS ABLAEAL L TG Ttem M29 i) N AR 2N 4f
FE

SCFF operator [ string R, SR L8 N IXFERIARND



String sl, s2;

cout <<

s2[6] ="~

s1[3] =

s1[5];
x';

s2[8];

// a string—like class; the
// use of proxies keeps this
// class from conforming to
// the standard string

// interface

// read sl

// write s2

// write sl, read s2

HERE, operator [J Al LAfEPNFURRIKNGOL R B D PREE — D71

AEEAE BRAEHERE. OXNAWRE TS, AEBIERESTN AL, A1HE
HMBEIR 2 H AL T8, B — DGR EWRAE BT RERE S, AR
U ENEE N2 T

PATRAX 3K operator [ GILRAE, DU, X AT 5T Bm iy, o
BAE AR T LI N TSR E AR . W0 Ttem M29 ERRIV, SIATHECI RIS 5
BN BAR AP DL, AT 2, AR R [ — M. ASERJE, £ operator[]W

i, BAT IR 2RI, ANTREX 20 e e (I A

“fm, ssts v
L A A

EERE

PRIE, “BATATEE. TATAT LT const JETEHEK operator[], X

FERUAT A P BRIE S T o7 A0, AR I RATTIX 2 fif o [«

class String {

public:
const char& operator[] (int index) const; // for reads
char& operator[] (int index) ; // for writes
]

MR, IXANBET A G AR AR TR 8 53 eR BRI SR 1K) const J TR RIE 6 1M 1 57 e 1)

const M3E const fRA, A G I EAEL, Kit:

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, Y operator [JWREX 73 ik 25 .

75 TtemM29 Hh, FATE A TIXFIARL N IR, FRRSE B ITH 1Y) operator []
TR GEE. XK, BOIASXAESBEH. WVFARTTREE operator [141#IX 43 A
HIESEAEERAE, (AFATTRAX e o FRBATE 234 —Foik. Wik R H i
A REE BT, AR AR AT A AR ?

BAT I BT XA FSL: WFATRELE operator [] NHFIX 0 A (B8 A4 (HER1E, H
TRAT AT 8K B DX 0T A LB A RS B A, G BEPRATTH A T 50 2 5 T AT b R B AT ] e
operator [J1¥1 45 B 78 A A0 FH 2 5 (R0 o AT T B2 (0 A2 A7 — AN D 00Re 152 805 1) 4 4R 2
operator [JIR[HZ J5. (IXs& lazy J@I (W, Ttem MI7) H)—Mol+.)

proxy FEu] LIEFARBITATITRR AL, U BATIT LMEX operator [1ik ek [H]
—A (RELFEFFID proxy MRIMARZTRFAL . A0 LA FIXA proxy BAHALH .
B, BATA LAKE operator [T B, Wk eSS, ALK operator(]
(R AL B A 5

AT EoRBE R, 0 5E Z IR A ML proxy 2. 1 proxy 28 F Bl —fF 5.

o Glge, hiidine EHEIAN T4 .

® KR NIEERAE R HAR, AR BT R LA (L 1 A e B s 7 4F s

RFER AL, proxy #0218 .

o B ARATE . XN, ACHEINE AT .

R AN SV string FEIME proxy JRELIX 73 operator [T /e AF e i 2 4
(B A8

class String { // reference-counted strings;
public: // see Item 29 for details
class CharProxy { // proxies for string chars
public:
CharProxy (String& str, int index); // creation
CharProxy& operator=(const CharProxy& rhs) ; // lvalue
CharProxy& operator=(char c): // uses
operator char() const; // rvalue
// use
private:
String& theString; // string this proxy pertains to
int charIndex: // char within that string

// this proxy stands for



I
// continuation of String class
const CharProxy
operator[] (int index) const; // for const Strings

CharProxy operator[] (int index); // for non—const Strings

friend class CharProxy;
private:
RCPtr<{StringValue> value;

b

bR T HIINE CharProxy 28 (FATKAE N UHE) FF, XA String 85 Ttem M29 i)
R RAAH L, ME— R Z AEHE BT ) operator [ BEIILEIR I JE CharProxy X%,
SR1M, String ZRAGH P ol LLARSIX— 5, FF 241 operator [1iR B A 4R 2 T2 X0 7457
(R HL5IH, W Ttem MDD Skgmfe:

String sl, s2; // reference—counted strings

// using proxies

cout << s1[5]: // still legal, still works
s2[5] = x"; // also legal, also works
s1[3] = s2[8]; // of course it’s legal,

// of course it works

AEBAZERTAE, MmEeN AT,

B XSKER]:

cout << s1[5];

ik s1IBTIRIFIIJE — CharProxy X 5o A A IXFE NS S8 K sk, B PAZ
PR S5 i T — AR S B 4 LUAT AT operator << H L (M Ttem M5). ‘EAIT4RE]
—/>: A CahrProxy KW EEHII] T — MU 3] char BU#AE. T2 B30 TN
B, SR CharProxy Sy AU FATHAT VTt 1 X/ CharProxy # char HJ¥E4E fr
A AR GAEA B AL I R A2 B S AT R

VEZAE I AL B A —FFE T . 155

s2[5] ="x";

AT —FF, RIAK s2[5] IR M E— CharProxy XJ 4, (HIX IR ' &M E HAE 1 H A% o
H1 TG ) H F5 2 CharProxy 28, JrEAIH I JE CharProxy R IR(E#RAE . X R RH L,
I A LE CharProxy HYMRAERAE 1, FATRTE B Y CharProxy %G ek A B HI - AL,



FAVHNTE proxy G ) FRFRAE AR, D TRAT — LE 0 B3R AE USSR A5 1K Ao
Bt
[, 1A
s1[3] = s2[87;
WHAER TP CharProxy X R MM #AE, FEHERAENES, BATRTE 27—
VEZedl, HiL—MELE.
CIEF, WF, RV RIE, “PREGIRE . 0K, XA String f opertator []BREIACHD
const String::CharProxy String::operator[](int index) const
{
return CharProxy(const cast<String&> (kthis), index);
}
String: :CharProxy String::operator[] (int index)
{
return CharProxy (*this, index) ;
}
BEAS BB B MIIR [B]—A> proxy X G RAE AT o MRASBAT WM TRV EATAT A 2
TAVH B HEIR ) B 3 BeA 1 03l 2 B VR 2 A
¥ &, operator[] f) const AR A iR 0] — A4~ const [ proxy Xt % . K A
CharProxy: :operator=;&/MF const [ B 51 bR, KAL) proxy X R ANBEVEME 1) HARAEH] .
PG, ANE M operator [TH) const AR proxy X%, i &Iy A # A GE
VEZEAEAT Y o ARTT AW, & E 4 2 AT TAR L const WA ] operator [ IAT A .
[FIFESLEEAE const ) operator [JIR[AIMEIHE CharProxy X%, Xf*this fiHIH
const_cast (M Ttem M2), X{FfF'EiL T CharProxy ZRAIME AR T2, " RIS bR
B —F const B String 38, FMHHIEH ZWAA 2K, (HAEHAL, operator[]
A& [AlfK) CharProxy X% H T A& const [, it EAAHIHHA String W ESH 45 AT BEM B proxy
KB
ML operator [T3& M) proxy A G id sk T B8 TR string XJ 4 AR s ) 747 1
T
String: :CharProxy: :CharProxy (String& str, int index)
: theString(str), charIndex(index) {}
W proxy SFGAEA AL I AR f] 5 — — K IR [l Frdm it i) A A7 s Ay B T
String: :CharProxy: :operator char() const

{

return theString. value—>datalcharIndex];



}
WROLE T string X% value B MIE IR data B KIOCRRIEE, 15 [A8—
T Ttem M29 LAME5RICHZ. PUOAIABRECR BN T — DN FAFHME, I H KDY Cr+ PR g X keI
BRI SR EAEAE T, T LI AN B 45 o B0 B8 L IR A (B A
[0k #5F CahrProxy HIMRMEHERAEAISEIL, I TLAALEE proxy X G PTHE 1) 515
PERRAE R H AR CEDZEfE) ARy o JRATTAT LK CharProxy MR {E £ AF SE8LUnF
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—>datal[charIndex] =
rhs. theString. value->datalrhs. charIndex] ;
return *this;
}
WS TtemM29 HRIAE const [) String: :operator [JHEATHLER, K5 2 & AT ILA
Bhe XIETRLZ . £ Ttem M29 Hf, FRATARMMAE BT A7 IF const i operator [] i
G EAE, PrUASEI XA . BIE, TATK BRI N CharProxy BT B,
TR LA AR const 1) operator [1HJI A S URMEA BN T 240t 0 S H8AE A . BEAE
e —h), EANREEEYIN string MR EHE R value. XAEATTHIRE CharProxy HIHIY
string FIATCHIRA
55 > CharProxy FMR{E 5 AE & AU -
String: :CharProxy& String::CharProxy: :operator=(char c)
{
if (theString. value—>isShared()) {
theString. value = new StringValue (theString. value—>data) ;
}
theString. value—>datal[charIndex] = c;

return *this;



}
VRN — A BERIHAE TR, AR IR A% BRIZ PN A P AR A, s
EATRAN— R KGR EH At = PRA R IR A 2

o JEfRM:
811 proxy FEEAMX ) operator [ME LB A B HIHF 5%, (HEAEBA B A .

AR EAK proxy X GO FEFTHHE KA G T8, (HIRARAES I XN, HEAR
JE HIETR A IZ IS LR, BN, proxy X% HIAT Al A SEBR I S AR —30T

PR FRAT Ttem M29 (AU,  LLIEWIEA A2 B4 StringValue X S48 01—
A RRE . W String: :operator [JIR[A][—A CharProxy 1A & char &, PSR
NI

String s1 = "Hello”;

char *p = &s1[1]: // error!

FikA s1[11RE—A CharProxy, T “=” MAilZ A CharProxy *. A M
CharProxy *H| char *f4 ek %, il p AR R PRI T . T, B proxy X%
Motk ) B 5 IS e Stk O ERAEAT B iR, HRA R AN .

TEHBRIXANAE, IR EER CharProxy KM HbIEIZH

class String {

public:

class CharProxy {

public:

char * operator&() ;

const char * operator&() const;

I
XL AR T S e const A IR [PPSR A 45 1) const L HFRET
const char * String::CharProxy::operator&() const

{
return &(theString. value->datalcharIndex]) ;

}
AF const BAAT 22— L84, DD EIR P A FREHE T 745 7] DARIE 2. B Ttem M29

HAE const ) String: :operator [J4T AL, S AR FEAT -



char * String::CharProxy: :operator&()
{
// make sure the character to which this function returns
// a pointer isn’ t shared by any other String objects
if (theString. value—>isShared()) {
theString. value = new StringValue (theString. value—>data) ;
}
// we don’ t know how long the pointer this function
// returns will be kept by clients, so the StringValue
// object can never be shared
theString. value—>markUnshareable () ;
return &(theString. value->datalcharIndex]) ;
}
FEACHSAN CharProxy MIILE KA AR ZHIF, BT ARSNTERRE EA T A —AFA
A 1A R
char MYRHLE [ CharProxy 5 —ANANRIZ AL H B 5 1 oA A B B bt R 3RAT]
MU proxy FEkIX 432 operator [ 1/EZEHIE & AT (A

template<class T> // reference—counted array
class Array { // using proxies
public:

class Proxy {

public:
Proxy (Array<T>& array, int index);
Proxy& operator=(const T& rhs);

operator T() const;

b
const Proxy operator[] (int index) const;

Proxy operator[] (int index);

I
F— NIRRT e EREAE -

Array<int> intArray;



intArray[5] = 22; // fine

intArray[5] += 5; // error!

++intArray[5] ; // error!

WMIATFORL, 24 operator [T4F & i 5 A MAE#AF 1O HARIS, 2y, (H47E B
operator+=fll operator++{I A MIAF, KK T . P operator [JIR[Fl—A> proxy %%, i
W1 operator+=AHl1 operator++#{E. [FIFERIIGHALAE T H & EAME K BRES, Wil
operator*=, operator<<=, operator——4%54%, UIYLIRA L IX LA AR I FE operator (] |,
WA Arrar<T>: :Proxy J&5E SUITATIX LR £ X2 — MR R AR, ARm] AEAN R 25
o ASERE, IREARMOXLETAE, ZLARATIXEEARME, AREM4.

AN RACNY ) LA . 3L proxy KGR TS BRA B IR B b pR A . ARRETT B2 A
AIREM . it RBIRATH AT 5T A b PR A B . FRAT 1K 2 L — Rational 28,
ARG AL FH AT I A 2 Array AR

class Rational {

public:

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

int denominator() const;

b

Array<Rational> array;

A FATIT I RAL 72, (HIRA IR

cout << array[4]. numerator () ; // error!

int denom = array[22]. denominator () ; // error!

WAL, AFZAARERE T operator [13R[H—A proxy %4 A & SEB#RIK Rational Xf
%o AH I BREL numerator () fil denominator () RA7AE T Rational X% b, 1ANZEH proxy
X% B, IR PR A T A% . EAERT proxy X G EIAT AR E AT KN G — 2,
PR 25T E B AT AR T SE Bt G ) B — D R R

T3 proxy X BREACL FRR GR G DU 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 [JiR[H]—A> CharProxy X%, {H swap () BRECE R 'E S EUE char &
R, —> CharProxy X G Al LAEN U4 — A char, (HECAH A0 char &Ik 4.
16 AT BEFE 4 ) char FFANRERCA swap [#] char &S5, [ IX A char & —AMIRIS X% CE
J2& operator char () (ERIFMED, HRE Ttem M19 FUMARRE, JELHG IR N 590 5E A E const (1)
SRS EAEB.

I J5 Tl proxy X ZRANRETCAE A SR B DL B U A . 2 proxy X5
A4 0 & By IR SE B N, AN e O e s BB T . i, A
CharProxy %% 0] DL Jy & #3181 char, i8] operator char () Bi%t. 1 Ttem M5 fi#
FEIR), S PR 0 T FH B BT K S5 46 o L e B9 B S B, A — AN e S
Bk, T2, IR AT REAE R B0 I, A& SEBRnt Gt BT L proxy %5t R . #lln,
AT —A TVStation KF—AN e EL watchTV () :

class TVStation {

public:

TVStation(int channel) ;

I
void watchTV(const TVStation& station, float hoursToWatch);
fitBh ¥ int 2] TVStation MESASMEH (M Ttem M5), FATAILLX A
watchTV (10, 2.5); // watch channel 10 for
// 2.5 hours
SR, 244 AN proxy JEIX 43 operator [JEZE A7 {E 7 5 | VB0 BOA BERR i
FTATHAGEIX A T -
Array<int> intArray;
intArray[4] = 10;
watchTV (intArray[4], 2.5): // error! no conversion
// from Proxy<int> to
// TVStation
T ) U AR B AU A i b, e ARAERAR . S2Br b, SELFI BT I %02 B W] B
P& BRECR explicit, DMIASEE— R B watchTV () AT A # BRI D¢ T Ba A8 AY 4
IR explicit XJIEIEEN W, Ttem M5,
° Wik
Proxy 2] LLSE B — L B e T VAR MESE AN RESEELIAT Ay o ZYER R — M1, /o
SR S A, R AR (W Ttem M5) 2=
[, proxy WA H M. EAREGRIMIE, proxy ME 2% (W Item19), &



TR IE R o XA G 9 1, BRI REM R 2% T X B 5 1R ) LA 2 1
M o Proxy X B RAFAESE I T AT KSR, DR BRSO M In (R S A8 45 A S vl Sl
BRRIYE o

a0 SR B AL B proxy X R INREH SR T HRMEX, K
4 proxy X G R B 14T 4 5 SRR SAT SR K DO . AT, IRXAERE BT RGN o
TRIEFAE ] proxy X5, ERZHIL FRDAEA 208 proxy MR BEE M. B, R
A P TR 4R AL 7 P i Array 1D SFG I, A E A AT REKE TR TR0
% (L Ttem M5) 1ESHfess — MWRITERMImE. EIRZHUT, proxy MRATLITE
FRFMSLERR R o eI AR, S8 e 8o He & R s O

7.7 Ttem M31: ibEREUARE — UL LIRS RYE B2 ER

171, & —F Jacqueline Susann [{if: —UGRANBK . BIWIRATH RS
Sma L FEFKMREY 5 TAE, 75 Redmond, Wshington fj—/N& A AR —— 44K,
RVHIHRERE . A TARBNEHEINER, R EMmS — video game. WM 5
RERAEAERS, AT W R RVMT A,

FEVRRIE (TR S P 28 R R MVIMT B, e ATl RE S AR . s I
e

® R KA ()l DA R A, KRR R s e I, AR I BT AT

LR
® WIR KM WA, m el o R A LA, 2 BT I L TR T 1 4
e

o LIRUMIES WITEEE R, MBSO WM ERRECR, e
27 A b B

®  WURPIAS/MYTIRAAE, KRR S NR/MT A, IR AT IS

R BRI HAERATNS T a2t T, HIE— N EAAL C+AUS
AL BRI [A] AR5

FATA AT CfE S R e MM IERR DT 4G 2220, B EIzs), Brbify—
AR IR IX AN EE) . T, BRI B — DR, e T ULk K . S
br b, XFERSILTRAEMEEESS, JEH, WRMREORAE Ttem M33 B, FREL
B BTEL, QRARA R I



GameObject

SpaceStation

SpaceShip

class GameObject { ... };

class SpaceShip: public GameObject { ... };

class SpaceStation: public GameObject { ... }:

class Asteroid: public GameObject { ... }:

WAL, ARBARTFLETEANTE S NS, S AT AT AN Ab B A ) (RO Rl o AR B2 XA
— AR

void checkForCollision(GameObject& objectl,

GameObject& object2)

if (theyJustCollided(objectl, object2)) f{
processCollision(objectl, object?):
}

else {

}

WK T o 4R processCollision () I, #R%N#E object] Hl object2 iF ff A4,
I FARENTE & 1E 1 45 BB I e T object1 il ob ject2 B ECSZZETY , (HAR FEA G H T 5227,
PRFTAIE R A E A 12 GameObject X%, U SRRESE ) AL BRI FE L BT object] (IZhZS
% M, fg W LL ¥ processCollision() % K K K ¥ ., I M M
objectl. processColliion (object2) o WIF I ELI T object2 MBNARAY, ] LAFFEAL .
HHAE, W TR RIS R ER R B E—IR 5 L, EA L IR
fi) 5 o

PR & — B EIEZ AN G B R CHro R LR s A T2, IR0
TSI B ER . AR B AT ?

PR R G, BRIHETE T . b, ARAT LA CLOS (Common Lisp Object
System)o CLOS SZHFHL A7 T 1] % % 1) e 0 Tl A4 & b BB S 4 V5: multi-method.
multi-method E{EAERZ S E LIERIK RS, JF H CLOS TEE— P IH AL T B afdzs il 4%



FAN) mul ti-method K dfal i FH ” (Hd5dE.

EBAUR Y, R C++3230, BT LA B — AN VR SR R O AR Ny« — 1
(double dispatch) "), (X4 KH T object-oriented programming community,
AR LR RO R TE /& “message dispatch”, T3EMANSE B @ “double
dispatch” SEHRM, #EiM) 2, 2N EMERENY “multiple dispatch”) LA
JHET UL IR o AR AR A S AU, XA ZA R G B “double
dispatch”, BTLAMRAZE C56 B 1F 45 78 SEILE B AU BTt TAE (W Ttem M24). i
BHAE, ATATREAT 24 EH O T, JEH CIET ML T TATEA, i HIRATH AR,
JTLLR BRI 224, A ADNRIET .

® BRI RITI
BRI T — AR, X PR TRk PR S TRA SRR R L

BT LAFRATTAE GameOb ject HHHIBH—ANE BRI EL collide, IX/NpREHE IR AR LU 1 L FE 4
class GameObject {
public:

virtual void collide(GameObject& otherObject) = O;

I
class SpaceShip: public GameObject {
public:

virtual void collide (GameObject& otherObject) :

b

PAEIX LS TYRA:2K SpaceShip [T LL, SpaceStation fl Asteroid B SE 4 —FF
iR

ST, R L PR A L V2 M R BR A R AR A AN N AL L then. .. else B {EIX
FORIER AR T, FA115 2602 KB otherObject (IITSLZRAL, ARG IR FTA 1Al B

// 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)) {
SpaceStation& ss =

static cast<SpaceStation&> (otherObject) :

process a SpaceShip—SpaceStation collision;

}

else if (objectType == typeid(Asteroid)) {
Asteroid& a = static cast<{Asteroid&> (otherObject) ;
process a SpaceShip—Asteroid collision;

}

else {

throw CollisionWithUnknownObject (otherObject) ;

}

HR, BATTHERM P 2 DRI, F—MExthis, BT EREA R
Filr . FATIAEAL T SpaceShip KA K, Prllxthis €& SpaceShip X%, K
PEFRAT 7 otherObject [,

KJLIARS — AR . EARA LS. WARE S L e THE. RTTI HA— 4 A4
2 EHRARERILE . LhRIERRE TEE 1 else 0], EXILIET —ARH.

AT AL LTIl T 335, EAREAS collide pRECHR2AZ0 AIE B LA & A 28 vh
IR AS o DGR, W BB — A 2R, FRATT AU B — AT RTTL /Y
if...then...else % LICFIXABIGSEAL, BE N ER T 4, FFEA 4 bug, 1fiH
EIEAN AR o G AR Y T ) FRA TR AR 22, DR BT AR A AN Sl BAIE A 4 (3
W Ttem E39),

KPR CMFRFAE C IES T OSRA BT, mBEATHANE, XA
J SR BT RN B A R P B AN TR ) o I N R R R
W 77 A R ARG IR AR SC 10 bR K0 FH (007 FH AR P DU 4 et o M IRATTAH RTTT S8l — i
FERE, BATIER B 2 s H

XA I R S C 1 F T S BUT G, EA CHE F AR S B R ARSI



CESE, FRAIAE collide BTN L T I )a (AR else THA), LAALBEAIERIE R —A R0
IR, IR UL N EBGRAN T RE AR, (HAEFRNPOE ] RTTT I SUE A HRER? AR
2R 5 IR PR AR G FURHR AT AR, (HBCH D AR R . R B, Bl
HPE T — N, (VARG A X XA R AL BERERS LLIRATT4r 2 /b, DDA 3RATT3E
BT A EAIAFE AL AR

o HffEH Rk
JCSEAT N0 UKEFH RTTL S TR0 2 7 DS e B B AIGH, ANId P e 2 ik 3k

G — N U R eR EOR e — A B2 ) 8 JX AN T30 RTTT J5 A X R RE R AR 28
collide BEH WM ME, JEREITAIRAZRTE € X, BUAh, BB RER, SN EHML
i —ANYRAE R

class SpaceShip; // forward declarations

class SpaceStation;

class Asteroid;

class GameObject {

public:
virtual void collide (GameObject& otherObject) =
virtual void collide(SpaceShip& otherObject) =

virtual void collide(SpaceStation& otherObject)

o 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

FLHEAR i Bl FH A S B — R B S AR B, gl A P A S ) R e R
B IR PE S — DX BNARIY, 5 IR RGE S AR RS FIHTH A, H Ik
JOE BRSO F AT (1) 42 GameOb ject 2RS4, FLSEIIE 4 ANz fot Hh fi] £

void SpaceShip::collide (GameObject& otherObject)

{



otherObject. collide (*this) ;

}

%, ERKESETEATIRIA A, WL IR otherObject A&/ T ¥ H
A BRI B, Tikthis BT E S E HFAFAE— P, SARIGIR R RENIE R,
I VRS R 2 B S 2R 2 s PRI — 2 R T s — AN ZEIX)L, A PYAANIF collide
BT DR, (EAR YR this ROFRASSEADKIE T H T — A BIERESRM R 42 Hh
JE7E SpaceShip MIEK B Ed, Jrllxthis 15 % & SpaceShip K., AW &=
SpaceShip ZHff) collide KL, TMAZH GameOjbect KM BHH) collide PR,

BT #) collide B %HE & B2 B %5, BT LAZE SpaceShip: :collide Hiff FH (i 42 otherOb ject
FLSERM SR collide FRA . TEIXAMMRAS Y, WANKT K LSS A 1, A2ilr)
sekthis CRBLIZAN KBS, 40 I H S8 AL SpaceShip CHRIIIIE SR AD),

& 7 SpaceShip S HE collide ISZHL, EIEZE T

void SpaceShip::collide (SpaceShip& otherObject)

{

process a SpaceShip-SpaceShip collision;

}

void SpaceShip::collide (SpaceStation& otherObject)

{

process a SpaceShip-SpaceStation collision;

}

void SpaceShip::collide (Asteroid& otherObject)

{

process a SpaceShip-Asteroid collision;

}

WEET, — AR, AR, B RITL, AR R Z A0 5 20 i
S NS ERLZ MU, KA R R B A S2Bs b, i R AN Bk
BT, T A S I R B ) L ) 5 SR T R

XAMGRBE R, FITTIE 20 RTTL JvE—FE: AN SRELAUE T F . 88 s
I, BT AR 20T BT o ANk, SR VERIRT T A — . 5, #AT if. .. then. .. else
s, NIRRT I I — SR B R BB, R E 3
I—~815 Satellite (4k7& T GameObjcet), MR NFEANBAFIIEIN— collide F%L.

B OIRAF R AN Lo, RARAE SR, R AE e R P ESE T
[—ANSZHEE, URATRECAUE I GameOb ject ZREk MILZ HIAERL . BRI, 8 n—ANH)
JR DR GRMER D, #HEARATRER). ki, VRIS A3 T B s e i 2R A



B, AHS2BR BWeAT. $TANEETT, #RZJE T Nitendo, fEH—AME7 GameObject FIH g 7%
ISR AIEAT AT R . HRANE AR — D NAEAE XA, 4wl AR 2 8l TR R ok
TEAEVRIKIACHS F N — AN BRI, Py RORE 3 R o B EOR A o SRR, ) 4B PR P2 AN
OB, PO TG BT TR ERR RN KR T o (2 Ttem M34, LLT fif#
AV K G O P 2 B AR IR IE AT )

A g WORRT BB A, fe U I MRS S U AT IX A 2
WA BN 115, MR B JIVELE RITL BT k24, HE BRI T AR BRI w2 e (L
TR BUESCK AT e 53— TJ7 1, RITL AT EEgE, (HEH 2 FEUELG
Y. B O
o RIMBRHR

AN ERIE R . PRl LA Ttem M24, &2l & 608 — R BURE $ 4
(vtb1) SKRSZHLKMEPAEL, JFAE R pR HO0 M T I AE X AN B AT MR Sl A vibl, %
PRt A if. .. then. .. else , JFREFERTAT I HI A p& B3t Jy AL p RIAE (R A QRS A
SEIEMAR) vibl NhR, SRSV vibl XA E A IS P 4s (1 ek 4

B B BRAREIX A WERIXAM T, AMEAEFRIRIET RTTT (ACHS SRR Ch bz
RO IR EARE 5| B H LL if. .. then. .. else B PEA MRt A, FIFEKE RTTI
s VG F PR S AE — A URBTAG AL B B R B AL RO )y o SR N, &N 0 A0 P 28T A
— RN (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).

Xt GameOb jeet AR AR K e B /F— LB 0

class GameObject {

public:

virtual void collide (GameObject& otherObject) = O;

b

class SpaceShip: public GameObject {

public:
virtual void collide(GameObject& otherObject) ;
virtual void hitSpaceShip(SpaceShip& otherObject) :
virtual void hitSpaceStation(SpaceStation& otherObject);

virtual void hitAsteroid(Asteroid& otherobject) ;

b

void SpaceShip: :hitSpaceShip(SpaceShip& otherObject)



process a SpaceShip—SpaceShip collision;

}

void SpaceShip::hitSpaceStation(SpaceStation& otherObject)

{

process a SpaceShip—SpaceStation collision;

}

void SpaceShip::hitAsteroid(Asteroid& otherObject)

{

process a SpaceShip—Asteroid collision;

}

FOTFUEI A 5T RTTT (K7 A4, GameOb jeet 28 VA — AN AL BRI 11 bR 4, eS8
DA ) — TR L AR S — o MR R A T KR pR KRR R ATMCL, A Fof R 808 £ — S ST (1 R
BALH, AR, XK, XL BAAEAFNL T, TAZE collide. JHITHEH
AR, PRI R W, BT, AT IR E AR, BR TR
F752BL Spaceship::collide (IXFEAN [ AL R Kwlz Ui T A3t 75 D o MILART— 4, SEELT
SpaceShip 3%, SpaceStation J$Hl Asteroid 2tk T .

{E£ SpaceShip::collide H1, AT E — IR 240 otherObject Iz F
AN RBEREE (R )G S R AL BE R O . AR VAR B AR,
2R IIZRAG T AR 2 (R B A PRI R B e ELRRAE ] — AN IR (R RS collide SETTAT
(K], AEARIG N — AP 1A B2 Tookup I, A5 BEUFBEAF . Tookup PREER 4> GameObject
A R ITHI R R 51 e B B

JXJ2 Tookup [IHIH]:

class SpaceShip: public GameObject {

private:

typedef void (SpaceShip::*HitFunctionPtr) (GameObject&) ;

static HitFunctionPtr lookup (const GameObject& whatWeHit) ;

b
PR EFREBIEA B A, MR R EBFRE 2= T, FrUFRAME T — /R A e

WMESRE T lookup, collide FUSEELUNF:
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) ;

}

W IATRE PR FF R FEFT GameOb ject [R4RAK 2R IR A, Tookup # S REHBIE AN 5
XA R B e e NATULURN, B4, BRI BN KRR ERAT A4
A Tookup 3R [MME FFAE T RGO il 5 5 (4 Bt AT

Tl B S Tookup 1o R T —ANXF I SR O1 o8 2R AT BT R R, Tookup
FCARA S S5, (AN IR RIT R A IR G 25 2 AN A SR )

SKFE I B N AZAE E AT AT A IE AT A6, IFAEA ARG ZER TR o BRATTAT LAAE ]
new Ml delete KT TRIEAMMHE, (HIXIEARUEAERIAL LLRT AN AL TINE? SEAF ) fif
P FE LG S BB 5ERG AE Tookup HHEIXN AL W NS AT L T IXFE, AR
— A Lookup HIAEIEFIIAAAL, 7F main dB H 5 RHEAI 2087 A 304 (W Ttem E47).

1L, FATTA] LA A AR vHERAR e B2 A1 1) map RAROK SBT3, DRI IESE map (2

an>
o

class SpaceShip: public GameObject {
private:
typedef void (SpaceShip::*HitFunctionPtr) (GameObject&) ;

typedef map<string, HitFunctionPtr> HitMap;

I
SpaceShip: :HitFunctionPtr
SpaceShip: : lookup (const GameObject& whatWeHit)

{

static HitMap collisionMap;

1
Iehb, collisionMap /2 FRATHIBGS K. BHHHKL (— string X %) E|—4
Spaceship M b1 BREFE 4. Ko map<string, HitFunctionPtr>X#IH1 7T, FEMIHT —



FMFEE . OFNIEK, W— FAH HitMap 1 HitFunctionPtr IXPHIEMEE SOR'E
collisionMap FYHIMY. K NASMES — k1)

Z3H T collisionMap Jii, lookup SKHLA LEpR kIR . YR TAF & map K AL
R4, JF HIRAIAE typeid O iR HI45 R FE T LA CRIRE R — >l Dd eR Hi0R:
name () CATLAAfiE (VF 11D, BRI RSIERBK AT, ToE, LI lookup, AL
R S ) S AR AALE collisionMap 74k e AX W I

Llookup HJCABARMT 5L, (HURABEFRHERARERTE (FXS I Ttem M35), A<
BATRT o JAHC, FEFP I RR T8 — AT 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 0;
// 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 (tmapEntry). second;

}

)5 —Ha)4& return (kmapEntry). second TMIAZE M E¥) mapEntry—>second LA &
STL (A PEAT N o FLARJEIA UL Ttem MI8.

® MR R BR
BUHERT collisionMap FIHIEGAL. FRATIRAIZ A4

// An incorrect implementation
SpaceShip: :HitFunctionPtr

SpaceShip: : lookup (const GameObject& whatWeHit)



static HitMap collisionMap;
collisionMap[”SpaceShip”] = &hitSpaceShip;
collisionMap[”SpaceStation”] = &hitSpaceStation;

collisionMap[”Asteroid”] = &hitAsteroid;

}

5, XRAERFHA ] Tookup I #ORE B 03 BRECFREF NN T collisionMap, iX gAMb 2 ()
TS, T HEAS g, A IR 5 A .

FRATT B AL UK R SRR ER N collisionMap —IK, fE collisionMap #4IEHT.
KRBT 52 BAIRAFE N RAE RS REL initializeCollisionMap A4 F)
IR FRATT A 2, ARG IR BB R AT 4R 4L collisionMap:

class SpaceShip: public GameObject {

private:

static HitMap initializeCollisionMap() ;

b

SpaceShip: :HitFunctionPtr
SpaceShip: : lookup (const GameObject& whatWeHit)
{

static HitMap collisionMap = initializeCollisionMap()

}

L I R AT s DUBRE AR (UL Ttem M19 1 M20) . FRATAAIX Aff. 4n
R initializeCollisionMap ) IR[HIFEEFIRITE, FRATTRANTE ZAT HIXAMCANY, AFXRE 75 2L
FHOFREHE 17 (1) map X 52 1 RELE 4 IR IG T .

St HAMARITTE. AT L collisionMap B —ANRIGHRE (W Ttem M28)
ERAE E CTIIRT delete BTARIM N %o 5B b, Ak C+HB AT AR HEM B auto ptr,
ERXAER AR FREE (W Ttem M9). M HF lookup H'f# collisionMap W]y static
(¥ auto_ptr, FATATLALE initializeCollisionMap i [H—ANE I T (¥ map % 41045
BT AHPFHEO PSRN T collisionMap $R A1) map X ZKAE collisinMap I 8T
I BT T2

class SpaceShip: public GameObject {

private:



static HitMap * initializeCollisionMap() ;

b
SpaceShip: :HitFunctionPtr

SpaceShip: : lookup (const GameObject& whatWeHit)
{

static auto_ptr<HitMap>

collisionMap (initializeCollisionMap()) ;

}

SCHL initializeCollisionMap [ I (1 75 KT IXFE:

SpaceShip: :HitMap * SpaceShip::initializeCollisionMap ()

{

HitMap *phm = new HitMap;

(kphm) [”“SpaceShip”] = &hitSpaceShip;
(kphm) [”SpaceStation”] = &hitSpaceStation;
(kphm) [“Asteroid”] = &hitAsteroid;

return phm;

}

(HFNIRAERT AR H ) —FF, XAREgmEE It . P4 HitMap 8 HI BH A F 25— HEFR 17 B
BRECFRE, e RIS HEEE, thai)g GameObject. {H, hitSpaceShip #ffff)J&—
/™ spaceShip 24, hitSpaceStation Hi /& SpaceStation, hitAsteroid 7 H+E Asteroid.
H 4R SpaceShip. SpaceStation fll Asteroid HEMEFRZCHIFE 4 &y GameOb ject, {HX}H7iXde2s
FORT R B R BT v AT XA 4 G R

N TR G BEAS, VR RERUEH] reinterpret_casts (ML Ttem M2), 1'E7EMAL
TRt BRI A i v Al SR A R

// A bad idea...

SpaceShip: :HitMap * SpaceShip::initializeCollisionMap ()

{

HitMap *phm = new HitMap;
(kphm) [”SpaceShip”] =

reinterpret cast<HitFunctionPtr> (&hitSpaceShip) ;
(kphm) [”SpaceStation”] =

reinterpret cast<HitFunctionPtr> (&hitSpaceStation) ;



(kphm) [“Asteroid”] =
reinterpret cast<HitFunctionPtr> (&hitAsteroid);
return phm;

}

XFER] DA et , (@ ANA . R SR A A ) T SRR I G P2
Briit. SUFgmi3E2y, hitSpaceShip. hitSpaceStation Al hitAsteroid #iEE—> GameOb ject
B E, LA LIXFER . hitSpaceShip ¥ —> SpaceShip, hitSpaceStation }j]
BH—/ SpaceStation, hitAsteroid #¥—/ Asteroid. XL cast Pl S E R, 1]
i T o

AR TN, X)UEA GRS . s A S0, eI, &
MA&ESHRE—MRE M T Xhl, SR AT REE ™ AR R A AR AR, 4 RidE
idkphm W RE, MAHN ) GameObject [PYRAEZRE 2 B4R A ) 0l AT B LRI
SpaceStation. SpaceShip B Asteroid [ T GameObject #MAH H & H, RJear KLY
PR FHARAEIX ) LA 28 B A FE b P ek 25y, HLAT A AR5 Rk 28

A1 Ttem M24 HHHEIA A—B—C—D M4k A&AK R LI D [FIXS SN AFAT R -

B Data Members

vptr
Pointer to virtual base class

A
/ \ C Data Members
vptr
B c L

Pointer to virtual base class

\ / D Data Members
D

A Data Members

vptr

D YA EE Sy, B ARAN ] o IXAREEE, DNy BARTREH AN S| FI 45 24 T ANAH )
(I Ttem ML), Ziifas)™ A AOAUHE oS FR T R SEL T . T2, ARSI 2
TRALFREERIIL . 24— DN ZADEIAIN SR (1 D X5 51N, e 2 (Rt fe 2
P BAL I TE A X bk — — DU FC T4 o8 SR I TR 2 28R A



ARG AR VR FR) i 196 o8 BTG 0% 11 R B8 2 — AN GameObject TSk By B2 2 — A
SpaceShip B{—A™ SpaceStation I, KAATA? g tea R R fL, SR
i o 110 ELRE I M DL A 808 10 i B o A AR 22 AR B B e B D A AN 2 U P 2R T A 4
XRHPZ —,

OK, AMETHIZEA 4 . (H pR HFR B B AN UL IC IR B fift e AT — NIk B ) R
B R $% GameOb ject A

class GameObject { // this is unchanged

public:

virtual void collide (GameObject& otherObject) = 0;

b

class SpaceShip: public GameObject {

public:
virtual void collide(GameObject& otherObject) ;
// these functions now all take a GameObject parameter
virtual void hitSpaceShip (GameObject& spaceShip)
virtual void hitSpaceStation(GameObject& spaceStation)

virtual void hitAsteroid(GameObject& asteroid);

I
FRATI LT o2 o B e — R B ) L D7k, BT Y collide MURREL. BAE, FRAN
PR AT 23K ) LA TP TR T — 2 R 5% e gt o B Bl i Ak B Ry A 26 AH R 0 2
HRA, PRl gy e AR ) 44
U, FATRTELASAT— EIEE A5 20K initializeCollisionMap REL T :
SpaceShip: :HitMap * SpaceShip::initializeCollisionMap ()
{
HitMap *phm = new HitMap;
(#phm) [”SpaceShip”] = &hitSpaceShip;
(*phm) [“SpaceStation”] = &hitSpaceStation;
(*phm) [“Asteroid”] = &hitAsteroid;
return phm;
}
TRAEDR, FATT 0L F3E R RO AE A 3 10 02— A BEBEEAC ) CameOb ject ST AN W14 i
URARRIY . BARAG RN FRA IR AR VY, DA RE R pR O 46 4R - dynamic cast



(W Ttem M2):
void SpaceShip: :hitSpaceShip (GameObject& spaceShip)
{
SpaceShip& otherShip=
dynamic cast<SpaceShip&> (spaceShip) ;
process a SpaceShip—SpaceShip collision;
}
void SpaceShip: :hitSpaceStation (GameObject& spaceStation)
{
SpaceStation& station=
dynamic cast<{SpaceStation&> (spaceStation) ;
process a SpaceShip—SpaceStation collision;
}
void SpaceShip: :hitAsteroid(GameObject& asteroid)
{
Asteroid& theAsteroid =
dynamic cast<Asteroid&> (asteroid);

process a SpaceShip—Asteroid collision;

}
R R M, dynamic_cast &l —4> bad_cast . 2R, EAIMAS KM,
JyRlEdE R B A I A2 — MRS EERA . g, e i,

® IR A ol b 2 bR KL
BATIAERNE T 203G ARl vibl (WU R DS — B0l K 28—, I H3K

AT ANIE T 78 24 Wi R SN 5 B35 7E Tookup BB . PRUAIX SR A0 55 (S5 170 B A
BRAURIFRER, FTLAZERS B GameOb ject ZRHNNMTISR T EAE L M2 X, I & KA BT
AT N ZE G 1, AL A AT TR A XA BT A i, G RGN T — A Satellite
KA, FATTAFALE SpaceShip FEPgh—MEHE SpaceShip Fl Satellite X % [H 4% K] b
#. Jirfi SpaceShip [ AT F g 5, HEBATIRAATE T Satellite MR IFLE.
XA 7] JEURE 3 BHRATIA YA R R e BOR SEBL —RE, feRJy i0 ERN N R E B
LR R T LS IR R M AR A BB, B AR E R T . i H, #BAE
5 5% PR A B R BSCK L TR R I — A — B MR IR B IR i B, A, AZAEMRAN SR
AL BN ) AL (e G ) (G 2 AE AT A vk, AR 4 1 R4 2 Bk, T ETGR S 1
#& processCollision WZEIA S E, RERERAEXS S 1 ISR HPACEE; GniX % 2 \ETS e 20ih
MSH, MRS 2 IR AR, SXANMTREI S X ? AR IXFE R A, ST A



A B IO BRI N AZ R ANCE A ABANCE B FRALBE, TTAE Y 2 Z AR HEAS T SZ sy
Ab 2
I SRRl AL B R BONR LA ok, JRATIHESS TP SR B2 U Sk SR, AN
AT R A P B B FRATT AT LK S LG Ak B R B ) S A SR
#include ”“SpaceShip.h”
#include ”“SpaceStation.h”
#tinclude “Asteroid.h”
namespace { // unnamed namespace — see below
// primary collision—processing functions
void shipAsteroid(GameObject& spaceShip,
GameObject& asteroid)
void shipStation(GameObject& spaceShip,
GameOb ject& spaceStation) ;
void asteroidStation(GameObject& asteroid,

GameObject& spaceStation) ;

// secondary collision—processing functions that just
// implement symmetry: swap the parameters and call a
// primary function
void asteroidShip (GameObject& asteroid,
GameObject& 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 (kHitFunctionPtr) (GameObject&, GameObject&) ;
typedef map< pair<string, string>, HitFunctionPtr > HitMap;
pair<{string, string> makeStringPair (const char *sl,

const char *s2);



HitMap * initializeCollisionMap() ;
HitFunctionPtr lookup(const string& classl,
const string& class2);
} // end namespace
void processCollision(GameObject& objectl,

GameOb ject& object2)

HitFunctionPtr phf = lookup (typeid(objectl). name(),
typeid(object2).name()) ;

if (phf) phf(objectl, object2):

else throw UnknownCollision(objectl, object2):

}

TR, T o441 i 44 2% (R oR A 15 S AL i Ak 3 R 50T o 2 () R B o 44 i 44 % [B)
(AR P AT gm B e (LSERR AT SO A I — — IR G R A SO - static
MRt 1T 205, SCIHEE NN static DA T, RNVIZREA
O BT TG4 R fir 44 78 B) L SRR .

MG L, XA SEHLAE T R G ek E R A S AR R B, A LA BRI . BB
HitFunctionPtr ILAEE AN I AE 4 B B PR B 2R I e Lo 58—, RRLZ MR
CollisionWithUnknownObject #&M UnknownCollision, %=, HMiERETEEHR NS
EZHMAHTE DT IWERERMNOBG FE=EE T WKL, —4
HitFunctionPtr.

PRUERT map R4 8 SO HARBE PN R FATAT DL I AE FHARHE R pair BIBCRAR X
A, pair ATLALEIRATRE AR LG R — A G (5D makeStringPair HIFEHY,
initializeCollisionMap HJSEELAN 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 PR AL AIAPAE S UL BE pairdstring, stringd X5, JRREEM WU RN
—H
namespace { // 1 explain this below — trust me
HitFunctionPtr lookup(const string& classl,

const string& class2)

static auto ptr<HitMap>
collisionMap (initializeCollisionMap()) :
// see below for a description of make pair
HitMap: :iterator mapEntry=
collisionMap—->find (make pair(classl, class2));
if (mapEntry == collisionMap—>end()) return 0;
return (kmapEntry). second;
}
} // end namespace
XAFATCAFY S A L ME— R SE BN R IXAME ] T make pair pR
HRzEXaTP
HitMap: :iterator mapEntry=
collisionMap—>find(make pair(classl, class2)):
make_pair FUEFREIZAT RPN 2 (RSO (UL Ttem E49 A Ttem M35), ‘&
FHAFIRA T3 S T AEMYIE pair X ZRIN T2 AR A RRIG. FRAT T AR EEXFE S 1Y
HitMap: :iterator mapEntry=

collisionMap—>find (pair<string, string> (classl, class2));



XNEHEZEU 2T, i Hoh pair FERAURZ R CEATHUE class] Hil class?2
(1287, FrLd make pair (I H L.

A5 makeStringPair. initializeCollisionMap Fll lookup #S+2& H HHAE T4 I iy 4 55
(], AT SR D6 20 [ — g 44 25 TR o o IR A2 Ay 03X 26 o B SR AE BT S 7
T A Tes AR R R CR AR E AT H IR A — i BT ). IXFERER AR A e
bk e AT e SO CERUESEIL) e AT A F I DG ok

BAVRLGER] T TANH I W RBG I T8 GaemObject I3, BIAFRATT ZE R
Gtk (BRAFEATHE TH. %A T RITL (EFELA if. .. then. .. else KR4S 1 hN
— AR I T EAO A E ST B REME L AE initializeCollisionMap g I0— ek A
FIWUR G HR, 78 processCollision FTAE MG A (1 i 44 2 8] Hh H B — AN (1 AlE 43 A 2 1R 00
WA HETIRRM N TA LRI, BRDETRESR. 2? 2?2

RENZRUCHS

o HREEMEREE
BABEA I Ja — A AT EAL R (R, SRR AT P A a2, R

WRBIB T — AR BB R AL O JRATHTA — VPR TARR G, R ZERA AT ZEAE W
VG 58 Ak 3 R 5 SR T 1) S WS () S 2R 40 o AR FRATT T A PRI AN b RE LG o 22106 201 X 5
5 KR ZE M, AR AR RAE W T B, MR Ttem M33 (KRN, sk
CommercialShip M MilitaryShip M5 SpaceShip 4k

GameObject

SpaceShip

SpaceStation

Commercial
Ship

Military
Ship

v 52 o KA R e R T AT o — B TR, FRATTEE AT LA AR
[F PG 3 A B R B CHE S I P 28 ATt A ) JEHZ, 7E—A> MilitaryShip X %Al
—A™ Asteroid X GMERE RS, BATHIEH
void shipAsteroid(GameObject& spaceShip,
GameOb ject& asteroid)
AT . S2hr b, #7 —A UnknownCollision (5% . B lookup 7EHEHE
M4 “MilitaryShip” Fil “Asteroid” #£ collisionMap H#r & ek i e $k 8. HAR



MilitaryShip AJ LA #E4: h—> SpaceShip, {H lookup HINKIIEIX— i,

i, WA EAE AR INER SRS . SRR ER R, TSR IL
(Fri) 2R A, AR SRR B THI T 08 1) U BR800 1) i CIRD IS b e R 18 i
g, BT NHE B 1R .

o WIHMARBRRER (FRITD
KT IR P B, (U, A SR GO & AR AN e

1. K, iEFRATHAMERYILGIE collisionMap P FR 5k 45
FRH A OCRE , FRATHR BT 58 2 e A o BFRERA T — ANl 4k 2 ok K, AT
AFAKIZ A E o AR BATARLER B AT LR P R IR s il 4 b P R K, 75
ARE? AR
R T AR o FRATT AT LR WU RN — A28, IF e 1R ) 18 S O R 1
J UL R ES . B
class CollisionMap {
public:
typedef void (kHitFunctionPtr) (GameObject&, GameObject&) ;
void addEntry(const string& typel,
const string& type2,
HitFunctionPtr collisionFunction,
bool symmetric = true); // see below
void removeEntry(const string& typel,
const string& type2):
HitFunctionPtr lookup(const string& typel,
const string& type2):
// this function returns a reference to the one and only
// map — see Item 26
static CollisionMap& theCollisionMap() :
private:
// these functions are private to prevent the creation
// of multiple maps — see Item 26
CollisionMap () ;
CollisionMap (const CollisionMap&) ;
b
AN SRR IR TAE WS e P b AT 0 AN B B 4 AR 1 2R 78 44 o i R AH I P Al 43
AEERRRE . EAWAEH] T Ttem E26 T FHIBLII oK MR CollisionMap Xf R EIANECH 1, BIAIK



IR ARG AT — DR . CHESZRIURT 22 5k R 2 /T AR Z R O &5, E R
VERRA AR WA 2 rh S IO PR v il (st /2 id, 2824 T1 I Sy T2 X% T2
xt g T1 x g, HAGGEMER . KR, & B3R py eR, HEZE
addEntry # 8B %E S5 symmetric #Wi%N true.
Fh T CollisionMap 38, RN AN 5 &R 19T ) AT LA E X A
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,
GameObject& spaceStation) ;
CollisionMap: :theCollisionMap().addEntry (“Asteroid”,
”SpaceStation”,

&asteroidStation) ;

WO ZB RAE A E AR T A W S R I T Wi e — ANk & 1k GameOb ject 1) 128
FERE 3 BR BC P REAT BN IR S BUEIZAT I — A NN IPERETT S o 38— AN TE 2 B —
/™ RegisterCollisionFunction 2%:
class RegisterCollisionFunction {
public:
RegisterCollisionFunction (
const string& typel,
const string& type2,
CollisionMap: :HitFunctionPtr collisionFunction,

bool symmetric = true)

CollisionMap: :theCollisionMap().addEntry (typel, type2,

collisionFunction,



symmetric) ;
}
b
FH P T2 ] AT FH SRR B 1R AN 4 Ja bl S0k 1 80 i U A7 ] 75 22 1) R 4
RegisterCollisionFunction cfl(”SpaceShip”, “Asteroid”,
&shipAsteroid) ;
RegisterCollisionFunction cf2(”SpaceShip”, ”SpaceStation”,
&shipStation) ;
RegisterCollisionFunction cf3(“"Asteroid”, ”SpaceStation”,

&asteroidStation) ;

int main(int argc, char * argv[])

{

}
PRI A 3K 264 JRp 0t B AT main R T AT SUAE T, eA 7R R A R 25 b i ) R BB A main
P AT 2 T o R LS T — MR
class Satellite: public GameObject { ... };
DA B A~ B 22 Al Ak B o)
void satelliteShip(GameObject& satellite,
GameOb ject& spaceShip) ;
void satelliteAsteroid(GameObject& satellite,
GameOb ject& asteroid);
XL ek HOnT DL [RIRE 7 2 0 N B S5k 2 AN 75 224G O A7 A LA«
RegisterCollisionFunction cf4(”Satellite”, ”“SpaceShip”,
&satelliteShip);
RegisterCollisionFunction cf5(”Satellite”, “Asteroid”,
&satelliteAsteroid);
XA AR S I 22 T B AT e SRR T 1K g S o AR B AR A 2 SR A B 45 F T map
(RSB, 0 SRFRAT TN Ry 3 A S 3R e A AT T 1 5 1) 1

o ii 11.
TEFR A, AT A AT 5220 1 o CHARvEF B ME type_info: :name IR [,

ANFFISEIE, HAT M SHX . (g, %FF2K Spaceship, type_info::name [f]—SEHLIR
|7l “class SpaceShip”.) HHUFHIE VI & T JCHLH type info X AIHLAE T 45—



K, PUNBEA SRR type_info X4 1 e A . HitMap & N iZ 4% H B 4 map<cont

type info *, HitFunctionPtr>.

8. ZHIR

TATIAER) T BT &5 R385 T, X YRR 1 & — LA 8 T 5 AT — 35 1o e 5 R
FHRPA KT CHIRPEF RN, Rl & B & ARG R GE . T )X % 1) — AN oK 2 b
SECRFRA, IX AN SRR IR AT 20 R SR I R AT X AR A R ST R

WRIG, AV EALE R —FEF BT C Rl CHHB A g . XK FEE [BIE 522 A
(I, H CHAEFE T RLSE Ty, BT LA I AT 140 200 T 5 A 4

W5, THHER C++iE SHRMEZE (The Annotated C++ Reference Manual ) HEJG K
AR JEILE, BN S ASEEAT T R AT KR (3 Ttem E49) . WHRAREA
SIRFRE I R, B2 T RRIRNZ 0 — — IR Z AR A AR TF O

8.1 Item M32: ZERRMNETFHRES

HYHEAAL

TERAEIT RN G, BAMBVFRIERAZ , BERAFE T2 BATR L 2R
B AR AN, RABUSEARE, U AR, R g, HERAEIE: )
W#R AL

U AT RE GG N AR . EAR OV RAE, G N EIHTRT &, WA BT R, AL BE
I o AT REE S e WEEPEASROR B T RS ERRE RATFERI AL T BLAE I
SRIF R TR AT BE S Vvt RIS H SR o SXFERIARAT (B2 /NSRRI SR IRSEAE R
KINZS N IFRARE P NS ORI

BAERRIN S NIT AR, W FY o kA2, IR THES . XA i
R IK: BT A PR ECRE RN 2 e 5078 v, B R ORI A W 1) e K
TR AR SR S IMAGRZ U, IAEIIRAEI A DUR IR, I Coh e v
Fos KB HUET I N A, RO BT E AT I N, BTN B AR & b
IBATIER; R HAES N SRR AR R 5 AN, LN 285015 2 T 000 N B
Y Fd 7.

XA — P kot : HY Cr+if 5 A COREIE B AR, A2 R B0 »
P, WA ARPB AR R, AZUAEHSLISC AR, AT Crfriok
BHAEZEA; Ttem M26 Wom TIXANHE. QAR —ANRAE Bl i ald A, A2
MR T4 —f), H Ttem M27 (52K omIBIX— mio WIARFE DIARE AIIR B0 — 802
AR, W EAT AR RELIEIZ S AE (UL Ttem E27). CHHft T a8 KA IIRE



RAGRERGIE Sy o HITE 5 AL 10X SeRp M ok i B P A 5 Bt

K4 Tl o B A, 5 REZRSZ 3R AE R S ok R o R L B (K2« i 6 “ demand-paged”
(WQ: “HI 2R 2 BRI R RE R, SEAT APRASBAT 5 RE R B80T L2 7 AR 2
KGR S O KRR 7 AR T — AN BRI R, USSR AR SR U T A
o WA S, AT, BERAA ASLRVE E e WA, oAk
R, I HANEAELUE b T T 5T 5 50 A P B S ) 4N R (K38 AT PR F 2 T 37 1 il
FRAREXM (W Item E36),

Wb BRAFAN SR AEL AN 3% DURIE R 25, B N NIRREAE e ARATTIRAE B AT I A Ml T
SRR AT LS ANIX A4 (I Ttem E18) 0 W BUIX L8 bR B wf LLSEIRIY, 84 W AT A
FAAT o IXHE, AN AT N G BE A2 U I BRUARSAS T Al 3 G AR BRI E FNHE DL R it bR 25
k& RAE, W Item E1D,

BET e MEREIN 85 I 4RAXAEI2E, E AT BRI B BT B AR IR TR R A LI T
Mo FHAEEIRBAT N ORFE— 8 A EEN, Uil int KA.

TRk HEDRAE BN, i NIXafil (WQ: ZAREND. fbfisiimdg: <M B
O H OIRME: BT A AT A I 5 6 S TR s SR Rl o
NP, — RIS, RERgm IR, A ANSX At bl ZERE KRS T
W E A AL P T AR o BERA P AT REARAR DS, BT ARG AR IR B v 15 T BABIT L S Ek
B IEIXEER R (B 7 I Ttem M33 Fl Item E46).

BTG SRR IEAR LA TR R AR 2, A TEPEREN)
LB R AR AT R AR I G5 M AR ATEU (UL Ttem M16D o BIASR Jy e s (R0 B T (KR )7
WMAFEPRA, KRS0 JLEN S A — MG R TR T . TR I A A A 4
TESEHT G LR T, B AR A, R SCRATICT & o XA RIS T 5 E R
NI EE SR

AR ACRS Ve vt 45 24 T E AR AN, SEmi R SRR . ST e e s K SEIRAN T B ] ok
AT ()7 W Ttem B20). IR HE, fUHI TG4 ) iy 4 2 (AR STAF P IO R Gelieai B (L
Ttem E31). A FEURIRII BT, BRI PR TFERFNIRA R HEA G e — — B
JE e A R AE R (WL Ttem M4 H1 Ttem E43). M5 38 RITI A, BHE
if... then...else BB AEH (FHRS W Ttem M31, SRJ5FH Item E39 LEFIT). 4
Wy BIBAZIRAZ T, B4 if. .. then. .. else EAJHFHEE W, WHRREE T A, K
Aos NG B A BT 15

X A IR B 8, ARG R AR TS s BRA—AEH CHER
Y RAE, FZEEHXARD:

Wi BN R E, N ZEG N delete —NSERR{EE D T B %

X, B, DRILURAR, HAihul, XAMEE R, WARIRR AR R L IX



FEWS, AT E B A T4 R 4L

class B { ... }; // no virtual dtor needed

class D: public B { ... }:

B *pb = new D;

SR, MARIIANIX A —RJI, SO T

delete pb; // NOW you need the virtual

// destructor in B

KERA, PRI — AN — — 3T A delete iff) — —SEBr L 32
PUEM B 1 o WAXRAE T, I B I AR B g KAy T IXAMEH Y
i, — 2B G IR S EOC R AU ) B P R . XA AR vt

il — T, S MEEEE:

YR AT REDTIIEREC FT T HIIR A FETE TN 173 - EC A AN D % 17 B 9 2 2

WAL, IR i) ) :

class string { // from the standard C++ library
public:
“string();
I
class B { ... }; // no data members with dtors,

// no virtual dtor needed
B 4hk—MEkE, FHEmMET .
class D: public B {
string name; // NOW "B needs to be virtual

I

=k, —AKRT B AR NN GBI T — M7 i) bR EUT) Bl 01
X IIRAEZS) Al R SO A I B g P B . (HAE RS, MO NIZ AT N
oMo XAV AEIX AN ERMCT .

[{—fE&EE T

UYIREFLRIR KRG IFZPTFIGE BN TETEAIL 2 Z R DT r 2

X ses| Y, ARSI AT IS I E S . H P IR B AR IRE ? iRt 4
AT TR R SRR R GE TP AT A AT TR R 2

AR E G TR o AN AR ERE A, M m XA R st
HEALAE . AKNERFE RN R — RPN (RMEBLAEIE
BARIX AT, BN AZA — T KA (WL Ttem E14). SXFEHSAEINAL LKL RAR
AT HIER, JF H2B RN EA TR N FFA L EH e (B, BN, H



FHATI BT ] o A SR 20 2R BAME S, e T P 2 5m )

AR (FE CHARHEBATEEH W] string VAR Q8 T — N AT B 2001
string 2. AR R

N TG EHIEDTIIEREE, KBNS string BH vibl. BNTEHZ LG
— I string # LA 1 Bl TG X A MAFI/LHT A -

AT N A 7% L8 2 AR I S 2% 18 2

MR, vbtl ABAR LR (W Ttem M24 AT Ttem E14), K#B4 string Z(1SeBl
AR RN EAT—A char 5%, FrLldgn—A vptr @EEEAS string FEHA/MIFTE -
P AR ABEAR A AT AANE LB, JCHZXN T string XSS LS & AT 8. IX T
(282 JE T M RE e PERE I 20% K 56201 (I Ttem M16).

WA, —A string WRMEIMALE——"& B S LR R HED 757 — — i
KT ARAF—A char sREFI RN AT, O vptr HEINHIAE 2 0 A2 4 B %
o Ait, AR ENEERBRE. (B, ISO/ANST brifEZs i 2P X 244800 brifE
string RAAT — D EERRITTHI R E)

SEAT ) R 2 AR R R “ AT AT — A string *, JT LUXANECN ) 7.
XATREE AR, HABATHRXAS string R PR AL E LT IC M TT RN A8 HT B SR P Y — 6
Iye HIMEHITRNG, BN CHIEARFE AN, BN AR 07 1A AN o
XL NHS T string BAT REATAL BB IS SR 2 A R A 05 At AT D PR 20 7 A AT REATT AL B
Hort, Hl string #3541 delete X RN AT RE TAEA LA, 75 string FREHFIS ] LATH] RTTI
BAE TR BN IER S RS ? XA 5 T IEs Al I i A2 2 PR g ey 2

XA A R B A B A WA 1) SCRY LAFR AR string SE8ATHEBTHAS nT B gk 2K W, (R
R 52 B0 R B AN R BE B BRSO I 2 R A AT 42

—ANATEE TR CH+ H EORFH ISk K . Ttem M26 #iiR T/E A BRHI % KA S T4,
PLEH] auto ptr X ZREFAEHEP N SR . MG string X5 M L ARG AL G ATTHE,
it EEIXFE

auto ptr<{String> ps(String::makeString ("Future tense C++”));

// treat ps as a pointer to
// a String object, but don’t
// worry about deleting it

RAEF XA

String s("Future tense C++”);

B, 22, N TS AER2RAT A2 A AT B BEVE R . (K string 28,
XARPREG S, XS, IR R 2 EAR )

LR, HEATIN S BB 2 T B o AR TF R I A AR IAE I G P48 B LAE: IRA



REAS 21 2 deofT A SR (R i) SEIL T o BRI SCHF A B AT, s dil
AR CA W G BEE N TR RARRIRIE R S TR G SO E B . b0
AR SR A T2 I VERE s ARVEUE 5 SE /N SEAR AR PP S8 AN S WL P o R T2
R 2 R Het, W EHE DL T (vhich often means some time in the
recent past). XEEHEEEMLRELM . IRARZBEEAT.
AR I ZS (1) 7% f HR f b g i T — L ARSI
o RALERMIE (W ItemEL8), HMEILLLENIIAEIL A WAL . WRH T HT
K, ARAH BN Sk 28T

® CERURIEE BV HAE T W BRI B 1L AT IR (W, Ttem E46). 132845 5) 1L
fERITAS S . B, BEIEE DU I RURE B, W R e i DA A R X
i (W, Ttem E27). Byib#ksr I (W Ttem M33).

® LR EA FREIRAREE FH AL ARIGARES, S ABAG S . B, an SRR S ik g
Bk, 26 8N el FAS ] LAAL BEAE A n) AN A &

RRITARIIE EIG I TARPARRD v Pk AT ged k. ot rl, O RAEIE R AR
RN G TAE. &G BT N A AR A AT AT IR o R 2 R DU H O TR I 5
B, RIS T AR KR e . RS AR, B EHER, fEARKN
NIRRT

8.2 Item M33: ¥R HMEAK

BB IEE NG ADNEAEIH , BB Y. EXANRIER, KU WREsh %5
AEH AL, HPIFF B — — WG AN — — B 2R A B AR, TG AN/ 5 B R Ik
ARIEIXFEN:

S A B TS S AT R TG 2R/ X 2 A B S LU X P R 3h 4 1)
FrAT M.

X EN A E X

class Animal {

public:

Animal& operator=(const Animal& rhs) ;



b
class Lizard: public Animal {
public:

Lizard& operator=(const Lizard& rhs);

b
class Chicken: public Animal {
public:

Chicken& operator=(const Chicken& rhs);

I

EH NG TREEE R, HELWERAN T GXAFARAR:
Lizard 1lizl;

Lizard 1iz2;

&lizl;

Animal *pAnimall

Animal *pAnimal2 = &liz2;

spAnimall = *pAnimal2;

KA., e, a7 RMEZ H A2 Animal 2810, BUARADCHZIN
FHE Lizard. 4558, HA 1izl 19 Animal 38BN XEMMRE. EWRIEE, 1izl
(¥ Animal SO3F TR E T 1iz2 MfE, (HH Lizard B B R

B ) U B AT AR RAEACRS S XA . TR B R AR RIRAE I AN I, Rl
HREEXT C A+ @ SRS B CHIFE T 01 o T DL, AT TV 2R A ¥ v 73 584 B0 o 41 Ttem
M32 4R H IR, FRATTI SN A S 4 I A TN S e R, 1B XN 2R 2 O 2 2 i H
o

—AMFRTT AW AEIE 5 H IR R R A W Animal : :operator= iE BEL, AR AII
EIE AR Lizard FOWVEBRSE ONZBRAIRCAD . AR1, BH— N e s Sk e
fta:

class Animal {

public:

virtual Animal& operator=(const Animal& rhs);

I

class Lizard: public Animal {



public:

virtual Lizard& operator=(const Animal& rhs);

I
class Chicken: public Animal {
public:

virtual Chicken& operator=(const Animal& rhs);

I

BT CHHil F Bl R B G FRATTAT DUME SOk [MIE 2R A T RN ] LA R 26
RI5THD, B CHRRE I FATT FR AR [F) (K S8R A . X EUAS Lizard 28H1 Chicken 251K
WA B A I 20T HE 25 R S AE RS Andmal X5 Wl U, IR BATTL 20 4 24T ()
F: AR A

Lizard liz;

Chicken chick;

Animal *pAnimall = &liz;

&chick;

Animal *pAnimal2

*pAnimall = *pAnimal2; // assign a chicken to
// a lizard!

MR RIIRA : et Lizard, A730& A Chicken. JR&ZEIYIR{E 4
CHHHIE A I, AR G+t S PSP e e A . AR, a4 Animal FRIR(E
BAE BN R, BATIF TIRARAMRAE M.

XA TRATAE SN o ATV A% SV R ST WEAT RIS BYRAE, 1T 4% (b 3d i [R) R 1 4
FREATIR G AR . Heifive, AV AVFIZH:

&lizl;

Animal *pAnimall

Animal *pAnimal2 = &liz2;

*pAnimall = *pAnimal2; // assign a lizard to a lizard
AR AE X RE

Animal *pAnimall = &liz;

Animal *pAnimal2 = &chick;

*pAnimall = *pAnimal2; // assign a chicken to a lizard



HBEEIBATI e, PR *pAnimal2 K& +pAnimal 1 A IR RG], A RAZ.
BT TR T RERAEAT IR A PRI A o TR, JRATT A5 SR TR A B I i
E operator=A A T AR, TSR ALARIAIIN,  JRATIIEE d4 i 1 1) 7 258 U .

FATATLI#E ] dynamic _cast (UL Item M2) RS2, FIHEEASLI 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 BREUAE rhs 15542 Lizard 8RB E 2k 4hxthis. WIS rhs A& Lizard 287,
PREE IS dynamic cast FEHCRIIY bad _cast BB R . (SEPR b, S A2
std::bad_cast, PIARAEISATERIA G, QRS ENIIH 5, AT a4 std
e X FARHEIZATERIMEE, L Ttem E49 A1 Ttem M35).

BMEAET A W, ZAREBCE KN Z B E R I4M &5 5t — —dynamic_cast (A%
S —A4 type_info &5if4; W Item M24— — [RGB 500 N & Lizard S 545 —

A

Lizard 1lizl, 1iz2;

lizl = 1iz2; // no need to perform a
// dynamic_cast: this
// assignment must be valid
FATT AT LUA FR I IR 50 110 TG 75 3G 52 2% BE Bl 2% dynamic cast, HUBLAE Lizard 3
— AN T I 4 A
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 = *pAnimal2; // calls operator= taking

// a const Animal&
SEBR b, S H TS AN operator=, R R4 T R S
Lizard& Lizard::operator=(const Animal& rhs)
{
return operator

}

IAEX AN B ECR EHE rhs He i g —A Lizard. WS plah, 105 0 (e A 9l 1R
B, —A bad_cast FH B H

YL, EIZAT I dynamic cast HATRIATI, XA ARE K. 17 AFH BT,
eI PRI IR AT SCRF dynamic_cast, FTUME S A EAR G B RAT ISR, SE
br AR—E. WEERE, EERMAH Lizard Al Chicken 705 Z07E A5 U B 45 1 8
HERS LT IR bad cast S8 IEAEAHN AL R . SRAMAT AT X AR TE, IS AANTE R RA4S 3
(R BF Ab o A B L B AT ) T 5

i th T IZAS T REIE B A - NARS AN R PRSI, AE ST U0 i 5 B8 B BE DL
TR B — AT VERBE R 5 H AT o) A IR AE T ) S A7 0 B o G SR FE AR ARV T 75 G
AR, JATA TN T .

BRI T HSEAE Animal ¥ operator=8 4 private. T7&, Lizard X% a] DAGRAE
45 Lizard X} %, Chicken %% 0] LARK(ESY Chicken X[ %, (HF4> BB &I RUAAE HE 2% 11

class Animal f{

private:

Animal& operator=(const Animal& rhs); // this is now
// private

I

class Lizard: public Animal f{

public:

Lizard& operator=(const Lizard& rhs);

b

class Chicken: public Animal {



public:

Chicken& operator=(const Chicken& rhs);

b
Lizard 1lizl, 1iz2;

lizl = 1iz2; // fine
Chicken chickl, chick2;

chickl = chick?2; // also fine
Animal *pAnimall = &lizl;

&chickl;

Animal *pAnimal2

*pAnimall = *pAnimal2; // error! attempt to call
// private
Animal: :operator=
AL, Animal 2 SEAARSE, XANTFVEFIN K Animal X G0 R BAE VP2 A HFE T

Animal animall, animal2;

animall = animal2; // error! attempt to call
// private
Animal: :operator=
i L, A AN AT REIEASE IR Lizard AT Chicken 2 AUIRAERRAE, N IR 2 M
A R BT DT AT I LSS A AR 45 A e 2
Lizard& Lizard::operator=(const Lizard& rhs)
{
if (this == &rhs) return *this;
Animal: :operator=(rhs) : // error! attempt to call
// private function. But
// Lizard::operator= must
// call this function to
// assign the Animal parts
} // of *this!
JE THZAN )] OB LS Animal::operator=HIB] protected SKfg#k, {H “suif



Animal X% 0] fIMRAE T BELIE Lizard A1 Chicken %4383 Animal MIFREFHEATEBMEME” 1Y
PIAE AT RAFAE . REFPIZE AP

R S G R HEBR Animal XA A5k, s 2 K SEIL 7524 Animal #
RIS RS, Animal ARERESEHIML, PrLAEEA T Animal %% [A] BRE K 75
KT B, XFPET AR, KA TRATEAI B LY Animal X R WII . AT
MR G AR TTE: A Animal BO%RE, TATE— 82K — — 0 AbstractAnimal
—— KA Animal, Lizard, Chikcen MISEAEME, JHEEBOUMERIK . RIFR A SLER
M AbstractAnimal k7K. 150505 2k RIS KAL)

Abstractinimal

I E X
class AbstractAnimal {
protected:
AbstractAnimal& operator=(const AbstractAnimal& rhs) ;
public:

virtual “AbstractAnimal() = 0: // see below

b
class Animal: public AbstractAnimal {
public:

Animal& operator=(const Animal& rhs);

b
class Lizard: public AbstractAnimal {
public:

Lizard& operator=(const Lizard& rhs);

&
class Chicken: public AbstractAnimal {
public:

Chicken& operator=(const Chicken& rhs);



I

XANBEU AR IT LAR TG B AR P o [ R (R R B A A, 308 20 TR A [ SR 28 I 17
TG 25 1 s IR A 288 POV BT 458 1 R 80P LA FH 28 PO B B8 1 R 280 U4, T 2% Andaml
Lizard B Chicken KRG #A T A K, WHXLERTRENE, HAT 55N
AbstractAnimal HIERFFT —8l. HE, XL EE ML, HXZ NG MR T 9
PRI I P WAL V5 ) PR AT DA A TE A FRY T AT A ) AN I i P TR 5 ) A e g il o ™ £+ A AR
NEARHT

PAFFFIX— V) TAE, AbstractAnimal KUAUEIR K — —ELAMEDH AR R
RIBAEOCT s — IR R EUE B W B, BAED WIS BL T, R4 RINTG Z 0 —A
Uy AbstractAnimal IXAEZE, BATMEAN 0L REOE BARIIZERE KA. U, AL 057524
ARG R PR A Al BR R XA RIHIFTR IR T SRR 4, SR BT B AT R 3 (A
Ttem 14), H4& 7 2 SR SIHE (1 E— BRIGURE f2 A7 E SR IR s L2 AMcBl e (97 L P195,
Ttem M29).

CUn RSB — ANl s B AR b o TR, AR IR AR TR . H B — AN ROk 1§
IHAEWAE AL, EERE:

® YRR Z

® (T AL IRAE I S AR S0 JIUKE I R BRI O — A Ul (0 R R (L 2 it

Afgi “= 07

SR, Aoy 2l R oA B AT S, AR BT R R AU AR . e AT T R SR,
DR R e AT T R A 2T 40 o 50 R P I ks g i L, eI AT AT 55, i Wik
JECRUE (I Ttem MO) BRALSEW R o SEBLAlE s — O H L, (E 2B AT R, EAR
SEHL, ERALA)

PR AT B O 203 3 B3 L 08 PRl i JE A4 e AT TR AL 1 ) R0 i BB SR 26 Can
Animal) HEAEKT . WA CITIABIRT, RATREARH, BAMASH B, N
HUHE (0 SRR A T 1 S ARSI 22 A2

JCEAR T AT LA SEARR SR PR il R Kk, B BT RE A Bl i o, Bl
EABIRBAT o WA AT BeAT B R, AREAE AT U A o) ) R A R 3 B e
BN, PRI AR (B0 Ttem M32). WIRIXANER B RS HE K, A
CIAERAZIE SIS, B B 0 LR 2 Ak ?

Fln AbstractAnimal JXFERA G AU Animal KB SEARTES, FLUFAbiE LL
FLHLAE1 operator=[4T 4 5 T TR, BRI TR E B 28 M rTEe, XRIT N
(K14 NANT DRI J5 RS T Ttem M3o ARTT, XA I KGR R AAE v R b,
DA I B VR W A A P AT AR R AT A (R Sk o B Bt e AR A A H (1 J5i 7Y



(concept) Ai&E TSI, RIMEARIFAFIE XA H R B A7 AE .
WRARA AR C1 A1 C2 I HARE C2 AN 8kA& H CL, RN A% AR 4k 2
R =AM AR AR JZ R, Tl AE — AN H %28 A JRK C1 R C2 #AN e gk

G) (A)
&) CHRNC)

Your inital idea Your transformed hierarchy

PG P B SRR E S A IS 2B, C1 R C2 A IEE; bR A4
EAVH A AR A RIS (W Ttem E35). BMUG, VR & X Lotk B 2 A
Lo MH, R CHIM IR X LI PE UK, B ARG AT T, EEA
T ARSI, AW SO 0L ek BRI 5 SO T S

XY FET LS AAZ I BT, REARARERT RS, RATA
IVAZAE L 4 AR AR Z B P AN R X REAN A (AN R R B R AR A ) (to
embody the abstract part of the abstraction) , — Mg SEAAKFRRAT GRS (to
embody the object-generation part of the abstraction)) ? RWi%. WHIRMRKIXAM T,
KA AR R A R Z . IXFER AR A A F I AR, A LA 1, e i AU IR
oo IXANJE I )0 S B H

HHEME: SRS, Jrmiaei] O B RATEND BTSRRI S84k
EEARAAT RS ? WEAE AT A SRR R AU AT T 2 W R TR Ao R 2 AT 4 2
AT 4kR?

T, FAHE B AT — AR R R AL, BRREE — . A&
LG AT RE HUR 53 1, (R 2 A 5 T B GOB 2 A R K B4, AT Al G 20
Lo 2 AT LIS . MR U, BATAR S TR AR e A O E 2 I (b,
XA I GIE AL, I B e T — A AN IRA ARG FAL .

FE— AR B — R 5 B, AT TC A B [ I Qi — AN 538 O TIEANEZED A
—ANSEARSE O T EBON RN R S EMIK, E58 S, IR RE X A0
(1o PAMR I A8 5T L SEIE T IX AN AR, I HAEIX AR rh sl v AR 7 53
PRSI LEAT FH MRS, BIASARAT AN RN A A R B R . Xt T A A5 A Sl 1 A 1 Tt A
T RIRE S

TRATE — N AN R o SR A Gt — AR P DA A B R sl 9B v 5L R )
B e I, 8K e 7 o B G AR SR G T AR A . FRATTIA A B Sk R 7R ik



PR, IF HIX L R R P I L
BBARAE B U — Rl s, U — Rt MVRRIT i T S SO s (2R
RAFAE, (HIEMRSTHFEAT, WBATARAT U RI DAAEARR SRR EAT. IR it (for the
concept that a packet represents) REWTF— MG, LB F—MRSEFRAE ] 1 5L
I WUERARIZ AT ARPT LAAE LS S8 058 i 5 60 i AN SR L2 o X Asi 430 5 o (1
et ORI R A B g 8 (HIX M B PN, AR I 5 2 — A GBS TR
BUAEAE T BRI EE 2R ) o IXABATI, S vt ISR B LLAS VY se et XAy 78
AR AR A
RXLEA HE IEMRESE, (B Bos: ARATEATE S T MK A 75 28U
TIEATTRERT o WA BB TSR, REARIEE EM, JCHRAEIRIIZE H R
BRIl — A B A 2RI 2 34T, U AR BT SR RE B R O RN B R AR T AN 7 226 A
FEMMESUN, R4 BEAEIE ORI BRI PRI AL . (R e B, RS AN B 2
FEPTA A B 2R ARAD, ARIEAS BIMEAT4F 4 )
B RRA K REW BTkt — SN R A R T8, BRAFARORT I 5 At A 1) X )
PASCEATAH R A IR . S T ORAT BRI &5, St BN E %2R, & B LUG /5 2N SE
AR A FE I o
TR AT — A IR S T AR R Tk, BARMEA k. IR
Hee a7k YRR A R AT I 4E a2 ix 2RI “ RIS SR AN SRR AR
ST Ah— AR, XA ME—H AR R T . ANE B AU, A
A7 AR A SEAA RISt R, T RN T MR k.
MG B A L, BT LS 1R T RATHR . S =071 CH2R ROk, 4 R IR
it TR R SRR A — AR SRS, T XA AR UG B, IR B Afi?
IRABEIE DR UM — BT IR 2K, P R E S PR AR A TR . AR o
®  \UAFFER SEMISIRA AR SEAASS, I LN TAEA Ttem FFURIN 15 21 1) IR 7]
B, PRIEEAE Ttem M3 A stk (9 554l i) it

®  XEITESS R (R R AR 0 58 g AL 4k 21— AN S8 BT AR BT s KB 2 DU RE I 228, M
CEHHTARK . MAR, WTRERAAIEZE; WM, RATREARAERIRZ AT
CURIR Y R SRS SEIL T HI AR P .

o JHUAMRIKIE AR T LR SEIARAIH R (W Ttem E40 A1 Item E42). 5K
B, AR — AR SRR GO B R 0L, FFAEAR B EE SEI R

class Window { // this is the library class

public:

virtual void resize(int newWidth, int newHeight);

virtual void repaint() const;



int width() const;
int height() const;
b
class SpecialWindow { // this is the class you
public: // wanted to have inherit
// from Window
// pass—through implementations of nonvirtual functions
int width() const { return w.width(); }
int height() const { return w.height(); }
// new implementations of “inherited” virtual functions
virtual void resize(int newWidth, int newHeight);
virtual void repaint() const;
private:

Window w;

Xy s EARAE SRR TN h ELHOR IR B NSRBI BRI HE X
FRPEHR ISR R BB BE ST, AR A2 4K
o iR EHIREEPRZE, TR AR B SRR B EAIANRE M . AR5
PRI DI E. ORLEAREUMAIA R BAT MBI o 45K, PR A UK
PO AR I . WYED S TR, (HEAE SR T IRITHR R EE .
IXILIR P S AW GIN, PTEMRAGAME AW RS B 85 25 . XA B2,
EAEAH I UL IR AESREE IR E & NEATHEN) &L, K miaa R
PR R FEds T CLLECOREII T BB, BRI TR A3, AREE Bt w] R g ciist «
B, RN ARRIERRNAZE AR I LTSN R INSEPES, (RA] e 2238
XA A FORBEf B AU, el DR mRe P St otk arsetk, wl
AL

8.3 Item M34: WHZER—FEFFHIRAEEH C++f1C

VFAPK, M LSBT M55 M Cor A C, Bl C 4
FRAARIR I P 245 T R L PR P — B . S0 0 PRI, WA R R 2
AESEILMISE AT, (T int AT double FO45 /N, Fe2070) LA, A L
FHRRIEAL R 200 T, T B 10055 PG B B P BRI Coe
C WAL R A FUE, BT LIS HRIR A GRERT, WHRURHY Cr 45 FERAN C 25 8550

2y

7



HAHER G, AT U BB B . A2, BRSYIMGIL, WAFSAS I, Bngs
aF & o

o AW
YA, Wit CHg R R IR s B MBI A . A C Py XA RE

AL, PUVBH RS, (HLTIrH CHR P s 8m A (i, WisqT R h
T JLASKRAS ) operator<<Hl operator>>). MEAMNMEA T LKL HEBRET, KA HERFE
J 0 TCTE S ) A4 ) PR A4 AR OO BE R (0 2 V) s BEERRRE e 0 R 455 R 0 44 0 A
— .

IR AE CHHEH N, ARBAZERIR . WERIRIRAE — % drawl ine 1M 4%
Ko B xyzzy, MREBEHZS dravline, NaEREIT)EM obj SUFGIHINZ xyzzy
e

Uk drawLine A7 J CIsATEA, W —DAFRIECE T . RAY CrHBCA 8 1k
SO

void drawLine(int x1, int yl, int x2, int y2);

AR A I 2 T drawline o EANIXFE IR 00 2 128 A 5 450 1 T 42 A2 e 1
AL, TRV R

drawlLine(a, b, ¢, d); // call to unmangled function name
obj A FH IR 2
xyzzy(a, b, ¢, d); // call to mangled function mame

B4R drawLine j&—> C K%L, obj SCfF (BUE ZBNASHERIE RN &
G S 1) drawLine pREUIIRIY drawLine; AT 4ARHENNE. HURIKEKG obj SCAFHER AT
Feit, H 58] — AR, OV BERRRE P AE T 4R — D xyzzy MR, T BT IXAFE (Y BR B AE

BRELOXA ), AR T EE— P VER S VR CHdm iR AN BAEXAN BRI BT 4 4. IR
AR AL E T S ST 448, W C. L4, Fortran, LISP. Forth BiHie. (&
[y, 3k e e W i A fG COBOL, (EAIS AR 75 2414 ? (Yes, what-have-you would include
COBOL, but then what would you have? )) &2, WHRARHAH DL FH drawLine 19 C
BREL, ESPs BB drawLine, RIY obj SCFNAZE S IXAEN— A5, AR S T
T A A o

PR AR, A C+ extern T C FRIN:

// declare a function called drawLine; don’ t mangle

// its name

extern “C”

void drawLine (int x1, int yl, int x2, int y2);

RNELUHH A extern 'C, HAMMNIZFRFA —1 extern ' Pascal’ Fl extern



"FORTRAN' o %1, ®/DHE CHbriE . AEHE extern " C FHELZH XA REUZH C
BEEH, MAZEE P UEA BN 2 SRR C BB TR . (R ARIE B
s&, extern’ C BB RKEA C R, HRXNEARALAENEAHER . NEWA,
SERE g 2RI T )

B, RASERA g S — AR, AR LS extern " C

// this function is in assembler — don’ t mangle its name

extern “C” void twiddleBits (unsigned char bits);

PREER T LAAE CHERZ B extern” C o XAEARA] CHE—MESH AL EIETNE
JUEFIS A o S AR X8 CH+pR AR A4 A, R IR 2 7 A] DU IR 16 AR T EDULI
- AN FASE FH AR PR 20 16 A 1l P A2 88 i 1R 44

// the following C++ function is designed for use outside

// C++ and should not have its name mangled

extern “C” void simulate(int iterations);

g, AR T A A, BN IN extern” O I . SR,
KB, extern " C LI —A ek B2k, HER TN —RKFE 5

extern "C” { // disable name mangling for

// all the following functions
void drawLine(int x1, int yl, int x2, int y2);
void twiddleBits(unsigned char bits) ;

void simulate(int iterations);

}

XFEALH] extern * C faik T 4E S LL D Z (Rl I (i C++A0 C A FH RSk ORI TAE . 4
CHEBER, FRMAZIN extern " C, HH] C Gk, AN ZIXFE. WIL AL CHE et g
X% __cplusplus, AR LR SK SO AR

#ifdef _ cplusplus

extern “C” {

fendif

void drawLine (int x1, int yl, int x2, int y2);
void twiddleBits (unsigned char bits);

void simulate(int iterations);

#ifdef  cplusplus
}



fendif

MAE B — ", B Bn v g A4 A4t o AN [] AR i 1 4 T AR AR T AS [l ) AR 5 5K
11172 552 _EANTR] (10 2 18 5 2 I A M) o 3T PRI 2 U SR ITAT [ G0 96 4 A5 P R £ A2
W, AR EAE A 2 FRA . BE, WURIE S BERCR B T AR S 410 obj
SO, BT RETG BINAZ R R, UM RS 4 T ANLEC . XAMERIR T, JRATREIS A
FUE AR R, F R B L U BT

o HAMIML
FEHEAR T A5, URTG B A CHh S 7 main SATRTATHAT 5 #T KR AR

PERARAT . JEIRE, SIS SN E AR SR iy 4 25 (] i (R B SO AR IR R0 S A
W RRHOR AT main BEPATHTREBER A . XANS RSV (S0, Ttem E4T) . XH
TATTRE C++F1 C B2/ 7 Il AR S, FoAT]— B30 main MAERRFIOAN . FIFE, @A
WIEEA A2 B0 G AR SRR AT A A b U ] AT A R, IR IR 6 & A4 main 5000
BATZ )G

AT R main () ROZE SRR, NGO R EAE main O AT TR AL 1 P9 A 0] 2
VFZ AL main O BB ITIRAEAN T — MR R AL, ek s S yIiath. [FFE,
G PR AL main O) G5 RALIEN T — D BRECKAT IS R o 77 AR W R R R XA

int main(int argc, char *argvl[])

{

performStaticlnitialization(); // generated by the
// implementation

the statements you put in main go here;

performStaticDestruction() ; // generated by the
// implementation

}

AEEE T X% Y Y . K Hl performStaticlnitialization() #
performStaticDestruction ()i H & WK 45, A2 AIBERR AL CIXINEARI obj ST
OB R A B SR HO . AR WIS CHg S8 R R 7 v S W e A RN R e At
%, BrAE main O 2 CH+E 1), XU GOR WS ATIAHAATH o BE A IX R A6 AL A AT A i
ARG TT R el e, RS E CHE R, RN CH5 main O B

ARBERAN €5 main O AR —— WAFR PG4 C 1, CrHior g —AN 3
FRPE. AR1, IXAS CHRIRATRE S A A % (RMEBLAERA, UG RESfT ——2 L Tten
M32), FTLAH C+'5 main O 382N TR . XA RRE IR EE SR C AR, Nk
CEHR main() 544 realMain (), RJ5H C+HilA ) main O i realMain () :

extern “C” // implement this



int realMain(int arge, char *argv[]); // function in C

int main(int argc, char *argv[]) // write this in C++

{

return realMain(argc, argv);

}

XA, Sl bR R R AR SR A

WARAGEH] C++'5 main O, UREEATBRIGUT ,  TRIA AT H & T Ml DR A AT 52 1 A
WA SRR T o ARVERT , FUR AR LR BRI — 28, Grdeas 27 Bl 1 igix A
), JLP SR AL T — BN R R R S SR AR A TR B R o T R 1) 2
PR B A, 29 R B LSRR R A R

® IENAFNE
IAESE BN Z A W A7 BC o AT HEAR 7 B C++3870 A8 new Al delete (Z I, Ttem M8),

C # i malloc (E(ILATE) F free. N new /AL NAFEH] delete BEA, malloc
SECIINAER free B, MAmtE . H free B new SECHINAFEUH delete BIK
malloc ZFBCIINAE, AT WEAE L. W2, ME—Zd A RImEiE: KIR1 new Fl delete 55
mallco I free JEAT 4% (KI5 25 -

YA Sy o B — FIEAHLRE ((HAR 7D 18 strdup AL, BIFATE C R CHasvE (ia
FPPEY T, EARHE L

char * strdup(const char *ps); // return a copy of the

// string pointed to by ps

TR A WAFME, strdup (KR AIAE L 20BTBAE strdup () HAMECI I AF . (HIX N AFIX
2B FH delete? H free? WIRARIAMIN strdup K H T C BREE, MG H . W
CAEH CHEI, IR ARMERTE . AW strdup JEITHEMURERE, AR ERE RS
A, FEARR GRS AR o X P AT B AR ] AT REIRE S o IS L REANTE
PRAEZATEES (S0 Ttem E49 Al Ttem M35) &AM B (FERXZEGIEN TG T
PREL

o BHRSMKIARA T
R Ja AN BURAE CH+1 C Z ki it . AT RELE C HURRE T CHRURFPERY, EA]

RS TN BR E A C RN IR o DAL, ARVERE, AT AT RS ARLIK ok A% 3 0 5 slif i
o) B R B FREN 4 C SRS, 1, C 7RSSR, BT LUREAEARIY CHRI C giedt
P A R A, PR T ) 1R BRESC AT DA 22 A AT S 1) 0 SR KR T R 1) S A 5% PR pR R
B A DY R R . AR, SRR (A int. char 55%) (AR AR R] B g

PRy CH+rR ) struct FIRENIHEA T C FRAREIN, B “AEPIRGnPEas T 5 LI F] — 45
FHGAL FIRE Ry sCEAT AR B R 2 4y o IXARIZ R ] LAAE CHeA C ML 22 Aok [ml A .



RARAE CHRARCA TN T AR s, LA A3 se, Bl JAARR R B 4k (5L

IO M BHAETEANE C IR (CHUE SO 35 T IX 285 55 pR 201 F D o 8400

2 PR ESCRE 5 AR O HO SR — AR A E5 R (S Ttem M24) . WILE S

(EGZ) BEATQRAR (454, T B SR IL N A 45K, PTLLA FERI ST A RE S C BB L

BRSNS, G18JE: fE CH C Z[ANX AT TLA% 8 B 4 My 2 2 4 () — — A C++

HC RS AEFIFE & SORBEAT O 16 o 75 CHRRAS TP 9 AR ;g 1 5% e Bl v AN s e ek, {3
JLT-HE R SRR WS

o &
WRAAE R —FE P MRS Cr+5 C gafe, 1d4E P+ S s ).

® itk C++AN C ikt AEAMCA I obj 3CAF.

FEAEPIANE R ERAE BRI extern " C s

HETRE, M C++5 main() .

S H] delete BETH new 3 FEHIN A7 SUH free Bl malloc 23 FEHI AT

WA PR T 5 T A2 328 10 2R V8 BRI C 2 3 P 50l 45 R RS Rl A 5 TR B 254 1) C++
FEASPT DAL 25 I R R0 e B

8.4 Ttem M35: ikH OB MERIRE CHHES

H 1990 4EH R LK, (The Annotated C++ Reference Manual ) (WLJE15 P285, [ffsk:
WEAZ D) e BRI S 2% F ISR T AT AW AT A2 CHE ITAT 244 R e RS
(RIXEEAEK, C++F) ISO/ANST ARt U R AE T KRANVINIAR T (EZLRY 7). MRS
Fht, BEEARTEHT .
75 CARMY ZJi5 CH+R ARG H W T 5 MR P AL RFERE . BRI, W)y 5
KA, 2% CrbruE I (ARMY b (0 SC B MR [A) & AR F )
ISO/ANST CH+pifat ) 1 S G PR NI B IR0, A A& B A 22 04T,
SERRIP CUTIAERS CH+ R AR B ) I FH R S 4R AU R 1. 78 CARMY 2 J R AE IR die AR
LUF 2
® AN TOHAEE: RTTI. 42500, bool, J&HET mutable fl explicit, XfH(%¢
MEHERAE, CRAESRME TR const static b

®  BINH R T IR RVE T BRI T RGBS A TR, AR e A
RVFERMSE, BHET LR EAT A CIE B S 4.

® i ALIRALANAL T S RS AR G P R EAT S RS AL A, unexpected ()
PR ECIAE AT LAY — > bad_exception X4 T o

® AN EM LR T: ¥INT operator new[] il operator deletel[] %L,

operator new/new [ 17E 4743 e R MCRPREAIN H— AN, A —ANREDY 0 CARH



S HIRA SRR, (W Effective C++ Ttem 7)

o MINTHMEMEH LA static cast. dynamic cast. const cast,
reinterpret cast.

® IEFEMINBET T HE X o AR, R PMEAR e A UL T Cn
R JFOR IR I 2 G b Fe B s 5 L, JRAEZS AT LLR AR A 21055 4 Frt ks D,
I o %o 5 () A A I EAT TR M S

A KA ER IR T (The Design and Evolution of C++ ) (JLJET5 P285, Bffs%:
HEFFEM) . BUZER CHERHE OREEE T 1994 4ELUS ) MiZh#a s 7T, gk
A EAT, AT D Toh, ARG T Ly Fok s AR XL FrRe e . Ak%n
A, HERTIE.

CHH R IX LA AT ARAHEIZAT PE (AL T T A BE SR R A0 RAh, FRAEISAT EEIRIB AR A5
EEAGIXFE E . #10, (The Design and Evolution of C++) JLF¥A & M bnifkiz
TR PHEBATEEM B ARG L iy, RO ISAT AR 1994 485 R A T AEH BRI 1L .

FRUEIZATEI ZhEe 70 b R A0 (S0 Effective C++ Ttem 49) :

®  SUFFbRUE CIsATE. AL, CHMRICAE IR . HEAT T SR i 2,
U453 CH A CIBAT NN, T C++E0 i IR ARG A, (HILThRERIAR, 1E C i
TTPER S AREN, 15 CHhil 2B AR,

® I string KA. brdfl CHHB AT ESEILALIG AE A W) Mike Vilot 2 A0 “ Wik
H—AMFAER string BB, ARG T4 CHE A W) Fig—T,
OB S FIAR IR — —adfE CHHSAT G T string J8,

®  SCREARMUL . AR SCHA AR FREEE, USRS HIRS (] e 455 5
i 4 BT AR+ - SR AN R A ST ARAEIS AT PR AN A 1) SRS 0T R IS
PEASTR] SCAGHE DA FH I FE T

®  SCEF I/0 #rAE . WBAT R B DR B AR CHebrtfErh, (HARUEZR D12 T /N
b BRI M2 T G2 dostram A1 fstram), ¥R T (il 4m,
PL string HFEREAT stringstream 28554t T LA char &Ml strstream 28, IAE
OB strstream 8T, HARMER IS IIIEA DR S ME T LAHT IS BLR EE A
Dye.

& URRHUFIES. BHL CHEURTLRINARTE, BAMANT IHEEATIE. Jish, 18
TS THRe AR (valarray) DLGRE . IXSEHUZ 2 L o g 2 20 (1 25 2
HHLFITERE, UHAEZ CPU RE . 847 PERIRAE T 56235 I A3E 55 68 B
AR o

® SUFFIA A ARANBE . bRk CrHsAT EAY T A BRI B 2, BRI AR AERSTAR
FE (STL)o STL fEhrifk C+Hig AT e i S E i 43 o PR N TTRERR & e Pk



FENG STL R, ARG RERRAE CH+B 1T R (KT AN r
Py BT L PART AR P AR . AEATS R, BRARPILIEATE Y string
I, b EEATIXFENSS . S, A MERARSENY basic_string KANIETFRIPA, EHER
E;

—ANFERFR IS HOR G LT, X1 EHER R char H1. wide char i, Unicode char

>

HAFAE

AT H K 9 string 2552 M basic string<char> ST R o B T8 4% F 45k
]z, ARUEIBATEEAE T — AT X

typedef basic_string<char> string;

IXHSEAR R T IR Z 4070, KK basic string Bl = A58 BT 28— AN
BINSH. BAMPEE string 8, WA IXAS R LM AT basic_string:

template<class charT,

class traits = string char_ traits<charT>,
class Allocator = allocator>
class basic_string;

A string BT T AKX T 5 SCE, A ZEAE AT & R IAF i [F) AS L
W TCRIRTTELE FIAEN string PR, BORROIX S LR AT Ry, Bl iy string
FIPAF, XA basic string BARHARAE LIRS X ELH

Wit string 28R R IR I — — AN AT ARG HE AR — — e bnt C+HiB AT
JE) 2 K o 10stream? EATRMHR: — MRS HPE TIEANTIMRAE . FH? 2B,
— AR BHE T W B AR . Valarray? BN, — DRSS HR I T 541 B 1
THA WRARANRBIN, IAEIE A BB .

AN EAE RS AUEISAT NS LT T WAL S e A 7 E) std e AT
PRUEISAT P HLTH (R AR VH I G AR i IS AT PR A4 R, ART LA using FRon B A CHE 5
¥ using ] (S W Effective C++ Ttem 28). Ei&MJE, XFHEE TAEAfR#include
K3k SRR BT
® IRAEREIR A

PRt CH+I2 47 P s KRR B2 STL, AR 2R . (BRhy CHAT R LT BT 4R
PEHR AR, XA STL A B AW T o A, BT P sy ARy, L2 e
TP IR, OEIAERRI T3X 4 )

STL R AT RERE MR 2 — — AR A K ZH — — CHHIBATEIZ5H, T AR & I E AR
HUEREER . EANITFAMERR . STL T = ANEAMS: A% (container). T

(iterator) ML (algorithms). WA EWAANRIE LR EETRIIREHNS
LR B A P R B A R T (R 8 A — R STL RIS s SE R A (L A 2R AT Ab 2
(IRRE, I TR 7RSI



PAR—"F C++ CFIC) PRI, oK 2 B STL BOARNE T o JU) T W) 1 —
e ANR A I FR BT AT DLIE A 4R H O AT e 2R s90 I HH A L IR T ER
WAAR ) TS EEE T E, ek R B S TVE R I S IR BT R T sk PR AT
g, HERRARE L.

FRATT AT LA HI X 4 R S BAE B2 rh B — MR e A I e B 0 — AR, R
HrT Be R IXFERY:

int * find(int *begin, int *end, int value)

{

while (begin != end && *begin != value) ++begin;
return begin;

}

XA REAE begin 5 end Z [0 (AELFE end— —end Fi [ NINIE H B VBRI 6D A
Kk value, R[EIH—AMENR value KICER; WHRKAHLE, ©ik[H end.

R[] end KR REALE], Bl kAL 5, & [H] 0 (NULL 845t AR S 2 fifjs NULL
AR HR, HIFAZEWRET “4F 7. find () B&ECLZ0IR [FIRF 5 FREHE KR I AR R,
B H M, end #8515 NULL $8 5 RCRAHIA . H, 3N TPR2EE 201, end FREF7EHE 2
He AR LG NULL $R%EH 4.

LY, XATREARAREI find O KA TV, AHEANZAVIERR), &R PR
Uf. FH5e IS T, JRRFEYR STL i) AR

PRAT X A48 Find O bR 2L

int values[50];

int *firstFive = find(values, // search the range
values+h0, // values[0] - values[49]
5); // for the value 5
if (firstFive != valuest50) { // did the search succeed?
// yes
}
else {

// no, the search failed
}
GSCAIEYSREL T il 1T
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 BRE N FBIFBA BRI S R Bt int BB AR, Prilenl BLSEPR B2 — NS

template<class T>

T % find(T *begin, T *end, const T& value)

{

while (begin != end && *begin != value) ++begin;
return begin;

}

FERE GRS, VAT “ARAE” SO T “A% const BUGIH] 7. UM BIAE AT LAR FIAT:
BRT, FAIAGAFBALRAAN T o RIS, B S 2 A F ik
PR BCNINT M R B THA o 3B 51 CEANTRZERE AT AT 50, AT S 13X AN IT
B (Z 0 Effective C++ Ttem 22),

XANBAAR GRS, (RIS n] LA 2. V1 57E begin Fl end ERIERAE. HAT “A
T LS. B TS AR (B0 More Effective C++ Ttem M6). % U1 (i B 5k 1]
{HHEAT), 2 0. More Bffective C++ Ttem M19). Xml2FA 1 M BRI Atld A, Frlh
FEABR] find O X BEAEHIREE? T AA SRV LB SCHF IR SRR AR RN R 7 IX R — Kl
ATLLKE find O AR FREF e ke . i, FRATTAT BUA — MR e X —N R R4E
X4, AT B ERAERAT A CFe 1 BRI T — IR

XL STL AYEFE ML . e it bk 94 AF STL IR A Es RIRET X 5
EATRE Ttem M28 FP R IGFaEF L, U@ RIGIREN DI REE sk . (HNBERA LS,
EATRISBUE N T R .

A TYENIRE N SIS T WS, FATAT UG£ AU £ind O tPFRE. 505
JE i) find O LT

template<class Iterator, class T>

Iterator find(Tterator begin, Tterator end, const T& value)

{

while (begin != end & *begin != value) ++begin;

return begin;



AV RIE TS T FRUEBRR ZE I — 50 73 o STL Al TR 248 H A 254 I8 7 1 4
%, find O 2HHZ—.

STL PRI ASSH bitsety vector. list. deque. queue. priority-queue. stack.
set flmap, RA]CAZEILAPAR—288 BAFA] £ind O, -

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(),
%)

LT, FRWT BRI, IR AL AR AN LT Wy, (HE
KR ARIEDAZIANIE find O AR AHN

TN List WRWMA £ind (), ARBAHIE— AR List PR ICRIIERE T —
AN ist R AN ICERMERE o W list ERIRUEIHR, Ko7 8, ORIV
HIE list ZEAKIA. F4f, list (MIERA STL AR —F) Bot St g
# begin ) Fl end () o IXLEHE 01 bR HUR MR BTl ZERERE 7, BHRAESS £ind O

N find O PAT TSR, EIREl—ANEE TSI MBI TR (WRTRA ) 5
charList. end ) CHISRBEAH ) o RO URANAITE 1ist &4 SEI, BTl EikmiE 1ist
PR IERE TR B AL . Tig, REAKIE find ORMTARE %2 e prfy
STL AL —FE, list PR T HW): ST — AR HFE L, iterator st list
P R P 7368 BESR charList & —/MU% char ) list, ‘& A HEBIKESE -8
Wi list<char>::iterator CtUEURE LI FHAEH)D. (B4 STL QARSI FE
ST AR 728, iterator Fl const_iterator. Bl — M iRE, F— 4981 const
M IHRE D

IR 7 i e TG T8 STL 288, UbAt, CHIREHb 2 STL iE#%7, FrLl, &
W B ] 7B 8IS STL 1) £ind O BR L

int values[50];

int #firstFive = find(values, valuest+50, 5); // fine, calls
// STL find
STL LSRR fif 5 & SR ICARE 1 T R RE R D A SRASERR R b BB . STL 2R it
] begin () Fl end ) IXALHIRREL, IXLE R HCR NI A2 SCAE LR NI FE X 5. STL Y5
R BT FHIE 70 SARAEIXLE2E . STL (I % IR T 485 . Xaliad STL 4. &



PRI ARARZ U, BEAT R KL I MO o B, S e AT s < X R

XFET HA A KB STL Ao . ARATEALE STL KR I B A s, &
TRRESE 7o RVEARIESY STL (RN, STL P Aas s vl LMEHIR AL, IRI A s b
WAMER] STL (L. 28R, ARIIBRA SO RTE CHostr R — 7Y, (HEN TR AR
(RIREI RS 1%, JF PR o

CHHIa AT PP I A B 2 B 5 R IR Y o AEURBE R RUE IS AT PR, AR 200kt 3k,
FERXLEAE L Z 2 R R0 fEURBES H O STL AT, IRULAERE LM STL
N bt CHHz2ATELE CIsAT R ERRZE T, AEM R K B (S Ttem E49).,
BEAh, FEIRBHSATER RN GEM . iy 7E. rEd mak. aTRERD R EA . W
2 BRUE CHIs AT, ARAGEK T RRANE A A2 DU T AR A SRR AR, R 2 2
DA B R AR ] CH+ ke, R BE R T e v B A A

9.  M¥x

9.1 #EHIEY

FREVRRAS CH+ AR AR R ML o JHHL, I HEZ— 2432, LA 3T
C+ BERN BN HERE o BARADRE =], RS TN . AL BRI AUk
B, IR L.

o i

C+ PR TR T BT IISE 43 IR AR IN N R ah 2 e BOFARE LT IX
SRS, frabd s AR AR 2, EERKARE, KA NARR L, AR ARAL

NHETFHOR A IR I A OAE CH BT A A Hh 18 21 1) U () e 5o Al
MRBA, HRERR A O, BT AT LSRR

MR THEEAS ] BTG, N M sl BRAMRAE R e P IX R S H
FRUESCAF 2 T8 ) — Lo an e Ze 5, 3 B IUUR I B E AN -

® The Annotated C++ Reference Manual, Margaret A. Ellis andBjarne

Stroustrup, Addison—Wesley, 1990, ISBN 0-201-51459-1.
® The Design and Evolution of C++, Bjarne Stroustrup, Addison—Wesley,
1994, ISBN 0-201-54330-3.

XA A PO TE S A R, AR T e Rt 2 N A S —.
SERTEENE TR E S TP 3R A PH . The Annotated C++ Reference Manual 41448
A oEdE CEMRZAR, C++ SO T — 28k SRt — W4 350, MEJ7im &<,
e IR IETE F 0 )7 T (F145 templates Fl exceptions) (2% 15 4% The Annotated

C++ Reference Manual JgtiwH 88, K4 Cé it The Design and Evolution of C++ 2



H, MERUK SR Standard Template Library (JWL4%3K 35) [Mifit. IXEEERAAE 2 S Ha
BEB, CAES% 05, HMERA T XL FBEE IR AR, SENREYEEIE T i
CHto

IR C++ B F MARERER T T 1) — S % 048, WAWELLA b O+ 155 Gl
ETE LY

® The C++ Programming Language (Third Edition), BjarneStroustrup,

Addison-Wesley, 1997, ISBN 0-201-88954-4.

M CH B FUEAEG, Stroustrup (E3S K BeE Sk, ML BLEARHEML . Ah%niE
R LEAT AT AR NS Z o M) C++ B SHRREIRNR, TERL T IX A B i) . %1
SRR, PORSERAZ . BhS CH RS ERE, 8057 c+ E
TR — RIS

WRARRDR S TE 5 AL, S BB WA REE R C++, ATEAE ISR I — A

® Effective C++, Second Edition: 50 Specific Ways to Improve YourPrograms

andDesigns, Scott Meyers, Addison-Wesley, 1998, ISBNO-201-92488-9.

UL AR RE RAA S, HRR TG A O] SRR 18 .

AP Effective C+ A%, HIHE E B

® (++ Strategies and Tactics, Robert Murray, Addison—Wesley, 1993, ISBN

0-201-56382-7.

Murray FJ457E template AHSCUUHITHE A2, f/EX BHoTRk 7. 59—
BYER TN C IFRITAESR C++ IJFR ] XAEEBH . X} reference counting (ZH]
L 4K 29) HIHEIRIE LA C++ Strategies and Tactics I Ay FEAit

U SRR T N I R rp 27 SRR RN, R XA A

® (++ Programming Style, Tom Cargill, Addison-Wesley, 1992, ISBN

0-201-56365-7.

PR3, — TR LAIELE AT RATI C+ RO BT, 7Ry an o] IE A HEA T 5
Bes . SRR Cargill JHIGMRHI— WEAMEEI— REARE, R nTREHIUBRBURI L AL A
RGBT EHE, 8o HNSAEYE . LIRS AT R EE . SRR SR — M7, W
BRASLesh . i by, FRARDEE AR BG4 EASR AEAS B, I BA
REAR R SR I R ARA] C++ FEAOL, Rp ol 0 A e A [ ) ARSI N, Bl gt B
O A FRATI PR

C++ Programming Style WA THEN—ANFZ exceptions. Cargill fEARIBXITHF
FrtEAT RS e DD R M ARAEAE LR SC&a b, 2005 R3RA], At A5 THX exception K
SR22 4 (JITiH exception—safe) | [MFEE, JLIIAERE HE O R 2 D3 T ik 1) o0 IR «

“Exception Handling: A False Sense of Security,” C++ Report, Volume 6, Number9,



November—-December 1994, pages 21-24.

WIRARERL exceptions MM, ZhTZ it seiend bR CH

— HARRIE T Cr+ SR, HERITARBON,  IRAZITE A 2

® Advanced C++: Programming Styles and Idioms, James

Coplien, Addison—Wesley, 1992, ISBN 0-201-54855-0.

FHFRILH A "the LSD book” (PE7F: Lysergic Acid Diethylamide /& —FikZ]2y),
RO EARERET, 10 H SR LAIZIK. Coplien ins 5Lt Ham MK 241, H
AL IE P AE s AE R S VR IRUNATE C++ B RAS LK BE A8 A 380 1) 15

RECRE AT R R 5 — A2 B2 b il YRR IS 2. AR [ ik g 20 20 Sl e 56
(strong typing) M ? fBZGAR—A 7k MUEAEFE AT N classes fi bR pg = ?
A A ARAPERE I AT o PR IR, AR SR A5t P BGE A B AT E, SRt B, {H
A I I LR ARG w] AP AR T b AT 1 e 1 9 25

VeATHES, EdREE T Crr WTLMIEMT ARE SN . XA RS IR, ATREAE /RS
Ry MRS, IREMASGR U — R ARy CH T

WERARAT S st C++ R, WA LLT A4S, HREUE A 5 e

® Designing and Coding Reusable C++, Martin D. Carroll andMargaret A.

Ellis, Addison—Wesley, 1995, ISBN 0-201-51284-X.

Carroll M Ellis & TRV FISEAE LROVFZ SEHI T ), SXE877 1) 3 A A
g R ERR S TRy TR BA T AE template HIULIAOUHERE
Bl sk, HAME . B — D AREIGIA R Bk —TRER, P DUUR A 20 BTG .
Designing and Coding Reusable C++ BGiFIXUEH <, FEHEALIISZ L, EURIRUIATIA %
PRI IEFER) H o5 o

ARG HIRAAE AT YRR TR, RE N B B RA A

® Scientific and Engineering C++, John J. Barton and Lee R.Nackman,

Addison-Wesley, 1994, ISBN 0-201-53393-6.

PEAR 2R — #8434 FORTRAN T 5 ke C++ (X ATANEAHMEAF R A AR, (LRI
ARG I BA L T3E M. 5%t templates ) VZIgH, fiEG % ar; Xk
VRIS H AN (ki B HEI N ], 30— FARE I IXSEEH LA templates SERLHIATIE, PR
A UM PTE templates HAIEZ L macros BF— s B L.

H SR P AT B RE M patterns PNk (UL p123), XA T IR -

® 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.
EARASXSIA patterns TARMIMES, F0ET 0 @Y. FEEEUTBRAE RO TN T A A%



U2 23 NEA patterns, ML SRR, AR NBIBIIXAD 72 H ok, JLT—E T L4k 2l
— MR G 2B R FAT R W pattern. T[RRI LT — & 2 R BT 1 TR
RGBT A BT patterns ZFK, LT CL AT i Bt S AR fEREL . 2R
AFHEIX A TR, T RE 3G BRI A () S 2 1194 T R FE Lo e ol TR AR L 2% G e
BOAISEAE, A RERACRIGBALPEAE AN N (L% 32 AT 33D,

Design Patterns DL CD-ROM HJFE E I

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 ZRETY
B CH+ BEHBHB MG T, A P YR A 5 o e — (1 5

® (++ Report, SIGS Publications, New York, NY.

AT T —AEE R JOE, JBEE7CH only” B At FREE R n 5 %F
JE WURAE € R GEAT RIS BETE 38, JF HARAR RS, P DARIAE C++ 5 i (R AUM /R [FE
JEABER |, BT 5 AT RARAT B

WARAREAR C S O+, BUR WARAIRA I C++ Report MM A, BLVFAT DATEIX A
TP PR LERF A F ORI S

® (/C++ Users Journal, Miller Freeman, Inc., Lawrence, KS.

WILAFRPT7R RA TS C M CH+o Jerf Cr+ SCER A R LAY 2K, B C++ Report
PITESRIG . BEAN, G R A A ARARES, P LA (R SCRE AR PR it 31X AT B iR
LU BT FIA SR RS, A XS] TARIIER 2] T80 ] SRl .

® MiEtL#E (Usenet Newsgroups)
A=A Usenet BHERFLETA CH XASKIM . —MUER . AHA#nT LB is it

J& comp. lang. ct+o IXANIGITHAT I T, INsB R BRI A it 18, 205830 \iE o)
(FIEEPOA CHEMEE S0 C++ BhE,  HEUEWER IR C++ iR, 1 B4t SR 2% AR AR I Kb Jre e b -
KRNV RS, #AT L IXATHEHE LB SEAE R RZ T o BRARIRAEA /N A B, 3
RR 212 P DB AR RS VROt R IR /N2 o 3 — AN UL I DR SRR, REDHRAR 22 W !

1995 4 11 H, —2MH EHF ANEF K comp. lang. e+ HE/AE T . XA 4N
comp. lang. c++. moderated [RIUTIRRE, WA Cr+ RIACI BN —BTie, HIEFEA
MR T & LR RS 2 BEH W% 4L (on-line FAQ, #fEF714) Frequently
Asked Questions) TLMEZMIMEE. HZKN CRERN T2 UG C++ FRAJF K
B LA RO ER [ 15

— /MU TR RS comp. std. e+, B LR CH+ FRERAR IS . TE T T
LR 2 MBIAMHE R o W R B SRR C++ 1) 7R HAR R T b E AT A%,



SURIH R, XA Ty . XANTHERFE RN, ITEL T RAWH/Z9R] T
W ARASAERX R SUE MRS E.

9.2 —A auto_ptr FISEBLSLH

Ttems M9, M10. E26. E31 M1 E32 W] T auto ptr KRR THVER] . A
&, HEMRAD A Gieas b it 7 —A “IEm” BsEl GF Do Ttems M9 FI M28 KEUIA T
IRIG 2 B OB A, SRR H A — AN PR MR BRI T .

NHEZMA auot_ptr PSR H— AR SCRIA T 2 IR IR 58 ARSI 5230
T IR PR 3 AR BT 1 7 03 bR ORI S A 58 SR T o 7530 B, S A
SEIA WA, KA SRR O ASEI B k. 2, auto ptr FUg2—AMEjH
(2, BTLASE AL SR — NSNS 2

XL 14 I auto_ptr BTRR:

template<class T>

class auto ptr {

public:
explicit auto ptr(T *p = 0): // Ttem M5 f “explicitfor”
// WA
template<class U> // 5 VU I R B R D AR
auto ptr (auto ptr<U>& rhs): // (UL Ttem M28):

/] F R — AR
// auto_ptr X%
// WA —ASHT auto_ptr X%

Tauto ptr();

template<class U> // VA ER A B SR AR
auto_ptr<T>& // (UL Ttem M28):
operator=(auto_ptr<U>& rhs); /) R A SRR A
// auto_ptr XG4 ¢ AL
T& operator*() const; // W Ttem M28
T* operator—>() const; // UL Ttem M28
T* get() const; // IR [EEAEFRER T
// A
T* release(); /) SRR
/] BE R

// IR i



void reset(T #*p = 0);

private:
T *pointee;

template<class U>

friend class auto ptr<U>;

b

template<class T>

inline auto ptr<T>::auto ptr(T *p)

: pointee (p)
{J

template<class T>

/] MIER L ARE
/] FAHEE p KPR

// LT ) auto ptr 28
// AR TG

inline auto ptr<T>::auto ptr(auto ptr<U>& rhs)

: pointee(rhs.release())

{}

template<class T>

inline auto ptr<T>::"

{ delete pointee; }
template<class T>

template<class U>

auto ptr ()

inline auto ptr<T>& auto ptr<T>::operator=(auto ptr<U>& rhs)

{
if (this != &rhs)
return *this;
}
template<class T>
inline T& auto ptr<T>
{ return *pointee; }
template<class T>
inline T* auto ptr<T>
{ return pointee; }
template<class T>
inline T* auto ptr<T>

{ return pointee; }

reset (rhs. release()) ;

:roperator*() const

:roperator—> () const

::get () const



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;

ORI A R EE XAESOE SRR auto_ptr B . WIRET L,

template<class T>
class auto ptr {
public:
explicit auto ptr(T *p = 0): pointee(p) f{}
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 ()

{

EASAREL A



T *oldPointee = pointee;
pointee = 0;
return oldPointee;
}
void reset (T *p = 0)
{
if (pointee != p) {
delete pointee;

pointee = p;

}

private:
T *pointee;
template<class U> friend class auto ptr<U>;
I
U AR BT P B0 4 PE S IE AN ST “explicit”, W LLZ2 4 #define BUH T HIAEAE
#tdefine explicit
XA auto_ptr AT DIRERSS, HSFBURMINZ M. TEW Ttem M5,
U SRR R G PE A AN SCHE RGOSR, A T LA ARASEAR Y auto_ptr #% DU ek ZORIBUH
FAE CRGAALE Ttem M28). BB AR auto ptr 84 H]_EAT S8 NN TTAE, (HEAT I
EITVERERAT R GBRRAT i L I RS GRS T e R ) WR AR R
B, EVRRIO PR AL R . B ] P SR TR SR, AR R R S AT
® 1.
X FHIE Y auto_ptr MIFRHERAER —HBRAME . R ARBHRA T 1997 4F 11
He LMW SHEARBM LT, HE, AR auto ptr BARTESEIL LG A MAE B A4 40
W RN SEBR E auto ptr AT A F A std (W, Ttem M35) I HH 8 51 i %K
ARV ANPUATAT 55

9.3 & C++ THEYHANE (Objects Counting in C++) BFH: R

fE CH 1, XTHAS class F=AEHIRIG objects LREFIEHIMIVIEL 2520, B
AEAR TN — L E A o

EfEA . AR (R ) & 2001/08 ML, NN, HoRWG ., &S
MR e s (R 2E 058 N e AR o, Feadit, DRSS, R i, K
PR ST A ¥ e N R, AR NS 20K SO PR

BEE: ACREHML ¢+ Standard RE RN, BXCHNEE/G C++ Standard.
TR RN, JFRBE. BUR R RESCHER A LA T 38 R A AR TE -



client : BT o

type: TG o Skl G A HAB AT A ATE VRV, AN [R5 mdkE TR .
instantiated: HIWfb. TE4F—/ template, HAKSZILH—0rs24k] =L
instance: SEAR, &M RLOERR IR

parameter: B4, s, BE.

argument: gl BRRSERBE, WA,

ZA class, object, data member, member function, constructor, destructor,
template ZFARiE, E{RBEAATE.

AEHE, RSN BRE S, (HETE &R MM . 24007, BRERAED
class #°h Widget, RAEAIFINER HFEXPAT IR T TAAER 2 DA Widget
objects. JjikZ— CAMEAZSAEM HAEZIEM ek Widget #ER—A static T4k
#%, B Widget constructor #¢WFNY, oK Zil£#sn—, %4 Widget destructor #I
m, Wiz AMRIE T A static MBI howMany ( ), FISRFIR H#i
fFAEZ /D> Widget objects. WA Widget AHEEERAEANL, i EIBERH objects MK,
pi1), Yoty P INAN SEY R

class Widget {

public:
Widget () { ++count; }
Widget (const Widget&) { ++count; }
“Widget() { ——count; }

static size t howMany ()
{ return count: }

private:
Sstatic size t count;

I

// count [ o KMNAZBAE D LAERH

size t Widget::count = 0;

XA LA e, IS TS2EH copy constructor, Kl h#midss AN Widget 7
AR copy constructor ALHIIENR count S,

WRIR R FHE Widget MHECTAE, RCL 52K T WRIMESs . (B IHERES A4
% classes MAHFIMTE TAE. —FHMTER N TESS ANDUNTAR, M5 pRo%
RS SEER R R A . A T FIEX R R, SAFRewr Likm [ %)
(object-counting) PRGBS K, FERBHEATM class EEIEH . HAM QRN 1%
FFE LU 44

o HEATH — iIBLETHEBAE RS class Wit A/ DR AR AR m)
Tl I LHEUERTHN, RS TREXNXFALE objects HEATIHE ]
LA -

® (IR — AT BEREAT T A 2 ) A () B B () o
® LN uAa — AMTRERRFE MR (AT H B SR E Bk ok

B, a2 ERE R, £ CH o, IEIEEI A B e RE 4k 2]
IMEAGH AT B I Ja AN RLIAT )



PE—F, MR, RUHT S —AN TR T &4, Rl B H
bro X ECVFLEAR P PAR AR AR 22 PR M o S L an AR P AR P IS RS o RN S AR X AR T
Y EEBIXRE IR T .
® new, delete, 1 Exceptions

HARRIE A O AR T E] AHOR I, 1 AV FRAE A T IS D 48 21— ML
TR G o XN TF M2 [ constructors EHF%, new fll delete Z[AIFJRA] &
MPREER C++ BIAEE —1 object, MRESGIXFEHAEH new aH
class ABCD { ... }; // ABCD = ”“A Big Complex Datatype”

ABCD #*p = new ABCD; // X&ZE— new BH I

EAS new BHAMEXEESZEHOEME, AT AU EiEpseE. et
HiG. H—, CEIFM—%N operator new FIICIZMARELE PR XA R X THTZ R H AL
55— ABCD object MICIZAR. WIRACE L), new 185 AE R Katnkid—4> ABCD
constructor, fF operator new #&MH FHASHLAS 0] &7 —/ ABCD objects

B3, % operator new EH—4 std::bad alloc T4, <XEFE? R FH ERR,
BT EICILEES RN T « £ LRR new 1I25H 20, AR T A HIXFE =5
F— & operator new, ‘UK WAL MACKIBCE —A ABCD object. AN
FORHATIY) ABCD constructor, ‘&AEIHEAECIZAE ok — A2 ABCD object.

WA R K E operator new, RN A AL AR AL E H K AR T AT operator new
BT ABCD constructor K iHw, REEM 2% operator new Pt E 12
R . WA, A S R A EIZAIEEK (memory leak) o ZKui (& 2EsK ™
42—~ ABCD object MUASBFEARL) ANn] G % 2 Ml — AN b& 20k H 7 o

ZAFELR, X2 CH FRMEFE P I — NI, 1995 F—H, Ct+ bR RN T —
AP WERAE new I8 H N EWINA], operator new ft B ICIZAR I MAZ4K ] constructor
EHFE, PATIRS (runtime system) U2 H B operator new Bl E HIK KL
AR . IXABEENE R operator delete $U4T, BEEAIEML operator new. (1WA i
BHFEHWNE [placement new 1 placement delete] . )

XA [new I8 A operator delete Z[AIMKRR] , SEFRATMENE [H1FHE0L
Wil AR, TR .

o IEYH/ % (Counting Objects)

BB S L, WO A TP ) 1) class. 1XAS class

R REVFRR (25825 MR JERT Widget class:
// T —Lei e, SRR BEX R W AR IE
class Counter {

public:

Counter () { ++count; }

Counter (const Counter&) { ++count; }

“Counter () { ——count; }

static size t howMany ()

{ return count; }
private:
Static size t count;
I
/LR ATAT R AL AE — A SEAER o
size t Counter::count = 0;

KR, AR classes WIR T EAC Y FARERIPTEAN 4, HFEAMTH Counter
RABAEFEACL TAERIA] o A7 IS W] 6 0 70 mT S8 X T 4%, Hop 2 — 72 5€ L—> Counter
object, B — class data member, {HIXFf:

/) EFEE class TN HL—> Counter object.
class Widget {
public:



..... // Widget ZAHIITA public B,
// FRIBAEIX HL,

static size t howMany ()

{ return Counter: :howMany(); }

private:
..... // Widget EAMIA private B,
/] HIBAEX L,
Counter c;

I
BN ITESEE Counter *4fl base class, {RIXFE:
// AETFE N class 467K H Counter
class Widget: public Counter {
..... // Widget A HIPIAH public Wb,
[/ HIAEIXHL
private:
..... // Widget ZAMWIA private L,
// FRIBAEIX HL,

PFEIES A IS . AR e 1280, BATLIE R, A Ak H e LA
WABME. AER Counter HKIEASYIME count. XFEMIERSMIERAT A, EHIEATIT
BRI Counter 1) class #E&—Ao 2811, WERFRATFT XS Widgets F1 ABCDs
L FATTFHFEMAS static size t objects, MAE—. ik Counter::count A
nonstatic, JFABEMEULIXANIE, POYIRATFHZMZE A TA class HEE— IR, WA
EAEA object HESA—NUIEES.

B C++ ) M NFMEAZFR 0 e i — N, FeAT s vl CAUUS B AT TRR L AT 4 -
AT LAY Counter JMHE— template W', #RIBiLFF—PMAEEAFH Counter [ class,

[LLEC K template F|%r] AILHIXA template.

iERFUE— K. Counter ZFH—4 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;

b

template<typename T>

size t

Counter<T>::count = 0; // BUAEX 4T ] LABGHELR LR F T,

TP I PR 5 — P SEA VR A A IR
/) EFFETE class T P RHER— Counter<T> object,
class Widget {
public:

static size t howMany ()

{return Counter<Widget>::howMany () ;}
private:



Counter<Widget> c;
I

MR (dRARIED R S IR
// AT class T k7K H Counter<T>
class Widget: public Counter<Widget> {

FERAEIXHAE O, BATZ WA H0E Counter HUALA Counter<Widget>. —UFRA
WP, f—MMEH Counter [ class, #LLEHC LI, HILHEIBA template.

[7E—A class 1, LHCHN template 514%, HILH—1 template, 5H MM ,
XS B R Jim Coplien A JF. BUAZMHET (AR C++) JR/RIXPISRNS, JFRRIL
J—A Tcuriously recurring (i M{EIAH)) template pattern] [V 1]. FAIN Jim
WX A 44, Ak, fftt—  pattern CFFEUL ARO[ A LU At By B 44 R G 15
%, WA ECREERE, KA pattern [AFRKIREZEL, MARIAENTE RINIX— DMK, Lk
[T AFEE, afrfieds | 50

patterns [ #&— MR, FXIIFAFEK . AR SHIXA pattern TR
i [Do It For Me| IXKAFR. WAL, B—A [# Counter fAHI KM class| , #BHE
AR 14 Counter HIMAL ] BIHEAS class, $&HE—FPIRS, THHEIA Z /DA objects.
FTLL, class Counter<Widget> mJLA+[44 Widget HIMIM-%iE, class Counter<ABCD> n] LA
T ABCD M

BAE, Counter J& T —4> template, AW kA BTHaidk&vrt, #rTLlzlE, B
DLERATIEE R I A2, VP AR X ()5 B RN 55 pi o BRATTI — /N AR A, XS 0

[T ) DLRENAZAR AR 5y 3k 15 o LIRFE AR ARTE R o 35 R FRATT, gkt b ik =ik
RS, RS REREE M [Counter J&— base class] , BHHERMLIE L4
Counter data member, FFESRAFHFE SLA/EH —A howMany () PAMa#E Counter [ howMany ()
[V 2] BARXFE) TAEA R RZ (%) howMany () HFFZ AR A inline D
AR — A A Sy 28 . Pt DALEFRATT S0 B B 4k kvl s
® f# ] Public Inheritance (AJT4kK)

IR Ak AR BT 2 T LLRE s A, 2R C++ fRIIE, 55254~ derived class object
Wy (BRI B, HP base class Bifras ooty (BB fEM) o ik Counter %
A—A~ base class, {FHEMIR: EXT4k& B Counter [ class, £ —4> object #r~
R, —ESfH—) Counter constructor EY destructor Hmeid,

SRIM, ATA I L B4 base classes XA, A ZLIC virtual destructorss
Counter NIZAIXAE—ANARIUNEG? RIFH CH+ SRt ey, 21, ENiZg—1N
virtual destructor. WHREEH, BEXUHATEL — base class pointer EMER—1
derived class object I, £FHEATTUH CRA @O MR, M HEHE 2 A
class Widget: public Counter<Widget>

{... }

Counter<Widget> *pw =
new Widget; // 3kf5— base class pointer,
// ¥8IM— derived class objects
delete pw; // M FECRMML R — Wil base class
/) = —A virtual destructor.

W RAT R i s BT T R & it EIRFE S B AT A G H# L2 Ak, RATH T9)
PRV ] WP BN A 45 2 AR . AL, 1XJ& Counter WiZA S virtual destructor
(o ZU 3 e

T ARG R EAERER WU A T E ] TR R o] 2 B T SRR
FFD , HBRAEX B — SR 24, virtual destructor (EATAERIE L) Y
I, EOREE— Counter (E{ILATAEZH) ) objects #LZIN & —A (BRUE) KU



fabR, XSSP RN — WA R A B R G [ 3] it &,
Wik Widget A& IFLARMERRL, G Widget MRS 4k7 T
Counter<{Widget> T K/N 7K. TRAIAAEE BXFPHEHL.

ME— Rl o B e, B —Forvk, BHib% o &L —A base class pointer WP
—~ derived class object] . ¥ Counter H'f] operator delete E4t5 M private,
Pt M E G INE:
template<typename T>
class Counter {
public:
private:

void operator delete (voidx) :

Hant—X, delete I8 ATCILEGmENI):
class Widget: public Counter<Widget> { ... };
Counter<Widget> *pw = new Widget; ......
delete pw: // &Rk, RN EATICEMGE private operator delete

Hie g, A, BHIEABREE, new B WA IZIE T 4iiF:
Counter<Widget> *pw =

new Widget; // IX—ATNiAXJCIlid i,

// A4 operator delete f& private

ERMZ— T E AT new, delete, exceptions (%) WIHE, Frit C++ AT
ARG (runtime system) 3 otAERJUHE operator new Ft'E HC 12k — Qi A% 4k gl ey ny
(1) constructor KMMiE. RN HIFHIZ—T, operator delete J&HKIATILIZIAREIK
AERIR. HIRFATTH Counter ] operator delete B4 private, X4fiifg [#Eth
new, #4 objects F7/EJA heap | M4 KK K

JEI), K R ER ), WRAR G EAR A SRS, B (RIS, I
RIAT A2 BRI . BRItz Ah oAl B vk Re e FH AL (&3S Counter* pointer fHER
derived class objects | HARATE L 48[ 7 Counter HIE'E —A virtual destructor ]
WAL CERSIERAEB IR MED , FrUlU, BATIGEEA BT, kIR ER
E T — Counter data member| Al
® f#H—/> Data Member

BMIeaFmL T [#%HE 4 Counter data member | IXFhBE I s KM AL : Rty 420
[A I E X —/ Counter data member FF#EE— inline JI¥) howMany ( ), FHkWERY
Counter [¥) howMany () B, XL TAELIRATA B MEN Fmfe & Liy, £ 7%, (H
EIEA RIS BT B . (HE, BRI ANER S — A6 A class BEH—>
Counter data member, fEAESY KL objects FIK/N.

KJLFRA ERATEEE R AR 5, $n—4 data member MM‘#EL objects MK
ANBETIN, ARG ? (HE A IR, FAR—A, 1HEEE Counter (1€ X:
template<typename T>
class Counter {
public:

Counter () ;

Counter (const Counter&) ;

“Counter () ;

static size t howMany () ;
private:

Sstatic size t count;

b



T EIEW A nonstatic data members, EBEA—N5IN  Counter ) object H
SR N EAEFIAR V. BIFERATS LA RE— D504 Counter () object, K/NA 02 i
W, AR IEAIER . X —ri b, C++ MRIIAE . A objects #4227 1 byte
KN, HFRUEIRLE objects BEA (LT nonstatic data members. ARIEIXFERIE XL, HA
HILH Counter template [&F— class, sizeof &IKHEIFEAEM. iU [TWE
—~ Counter object] [ class 4t [ AW Counter object] HIHAHZ TR,

(HB R, XHAEE— [AE Counter | 1 class, HAK/Ppgh—et THE—
Counter] MIILoRAT B RHIMAT . IR N S HES IR (alignment restrictions) W[
DI . BT, G class Widget WSS bytes FIBERE, 1HRGE KA
4-byte KUATILFHS, FrLlsE—> Widget object NP bytes HIAMA, 1M
sizeof (Widget) MIZEHN 4. W, BGEwWIEIBEE, Jmieasdle [ETPeErR
INANETREN 0] IX 44, JAZKE—A char Z4di3] Counter<Widget> W, JEEE
sizeof (Widget) 4L M 4, HPfE Widget HE—4 Counter<Widget> object JF#R. I
NS N Counter<Widget> object AVAVHUR T JRASHE A FAIFE D bytes FHT—A. A
b, XFFEARE WG, BRUIEIRA TSR RS AE BT —A T BT, el
Xw. >

PAE BV T 4 B i, Bh 2 IX R S0 CIEAfR H 2 BT R, X IFReis Lk Ir
TR, B RO AN EZERTH. ), ERMELCEBAL T FREM A
SR, A AL IR B PR BR AT R A AN T o
® f#H Private Inheritance (FAH 4k&)

M ER AN BT, B FSERATLA0, Counter H &> virtual
destructor:
class Widget: public Counter<Widget>
{... }

Counter<Widget> *pw = new Widget;
delete
pw; // SECRE X CRAEIFD 458 —

// WA Counter #t=— virtual destructor.

TR ATG 2 RG# H [P delete i@ FEAUMAI L TE | ML X — R 5 E, (HE2K
IR, IBEEEELIET new BH A g1, BRIk A, A7 HAh FE 6 R E 2 3Al]
AR IER . BRATTAT LAZE | —/ Widget* pointer (iX/& new [FJ[RMEAE) #RaXEEm4—
A~ Counter<Widget>* pointer. #F)iFul, FATnl LABH -4k 44 & b i bn R0 e fe . 3k
AT IME— T3 B 2 Fs [public 467K XUk [private 467K | -
class Widget: private Counter<Widget>
(...}

Counter<Widget> *pw =
new Widget:; // &iR! #AKRNAHEHEK N (implicit conversion) HAJ LA
// ¥ Widget* ¥4 Counter<Widget>*

AR, FRAVRIF O I, Lh Counter M4 base class, FEAZIEN Widget IR/
— SR Widget JAZAMARI A/ NHECI TR . &R, REERAWIRISFEAR, BT
class FIR/NA 0, (HE — M, IFARKITIEMEL. REOESLE, BAIEM—
A~ objects WIR/INA 0o CH ARyfERURE BAFIRIERE, —A derived object ZH

[base-class Ffir | IR/NATRLZE 00 FHSE F, P2 gmieastlia et Irigm [ 25 stk
AL EI A ] (empty base optimization) [V 4],

K, H—4 Widget W& —4 Counter, Widget I K/M—E<Hi . A4 Counter
(1) data member JEJERHC, MAZMAN base-class Mitn, HLE A EF KA,
HUIR Widget k7K H Counter, ZwPEasflifs LUK Widget MIR/MRAFFAEFIEIRE. XA
SR [ e AZ AR AR HE S SO 2R e v s A s R ) et R T —A
HBEN]: 24 [private 64 ] f1 [ HEH A (containment, composition) | #RHESEK



FIE H R, RS [private 4k | o (B X—AERZ FH Scott Meyers [
(Effective C++2/e) 453K 42 A rlfil. %5 m R — B IURE, W Tprivate 47K |
A TREEGEAR] #eee B HE, REEHEGHEAR RMEIRER, AT XA
BORA TR . )

AR LT3 . E L T AR ISR, WU R A B A [ 28 20 B
fEft.] Cempty base optimization) MIFEJ), Witk—K [4k7KH Counter] X—IsLA A
SEEINR ZIAE RN B4, BT Counter member functions #AZ0ijE inlin bR
Ko EFERIBIMRLER T 22 K, BTSN EZH Counter member functions H#hkk
PR, IBLepR 4y Bl CH+ IENY, i) private 4RZRMLHIAIAE R R E T BN R — [
KA | YF derived—class objects #24M base—class objects —FEHuANIE,  (HFIHE,
PN, EIFELEXT e A Widget MIVEFH WREFEIZEHILL—A Widget DAAMRZRBIKE I
Counter, MHgtiEvi, filin]geil: Widget 4%k H Counter<Gidget>. FNFiXFln] et T REL
ISR A, D

EFEI BT R i S AR A, (S T e N bR e, Jan] AR . fi
private 4k7&HLH], =K howMany () STERTAZAIMCA private, BT EARTASE R 420
EN— using declaration, f# howMany( ) A A public, A He#k % :
class Widget: private Counter<Widget> {
public:

// ik howMany J& & public

using Counter<Widget>::howMany;

..... // Widget [PFRIGREMEA LA,

I
class ABCD: private Counter<ABCD> {
public:

// il howMany R A public

using Counter<ABCD>: :howMany;

..... // ABCD HJFRI R BT A AL

XL FFA L HE namespaces (g4 0] Mgmitasm 5, LA B HBW T L H IR 1)
R FRTE N, (HIFABEED -
class Widget: private Counter<Widget> {
public:

// ik howMany J#% 4 public

Counter<Widget>: :howMany;

..... // Widget HIFERIEBAT A HE .

U, FHLEPAT [P0 P se R, LA LB Rz s A K P T
(IRBIEH class AN 1) [ classes, WAUMPIIEFNE: K Counter B A—A
base class Jfit howMany ( ) ®I#¥EUHH [ 5],

SR RAM L AE ], & S B AMEAE B IO 28— 1F S 2B 1] Cambiguity).
TRBERAFTHXT Widgets THEL MREATA B ILX N EBUEME e H . — Wi EoR,
AT Widget 4k H Counter<{Widget>, %4 Widget::howMany () 8 public. IAE
B FATAT—A class SpecialWidget, LA public 774k H Widget, ATABIRMELT
SpecialWidget {fi JHF# —4n Widget {1 [+ FrE= 32 HIHLAE . Bl i, ifi 4 SpecialWidget
& [ Counter<SpecialWidget> BJH],

{HIX B L T A B ] Cambiguity) (KR8, WE—4> howMany () %} SpecialWidget Tfi
SARTHNE? B4KH Widget WIS, m24kK 3 Counter<SpecialWidget> [HJH
AN FAVTA RN, MREKE Counter<SpecialWidget> AR, {HEFATEIMEAE A H
iS5 H SpecialWidget: :howMany () [EHL FULHERAI OIS, B, &R & —AMA
P inline BR=C:
class SpecialWidget: public Widget,



private Counter<SpecialWidget> {

static size t howMany ()
{ return Counter<SpecialWidget>: :howMany(); }

KA TS FH AR ALK 5 ATV BCTAE | e —ANE L, Widget: thowMany () f%
[FIEA N ALFE Widget objects BN, WALFE Widget ATAEZRMI BT~/ objects. il
R Widget MME—fTA250%2 SpecialWidget, 1347 A Widget FUSZYMFFI =
SpecialWidgets A7, HEEE Widget::howMany ( ) ¥if&n| 8, Hegs, &—A
SpecialWidget MM, W[AIIN 58 ILIEAEE] (Widget Fefy) .

o HE
DA H SR T AR 1

® WA T AR A Sk AR, (H I JE EWARG AR EE R . .2 Do It
For Me” pattern (Coplien FTiEfJ “curiously recurring template pattern”)
A Re AR IEECR T 4L ey . I8 private ZRzRHLH], nT LA HEY R IT4RE
15 T XAY KRR

® MmN T4 KH > empty class] 5 [NEHA class object il
data member | W, 4fAELEAFIERE, BN OV 5 S YA

® ([ C++ R—VI% 1AL heap objects HAY BN AT I MU kE F0 e A 1 AZ A4 s ]
(memory leaks), FFLANEFZEA R operator new Z FEzUHE, % 722
XV ) operator delete.

® Counter class template AL FAREG LKL, AT EH—1 object. BF
R —HFE. Rk, Rumn] LLH BHIERAE T4kapLH ] 5t [ 24 (A6 HR],
FL A ] — A N AR R 202 I A [ B i A FH A [ 7R SRS o

o HEEETTR
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s& Widget SIS —HBH.
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August 1997, w] [ LA F W53k
http://www. cantrip. org/emptyopt. html.

(5] HEXS XA VA S 284k, minl Bhik Widget DA Counter<Widget> 1%
WAL, FEEAEIXAS SR, Widget MR, HL2A RV
Counter<Widget>: :howMany () #% EFEIFIY . T HIIXANZ5E ) B4 I 0] /M s 4kt ie
[EEZT
o BH—IPHIEY)

W RAREL 2] 22 OG0 new I delete HJZHTY, 1§PJ1L Dan Saks fE CUJ 1997 4 —
AZtAREERER, 82k More Effective C++ (Addison—Wesley, 1996) 453K 8.
WAL 32 IS v 4 Cobject—counting) jn)dl, GUFHWFIFREIZEAS class B H
WAL IR EL, 15FH More Effective C++ 453K 26,

®



Mark Rodgers, Damien Watkins, Marco Dalla Gasperina, A1 Bobby Schmidt %} %}Z<
EFESE T R L AT WAL, AR SCHEVFZ T A T A R
o f{EH

Scott Meyers 2545 4E Effective C++ # " JilAl More Effective C++ MIFEH (W
AP ERAH Addison Wesley HR) o YRFTLIM http://www. aristeia. com FR 25 L45 Rid
iy A AR RAETHE . BRE:  (Effective C++) 2f R LA Meyers WA kEt .
o ¥
MRk, HbmERAN, LK C+/Java/00P/GP/DP. 15 AFIE ISR IVKE FIHEAR, LLA )
1S RIIR 2 I AR
® sidebar : Placement new 5 placement delete

malloc( ) fE C++ HHIXIEEY) 2 operator new, free( ) 7E C++ X &4 2
operator delete., fl malloc() K free() AN[EFIJE /2, operator new fl operator delete
HB T DARE A, AR I ROAS il 4552 5 BERRAS RN AN R ) 288 3X X} operator new
Kl — I 1M, (HE 25T, A X operator delete (.

operator new [HJIEHARIC (signature) ji:
void * operator new(size t) throw (std::bad alloc):

CNIRAERS, AT Tk, POk %I 20 exception specifications (¥yE: #igd LA
(1) throw (std::bad alloc)), P EAT TN H i 2350 B s A AT R VIR &R - Doperator
new [HEHMA GG M &L, Frel—A operator new HARA A REKIXAFE T
void * operator new(size t, void *whereToPutObject)

{ return whereToPutObject; }

EAFFIRIRAL) operator new 52— ANEUAME voidk 514, Fi7 itk ok B[R4 41
BEFERR o AR IRTE AR CH Ay ERE xQ2E h 2 anuth i WA H CE A AR LY <new>),
HimAE T —MNEAE K 4FK: “placement new” . IXNEHERIMHILHK: R RTE
H[—A object MAZUEAFPCIZAMAMTAL] -

BEAG N [k 25, AT [ BEREAM 15 (1) operator new WA, tHERHTHT KA placement
new XPMARIE ., FE LIXMRIECEHEICH Cr+ bR, Kk, 2 C++ 7 k3
Prifi) placement new Bz, AMATIITRAI AR BRAEAS [FEAIF—A voidx &%, H]
CLYE HA A B AT AL | RS, (R ] GEAEFR L [ ol B i — M 22 size t 514K
W2 | (AT operator new A, % Fikea, MAFEHAL [5128052 | 1Y operator new

Pea) i, A HEE SEPIEICIZAAR AR, “placement new” M [operator new
(IR RRAS, B2 A 514 o XN ARIEAE AR & v] gy oAb & X, (HIRMTA TGRSR,
Frih, 2k A . WERARTFEE 2407, 1§E% AR EE Y.

F1 placement new Z¥fL, AiE “placement delete” =ML [operator delete [IHEAMEA,
2514 o operator delete M [IEH | Fridln -
void operator delete(void);

FIrCL, ARfTRRASIY) operator delete, HEFRZMGIHZ N LA voidk, mid—A
placement delete PRz,

IAE L FRATE RIA SIS I — 8. 24 heap object fEEMHHN L H—AN %4,
SRAA R ? TR B8 LA XA ST
class ABCD { ... };

ABCD *p = new ABCD;

i = ABCD object B3 T —/N R . Wi ESCH AR, W RH K H ABCD
@RI, operator delete 2 HEfMuE, B operator new it & Micisg., (AR
operator new HZHAL, FEIKAT? WRAF AN operator new LAA[E )77 xUHC &
WA, THHSCE T ? operator delete WHA%IIE % /EEMA B IEMIREBOLIZIK? HhAb,
WA ABCD object HRLDA placement new ;=R (R FHIXER) , XaZunf.
void *objectBuffer = getPointerToStaticBuffer() ;

ABCD *p = new (objectBuffer) ABCD; // & —MEAZMIX =4 —4> ABCD object



http://www.aristeia.com/

LRIBA placement new FEAELEATACIZAM & H IR LRI —AN 808, FRIAIBASE T
B HEAZMNX . W, ANFTHFELAR RN,

IRWAR, operator delete FrRKHUATZ) (AR HXTN 2 operator new AT )
WAL B A AZAR I TR FH ) operator new RUCASTAE o
H TR RAVSTRER Tl [a 2 AR 2 operator new AT ], C++ hnifER
WP T C++, SUF operator delete HAEM MY 23 k. 24 heap object [ constructor
FH R, BANIERMESOE 7 — 4, IPIYEEFIRIN operator delete RAS, M—JR
KA BN EON G, X EET RN A e T MG 2 operator new fRA

WHRBEAG AT — A placement delete HIEANEEREMS N [ MMt 2
placement new IZNANEEL |, IREE, Wi AT (EA] operator delete #MEd . i /&, operator
new HIAT AP K I R B CIE R R BR o XTI ABLE [placement Kt [ operator new, iX
WA, KA IIEATLIERCE ISR AR, — M 5, WERAR= A —AN A e 1 [ placement
] 1) operator new, VRN IZI~AE—N NI HEEN [placement it | operator deletes
W, KB 2 PR s BN IE VR AT (4% placement deleteo IXFPgmiFas T =4 kLAY,
R )L B A3 52 52— ORI (memory leak) o UWIHAE heap object ZEMIMIMRIA —A>
S EL, BOAANSHTA ANER constructor # Ml 2 A # AL E 11C 1244

PR AR, GNU C++ 2.9, Borland C++Builder 40, Microsoft Visual C++
6.0 = HKYIERA LA TIE placement AN operator delete. HHPL Visual C++ A
G, 2 TR TN placement delete [W#IFMEELREME XTIV R A 2
placement new [RIFRAMNEEL] B, Visual CH S5 R— A5 S,
no matching operator delete found; memory will not be freed if initialization throws
an exception.

9.4 NEREIEWREAE operator—>*% (Implementing operator—>* for Smart Pointers) #%
#: BB

BT ASCHRAERT (BP0 24 2001/09 HISCE . PR, BORWIH. AiEH
BRiESEAE S R i) S T NS RIE B AL, Fedoitit, DURBMEEE, AR, K
RS B v S e N IR, AR AR IS 20K SO PR 3

B BUR AR AT LA il B i R AR«

client : B

type: T3 o SRy G A AR AT AUATE R, AN TR mdkE [R5
instantiated: HIAb. [#XF—4 template, FHARSZILH—psifk] HEl.
instance: SEAR. ] JEERR IR

parameter: a4, s, B,

argument: 18, BUFRSEEEL, SEE,

user—defined: ffH#& HE

£ class, object, data member, member function, constructor, destructor,

template SEARE, HIREAANTE.

BIIE More Effective C++: 35 Ways to Improve Your Programs and Designs
(Addison-Wesley, 1995) W, FRAEFLALRE T A1 FEefebr (smart pointers) o
iR, RWERIFZ ), P EATEB— NS H Andrei Alexandrescu, i E]: [—
MNEIERERE B Gefabr, AN operator—>% Sl 2 AL We ? M AF TG N AL
M) o 2, FRAMAE IS NI, P AR e k. RIS 45 FRk B3 ks
I [SEIL operator—>* ] %, JLrhil KA @A AT templates BH .
® fU[¥ operator->*

WERAR A K ZHAFEA R —F, IRRMEA G IS operator—>%. PRI, 7EFAERE T
X REFRAR SAEIXAS operator Z AT, BAFFEMARK— N e AT A,



kB — class C, —Mabx pmf , HLRI C IEE4L member function, LLA—A
fabr pe, HLUFEI C object. A FiE%:

(pc—>*pmf) O ;  // 4F *pc 5 _EMiifd member function *pmf.

A Tpe FHRIIAS object] & B pmf FrgMIAEA member function. — I
AANE PR, — A48 member functions FEFR, AT NZRAFE I — & ¥ ks, H
FEEM R st O B M AR S, %8 pe—ospmf  [R/NESEAEEN, A
kg Lo

pc—>*pmf () ;  // HiiR!

A -
pe—>x(pmf () ; // Hiiz!
o AR —
class Wombat { // wombats &LMHE = H— PG48,
public: /] FRRA S,
int digQ; // A&H] depth dug
int sleep(); // A&R] time slept

b

typedef int (Wombat::*PWMF) (); // PWMF: — 487 Wombat member function HIFg#sm.
Wombat *pw = new Wombat;

PWMF pmf = &Wombat::dig; // 4 pmf F5[71 Wombat::dig

(pw—>*pmf) () : // XA pw->dig(): AH[E
pmf = &Wombat: :sleep; // % pmf $8n Wombat::sleep
(pw—>%pmf) O : // X pw—>sleep(); #HIA .

® 4% operator->* T

MRV 2185 1, operator—>% g JTI: BT ATRAVE N R fede
FRSEAE operator—>xif, A5G HORNEEERRbR, Fam— N8 T Botk. HA51502
ANFebr, $81 class T BJ— member function. WFAY operator—>*2 1%, AN IL[n[f%
fHME—ReM FE e s e — 285, e —A gy | o rEL, operator— >
(1) [ 4L B e HE R [operator () (Jril function call operator) 43LEAMATIA b1 [
RV o operator—>% IR [EIfEAE AR — AN o B R L R 58 1) ek 2URFRL , By LAFRAE operator—>#
AL PR SRR S PMEC, =B R — “Pending Member Function Call.”
XIS A, e TN IBRIGRESR W ERY (pseudocode) :

° 1% = (pseudocode)

class PMFC { // “Pending Member Function Call”
public:
return type operator () ( parameters ) const; // BEE (1)
b
template<typename T> // template, HIJA T #gefgbr, FILLZ$E operator—>%.
class SP {
public:

const PMFC operator—>%( return type (T::*pmf) ( parameters ) ) const;
// PEE(2)

b
// B B (1D) 0 return type Ml parameters @AZUAT (2) XN 54 —Ff .



HATE—/> PMEC object #RARRAG — A ARIFEMAIFENY: FEIY operator—>% FrE EI
member function, At member function Al PMFC: :operator () AT BIEEH 5¢ 240 ] .
KT RN, B T F) member functions ANESZAEM 514 (F1E SR R TR ED
IR B RAR ] LR R ) 38 —F0f e O R .

L TR =
class PMFC {
public:

return type operator() () const;

b

template<typename T>
class SP {

public:

const PMFC operator—>*( return type (T::*pmf) () ) const;

I

IR Tpmf  JrfinlZ member function] MHMERIIFETE LA BN ? W HER int,
double, WHJHE/E const Wombat&. &1, ‘B RIHEEATARIG . IRINAZKE XTG5S v BEIM 21
4Ll template REHL, A, operator—>% MAEAEAL T —4 member function template,
IeAk, PMFC A5 T —4> template, PRI [operator—>% HIMA] SA&RIA 5
ff] PMFC objects. %4> PMFC object ZEXL operator()  HEMEFERMF, 0520 &N [A] 4% 751 )
AT

— HX¥ e R L (templatization) X 4%, MR(ET] LI EHY (pseudocode) , G
FLIEA) PMFC A1 SP::operator—>%, nfEz(#)3& Iy,

o TP

template<typename ReturnType> // template, HH— [[EMLEHYAIA ReturnType] [X]
class PMFC { // R5ER] 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
® TLAEMIE% ) Member Functions
B AN—ANARFEHKN member function call, PMFC {FEEAIEMFEARDE, A RESEAEIL

operator ): (1) "B = TIENYIEA member function, (2) FEMEA object H _EMiiRi%
member function. PMFC constructor Wi e RHUXLES [ Z ) — Gt ai. HAh, K Bk
PIFEZR U IS —NPRUER) pair object WALFHEANGF FR. R2HAN IR AIR 1.

o BAFE
template<typename ObjectType, // AL mem func FIIBAS class.



typename ReturnType, // mem func FFJ[EM4LRIG,
typename MemFuncPtrType> // mem func F5EEFRIC .
class PMFC {
public:

typedef std::pair<ObjectType%*, MemFuncPtrType> Calllnfo;

PMFC (const CallInfo& info): calllnfo(info) {}

ReturnType operator () () const

{ return (calllnfo.first—>%calllnfo. second) (); }
private:

CalllInfo calllnfo;

I

EIZ T EARBIPRE Y, HSH YRR YR E—A PMEC, fRAZ0HE H 220 ny g
—Fl member function(PEF: IXHLE iR MemFuncPtrType BIVEF), I35 HAEWE—Fh object
B bty R IXatE LR ObjectType HIFER) o FHAE MRMEE PMFC ) operator ()
BRI, AR TR R XA [R5 Rk e hitfE (ids%) F2k] [ member functions

TEI A BRI operator () RARHETE T WAL operator—> SEAEHK. i, KA
MEReTRAR [ HEZ operator—>% ] BEIFIY, A 24—~ PMFC objects, iX
i [ HE 2 operator—>%] NAZAMRHE 15 F NEER operator—>x] SLA/EH K. XA
BATT ARG LLR FSE— /MR FR: [fEHE B2 operator—>] AT A, Fl [iE
HWEZ operator—> | UILIIE, KN C+ XY TEH#H HEZ operator—> ] R4
WERY, 2% (Bamt) PEny 2] (355 NER operator—> ] o WIHIXIFRILG A N2y,
XKoo B v B IE I ) b

PRATEE AT RS T, ObjectType, ReturnType, Fl MemFuncPtrType  — template
parameters LT MB R KM WERIAIIAE MemFuncPtrType, FRATHEGEEHES
ObjectType F1 ReturnType. Y5 A8 ObjectType 8% ReturnType, #B&E MemFuncPtrType
). IR, FATREEATA THMUEFfL] (partial template specialization) #
A, M MemFuncPtrType #ESH ObjectType 1 ReturnType, {HHIJASHE kit ] HoR
Z RIS IEA T N A n Visual CH 6 A 048D, FTDARRB A LR
PR W RARTEN [mFrAL R ] R AT 30k, AHSCH T i B MZ [Partial Template
Specialization 5 operator—>%| JERICF,

AT RAPNE PN PMFC SE/ENZE, SPLT> [ operator—>* JLFLU&5E k. & itk
M) PMFC object FFEE—4> object pointer fl—> member function pointer CHHIMH .
—WIREATRANFIR, Baefatr W ESH - data member HIKAF/X object pointer;
2JA member function pointer, ILSZELE operator—>x FriEskfy5I%k. Hit, FEzXHF%E
GRS N %] DA RasfE . LRI AN g e 48 (Visual C++ 6 A1 eges 1.1.2) 1M
5, i,

L FEATNLIN
template <typename T>
class SP {
public:
SP(T #p): ptr(p) {}
template <{typename ReturnType>
const PMFC<T, ReturnType, ReturnType (T::%) ()>
operator—>% (ReturnType (T::*pmf) ()) const
{ return std::make pair (ptr, pmf); }

private:
T* ptr;
I
o A% L

#include <iostream>



#tinclude <utility>
using namespace std;
template<typename ObjectType, typename ReturnType, typename MemFuncPtrType>
class PMFC { ... }; [/ —nbAE
template <{typename T> // —nLE
class SP { ... };
class Wombat {
public:
int dig()
{
cout << “Digging...” << endl;
return 1;
}
int sleep()
{
cout << ”“Sleeping...” << endl;
return 5;

}

int main()

// —WILAE, PWMF ZAMFEHR,
typedef int (Wombat: :*PWMF) () ; // $8m— Wombat member function
SP<Wombat> pw = new Wombat;

PWMF pmf = &Wombat::dig; // % pmf F§[H Wombat::dig

(pw=>%pmf) () ; // MRIRATN operator—>x;
// ENHY “Digging...”
pmf = &Wombat::sleep; // % pmf $8[n] Wombat::sleep
(pw—>%pmf) () ; // MR IRATI) operator—>%;
} // ENH “Sleeping...”

N, WERIT, XSS IR (resource leak) , [KIA# new k[
Wombat MAH deleteo. MrAh, IXMFEXFEMLHT — using directive (HEL&E using
namespace std;) , TMHSEZ/EH] using declarations ELE T . WHIE A SUNE
SP: :operator—>% Fl PMFC I H.Z) b, ABRIPE U/ Ny R IR T (pw—> *pmf) () 1)
AT K, ST BRI S ) nl 8 Gy A5 IE A DG TA G A UK b i 2k

A —42, B operator—>% member functions FIfFH ) PMFC member functions #E
A& inline PR (EARIFLWE TS » Bk, /0] LA, &0 LU R a) B 7= A ok 16 -

(pw—>*pmf) () ;
iz SP Rl PMEC (58, R0 LU SRR B By = A2 H R AL v R A
(pw. ptr=>%pmf) () ;

Hrp QAN EEE s E. HiL, [ SP’s £k operator—>% fl PMFC' s %
@tk operator (), AT IHRATT DL 2 FEADGBAMSAN ) 2, TERHBIAM AN 2,
8K, SRR IARLR I g 5 s T B AL E T« R HERE X ZEX R pair A1 make  pair [
SR E o« DARPTIRA I WA g B as (R ILP iy dsERE 2D W55, 47 P I St Abig I
1%, A—NRIFERSPFEPATIIRBAR operator—>% SEAEM, FH— A%,
® N EXt const Member Functions F3Z3%

HIFAETE SP<T> 1) operator—>% B MIEREEL: ReturnType (T::*pmf) (). ik
FHIHHER IR, A ReturnType (T::*pmf) () const. IXEWE, BWHTA—A 51
const member function] 48RRI LLHEAL 64 operator—>%, IXMELEWE operator—>% A
X% const member functions. UWIMERHE AL FARELE— N HA RIFBHR ARG



R TCHA IR . SEiE 2, IRAVR A 2 M ERIX PR # . HE ok SP i L5 A operator—>%
template, il iGH R (#5817 const member functions]) HIfEtR; WAEXFIFE .
HHZE, PMFC MNBEATAEMSAE, FAHLANEE MemFuncPtrType 23 &2 45 EAEA
—~ member function pointer HH|& I, ANLHA member function &M consto

o FEAZIFE/N
template <typename T>
class SP {
public:

// Uiy

template <{typename ReturnType>

const PMFCKT, ReturnType, ReturnType (T::%) () const> // M.l const
operator—>% (ReturnType (T::*pmf) () const) const // Ji.L const
{ return std::make pair (ptr, pmf); }
// By

I
® I [#HEE%EK Member Functions |

HTEZBHNERAT, T T RRIEE [—/Mabs, 51 member function, 1%
member function A —NEE] o BA IR T REORIHU R L, DROA AR ME— 75 EEA L&
o4 operator—>% FTHERZIIEE, RIZIET PMFC ALRFIXIAr, s b, fRME—FR 2
It & A operator—>% HEIN—ANENY template &%, HA RN AZ &5 7 () member
function T (FTIE) FZHIBHNN . BB SOLAREE—FEFT 225 L OREE — SR AR T .
A, HJA SPAT> WNAZFRIIN SCPE [ FA240] () member functions Fl [#5%2—A
24| 1) member functions, FTPMERNAZ A EISIN—AFiF] operator—>% template. fEFE
AP, THERITIA nonconst member functions 37 4%, FH5Z EX const member
functions [KISZHE 1% [R] I 5E o

o HAFIFEIL
template <{typename ObjectType, typename ReturnType, typename MemFuncPtrType>
class PMFC {
public:

typedef pair<ObjectType%*, MemFuncPtrType> Calllnfo;

PMFC (const CallInfo& info)

: callInfo(info) {}

/] T 0 ANEY

ReturnType operator () () const

{ return (calllnfo. first—>%callInfo. second) (); }

/] 1 ABH

template<{typename ParamlType>

ReturnType operator () (ParamlType pl) const

{ return (calllnfo. first—>*calllnfo. second) (pl); }

private:

CallInfo calllnfo;
I

template <{typename T>

class SP {

public:
SP(T *p): ptr(p) {}
/] XAk 0 NEH

template <typename ReturnType>
const PMFCKT, ReturnType, ReturnType (T::%) ()>
operator—>% (ReturnType (T::*pmf) ()) const



{ return std::make pair(ptr, pmf); }
[/ 1 ABE
template <{typename ReturnType, typename ParamlType>
const PMFCKT, ReturnType, ReturnType (T::*) (ParamlType)>
operator—>% (ReturnType (T::*pmf) (ParamlType)) const
{ return std::make pair(ptr, pmf); }

private:
T* ptr;
I
— HARBEW A BE RN BER — AN B4, iARA D A BAE S AN 280 ik J A,
NTHZETEE nNM25] ) member functions, iG4E SP P ESE P member template
operator—>%, —PHFEEE nonconst member functions, —/MNHKZFE const KA. fF
—A™ operator—>* template #NIZIMF ntl MIEH, Hrbh n AMECHRASHATH,
TR IBA IR A5 s X RHE R0 . 2Rk, £ PMFC Hfin EXFR ) operator () template,
RINERT
® KFTAEXT operator->* HISTHR TAEASER
VFZ2 N BAAXT R RefRbn Z MR AR, an FARAT T 20t 0 R — PPN, R
IR TAE, AATT— AN % W RARARE B R e AR AR AR N, B RS R F— MRS C++
B, & KevinS. Van Horn I35 http:// www. xmission. com/ ~ksvsoft/code/smart
ptrs. html. SEIE )&, % operator—>* KT 8% T.1E, I DA aEE N —4 base class %
X, WYL A
o FEAFR A
template <{typename T> // Xj&— base class, HKGIERGEIRIR
class SmartPtrBase { // %t operator—>% 4%,
public:
SmartPtrBase (T *initVal): ptr(initVal) {}
/] X0 ANEH.
template <typename ReturnType>
const PMFCKT, ReturnType, ReturnType (T::%) ()>
operator—>% (ReturnType (T::%pmf) ()) const
{ return std::make pair(ptr, pmf); }
/] 1 ABH.
template <  typename ReturnType, typename ParamlType>
const PMFCKT, ReturnType, ReturnType (T::*) (ParamlType)>
operator—>* (ReturnType (T::*pmf) (ParamlType)) const
{ return make pair(ptr, pmf); }

protected:

T* ptr;
I

NRA B operator—>+ 3R AE IR REFabs, H 487K SmartPtrBase BIn] . (H/2,
HA Y [ Resabs & — > —Medabs, USRI IER e mshE] i, BiRwirA@EH. [H
T RdEhs ] R WA — A Re e bR s T 2, RIS SAAN R B T, X RANRI R
e E AR B AL Friis i1 7728, B operator—>% HLAEERLAEEOK . Horp Sl i)y X Ek
VPR private 4k&HNLH], BOAWSHRATA public 4k2&HLH], AL SmartPtrBase
_E—4> virtual destructor, PIIMEINIEAN (LRILHAT derived classes IR/ o
Private ZkzAMLHI AT LAk XA AR, B, BFFE— using declaration (MLF%
KA F+—) LUELE [P private Ty gk KKK operator—>* templates] %4 public.



R EA TR L, LUK SmartPtrBase 1 PMFC template #SisGdt—A i 44 2 )
(namespace) Wi,

o FEAyFEt—
template <typename T>
class SP: private SmartPtrBase<T> {
public:

SP(T #*p ): SmartPtrBase<T>(p) {}

using SmartPtrBase<T>::operator—>%; // ik [private 4E&MkH

// operator—>* templates ]} publics

// B ReFRbR ) — M pR U AEIX L. operator—>% FLAEI L HE th 4k AN LHIZRA
I
o IHHIZRE

TEFRGEER X B REFRAR MARL) operator—>s SCHE TAER, FACIMIMHE AR Usenet
HIVE B E4H comp. lang. c++. moderated, HEHE K ETIRIN T B, Bt Esa Pulkkinen fi
HTUNER:

PRICTTTVE 22 DA A )«

1. IR pointers to data members (HARIXIBZEIIMRIL)

2. IR [ffHHE A% (user-defined) | ffJ pointers—to—members. WA AL
T operator—>%, 2B [17 ML member pointers] fIHLE objects, fRAIAESAHR
HEYRI smart pointer class P IZUNML “smart pointers to members” o ANIEMIE,
PRTGEE traits classes A AEIRTFIXFN 2 EAAR N operator—>* [FHI4E R,

Smart pointers to members! WERK, Esa X1, (ZFsL FECIRBIIT T MRS E E
iff o RAEEE S A SRR Z AR AR FEI TRI Y, FRI— AN R FBEIL T — )i, i [l i ] LA
{fH] smart pointers to members FARMUfEY . WM. O FEME, A&
K7, TR R, HEER Esa WIFSH TERHSTEE . FkciX B,

o HE

WRARE H b oe ZALUR A e FRAR (smart pointers) AT AR HEA AW (A
fabR, IRMNAZSCHE operator—>%, BUE N EIRFRIIEN—FF. i2H class templates Fll
member templates, FATITFLLELAEAA M SR AL SO iR e ) o X LSRR e o — A
base class, AJUAOINILE FME, 5y (AR BEFRAR IR TT o
o Zif

Andrei Alexandrescu BT 5[iEIkX} operator—>% [KJHf] 2R, WG T Fxt
PMFC [F)8E4E o Andrei MBS A S SRR AL T & UR Z S S UL, FEB s UGS . Esa
Pulkkinen FI Mark Rodgers WA 7 AHFEIW DRk ARATIR A KA, TR ERZ,
o f{E¥k

Scott J&—fi C++ Wije], 4L Effective C++ CD-ROM, Effective C++, Fll More
Effective C++ HIVEH . MRAILLE http://www. aristeia. com/ FIABERZE .

o ¥

MRk, AR A, L1 C++/Java/00P/GP/DP,
® sidebar : Partial Template Specialization 5 operator->*

PR S A O], Esa Pulkkinen Fl Mark Rodgers %5173k, Bt LA (partial
template specialization) RJHKM—/ [ pointer to member function] Yy ZEHLH
1% member function JTJ&¥) class B3, PLACRR xCnME A0 o E— 5 L0 21T traits 4%
AR, IRl ZIs A CH+ AERREREAR . JOR traits £iAR, 1§£&% Nathan
Myers [ #: “Traits: A New and Useful Template Technique,” C++ Report, June 1995,
HSC LA http://www. cantrip . org/traits. html,

Mark Rodgers fHEIMFEAFIR A ZFralfiLe templates, ‘EATHKEZZANEHE—
MZEP) member functions. ZRRFEAIY ANELEZE L2 A4, YRZ RN HAEE 2
HiET Y. AT templates, PMEC ghnl AL A [ RFE—ADE00 240, JRR1
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MemFuncPtrType] o 2K, BN G]IEE ObjectType Fl ReturnTypecan AJARYE
MemFuncPtrType S H k.

® ObjectType & MemFuncTraits<Mem FuncPtrType>::0bjectType.

® ReturnType & MemFuncTraits<Mem FuncPtrType>::ReturnType.

o FMAYFE|T
template <typename T> // traits class
struct MemFuncTraits {};

template <typename R, typename 0> // partial specialization

struct MemFuncTraits<R (0::%) > { // for zero—parameter
typedef R ReturnType; // non-const member
typedef O ObjectType; // functions

I

template <typename R, typename 0> // partial specialization

struct MemFuncTraits<R (0::%) () const> { // for zero—parameter
typedef R ReturnType; // const member
typedef 0 ObjectType: // functions

I

template <typename R, typename O, typename P1> // partial specialization

struct MemFuncTraits<R (0::%) (P1)> { // for one—parameter
typedef R ReturnType; // non—const member
typedef 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

IEHIXEE templates, FATME R PAFFESIER A =P PMFC. A B AEIX HL A5 f
R traits PIEEARATT, WAFTHEMR A typename UATHILE template W HIAYI4
2T FiRixss templates HJ LA KEE{K smart pointer classes [ 8K 3E operator—> |
I TAE®R. 352 F, Mark Rodgers fREE T kAi], BE—A> operator—>% template HLAJ
DA IEFT A 0] BEl] member function pointers, ANEEHE IS member functions %
52 /DANEH, WAL member functions & A const. self), HIEG SP (8k
SmartPtrBase) TfF ] operator—>% templates AEFEUACAFER AR IUHISEIA], 7Y
WZ% MemFuncPtrType ¥4 RE5 M —FF pointer to member function 5| & F, A
1% member function MEEANE. MUER . WEE (constness) o #EA pointer to
member function AU EWifLiRLy PMFC, fEABH., fWAFALHLE] (partial specialization)
SIEIAT, FFFATTAE T B A BT K
o FEAyFEt=
template <typename MemFuncPtrType>
class PMFC {
public:

typedef typename MemFuncTraits<MemFuncPtrType>::0bjectType ObjectType;

typedef typename MemFuncTraits<MemFuncPtrType>::ReturnType ReturnType;

// —nbAE

I
o FEAFEAIY
template <typename MemFuncPtrType>
const PMFC<{MemFuncPtrType>



operator—>* (MemFuncPtrType pmf) const
{ return std::make pair(ptr, pmf); }
MRikiE 1. sedEfe g anr s, FEMAS A0S
// veblx] cbd[x] gee2.91.57 on win32[o]
#include <iostream>
#include <utility> // for pair and make pair()
using namespace std;
// partial specialization i ARHF GCC F1 BCB #g. VC6 ZRIK,
template <typename T>
struct MemFuncTraits { }:
template <{typename R, typename 0>
struct MemFuncTraits<R (0::%) ()> {
typedef R ReturnType;
typedef O ObjectType;
I
template <typename R, typename 0>
struct MemFuncTraits<R (0::%) () const> {
typedef R ReturnType;
typedef O ObjectType;
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> Calllnfo;
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
I
template <typename T>
class SP : public SmartPtrBase<T> { // (1) JRCKM private 4k&, GCC R, i+
public:

SP(T #*p) : SmartPtrBase<T>(p) { }

using SmartPtrBase<T>::operator—>%; // (2) & G++ T4 HIC/E A

// normal smart pointer functions would go here.
I
/%
® i

JRe (1) SR private 4k&, {H&E GCC A3Z3#E [LL using declaration ZE

private inheritance fIFRME ] (AIEIN AW (2) BE%wEE, B! D, & mainQ 2N
A pw—>k RUHIRGw PR % . RPN public. BESRSKRMA public inheritance, (2)
KBTI REE T HiE, {(C++Primer T 3CHRY p. 981 ¥ [LL using declaration 5
filf private inheritance WIPRHI] , FKLL 981. cpp 2, G+ HINRIMEEF. MAHER? i
#7% . well-known bug in G++: “Using declarations in classes do not work!”JL
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—>#*pmfec) O ; // Eatting. ..
PWMF1 pmfl = &Wombat: :move;

(pw—>*pmf1l) (2) ; // Eatting. ..

}

WREGEE 2: AEBAESOH 3RS wombat & BIBYHEF ™ (1 — P AR50, Al KA 8.
HMEFRE IR . wombat EAATIESNY), HXH+, JEARAL. N wombat [
R

VR W VFRR S — FIRINES 7 dingo, JREEFAETIARMUAI I XIS 501, AL, EA
INEAOX T Y HE -
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