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2. ®iE

XfC++ B AT, HARIPA SRl . B HEMALAZR] 10 45, CH HUER AL
HUT P BB I R G 08 7581 1 o m AR s AR EL Bk e ) 7 2 )
AN AW CH+ ML TS R CH+ N, B o ) ) — AN @ 2 AR
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BUT B AEAN D SRR B SRR A R S5 R (P I 0T 5 58 ICBRER I H (00 &b 5 2
CH+ G Beas AR ANBIE I, e AT I BE S 0 35 M O BT 78, e TP 7 2 O Bt ot A
. CH+ IR TRFMIF RS RCR B EE, BB, sl (robust) HIFEREE
Rk S . mMALFE U LT R0 A2 25 B H s i S i 7 Kk .

— HEFHEARAM, MmN e AR k@2, TANIPTFE sk
BE. 1990 A AATANANIE C+ 2P ARG, 27T 1992 4, AR sLE wfTiE . b
Cot+ P2 5 1n) 10 1) SO e e FR AT e 1 v O N A R T SR IR R AR 2 B o] fig i o 8 e =
T (R 2 T AN ST 408 LA Ik R0 Tk 2 FR AT B A% S A Hh T 5 R e EL R SCAR MRS T L RE 2

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

ARADEVRAR A B L SE R T R SEAE C+ BRAKR: e AT S A TG S I A
SRS ] AR RN RE TR RIS L U RIS N AR TR
GET | TP Is B L AR SHIEMIEH; ARG 8 5 an ik
WARELT

AKANEEI R 35 AFcale BEANGREE R 8 RG22t C++ R+ o 22
TR R o B 25 LAVEE DU Py 200 o 2 0, o B P 0 B 0 R X 45 T IR A A A7 A, I RA
BIE SR 2B R, DA AE O AT DLA B SOZMEN) . BT 4 - Aok, Ot
LG 2 OGO A8 [V 5 R0, R 2 IR T RE A 50 10— 283k it flndkak 9715 &
T exceptions (Ebf% Tom Cargill, Jack Reeves, Herb Sutter fkIRHIIRSLI =
—FED o A A K AR e 48 A AN R PE LUE BCE = HAs . B4k ak 25731 fiiid
A BRI A AN B B A A, AT AR s — AN DA R 20 531 7 At SR ACL R 40k bR X 1 2R 7
W[4 smart pointers 5545, HAMAIKAREIRTE) Z B H . 45K 16724 LHEJARCE LW
VOB, ANTRTE—4%3K, ROt pER 5 H A BUAH O¢ Has ERIEL . 75 More Effective C++
— PR 2 3] B G e] B SO RS B A Crr o KRRy C+ R R ORHE S MR U K
i, HEE 2R sRRHmnc.

XA BE 7 KRR, RN A AT 2 A AR O, FRBCR AR T AR
(classes). TR¥"Z2% (protection levels). MERIR. JEERIEA, FBMBRR CimEBE
templates fll exceptions TRMM S . TIFAIABME—ALET LK, Prilid 85 WL
CH+ FRPERS, Foosdt— DRt .

2.1 AHFTRE C++

WAEABTPTR PrHE C++, 5 ISO/ANST FRifEZ i 4s it 1997 4F 11 H 58 ) C++[E
bR 822 (Final Draft International Standard). JXWE T AT A SEE8E S
MERTBE T AAEVR I B 2% (s) SZHBRE 12 8. FHELy, TR ORI 5 — BTl (37 ) Febt,
W% A templates, 1l templates 414 JLT T2 & Komitds M & HLAE. FRthiz ]
exceptions, JFREHEF LI 9715, WRIRIMGIERS (s) AKBESZHE exceptions, ®AT4
KAT s XA A FoAh AR A 4 AR i b o (02, WrIRUE, PAEIRA 75 H 2
exceptions, JNN S 9715, PRIASLESEK R LAHDCRMRD 50 T LA g it 43
B N ARERN 2 TR R

BN, BUAAMER R AR R B SR B B R R 1Rk, AR IR %38
ek OO BUAE B AT RS as b, BOZSEAETR O N A BE A B0 F R 3AEE . — HRi [ s
WEZ RS #e | A [ BIERE A ROSVEZ 9845 ) R &, BATHE A ImCAHE, 5
SRIG LS LA s AL 45 (AP B AR, FTLLSIRIO R 2% (s) F1 C++ BRUEA—EL
i, AR AT LUK, A ROR WA B a7 R IO SR RAS A G 125 2 (s) WA SCAR IIE T F



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 . AFKGPESXT Cr+ ARUEMIMW LR S A
FHIE, P AFREIRLE 22 D PR g B2 (s) ~P & ERJEREAS . 3K A H0nT DA B AR ik S AN 22
A AN G 1 L B T AR BT, B R FH A G P A R AR HEREAS (R A R T 7 o I
0] DL Bkt G A FH Ik 5 S E IR g PR RO, ISR R A S )RR SRR
WIR A S EA SR R (SRR Z, FAPERIESE, BURME AL, 1 C++ 17
FEAE XX SR Sk Z AT A5, TR IR LRSS o THE T WA N4y, HY
PRI E bR B = AT SE R, Reime &0 08 OF HRete 5 N518) 154
AT IR AT REANTERGR I C++ PEBT, EATTER ML A IO C++ Az rp. Khdt
R SR EAT], AR SRR AR AN AR, IR AT 42 5 DAUR I 3R A LA ke sl e AT T
ARG bool, HAEM AT true BX false. WIHLRIIGN RS A SZIE
bool, AW NTIEFUMIIE .. B DI EEMH— global enum: enum bool { false,
true };
X VRS ECN bool B int IASE AN BA Z 44k (overloading). St fid, WEEM [k
a8 T (comparison operators)] == <, >= ZEZE{NIHAE[A] ints.
B LACA T2 SRS AT AN an FRATT P 7oA -
void f(int);
void f(bool) :;
int x, y;

fCx <y ) // WY £(int), HILSEMNIZFEY £ (bool)
— HARSUH ELIESCHE bool Mgk, 1XFh enum UTBlE ] RE4s i e AT A 1)
Az

F—MEEERI typedef K X bool, FFLLHHWIHCK true Al false:
typedef int bool;
const bool false = 0;
const bool true = 1;

KM TFIEA B IAL G C/C+ T 2o Al X P RIE R, fER A 2] S bool
RN Beds P 6 248, AT A IFASMUCE . Sl @ AR X2 8l (overloading) I
X 4> bool Al int. DA LPAFMUTARNEESAEEE, THIEFHIE SR —Fh.

BoAEME R, HE R EMEE T static_cast, const _cast, dynamic cast,
Ml reinterpret cast. WERIRARBIXLHEANZE 1, TERIFISK 2 AP L 2.
EAIAREEATBARE C IHAFRMAE 2, Wler. P AR g 4 37 LT H 1Y
B, FRAAE B U A

CH+ A WES ARG EEEWIARM. £1, C+ &F —MERFsERE R E (4K
F49). FRA]BEAE bR BT L string BLHIRIUNR char 355, 10 HILWE IR
X2, string objects AN chark—based FHMEEAE, EATEFALIE o] LA BR AR S
M EACIZ AR PR TAE . 1 B R & 2 exception 3G (M43 9 A1 10), stringobjects Lt
WA memory leaks (iRZARIIER) ) i,

SEVE BT string BURIEE S TN M () chars ELZERCR, 1 HATRES i (553K 29 <%
BRI o U0 RAURAFT A FbRER) string BU5], FR24RE AR string A
fil classes, @&WL? 2, e, PUAETARPE LG AT chars KIF4F.

S SUT AEEABRHE R SUFELEI VER 450 XIS R 45 HK ) Standard Template
Library (”STL” — W23k 35). STL 7% bitsets, vectors, lists, queues, stacks, maps,
sets, VAR ZIRPE, IRIVAZSEAT X SEARAEA I BRI 51, AZEA B 2EHARS —1
CIRRA . IR PEASERVF A B STL 254K, HAZAIXFEi AT & . J&i Silicon
Graphics A Ly, FRATEAM SGI STL MG T2 — 4 2% i, ‘& nl AR 2 P a5
fic.

WIERAR H AT IEAEAE ] — AN & S st S A gkl g w0 R 28,y ELFA5AR 24 b, 8
KRB WU T ThadE ] AP STL. ARMw R ke [ STL) F1 [ B474RS



RIS T RERIT ] 2 (AT LR, RNk U STL. e Rt M P 2 STL
CLLRBRAERE S M HABALAE ) 2 oV 2 B 4 (S T AT P .

2.2 BBIEARE

AFART B 1 B3R R B inheritance (4kzk), T EE public inheritance (ML.453K
E35). WIRIKAJER public inheritance, FREXWIEHLIREM]. 22l 4k A& (& RN, Foxt
base—derived FERMIIR T, ZM derived classes 4F base classes HiFidk.

Blhn, RS 31 ik gk AR R

GameOb ject

SpaceShip Asteroid SpaceStation

R AMIRAE Effective CH+ B—h (GFE, AZHE O FrRHAK A
[ o BFWAE TR A X Fh de ) W 3 52 I 4k K i Sk 7% . M derived classes IH#|fE base
classes, M HIRENFHLGREITA 5. HIREET, #5285 (abstract classes,
il 1 b E 1Y) GameObject ) B Fhn F BN H %300 (concrete classes, 40 b K[
SpaceShip) KINHH .

Inheritance (ZkENLHD 25]% [pointers (@ references) P AANIEALH] | 1F)
POE, AN RS (static type) FIBIEALY (dynamic type). Pointer B,
reference M) [HFSMH ] A LE SN RN, [R50 Wk EA1E b ris ik
Peig . N EEBTE ) — M1
GameOb ject *pgo = // pgo MIERARL]IE GameOb ject*,
new SpaceShip; // shZ&&I5JE SpaceShip*

Asteroid *pa = new Asteroid; // pa MIFFERIHE Asteroidx,
// BT IE Asteroids,

pgo = pa; // pgo MIFRAIENIER (GKIL) & GameOb ject,

/) BRIRHBESHI U552 Asteroid,

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

// BARTAIE Asteroid.

XA R TE T 3B — R a4 7720, pgo /&2 pointer—to-GameObject; pa
=7 pointer—to—Asteroid; rgo & — reference—to—GameObject. I & LA =k
A pointer Fl reference fix%.

WARE XN S EAFR: Ths Ml rhs, B2 " left-hand side” Fl”right-hand side”
A5 T TREXLE AR IR, W% — A kKR53 (rational numbers)
1 class:

class Rational { ... };

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

Rational rl, r2;

if (rl =1r2) ...

LENENY operator== FIEFEH, r1 ALA7==" Zefll, BEREN Ihs, r2 FJA"=="4,
R EETR rhso

Fe Al i Hofh 45 5 A FRIEEHE: ctor /8K constructor”, dtor X ”destructor”,
RTTI fXF C++ X} runtime type identification I 4% (FZEMME)F T, dynamic cast &
B AT — A



MAREC BRI A R CE, FRE0A T memory leak CIEAZAAIS %) 7] 8 . Memory 1eaks
15 C Ml C++ HARAT, HRAE C++ o7, memory leaks Jrid RHIEA I, KA C+ 2
E AR 77 A, B BRI constructors, T constructors A £ nJ G JRAC A %% I
(resources). 8], B LT LA
class Widget { ... }:; // ¥4 class — B4t AER,

Widget *pw = new Widget; // ZhAMEIE — Widget ¥t
/) AR pw — EARBMIBR (deleted)s

KB st gl Ak, A pw AR Widget M0 MCRBEMIER . 41K Widget
constructor fit B T H fth E Y (I 41 file descriptors, semaphores, window
handles, database locks), XLETHFIRANIZAE Widget PIMFRHESTRERL, PIAEWAZIC
AR — R R T o A T 5RUHAE C++ 1 memory leaks fHAF 4yt R HAMTEYR, KAFh
H DL resource leaks —iAHUAX memory leaks.

PASEARTTERFZ inline K. JEAZEAER inlining, 5L ERAHE
inline PRUE CH+ [—INE T ARMP0E—DNRAE BN inlined, &fF1Tr5 7%,
U, M HEFEAXC (4K E33). Pl IRS B4 inlining, BRAEILAATACHE Sk
ffH inlining AA. MREARPBZHFER]—/ non-inline PR, HAREKREIAATEE
o inline AR ER, MIEV, & [ZEHN inline] 5X4EHSH T8I K.
AL 481 O+ MU VB bR LS HERR o SXRF B St B 21D T 5 1 B AR R
S, RUAEE R AN, BRI EeAL GE i 1 JsUAS AR, i HARS S . XA PR S
FAR B SR R T, U I AR o AR 2l AT FH B R R vE o, (R I e B A
W, BhgmiEds) rA TR R, SR IIRAF RIS, B DU SR 3o (1) M BR £
W SAFIE U 2 4F

Jril client, ZFRRITSREAMR . B 2Rtee N CREC D), B2t Ley)

(classes BY functions). AN, WHRIRE T—4 Date class (JRFEINAH. Hig
HARR « HBER PRI B I H 4555, AT 71X/ class BN, fEZRE client, (T —BLAf
T Date class HJBE, W 24K clients. Clients jEH [,

H b clients RUERII T A WEHEA ARG AL, IRXATHEEWR? R
RINBARE R il clients BN, WHIXSFRRIATHERAE, KOGEFR#HA L
BN L WERARYLETAE W, AWIEAE T MELAHE A C5EH classes 58
functions Mh? YRR, K2R ECK client, FrLlik clients B4, HszmiZik A
TR, FAFID.

BIITiS class template # function templates AL H'EMIFT A K1) classes
8 functions B}, HARIE R MMIACH], A——"5 i templates FIIL instantiations (H
AR I ZES. 284001, W Array 24> class template, fIMAIZH T, ]
B2 Ll Array fCR I template MIFEANRE € HIAA (instantiation), BARESE Array<T> 4
SE1ENH class Rk, [AFEEHE, W5 swap &4 function template, HPMHBISH T,
e LA swap T dE swap<T> FonHHIUA a1 FIXFE 1) ] 52 miE R U E DL N AT
2, WATSAERIR template RIUAR N L template 24,

2.3 RouRdE, HAERM AREHR

FI I XA EANGAE . vk, i A, R R ENE e A GE s Al
WERAR AT T A R — HARERY . W5 B0 BT BUTT A AR v — 1&gk
SIREEARTHR P EIEZ o WS SRR, TSR G AR K4 F % 3
ABHU L (acknowledgments) Wo UIRIRAT A, FALARH WL,
PR AR eI AR CH+ FEAR BT S OEI o W AR AT X 7 T ARV I I S 5 IR =,
T Tomee ERIRIEDL 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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B R T BLIZE HE - R4 2 mec++@aw]. com,

B H AP E —BILECR BT E s, KRR, CPgn. DU H AT
B o AT ELAA AR B A X i s, DA HoAth 5 AR AR OG0 781 . /Rt T LUZ IS anonymous
FTP, M ftp.awl.com [¥] cp/mect++ HHHUF & . WRRABIAX MR, HIEE EM,
WA R R LRk, AR — AR

RSP K, AEIRATTITA A,

3. EAHUHR

FERSUE . 21, pointers (38%F). references (1), casts CEBIHM), arrays
(21D, constructors (Fif) — PR LS TEFLAR P UUE T o JL B i) 51 C++ FEFF
WA BN LA SRR, M2 RET S 2 LR E R

JEARATRE VA 103 RTE 5 IR — 8B40, AT IR S AT S S A URNZ B 45 ) 2 0] TR L
M C#:3] C++ HIFEF G, AR references, dynamic casts, default constructors AZL
‘B non-C PEBUTS Ja W&, AEfbar A — e DAt

I8 —E A pointers Fl references MZEF, WA FREMIIE YEHRHNL. AFES
AUHTH C++ KA (casts) VL, WARRE N 2087 R AR 4y LU IH 3 C A H 483
Poli. AFAWEE C WA S LA C++ B2 (polymorphism) MR, W B 248
EWERGIEHEARZ 5. Hh, AFEIE default constructors (BRIAMIIERRED 1Y
ET TR, W ek, AEREEE R4 (A EIRA T default
constructors [FIIHEW K, C++ WSLBR— .

SUBER O T 45 3R M A UG s AW ) 38— (AR L 1 H b b« AR P A2 7= R 3 A v BA
5 2 T R A R B R I e v E R

3.1 Item M1: 84551 HMX 5

REFH TG EEE AR R HERAERE <7 F1 “=>7, gl HMERERIERF <. 7, M
REEAVCT-A AR ThRE . 85551 RS LRI 5 | LA 5 o AR WA P g 78 A 4 e
HHREE, TEAT A g R 5 g ?

B8, BONRBIFEARAT B N AR AR m BE 5 . — A5 AU R 1) Ll
X5 B RARAE ] — AR I ik e AR 1 — X5, (R B AR R LI ot m] BEANTR 1)
FEATR S, XN URN A A TS BRSO IXREAR ] IR S 512 & M, iR
HEESRE MR, GRS SRVFR R NS, XN Rt AT LS AR & A 5

“ESE, TSN, IRMRBEMLR), CIXFERARRS S AT ARER S R ? 7

char *pc = 0; /) WCESRE A

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

KAEAEHEATER, Z5EN . SR RAER (nikdster B2, PEULfTH
AT RERAD . WAZPTFE XA, BRAEMATT R R SO E R R . AR LAY
A 2 IR AR R AT L, I ARl s A e A 5 TR, BEANAR 25 1k AR 5 O 7 1
FAllo FRATT UL K 22— AN 5 | FH A 1] 25 R RT P REE:

RSB ESIR R —MNE, 78 C++H, 5IRNEIGL.
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string& rs; // BR, 51 HBIRIia Ak

string s ("xyzzy”) ;

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

/) EEASE R
AFEAETR 10 2 AE ) 5| IEAF SRR A 5 1] A R LA ISR AT i 2w . PO AE
AT 5 I 2 Fr ANy ZEI0E 1 AT
void printDouble (const double& rd)
{
cout << rd; /) AFTE rd, &
} // HsEFRI—> double A
HB, FREFUINAZ S, B 1R s
void printDouble (const double *pd)
{
if (pd) | // KAk NULL
cout << #pd;
}
}
et 551 5 — AN EEE AN R fir ] AR B AR LASR ) 55— AR R 5 E
SRR FIAE YT IN dR € I 5L, LUS AN REAL .
string s1("Nancy”) ;

string s2(“"Clancy”);

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

// AR s HIMEEIAE 2
// ”Clancy”
ps = &s2; // ps BAEFRI s2;
// sl AR
SRR, 7E LU N ARNAZAT I FREE, — RARTE & BIAAAEATR AT M0 S 1 7T g (1
XMEBL T, IREEBCEIRH AT, T RIRFEREAEAF RN ZIHE M AR RN R (FEX
FIEOLT, IRRESCAR TR E IR R . AR — %I H—Hiem — Mg e A<
AR, A AR Z A5 .
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Highlight

Administrator
Highlight

Administrator
Highlight


A MO, U R EBIENRAEATI, (R TI . S B 7 B ERF
[Jo XA AT SR FII2GE R [0S H bR Xt 5, LRI AE

vector<int> v(10); /) BTG R (vector), K/ 10;
// W ANERRHE C PP i — MBI (I 45K M35)
v[5] = 10; /) IEABEIRAE IR H AR Gmf 2 B A4 (13 Bl )i
WMARAERT [JIR A —ANEEE, A5 — B A AR
*v[5] = 10;

HERXHSMER v & LA 2 —AnEiat. RS ERIEEERRE—NFH.
(XA — M4, 2 WA M30)

PRENTE R0 8]0 G HANAR SR A 1] I8, 0 78 S BARAE R I 0 B A
TEITE SRS, IRANAZAT I FRE . ERR L SR AR TS BT, RS I HE £

3.2 Ttem M2: REAGA C++RXUE KRk

- 2u AR AR AT B IR R T L 4 D g (cast), HARRRE P B LA SR goto ) —FF
LN AHREIEARTES N, PR R ) Sk, Rl i L 75 1
XN B — AL i o

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

—RENS TR S, B ARVFIREAT A AL ()B4 T e 6 o ANId T R EA T SR Al i 28 20
Fefe, XM IR P AR B ORISR, Bt —AN 4817 const X4
%) #& % ( pointer—to—const-object ) #% ¥ p 48 [ 4 const X % ¥ 48 £
(pointer—to—non-const-object) (RI—MXAX kR const HIRALELH) , BRI HER
R BT et il 1) 12T R (58 2R . ARSI C KU ISR A AR Bk
PAFPEEHEATIX 73 0 (X RBANS NIEF, B C KU ISR A B 2 O C i 5 veik 1, T
AR CHAEF BT D,

Tk C XS SR Y B S AR R B ) TP AU o FEVETE b, RIS FAR AT
MR, XA LUHAE C+ + TP AR 7 o IR ATAS [R]85 GO — M R A AT OGS A
R i) RS AR R A AESXAM R rh o 3] 1 R4 2 70 X0 RO N T 324 T e 2
TR RER), A% grep BT HAE PR AGE ATE AR p L X 0t EATToR

CHHt L 5 [ BE DU AN Fr R SR A MR R Se e T C XU S AL R ik i, IX DY AN RAEAT 2,
static_cast, const cast, dynamic cast, #lreinterpret cast. fERZEIEHN T, X+
XL PRAE R AR 75 20T SRR AR ) TS,

(type) expression

MTIRAEAR SN AZ IR«

static_cast<type> (expression)


Administrator
Highlight


B, ARBARAEE—A int #4e double, DUMEILAE int RAARFRIA A~ EH
FERBEI G . WA C WU (SRR e, IRAEIXFES :

int firstNumber, secondNumber;

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

IR BB SR T, RN AZIXHE S

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

IXFE (PR AR TN N LI J2 0 B AR 25 2 TR0

static_cast fEDNAE LREA 15 C XS SR e —HEoioR, & Xt —FF. BT DRe
PR B, URABE static cast ZH] C MRS RBUEEH— A struct FeHepl int 28
R EE A double AV HLpLFREF 2RI, Ji5h, static cast AREMKIAA P LER const J&
PE, BN 53— ASBT I SRR AR AE T const_cast HIXFERI DI RE.

TUEWH) CH 2R e R AR AT T AE 5 2 5 2 IR T o const_cast HIT-IRAY e dri
LA const B volatileness J@PE. MR const_cast, FRI AATHIZ & oR i /R 18
Tk AL AU ) L A8 — S8 AP () constness B volatileness JE . XN X i
PRI AR . R EATH const cast KRIEMAEL constness 5 volatileness &1
AN, IR AE L . R I o) 1

class Widget { ... };

class SpecialWidget: public Widget { ... };

void update (SpecialWidget *psw);

SpecialWidget sw; // sw s const X R,

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

// B const XMH
update (&esw) ;  // HiiRIAGREfL#— const SpecialWidget ALt
/] Y AMEFE SpecialWidget*2SHAR K] pR %L
update (const cast<{SpecialWidget*> (&csw)) ;
// 1EMf, csw i const % iE s LS (
// csw Rl sw AMAE E{EFE update
// RRET RER BT

update ((SpecialWidget*)&csw) ;

// b, BT AR
//HY C RS B2 T B 4
Widget *pw = new SpecialWidget;

update (pw) ; /) EEGRD pw [FRAYE Widget*, fH/&



// update PREUUEBHIE SpecialWidget+JEMY
update (const_cast<{SpecialWidget*> (pw)) ;
// #R const_cast {XAEMH AE M
// constness or volatileness [y I, |
[/ ASRERIAE I kAR 1R AT R A e e
FIHATMIE, const cast il i I AU B B0 B0 const J& 1
5 MR R B AT dynamic cast, B TR ARG IR AR OC R n) R gk
ITRA R, XU, FREEH dynamic cast EFE M FERAIFRET 85 | HHE 0 edi ) HR A4
KA U RIRET S5 I ], 1y ELURBE AR e 15 ) o RO Heof iR ol s i g xS
FREF AT RN ) B P S Ao 5 HIEAT R A N )«

Widget *pw;

update (dynamic cast<{SpecialWidget*> (pw)) ;
// EMf, AEi4 update B AMRE
// JEFRI A RIS SpecialWidget [ pw [FFREN
// TR pw B SR ] — A,
[/ Mg I 2 R A R AR ET
void updateViaRef (SpecialWidget& rsw);
updateViaRef (dynamic_cast<SpecialWidget&> (pw)) ;
// 1M, R4, updateViaRef pR%L
// SpecialWidget pw f&%, W pw
R ES I NE SPUE
/A TR S
dynamic_casts 7EH B AR Y4k 2K 2k ERAT BRI o e A BRI T- B 2 1 oR By S Y
E (AR N2, WAREH E R constness:

int firstNumber, secondNumber;

double result = dynamic cast<double> (firstNumber)/secondNumber;
A ISR S

const SpecialWidget sw;

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



URARAE AT DR AR G R IR B h AT B 4, AR AT REAR ) static_cast. WISREA T LBk
const, PREAHH const cast.,
XYW AF T 5 — N reinterpret casto A FIXANMREAF ISR S,
L B e g5 R LT #8047 8 X Cimplementation-defined ) o [H Mt , A
reinterpret_casts QISR AERS A o
reinterpret_casts Pl i) FH g st 70 B EUR BT 8 AL M BEAT e . ltn, BRI
A REERE AL
typedef void (*FuncPtr) () ; // FuncPtr is — /M %L
/] REL, ZREEH S
// RIPEZEALN void
FuncPtr funcPtrArray[10]; // funcPtrArray & —MAEAYY
// 10 4 FuncPtrs $5% %4l
IR BARAE CPR D S 2o 542 A i S KD 48— A48 ) R 1 e BRI 4R 57N
funcPtrArray 34 -
int doSomething() ;
PRANBEA 2 I BRI By E A A8, P14 doSomething BRHON T+ funcPtrArray #4HK
YA —METRIZEAL. 7E FuncPtrArray 2020 H (1 s 80R [BIME S void 84, 1fif doSomething
PRAGRFME /2 int KA,

funcPtrArray[0] = &doSomething: // R RAALRL
reinterpret_cast AJ PAIRRIEAE 0125 LRI 7L LB R EA]:
funcPtrArray[0] = // this compiles

reinterpret cast<{FuncPtr> (&doSomething) ;

e R BR B I A 2 AN PTRE R CCHANCRIUE BTG 1 R B R BB — FER i3k
IR, ARSI X R P EANIERIN A R (S AR MBL), T AR IS 2388 4 e 46t
PRECREF AL, BRARRAL T T /K — NI T B8R () fa Ut 21 . —J0ERIR ). —J0ARH
AP

B SRARATE P P 4 3 gt R 2 008 (R 2 PR e 4877 QR S R T AT A% e ) SR AR 48 07 104K
¥ static cast, const cast, PLJ reinterpret cast. tHA] LR I 1228 e A ALL BT 1)
RAAEL

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

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

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

PRAT LAG X AL AL -

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



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

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

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

B —NEG WK dynamic cast FHAE, (HRERZ REERME T REL, ©a
AR IR AR IR (AN EAT R A e e o T SRR Ve A 3K 8 R B80T PR A D6 20 A T IR A ) S 1R e
e, PRt mT BARIR] C XURS (R 2 e 46 70 1, AHL I S R TR AR AN i SRS 28 2R A 40 i 15 2R
28R, AR AT PLE AN ZE R dynamic cast [ITHAE, SUSBHILE IR2RA B —FF

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

WA, AR AESE AL dynamic_cast [ThAE, B IMERIE LR K
.

TENE, AR, FAE, iR AR A AR SO T LA S A B AR AR BRI,
RARKIVEATVE 550 NI, C RS HISR R it w] DL SEAE T OF HA5vk. AR, Ik
ST PR A B B S Y B AR B = S A REAE B kb T AE 5 SO AT vk B i JF HL,
A1 P BT R B A B 5 (1R P BE R G A AT ORI R N B2 T R, el s ik
AT L SRR AN BE A A S o IXLEHR TR C XUk AL 4TV i AT ) I B e o AT 5
S VRS EAR AT ANSENURI B N BRIGUE —H

3.3 Item M3: ANENHUAFHEZE

AR AR ) o LR P A R PT LA 2R FR B B | R R YR AR 28 IXRE I 4R 205
HAT RN ZEE, s gef]mn B 2 RIEa. Cr RVl 285t fis | ki AE
IRAEREA o ANIEARATRAE — AR, U X R ARRD LT A an ik i S I AR 32 A7

R — A BST (LLU SR 5 Ak 3 BST 2KURAE BalancedBST:

class BST { ... };

class BalancedBST: public BST { ... };

FE—ANESERR PR, IXAEREROZ R BRSE, HRRAEIXAMI 7 BOFAE 2, N AR
AT SEXER 152 o 4 T8 T8, AR B¢ BST # BalancedBST H AU int ZEAYH s .

AP, B AEFTENH BST %4 i —A> BST S5 11 P 2

void printBSTArray (ostreamé s,

const BST arrayl],

int numElements)

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

s << arraylil; / /¥ BST 28



} //HE T BRI
}
MR ILE LR BB BST MR IEU AR BN, ERE IE AT
BST BSTArray[107;

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

IR, TEHERE N, RIS BalancedBST X RIEAAL FALEL: printBSTArray
BRES, P AT AR G R

BalancedBST bBSTArray[10];

printBSTArray (cout, bBSTArray, 10); /] EEIBATIEH A2
PRI G PR W X B M PRI AN bR, (R PR — NI R R AR
for (int i = 0; i < numElements; ) {

s << arraylil;

}

XM array[1]H @& MEHFEERGS : KRR Z* (array) o FAIEIIE array
s MR AR MG LTS (R array T TCER AL 5 HCER R A b 18] B 5T
T2 KW ? BTG Z ixsizeof (—MNMEHARIING) , KIRHTE array 21 10]3][1]
A5 T ANKE S o G o T 6 7 E Al [ 55 AT AR A, B 2 BB ffl i B4 PonF S K
N, KGR PR B RS IR 2 S BN . S8 array 75 W] BST 2858, LA array 34 b4
—ANJCERARZ BST KM, R AE S o B4R A UL RIS 2 iksizeof (BST) .

T DRI G PR A IX AN R IR o A U SRR — N 45 BalancedBST X 4 [fI 541 A A%
4y printBSTArray B, IRV ZEAPILSI0AE R EIXFMELLT, gmidas sk O A M s
Hrhoe R BST MR I A/AN—3, HZIAEEE R — MR KNS BalancedBST —3.
PRAE DS P T AR LR R K . FRATTRIAR BalancedBST X4 K & (I L BST Ko it tun i
%, printBSTArray BR#UAE ISR E VR EF R MY, WA AAniE L BalancedBST 41
HKAAT printBSTArray sECK 2 KA AFFRG R . AR 4 5 REZ S AR

LSRRI BB — AN B AT IR AT S IR, Ko KA PR S FEI I T, DR & —FP IR
A RESR RS IE R P i

//MIBR—AE, AR SE i S — MRS

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

{

logStream << “Deleting array at address ”

< static cast<void¥>(array) << '\n’;



delete [] array;

}

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

deleteArray (cout, balTreeArray); [/ IR et
X ML R A 1B AN B RHREN S5 2 — DR BRI, & — DT R BT e
SR . g EEas B B
delete [] array;
B E GIXFEE AR
// VA5 R I U A B RO K
// R array 4l BN 5
for (int i = B4THEMME 1; 1 >= 0;—1)
{
array[i].BST::"BSTQ) ; // A array il
} // Bk ed g
PSR R T 5 BTG A TR AR A AN BE TE RIS AT , T A B i T AT AU 5, AN AT RE
HISAT o S G UE AR RIS — DS AIRAESIE R AL, S5 00K A
M R PRERE AT B @A A AW EIR . LN HIEAREREAE—
ERHT, P A S 2 S MAREIAE ik
AR BRI R AR N —AN HAAZE (concrete classes) (filll BST) JRA:H 5 —A
AR (Hiltn BalancedBST), MBAVRELA KA eI FIE F 2 A B AR IEWSK
M33 FITEREE), AMBEARIEIRA N AR IR 2 474k . Joay AR 3 — F 43K M33 N &
(WQ pn¥E: VC+H1, BEMHEMKISE, EHAERABREHE new/delete KD

3.4 Ttem M4: 5 JCH KBLE HiE i E

BRI R FRCH SN MIE i H0) AE CHf s e — ik iReh A k.
I PR REAT AR AT B2, Tl 2 Ha) 3 bR B0 U P UANR A A £ N7 0 S I ¥ S it h e )4
WG o AT INXFEIR TVE A (1o Bl 2817 Rk 55 E AT IR AT AR A D e B
AN RE BB 2 5 BRI, AT PR BEAR L U A5 3% P S5 S5 Bl 48 M A mT AR AR A o 23 7 48% o

HARPTA I S8 T BRI, X FARZ X GR UL, A MR 21T 5 2 4]
AL RANE B . B — BT A ZE A L 5, s L. A2 I,
FITAT (KBS AL AbAT — > w) 1D 58, BT DR S G AR AL — A e i, ANt —
ANEIEN 1D SRS, s iR SR A R 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 SR RN A RE B 55 A M I e B MR Y R AT B SE AR 7856 40, BT LA
FATTL I S 2 (N 2R o R WR AT BAE MG R, A7 A 2] A BR
o

HHEE TR DR, ERRAFNBE, IMREE AR DAY, X4
1D A A A2 55 71 5 R i o 2 2 5
class EquipmentPiece {
public:

EquipmentPiece (int IDNumber) :

K125 EquipmentPiece B¥EAT —MNMRAMIGERREL, PrUAE=FMEL TR, maiEs)
) R B — TP B U ST E N o — O UG, BOH — FhNE REAE S ST A I 2 A 3 bR
2. PRUERESOL R, AnREEEL EquipmentPiece X %44 :
EquipmentPiece bestPieces[10]; /) R AR
// EquipmentPiece #43 %k
EquipmentPiece *bestPieces =
new EquipmentPiece[10]; // R TR ) A
AT = A7 R MR IR 6 T AR ZH (non—heap arrays) (RIAN/EHE
P IENAF . T I — Pl VR R AEEU E SRR B E (2L

int ID1, ID2, ID3, ..., IDI10; // AR 1D S
/] A
EquipmentPiece bestPieces[] = { // 1EMh, PR T HiE
EquipmentPiece (ID1), // RIS
EquipmentPiece (I1D2),
EquipmentPiece (ID3),
EquipmentPiece (ID10)

ARG, RN TTEAREIEHER A (heap arrays) IR)5E X L.
N S P B AR R T SR AR BT B RAE — R B -
typedef EquipmentPiece* PEP; // PEP &EHiRI)
//—/> EquipmentPiece %%



PEP bestPieces[10]; // ER, BCH TR TR I R
PEP #bestPieces = new PEP[10]; // W
FEFREH B L A — AN R E T, AR 10— M ANF ) EquipmentPiece Xf %
for (int i = 0; i < 10; ++i)
bestPieces[i] = new EquipmentPiece( ID Number ) ;

ANREX PO VEA AR A B VR ZIUIN SR A AR AN SRET TR 1] N G RS T
W RAENAEMR . 5 3G T WAEBCE, DU IEWR TR EEA AR A YN EquipmentPiece
B, AR E S AR a5 .

WRAR AL 53 IC raw memory, VREEA] LAREGRIR B M A7 {1 placement new Jjik (2
WA M) TEAAEH 43 EquipmentPiece Xf %

[/ RRN 10 HIEA 43 Be 2% 1K N A7
// EquipmentPiece %f%; VEAMHHLIEZ WA M8
// operator new[] PR3
void *rawMemory =
operator new[] (10%sizeof (EquipmentPiece)) ;
// make bestPieces point to it so it can be treated as an
// EquipmentPiece array
EquipmentPiece *bestPieces =
static_cast<EquipmentPiece*> (rawMemory) ;
// construct the EquipmentPiece objects in the memory
// Ml placement new” (Z L4k M8)
for (int i = 0; i < 10; ++i)
new (&bestPieces[i]) EquipmentPiece( ID Number ) ;

HEEARIIA43 45— EquipmentPiece Xf IR MG MESE . IXNER CRIHREHEL
AR TR FE) SCVFIRAE A S48 38 B BSOS A7 — D R . B A S i iy id
MBS HITK, b EWEAE] W R AR, S REORUEX R ERRIA6 1L .

ffiH placement new R SER T & K2 HAE T AR EARAES CREATH &t SEHET ),
AT A URA A E R BAFA AT I I, D6 200F By PN G AT R e K, R 5 T FH A
£F delete[] KB raw memory CiffFiZ W45k M8): (WQ fmyE, B4FH placement
delete/delete [JHAERFT, EHHANMRE.D
// LA bestPieces X% AH I [T
/] R
for (int i =9; i >= 0; —1i)



bestPieces[i]. "EquipmentPiece () ;
// deallocate the raw memory
operator deletel] (rawMemory) ;
W RAR I T IXAN SRS 7 38 R E A R 5%, I8 A R R (R34 TR 2 AN m] Tt
o IXAEBDh: EAMIER— DA new BRAEFR PN A7 FaEE, LA R BloE o
delete [] bestPieces; // A EX! bestPieces
/AR new BRAERF 41 BLIR o
Ak new. placement new M'EATUM S iyi& s . Bt s — A KEZER, F
LA M8
XF TR LR A e Sk A A 3 R BT A R B A )R S AT G VA AR VF 2 TR R
(template—based) HIZERISHALTT o PRI S0 — MBI, BEA )R SN iz et —
AR PR, TN R o XN R R H TR A, R ST AR S 2
RIVEA T . a0 — N EAARRARCE
template<class T>
class Array {
public:

Array (int size):

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

FEZHUE LT, WA A0 ASTAR AT LURE Z50) k45 #4368 B B0 75 3K o 9 Ak AE ) vector
BRAR (AR SR AT AR AL K2 X e (K SR I S B0AcAT A AT A 0 3 bR B 5K
ANSEIIE, ARZBRSSBA LA AL L vt XK, WA O 3G iR B SO AN RE 5 7F
DR . 2 CHEER RIS T BRSSPI R BN Z AN IR A R T o X
LRI, e TN ARG,

dJa YE— N AE BT RSN i i PR S8 (1t e 4 1y 3 R BI04 2 AN At e A A 3 R 2
PIMER SR o AP AL AL IS R B RE RS, AR S TEEAT A . DO LT A IR AR AR S5



AR I 0 20 465 N R A1 R B AL S 50 I SR T 80 A SR 4 ) 32 R D R 2R 4k ik
TIORAIRAEZE i1 2 1) #L AN TE I PRSI 25 ke HE A 38 ek B S 801 & S IRAEE
(I AR AN S A R S I

D] Ay T 65 08 A w6 4 1 32 R BT 28 R R B AR, — S Ak I R 2 B 12 ik
AR IERRH, R B8 1 38 B BB W (B R Se SR A — A 5 o BT A S ) 47
P ZZXPE N EquipmentPiece -
class EquipmentPiece {
public:

EquipmentPiece( int IDNumber = UNSPECIFIED) ;

private:

static const int  UNSPECIFIED; // FAEAREE ID EAHE .
I
X FVFIXFEEE ST EquipmentPiece X4
EquipmentPiece e; /[IEREETE

XRERE LA I A B 5 R RS2 %, O ANFERERI OR EquipmentPiece X %BEAT T
HEXMIEE . BRE L —ARBE 1D %A & X EquipmentPiece X%, M4 K%
HOn 53 R BB TSI 1D AT AFAE . WRAAFEAE 1D, "EA TR 205 S AU iR . AN il
WAIHINAZ B A B, AR 2D SLBA T A ARt PO — AN W B — > R
LA REY o XM T A AR I, AR R A A B BT RO T — A R LR A A2
T RESR AT R R A T

PEAETC R X 4 o it bR B0 2 S 2R 1) AR 2803 o T SR B R Bl 20 R T AT 1R 304
S A AT AR, IS XL bR B T 2 A5l A L BB 22 BRI ) o 177 ELIE A4 H 5
Z (AR, PR R XA AT AT SO SR AR A B R o AT TS A D R I ) e T8 AR B ok Ak
PR o PSR — SR M I B HRE S 1 DR T A I 0 ) ARk, A X SR B S RE A Tt
Hoo BRAR R PREL— AN SSERBEIX AP ORAE, T AR SN T AT REAT SR ARG AT i SN, R it
AT EAT. X (A BB MIE R R LR, (H2 SR e, &
WEERPLBE T — B RAE:  VRBEAHE XA A A SR 25 S B

e

4. BHEFF

BEAFEE — —RAFA R EANT BN VRS TIRE B E R H M C+ + AR
RSERANREITETS, AT ELE, TSR VEICRE 9K I RE S A BIIE SR ) K e Bk, 1o
RARAEN IR E MR L. 8%, IREEMAEAS IR “+7 A0 “==" ZREIAT S AT
PRABMIK XA RSB E I8 AT BRI RS IR e 2 BB . 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 W AR BAT AR AT A s 1 I (R T I s X2 3 B0RE P K047 Xk T 2
e — MR A EAE T “&&” A |7 IXFERIZ SIS, KA P 2R B 15 i X
ARSI bR AAETETL LB T — A AR, X — kAR R 8. fa, VF
Z BRI bR tE (15 AR IR A, (E AR A AT S5O IR 22 A IR 1k )
fE -

FE R K2R, BT PR A I AT N I F HAr g i, et frstt, el
NAZ WA PRI R, AL SRAG XL 5 1 (PR . A7 T X B E R, AR BURTE 52—
PR (AERD —Mesift.

4.1 Ttem M5: VEIEE RAIFEH R

C+ + G PEAS RE A8 71 PP B 2870 2 R BEAT KU 4 (implicit conversions), ‘B4k7K
T CUET T, 1 fa Vi char Bt int FIA short Bat#%4 24 double.
RIS short MEALIBAAHER % double ZEEAIREIN, KARTTLLKIETT. €
VFZ IR ] e SRR R, EAHE Cr+T RRAEAE, 045 int 3 short )
FE 4 A1 double F| char [F4E .

PRI IR BRI IE T RE N I, DU BT TE 5 ARG 1R . AR k38 n 8 Sk
TUF, AREET A SE 2 450 00, U PR B R s Lk g PR RS AT B R A i e

AP Pl R B ATV G VE AR AT IR R e S M) 3G R B (single—argument
constructors) MR M EHIZ AT . RS HIE R BOL T HH— A SEEIA] LAY 4
T RAL . ZERET LU e LT — AN, W DU B LT 2 SEUHE — AN S LS
TS HHA A E. LLUTA AT

class Name { // for names of things
public:

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

// Name

b
class Rational { AEEE: (&N
public:

Rational (int numerator = 0, // Fe# int |

int denominator = 1); // HHEE



B R AL IS AT SR — MPE P AT I L iR 3 operator T, HFER—AK
MRS o AR E SCRRE IR RIS, DRUR R RIS A R X AN s B 44 5 Bk T R
Rational (F7 B0 a4 double KA (FE AT BRAGHATIR A RIS SN, T ReAT
FD, RAT LA 75 W Rational 2

class Rational {

public:

operator double() const; // ¥k Rational JEK
¥ // double 267
E N AE O, XN 8 A3
Rational r(1, 2); // v WHERE 1/2
double d = 0.5 * r; // e r 3| double,

// SR JE R

DA X i ] o — AN ), R IEAR G2 A A AR T 2 g S PR 4 R 2

RS ) 2 M R AEAN T AL P 4 R BT, X 1) R R B S R IS AT . 450, X ue
ANTERA PR 2 M0 — 28 A K RSt TR SCARDHE JA Bt D R

R S — PRSI AT, B R A S A B o AT N0 BT
BRI Rational 28, FREEIZSPIATH ENA BB R DIRE, MG e2—AWERE. K
I, RATRESIX A
Rational r(1, 2);
cout << r; // NAZATEIH " 1/27

FHBARR T 4 Rational %4 5E X operator<<. RATAEALST ENHRAERL I, R ey
EIERIN operator<@ifH . HAMRE T Mgk operator<<if, RILKAIXFE
(T RR AT, AR S 2 T B R B — AN 50 1) B AR B A it e LA A5 s B0 I as AT . 2R
TR 30 WGP ) ) 5 S R ), AR AEBLAE X MG DL, S s = R BLEATRE I T
Rational::operator double E{ECKAL r #4itoly double AL, By LA EIRARAGST B 45 2R 2
—ANE R A M X E NI, AHR TR TR U A A I i
AR P BRI A

figt P Iy 5 FH AN AR T OQ B 1 A [ IR oA Ok B R s AR . Bl T A
Rational X% %54  double, H] asDouble B&i¥f8% operator double EE%K:
class Rational {

public:



double asDouble() const; / /%A Rational
i // J& double
IXAN 8 03 R RE A 0 =R

Rational r(l, 2);

cout << 1; // 45! Rationa MR EH
// operator<<

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

FEZ G OUT I S U 0 R B A P R AN S, (B BR O AR 1 T R DA P
SR, R —BORY, B 2R CHRE)T G B Wt TR I A s 5
Fo BIIAE CHHhsUERE (S0 Effective C+ 443K 49 FIM35) Z= o TAEMI A D12 A1 L4
St A 250 1 AATTINAE FE R BT ) string AN AR RE N string Fefefi C KUK
charx[{J I fig, MHEE X T —ANHRRE ¢ str HRFEMIEANFER, XRTTEH4? REANZ.

M 2 R e RO A T B ST 4 S AR ok o iy FLAEAR 2215 D0 3K 28 o Kol S 2
i)l 2L B R R A s 54

B MY, — A array B, IXLEE R A e L ) B S T BR:
template<class T>
class Array {
public:

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

T& operator[] (int index);

S AR R B VR e B R S LSE T, A 10 21 200 & — AN S
T R BT AN BE A S A 4 o K 55 AR B L TR AU SCB T A B fl
TS W EBE AT AR, A AR & ROk KA e sk U, e T5 1
I
BT AT Array<int>Xt %, #CH IR
bool operator==( const Array<int>& lhs,
const Array<int>& rhs) ;

Array<int> a(10);



Array<int> b(10) ;

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

do something for when they re not;

BTAVEH a BN ITES b RN TCREAM R, (U2 YR a i, A MER D T2
AR AR IATIA B PR BEAR S R A AR E(E E, (ERERARE . B ESEIEAN
& Array<int>ZH G T a) fl int O T b[1]) ZH0MH] operator==pki %, RMKAH
operator==PRHUEIXFE M ZERA, AT AT Z R REE W Array<int>#i& i
B int B Array<int>RA, XPHEEREH —A int RAEKSH. REHIE
R R gRTE, AR ARD GO AT
for (int i = 0; i < 10; ++i)

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

R a AR DKL bR EZ (N E XD . X
AN E] BELLEA ) 5923847, 1) HAE 2 RCRAR T 1o BB — AR IR FRAT T 00 ST AR
Ji Array<int>Xt % (L4 M19).

WA IS AT (operator) 5%, W LA T Ik B3 AU Y A i da SEAT )k ki, (HJ2 51
SRR IE KBTS A TR . FE 5, PR S ARG T 3R N RS Rt eR B[R IR A
A B 15 1 Gt PR AN I b R XA I R B SEas i, AT DT LAk R N 5 R
HeAFo HE ERWANTE: —RBESTTE, 08 AR G P as AN SR ) I 7V N By b 5
I TT %

KDL RR A Bofdn it as REE, explicit KBS A T RS
TMRE S INIE AR, B AT AR G B . A3 s explicit A, W ALIXFEAL,
e AL (SE U SN Rith e 3 TR SRR VB T O TR Ve I = 3 @/ e P
template<class T>
class Array {

public:

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



I
Array<int> a(10) ; // i, explicit Hyitspgi%L
// AR S RE I A
Array<int> b(10); // WA
if (a == bli]) ... /) R BT N
// B
// int F| Array<int>
if (a == Array<int>(b[i])) ... // 1ER, BN int |
// Array<int>#
/) ({H AR )38
/] AEED
if (a == static_cast< Array<int> >(b[i])) ...
// WREIER, [RIFE
/) AEHE
if (a == (Array<int>)b[i]) ... //C IAKS P e 8t 1A
// AR
/] ARIAA G B
G AT T static _cast (BUAZKM), PIAS “>7 FIFRIM KA AERE, R
XFEE )
if (a == static_cast<{Array<int>>(b[il)) ...
KIE—ANANF 1 Ao BRI CH+g PR AR “O0> 7 Mo — N5 R R« 7EPIS 07
(A M, Ao AR A
WUERARI) G PR A AN SCRE explicit, ARANFANEIBIAAL FH A Ba U L e 46t R B ) B 2
KOk 1E R H
R 1 50 1o 52 2 R ) e R — A B U R A 4 Bk, W AR AN BRI o X LB
WA — AN e e o P B e SR G SR S50k i o Bl B s U 4 s 5D o
PRAER H XA KR E GG AR )2, (AR R AE0E IE I, (A 2 B pR A AR 2L i) B o2k
T
FEARAR— N RN, VR e AR AL B WA R0 o 5 S BOR A e B2 KN, AR [ B
SCRAZB TS 1k A AEEIE I S 1 I B 0 B B AR I e e o UREEA BXA H 1Y, SE2E—A
BiZK ArraySize. XARZ AT A H &R M Z @A RN o R ZUE S Array
(f o SRR b 8, A ArraySize M RAE: int. ARSLITF:

template<class T»



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

int theSize;

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

XHAY ArraySize fREAN Array 1, 4 TR E AR Array —EAEH] o R0 2005
ArraySize AAAT, N TALATRAT NASHALHE

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

PRI IPEARZR A int ZHORA Array<int> B RE R, (H R BATIXFE IR S R 2L
G Ea ROREIEREA int SEFH IR ArraySize X%, ArraySize X%
Array<int>H3& s BUIT T S, XA PEASEAT T A RO T ORJLE R RN W
U T

F AR IR REfS 22 O Mk 3 Array X5, ANREIXFESRENS A VR o 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==0bli]) ... /) Wy Ta” Mgt “alil”;
/] B MER
T WM operator== (K%, FiFAER Array<int> W GAE” == 47, (FUEAAFAE—
NSHECh int RS ERE A T HAW SR EIAE int HeHus— NI ArraySize XT5A%
Jii 38 I 3K A I IR S 7 WA R Array<int> XF S, PR R 3X R PN e X



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

ArraySize KM HA LR AT HKMF T, X2 ATl HEAR M N H S . 284
T ArraySize [IZREH WFR N proxy classes, KIIXAERIRE— AN GA R T SC e Alon)
ZI LA ArraySize M SEFRE—ANMEHRA AR, FRIEEAL Array X % INiff e 4L
R/ Proxy XS REFE AR SE 47 2 AR A (R A RELETT IR AT A, 75 AR AN e 428 T IX 24T
s HendE RIS BUE, XPAT R ARRE A 4, I DUREAS R 2524 SV R HT o fRT
RESs I RG] 2527 20 W ? — Rk 2R 0 43K M30; B % [ ]18 proxy classes.

TEARBERI SR M30 21, FHAFAIZE 18— N ASKI A A . Lhgm PEas 24T o SRR e e iy
T B R TR A ORI AL, T CABRAR IR S 7R 2, AN SR T iR 2

4,2 Ttem M6: HI¥ (increment). B (decrement) BVERFRIRILIN G EEIEAMIX F

RABLET O\HERD, A INEX 3+ FI— AR RF RS S e M o 1A 1) e 2
PR B R A%, T CrHESE3 TP R, AVFHEZ increment M decrement FRIEFT )M
T

SRIMAT — AR5 A Ta) R, F 480 ek 25 IR AR X g T eI S HER Y B 22, (H2 A
/2 increment BY decrement HJHTEEIE S G ZH IAH — DS N T ERIXAME S 10, C++

MEJREIE A A int KBS, LB, gmiedsftis—A 0 Mk int Z28UR1H

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

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

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

UPInt& operator— () : // — Wik

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

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

// 5 ints M5

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

i— // A i.operator—(0) ;



AR — 2B, AR SR, B R R RS S R O
IR PUERAGEAF K ArEE R A5, JFEIEXIR B> const AL, NI HA]
R+ R RT St S R S8, X LRIt RIS 34145

MARTFEGA C FERE OISR ITAS, PRARICAE increment (0T ZEAE AT IR U A« 386 0 4R Sz X
5], JE g A« BRTR R 840 e IX P AT AR R, O EA 2 increment BSS J5

B ERRE
// BB S INAR 5 B E{E
UPInt& UPInt::operator++()
{
*this += 1;
return *this;
}
// postfix form: fetch and increment
const UPInt UPInt::operator++(int)
{
UPInt oldValue = *this;
++ (kthis) ; // &
return oldValue;

}

//
// BIRME

// BIEE

// IR )

IR B M E S EM SO TR X i g s Ja R ek 8O o R

TREATE R BT T S5, VP2 i e o

A, A NI, T G s (

B P E AT R 7 1 A B AR A AR I 2504 8K Wi BT
RIHE — G4, increment WAZIIR[A[—ANXFS CEIR [P METIED, {HE 4
J& const MHRWE? AR const A%, I IACHS 2 - 1 -

UPInt 1i;
P+ttt
XA 5 T ARG AR )«

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

// WX increment J54%

R, 5—"NMAT operator++pRHUR R0 G T 25 A operator++R%l .
B SEFATN L% FIRIX R, RSN E R AA—E HiEki—
AN FIE R [ U, — N HEREEZRAT NS int B30, 1 int BB RS

TP IR G 4% increment:
int 1;

P+t

// R



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

S AR, ORI T — X N B AR TS, A AR GRS int SRH4HT UPInt
AR —FE , Frbs i 48 X A

CH+481E int RALK M, AR ATEE LR B 5 RS XFERAT A . A5 7
LA increment JR[A] const X%, g Al B IX ALY :
it // same as
i. operator++(0). operator++(0) ;

ERIMEF—A operator++eHHR A const XF% i operator++ek%l, RiixA
BB —A non—const A KEL FTLL const WZABER A IXAN AL a0 BARFORAL T 11
—NERHORIE] const RFEEAALME XL, PALARSFIIEA N IE LA MK, JE4 increment
Ml decrement FiaHl 1o CEZHIFITZ U Effective CH+ Z3K 21D

WHRARAR GO R, MRS —IRE RG4S increment PRELI, /R AT (85157 L8 n) 8
XA PR L AU SE — AN I G LA SRR [RME, (S HARML9), PR SEEARE i ar |
AN RIR IR I X% ColdValue ),  IX AN I I O6F S 0 250 44 36 T A6 d5 5 AT 4G o T 488
increment RRECBATIZFERII NS HBEAGE — D AT IIEE, RO T $E @ty
%, UPInt [ HE N IZ R BRI increment, HJEZE increment, [FREAf L%
R4 increment. TEFRATHIH— 1, HACH @ KSR, L w) G M AT i 4%
increment, A4 IR E s .

PATHAEE TSR] increment BRAEAT . EATRR TR BMEA RSN, Broe L ag
e FER, BMEIN—. WMEZ, e hEe—F . AR ififRf52H increment
FIFTEL increment AT 3 ? AN RIRIRL T 53 L 4E 5 FITHARRYIN, G A4 R PR UEEAT]
A AEZER Y AR Y LR AU B S 0, X A REAT B AR o IX A DR )2 S 4
increment M decrement NAZARYEEANIHI AT LI ARSI . IR ZUES AT IRA, BIY
R8I A8 58 AT A — 2

IERATE 2, ERATEF G428 increment fil decrement &7 5 M. — FL T fi# T Al
IERA IR [BME ST DL RS R AR AT N A% AT S84 7 0 SERIR S R, st 8 1 o

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

5 C—F, CHHiliAn R FIA X KA VE (short—circuit evaluation) . IXE/x—H
fifie T A /RRIE A AR, BIMEEAA A R A XA K, AA/RRIA i bas.
.



char *p;

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

XA p 70 strlen GIEIEHZAT, KW p AT 0 (IHAKIL, strlen
AR . [FIFE:

int rangeCheck (int index)

{

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

}
WA index /N T lowerBound, ‘&A% upperBound MEAT LA .
IRELLART,  EIRAT R R S S HERR 4y C A CHHIFE)T 63, BT LUAAT I3 %0 38 12 1
17 AT AR T e SRAB SR SRR o IAndE LR 88 —AMRAG T, 4 p S dREF A R
strien AP ALRIREZLN, A CH+briEut GELN C bRERT Ut FZ 385 strlen,
SRAHE -
CH+ VPR FH P e SUIRRT, SR ke | [ BPERT . Tk R B R4 operator&k #iI
operator | |, VRAETEA R TR R FE R AR A0 AR X7 ik, AR 503 1k
TEAERR R AR o R A 0 DA R 808 AR T B SR AR o gt 2 B SRR 3 T
BAERTRE, W TR BRI XFE
if (expressionl & expression2) ...
PO R TS VI i R T R
if (expressionl.operator&& (expression2)) ...
// when operator&k is a
// member function

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

KIFGEA AT A AR, AR RRECE FH 1 5 0 SR AEVE S AR AN A1 o 1 5 24 R o 1
W, TEEHEILFTHE S, Ll KA functions operator&& FlI operator| |, PHA™
SHITEE, WE2, BARMABRII A B2 il S A E R S5
VY, B LA IMEAERIA R 1 HRIA 2 — AN . B ie 5 A NAESH
B RO S IR RS v SVEAR B o

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



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

{

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

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

£ for JEM IR — MBI L, 1 BRI § Blskob o AEIRX BT SR, Pk
fEfe e — AN LB N RIA, 22T RIEFORECE 1 A j IER A GIEN .

X T ARG | |, CHAT 8N e e iz . SR, Ak
SO G EAART T — MR S IRIAE S HE 5 2 mRIE S, RIATHHGE
S IAEIE A BEAFRIE N 45 R 5 AT ARIR S Bt LAE LR a3 A R de e # 70 HL
G s OGS, RJER—], S RIEAMEIRE—].

WVFIRA AT A PR EERNTEIXLE N 0 ? DDA AR A BRI AT R, A R
WG A CHIE S B A ANSEIRARICERA -

WERARE — AN E R A B EL operator, PRANBEORIE A IR IE G T AL R IE A5,
P e K Coperator) i FH IR P AN RIE MO S H L8 1 2% o (HZIRARESE T R 22
VRSN o B LA 53 e B TR0 AN T

RN S 5L PR operator ATRENE 1o B BLR I AN BEHCEE 1712 %5 220X
ASEHE S IAT R Rr I, PR RS AN g b 2L BT v B IR AN e T 0 5 #R A
75, DRAEE AT RIS ORAR I —FE . BEEERSEaRRNAT A .

PRAT BEIEAE A XA K ST WA 58 i R AR RE AL SHAERT, IREA T4
ABEEIMIWE? IEW IR, AEAE—LURRG], ARARET BT m 3R 14T

S e ?:

Bt

new delete sizeof typeid



static_cast dynamic_cast const _cast reinterpret cast

IRAEH 3

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

(5% new Al delete &4 operator new, operator delete, operator new[], and
operator deletel][fI{5 EZ L4 M8)

MR e UK S E T A LI BT E R H AR A S 5,
HRIERAE, A PRI AN TR 2ok I N o W R AR — N B R R, AR
o BT, [|, R, 0, B —ANF RN, BV EIRIREAS ), BARRLLE
AIAT R ek 5 P S B I —FE

4.4 Ttem M8: FRFEXFHAIEE X new Fl delete

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

MPRE IEFEAC
string *ps = new string("Memory Management”) ;
PRAEHIE new 52 new #RAERT o IXAMRAERTELE sizeof —HFERET NEN, RARRSR TN
T ERDIRE R R B R T RE SN BT B A o BB A 2 E AR R A A LA
BT RIS S 5 E IS B BTG N AE TP N B o new #RAERT B2
PG, URANRE ATAT 7 AR B AT R

PRI BE A3 R 2 Q] A X A R AT o new BRAEARF IR FH — > IR ECK 78 B 75 10 W AF-
e, PREENS TS B AOX A R ECK SUR B AT o new BRAERT 4 43 T A A7 i H R £ 44
J& operator news

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

WRAMERAE voidk, PRIRXABRECRM— MRS (raw) FIFRE, RV A
fEo CHTRARFEK, VREES —Fh operator new BREL, 7EIR[HI—ANRENZ AT e W UGN A2 LL
A7 Ml — o0, (H2— A RXAM.) S5 size t R BLE D WAF . IREEE INFAM 25

A E operator new, {HJEZ —/NSHERM ML size to (5K operator new B



i A2 Effective C++ 453K 8 243K 10.)
A HHHH operator new, {HJE—HIX AL, RAT LA H & 8 F# i
HE:
void *rawMemory = operator new(sizeof(string));
AR operator new B [l —AMEEE, FR ) — PR D — A string R R K N7
% malloc —#f, operator new [JHRTT HIZ 7 HCNAF. BN R4 R £ — T 40
operator new AT TR E A7 L. 2 operator new IR [FI AL AL B 5 £ AL 1B 25 — ANt
G52 new BRAEFTIU AR . RIS a8 DL IXFE TR )
string *ps = new string("Memory Management”) :
BRI B2 b 5 R AR AR AL CBEZ 475 I Effective C++4%3K 8 FI4%3K 10,
AT MY SCEE Counting object HLIFVERE.D:
void *memory = /] FEIRE AL AT
operator new(sizeof (string)); // 2k String X%

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

on *memory; /] WAEH
/] WX 5
string *ps = // J& ps FREHR
static_cast{string*> (memory) ; /] HHIR S

ERS s TGRS, RO — MR R AR IR IRIKIG0 1 25 U
BATRXANZ, B AT LSS AR — 1) o R an SRR AR S — AN Gl A U] new #AEFT
ANRE A% A 3 R BOR AT AR AL R 5
® placement new

A IR S A B AR A IS R . AR CAFAE RN BT T Rt el O B 3 XY
DS 0 Ay 3 bR B HER AT AR AR 5, i S BN REAE S S MBI BT a6 L IR (BT I AR
AL C L BB AR AL B (raw) NAY,  URTT EAEIX LS AF TP IE R AT A
A —ANFEEE ) operator new , ‘E4#FK A placement new.

NI A placement new W, HE—TF:
class Widget {
public:

Widget (int widgetSize);

I
Widget * constructWidgetInBuffer (void *buffer,

int widgetSize)



return new (buffer) Widget (widgetSize) ;

XA BRHOR [P —AFREE, 10— Widget X5, WGALEL LS RELT) buf fer BT,
R PAT FH L2 N 7 50 memory-mapped 1/0 B IEAN R E AT EAT FH, A AEIX R RR P B 52 b
IR TBCEAE — A 2 Mo bk b B — SR R o B N A TR . (3 AR M4, — > e 4 1
placement new f]—ANAAHF]F.)

7t constructWidgetInBuffer B, R[AIfFIANXIE:
new (buffer) Widget (widgetSize)
XAE B LA, AHE R new HAERFHG— N VE, W 24— M ESM AR i (buffer),
2 new HAERTEE ST operator new BREUN, JEIXN AR RALIBLTE . #IH FHIH operator new
BRESR TR RIS HL size t Ab, W2 void« g iS4, FRmMMIEXN S E R A
174%[) . XA operator new /& placement new, ‘B& LLGIXFE:
void * operator new(size t, void *location)

{

return location;

XA i Eb AR T B 10 B, B IX A placement new 5 BRI FH1 o BE 35 operator new
(K3 H R A0 53 BE A7 AR 5 R [0 48 ) 1% N A7 4L . ZEAEH] placement new FITEHL T,
M T4 T IR NAFIITRER,  BRA T 25 o S N TE R L . placement new (425
M IR [P ah e A dRE . GBI (HZBREIN)) S8 size t WH KT, LA R4
Vg R S YU B W s L4 M6.)  placement new JEFRIME CHIER—H 4 (W
Effective C++ 4%k 49). i T4#J1] placement new, PRZUAEHiEfy#include <new> (&
0 SR ) G B 2% 3 AN SRR ROE KUK (1 Sk S04 (BRI Effective C++ 453K 49) ,
<new. h>),

1EFAIM placement new MK %], &% new #/EFF (new operator) 1§ operator new
IE R, RABLEHE EEE S — AR5, A% new BRAERT. & BEZMC P A7 S 6 38 FH Mgt o
Ko WRIRIUARS A, BNV iZ I operator new B¥L TSI R H. i
PRAEE ) 19 U AR Gl 2 7 R N A7 3 B AR URVIZ 5 /R B L) operator new BR4L,
SRIG AL new BRAEARTE, new #AERF SR IR E HIIY operator new. UWIARMRATE—HRC LR
TREFINAF LS. — X%, MiZH] placement news

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

® Deletion and Memory Deallocation



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

string *ps;

delete ps; // A delete HAESRT
PRIG G 14 2 A2 AR AL SR AT A 0 G IR IBON % B 1R AT
Operator delete HKEEIUNAE, ‘& #IXHFEFH:

void operator delete (void *memoryToBeDeallocated) ;

(Al it
delete ps;

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

// the object occupied
XA — AR 0 R W AR LA BER B TR AL I A, IRV %580 new Fl delete
PRVERT, T operator new 3R{GEWNLEF operator delete BN IEL R 5e:

void *buffer = // TR
operator new(50%sizeof (char)) : // NAELLZEYH 50 /> char
/AT 3 R A
operator delete(buffer) ; // RN AT

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

W ARARH placement new 75 A AFH NN S, AR DOZBEGAE XA AET H delete BRAESRT.
K4 delete #EERFA operator delete JREPAE, (HARE AT SN AT 4
operator new 7 HCHY, placement new JJ iR [ 36 45 IR EL o ESRNTE XA K A7 2
AR I 12 S G P X S R AT ALY BRSSO A 53 g 32 R 0 ) 52«

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

void * mallocShared(size t size);

void freeShared (void *memory) ;

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

Widget *pw = // A EPR,
constructWidgetInBuffer (sharedMemory, 10); // {fiH



// placement new

delete pw; [/ ERAH ! LEANFKRE
// mallocShared, TMANE operator new
pw—>"Widget () ; // 1EMf. Mk pw dR1A 1 Widget,

/] ABR AR
[/ Widget KA A

freeShared (pw) ; // M. I pw $R 1IR3 N A7
// AR BEAT YR T BT ) o

BTN, RS YS placement new [ raw A7 H CahZ&S 2 HLK GRS LA E
T, AR A B e W AE M, PR ZRE e . (Z LIRS Counting objects
L% T placement delete MITERE.)
® Arrays

B H AT VIR, AHEEAHEAE E - B H A7 B3R R L — RS — AN
%o BREHCEA? SR A
string *ps = new string[10]; // allocate an array of

// objects

AL F T new 1159842 new #RAERT, (H & G ZA IS new #AERTHOAT 0 5 B X RS
DY BN AT operator new 4rM, QR LS [R]) (1 £ 4L o Bid pR K YA
operator new[] (ZHHEFRA array new). 5 operator new —HFEREHE A . Xk SLVFIR
TR NAE DI, BB ARGEFE B A RN A B R (HZ e fREITE B, 20
Effective C++ 253K 8),

(operator new[ 1% T CHKuise — AN LB AV, P LLUR IR 9 PR 48 W] REAN SR E
IR EAIHFE, TR T SRR 4, 4R operator new ¥ k45 144l
IHENAE . FEIXFERIGTERS T € B A A7 0 Be 2 INAERT, PN EREES 45 operator
new. XA AR MR GELZ TS AT, 2R operator new AbFEFET b Fr A7 (1)
BNAWNATITIC, T LLEAT R AT SR HOR AT IR NI 3k R S . 10 HLA2JR) operator new
A NIEH M4 (normal signature) (W MZSH size t, S Effective C++5%
A9), FrRAmUIRAR R E ] B CRITEANE, RZZMEIRIEE R 5 IV EEAMRE (S W45k
HM2T) FET XL LR, FEHZ operator new[ ] SCHF )G R BN B4l 2 I N AE B BEA S —
NG BELBTE)

5 ANANIF A new BRAERT R HIAL 3G s B B 6 TR, EBUCH LR S R
T8 BRI T 6 2 R -

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



new string[10]; // string X&4rECN AT,
/] BRI AN TR R
// string SR IFHAE ) IE R L
[FIFEY delete #AERTH TR, & BN Ed e 2 TG B KL AR5 T operator
delete KRFEITH N AT
MBI T4 operator delete —#F, fRUEFMEIH L, operator delete[]. 7E
EATERI T LA LRSI WS HRTFN CHBM . CHRIFH CHEMIER, 201
A5 285 TUHIHERE)
new Fl delete #AERFRENEM, HATHAZIRMEES], L2 ENTHR 1R A7 - RTRE
JECRR BN T LES ). 4R AR E ] new Il delete HAERFIIAT NI, EICAERAN AEEL )X
— i IREBESCRE AT 58 BCE AT D e BRI 5325, T e ATT BT 56 B ) e U e v 55 [ 5
ok, ANfEkAE. (You can modify how they do what they do, but what they do is fixed

by the language)

5. =%

CHOBI I 5 (exception) MUHISUE T H8eild, PR LR ZIN, MIKM, 7Ihg
S NANET I o Bt A3 AR LA B s SR IR BT AR AR A s W UM Jfs 1) v Rk 38
T B R IRA B IAT A R oR 255 TR o A S R A o R S /NI LR S AT N
TR PATFRFRIPERR P S 38INT, RIRNSATd EREAG T .

AT BAVITRIE I Fo o IR Z AT Cr+I NEARFIE AR S 5, KE A
FIE QT IERRAE . ARSI S AR AT O B A TR TSR, fEARE E
Th BB — A BURERMEIX 5. O TIRZN T XA I8, 20 Tom Cargill 5
[ Exception Handling: A False Sense of Security. 77 it a @ ki 5 e i L,
%, Jack Reeves TIf] Coping with Exceptions 1 Herb Sutter (¥ Exception-Safe
Generic Containers.)

TAVINIE : T3 B AT AL 0 B B0 T 1B 18 A7 B e A e IR SR IEAT T 8l 1
AR M TG4 . 5% %4 (Bxception—safe) MIFE/FALMMIREL . —ANBAT 148 ER it
AT BT IIRR P AEAEAE S 86 IO DL T I8 AT 1 IR 5 — AN A 4 [ 22 S SRk AT e U1 119
FRIPAE 2 BRI IREE NG AT IEH IR AH ], RN 0.

MAT2AEI W ? A CIEF B IYISK, C B G2 T a1 (Error
code), FrBANA AL T We, R W A i I T ISR A .
FETIRN: SR BRI o U H— A R HOE A B AN RS AR R O [ AR R R R
—ANFEERES, WA INE DR RO 55— e A A e BN e R A . 85 R P N
RN R RS IR SZ AT, R RAER, B Ar RS &b HhAT .



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

DU BATC LR AT A S AR BEIRE P e A TR T, NI Le 4k e — M5
Hi 57 24 (Exception—safe) MAFIIATEEIITE T R ENILAEMTAE CH Pl 7 1 b
BN T SRR Tl B X LR T, IR s B SRR, e
PERIECNE,  JF HARES [HIRETFVF 22 75 A% ] 57t 5 A BRIy 28 5 38 21 1) 1) L

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

RHHREF BRI o ATAF AN s PRI AN 23 5 A I HR £

Ok, PRANFHIAE AT (O FR T U T L, HL AR T B0 H R RS %6 U (Local resources)
IFRET ULFTE I e BB, IR IELE D — AN NSO g 5 3, /B 2 BT i — AN 45 B/ A
NI A NI A RIS BT R L — A SO, A8 MR e BT B B R
PRI TAE RS — R 3 X B SR 5 0 B AN WA s kAT i&E 4 I AL Cappropriate
processing).

FERGX MR — G B i L — Ml %28, ALA (“Adorable Little Animal”),
SRJE R NIRRT IRAE DS . — A AR 3L processAdoption 43 I #- AR K ) ) kAT
SOSEE

class ALA {
public:

virtual void processAdoption() = 0;

b
class Puppy: public ALA {
public:

virtual void processAdoption() ;

I
class Kitten: public ALA {
public:

virtual void processAdoption();



PRt A RS P B 205 6, SRS AR ST B B A2 — A puppy NV X
Zu kitten UM M5 EADTAEARR @S T EUMIES (virtual constructor), fE
Z M25 VEANHRIR T IXAP R B oA T 58 ERATTI HAx,  FRAT XA 75 W] R 4L
/) s PR EEME R, ARE IR A EE
// AR BN FEM AN 5
ALA * readALA(istream& s);

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

{

while (dataSource) { /] EATEAEIN, ARG
ALA *pa = readALA (dataSource) ; /GBI T—Aah
pa—>processAdoption(); / /BB B )
delete pa; / /B readALA 3R [7] [R5} 5
}

XA R BUE IR IE ] dataSource WA R, ACEEE BRI TE . ME—ZH0 R —
ROETERF A G FRAL MR pa. IX 220, BN RRHXIIH readALA #HES—DMHEXT R .
WRAMBRAS 5, AR A2 DM o

MAEHZE—TF, W pa—>processAdoption #il T —A R, ¥oS KR A2
processAdoptions BCH SN, Bt LA WO RHAR #:45 processAdoptions (2 . f&id
processAdoptions BRE ] pa—>processAdoption THA)JG HPTA E AUAREER , IXHt
el pa WHBMIER. 458, (LM% pa—>processAdoption #lih —A~F A& S
processAdoptions WAEME -

HIEMRIRA ) -
void processAdoptions (istream& dataSource)

{
while (dataSource) {

ALA *pa = readALA (dataSource) ;

try {

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



delete pa; // SN AR
/) 5 )

throw; /) AL
}
delete pa; // TR
} /A S

EJEARZ try Al catch SR AACRSIES T /N sl o B H SR 2 AR 2005 XU T B AR RS,
—ANNIER I TS, AR R AN . AERXFMEOLR, DS P delete 40,
S HE AL —FF, EFHD SRS OB T 4Ed, T B e E b LR AR n)
ABFATRZ 1L processAdoptions IEF IR LA 2 575, FRATH T ZMIBR pa, L4
FRATT L IR EEAE 22 A 1 7 9t 5 N e A R e 2

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

PATAT LA LA PAT 135 BRACHS TN processAdoptions BREL P [ JREB T G (R4 4 bR £
B, SRR AT DARE S0 S B E BR AR o A 2 R OR[N SRR G R R, TG PR
QIR ) o A — PP Sh gl 2 4R P F Tong jmp B o Long jmp FIIX AN 2 C++38 58 3 FF
A H ) R D

HARTT o — N G AR IRER pa, XX IAT N SIREHAHEL. 2 pointer—1ike Xf
% GRS BRI, RATRELE T B B ] delete. BARIRET BN SR N
smart pointers CRIGHRER), 2 WLAHK M28 IUMRRE, IREEMEAT pointer—Tike XF5ARK R,
X, RATHAE X AEYIFEE, FATHFHEE A pointer-1ik X%, HE B LLFA
[ FSF 2601 MY " i3 1) PRI 5%

HHXFE A RIEA A, (R IATATTE A O LT o brifk Cr+7% s 80 5 — A b,
M4 auto_ptr, IXIEEFANTEEN . B> auto_ptr KRIMNE R, 1E—MaEHTRm—
MHEXS B (heap object), Jf HAEE MM BRECEMIERX AN L. THIFTRHE auto ptr
R — LS T EL )
template<class T>

class auto ptr {

public:
auto_ptr(T *p = 0): ptr(p) {} // PRFF ptr, fRIEIE
“auto_ptr() { delete ptr; } // MIER ptr FE 1 X5
private:

T #*ptr; // raw ptr to object



auto_ptr FEHSERAID Z A A, R EAIAISEIUA GRS bRt N . (AT
22N 4% VIR B, TAE operator FLKEAESS 3K M28 YFA ) pointer—emulating B
O, B EH G2 S BN A2 E W H auto_ptr XIRACEE raw #8EF, IRBATEA
HEXRT G A RR MIBR A0, RPAEZESL i iF, 0 et el S bR . (B4 auto_ptr [IHT
P BR B (02 o % B 20 delete, FTLL auto ptr AREFT-He XIS B MIRE . W
Ml auto ptr ZBEITANEAER, ROHE DS A EXFMED T, H vector A
array W e L. )

fiiH auto_ptr X% A0 raw 5%, processAdoptions QI FHiR:
void processAdoptions (istream& dataSource)
{

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

pa—>processAdoption () ;

XA A processAdoptions £E AN J5 1 X ) F 7K [ processAdoptions pREL. 55—,
pa #E A HIh—A> auto ptr<ALADX SR, TAZE A raw ALAXSRER. S5, 7EPRIRMES R
i delete A, HARMAA—HE, BOVER TH R0, auto ptr X REAT MR —
WRTEEE. EARIRE T .

B/ auto_ptr J&AEVARR : Fl— AN SA-MH T 2E0% H SRR BEUR, ARG IKEEXS 3
FRIHT ) R BOCRBE TRCE YR, XA AR PO AT Bl JUAESREE L, ad e HI /2 20 B 23 o ARE
L AR —NE GUIT PP I ek 8, B 2 57— window R B2 — 2545 &

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

WINDOW_HANDLE w(createWindow()) ;

£E w X M) window H g 20455 A

destroyWindow (w) ;

R% window R4 C—1like #:1, {4 like createWindow Fll destroyWindow p&%{
SRARIUFIRE I window . W1SRAE w ot B window B R fs B, — ANFHwdbt, w T
XS window KK, LA ILE A BRI BEE—FE

RV S T TR K — 8, AL — AN, LR R R i bR 505 T A R 5k SR IR T8 %
U5



[/, FRECFIRETEC—A> window AR
class WindowHandle {
public:
WindowHandle (WINDOW HANDLE handle) : w(handle) {}
“WindowHandle () { destroyWindow(w); }
operator WINDOW HANDLE() { return w; } // see below
private:
WINDOW_HANDLE w;
[/ R R W FAA BTk 7.2 4> WINDOW_HANDLE 5 1
[/ R AT R B 7 R T 2 W45 M28
WindowHandle (const WindowHandle&) ;

WindowHandle& operator=(const WindowHandle&) ;

XE EEALER auto ptr, FHERMERIE S Vg XAk (R4 N2,
AN B R e 3 /E BB WindowHandle %452 WINDOW _HANDLE. IXAfg 5%t 4l H
WindowHandle X SARH A, P4 IXEARA VRBECEAT M 77 %48 1] raw WINDOW_HANDLE —
FERAL A WindowHandleo (S WA M5 , T AR BZ AL FH B R B 44D

W25 ) WindowHandle 28, FRAIJAEWSEES displayInfo BREL, Wi R PR:

/) AR AR, IR BR SRR S T U
void displayInfo(const Information& info)

{

WindowHandle w(createWindow()) :

1E w XN window H g U5 R

B — A3 7E displayInfo WAL, #% createWindow & 37 MK window L AEHRE L.

TR AZ A BB — XSG, REARIX AN, AR50 50 REIRE o A1 A A e W PR B R A
BRI o (2 W R AR IEAE S BC BRI — A e, 5 R AR A B 2 48 G4 4R 1E b
T resource-acquiring ZEIRE BT o IEAT UM RLIXFE I B EAE RN, — AN B
Pk, R ANGDINE? Ha) 3 pR BRI R R B SR IR I BOR o ARBEFES%3K M1 F 45K
MIT PR G AR

5.2 Ttem M10: 7EA5 bR % B 1 E B RO

UERARIEAE TR — N A Z AR D e B TR 7 o IXAN RS BR T REAF il 1 11 307
R4 Hihk. BAE S, EREAAE A A (AT RLGE HAAT 1A% T I IR A )



AT SEPUXANEAE %, IRAT LKA
class Image { // HTEMG S
public:

Image (const string& imageDataFileName) ;

class AudioClip { // TS sdE
public:

AudioClip(const string& audioDataFileName) ;

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

BookEntry (const string& name,

e

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

void addPhoneNumber (const PhoneNumber& number) ;

private:
string theName; /] N4
string theAddress; // ARk
list<PhoneNumber> thePhones;  // AhfIHLi% S H5
Image *theImage; // AT G
AudioClip *theAudioClip; // AT —BOs B

SR KRN 25 H AT 12 Bl P DAR T 28 1 S EU G R (S IL40M3), A
RITEAR hk. BGRAE S FSCEYD) MO TTIER . ERNAZM TR (Tist) 76



MG S, XA ARHE CH+8E (STL) HPi)— A48 (container classes). (ZN
Effective C++45k 49 FIATI 4K M35)
%5 BookEntry HJit s EINTRY BREL, A —MIRATTEL:
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 != 7") {

theAudioClip = new AudioClip(audioClipFileName) ;

}
BookEntry: : “BookEntry ()
{

delete thelmage;

delete theAudioClip;

Ho)3 PR BT AR thelmage Al theAudioClip HIAAH A=, SR Ja QRN N AR AL 3 b 0 2
AR, WAEIXEESRE R 0 FSE I B T e B SO R IX L2454, #fR BookEntry
MBS RGO CHafi ORISR 25 $5 B2 2421, BT A BookEntry [KIAT 4 e 27
TIERARET BT AN EEA DX LR R T diR 1) T 228X 4

& LELE VIR, EIEWTEI RS, (RAIRERE T (Fea 7wk
BRSO BN A S R T .

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

theAudioClip = new AudioClip(audioClipFileName) ;

— NSRRI, AL A operator new (ZIL4Ek M8) ANFEL AudioClip 4-Hc 2



BN A, AT BARY AudioClip MORIGE MIEL A Ol —AN e . A& i, wnifer
BookEntry 43 e N Pl HH 5, IR AN S iR AL 3 B 37 BookEntry XMLy (TR b
HARM AT . BEEED.

PUAEMR ST theAudioClip XTI, — AR gL iy A& 3R 7 3 AR
BookEntry 43 e £ IS, B AWER 1 TTMIER theImage TR MR ZIE? 2% WARNY
%t tH BookEntry Hefilt, {HIEIXANML SR Z 2L 551 “BookEntry O ARAMN A, 7k
EAL.

CHAVAN BEMNIBR 1l 2 4 M %t %2 (Fully contructed objects) , HAH — X% AIH
W RHERIBAT R, RN RA e eI . BT ELATR > BookEntry X§ 4 b A4 R
XSG, W
void testBookEntryClass ()

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

JEHAEMIE b ke, — AN SR s, b PINTRBRECA S BR . i H AR
R EG) T BAC B S HE GO0, B R AN delete, WRFTR:
void testBookEntryClass ()
{
BookEntry #*pb = 0;
try {
pb = new BookEntry (“Addison—Wesley Publishing Company”,
“One Jacob Way, Reading, MA 018677);

}

catch (...) { /) ARBTA R
delete pb; // WER pb, it 7
throw; /) A S e R

}

delete pb; // I ER pb

PR KRINAE BookEntry #Jid& LA Image JPRCHINAFIIR R T, IRt R
new BRAERATIRINTE, FeFe A pb BEATIUE#RAE . WIER BookEntry (A4 id el £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) fLE raw
BookEntry* A thAt A/, B4 new #AE BTh 58 AT, WBA XS pb BEATIREH5AE .

CHHRL Sk VAT 50 FIRE) T VR TR0 SR AT R R O AT — S JU DRI, 1A 2 s A R
TR B ZEAR 2O R X A MO B R, SRR FE I SRR B 58 k) i
AR IR SR FHATTAL BRE A7 R4 R B U ] 2 A0e 7 ANCA I IR AR N GBI — 2851
KAR TR B EAT T 2 /02 2 SR LT R R ORI X 87 T I E S W AT R L5 A o 3X R
(ISR 23 VR A AT AL B BB AT IR, HFAEA R B RS AR K. CHiliE b TIX R IRy, (AR
Mo ANGE 9 SN BR AR 23 MG 10 B o CGRALXRIERE AT A 5 R IZ (R BEAT 47 AL B 11
BB LS L Effective C++453K 13)

DA Ay 206 G A3 A S5 CH+ AN S S ot G, T AR 0 200 T T e R P )3 R
HULEEATE O &% R il kA s, RIGHAT SR, Bn i
B AL e AR E g . W N TR, {E BookEntry RIS R ECH A FHIXAN vk
BookEntry: :BookEntry (const string& name,

const stringk address,

const stringk imageFileName,

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

thelmage (0), theAudioClip(0)

try { // X try block J&H A
if (imageFileName != ""7) {
thelmage = new Image (imageFileName) ;
}
if (audioClipFileName != "") {

theAudioClip = new AudioClip(audioClipFileName) ;

}

}

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



AN BookEntry (1R 50 B DA 488 o, 2K 10 Ry e R 500 R D -2 i e 3 5
FE TR . T AR BookEntry Fit s EUATF 4540 AT, X151 theName, theAddress il
thePhones $(#i i i CL& M T8 ARG UF T o IXSeHH ] LARE A MU S8 IS I %, BT bLe
TR SRR AR NS o 28R 10 SR 3 5t 552 (10 W 18 o 50 D T 3 2 4 S S 5 )
B0, T 0 TSGR 3 bR BODA 200 25 2% SR 3RS 5 AR AR A K 8 S 2 T 5 Sl 5 TR ok
Bl

PR AT g CL203E 75 31 BookEntry #4)ik B catch Herb (135 A 548 BookEntry [RIHTH B %L
A LT —Hf o IR LA B R A AN T2 20, i ARl 1) J e 4 i ARG A N —
ANFAF helper function ", 1hA4IE BR AL BT F R BRI T &

class BookEntry {

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

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

theImage (0), theAudioClip(0)

try {
// L
}
catch (...) {
cleanup () ; /] REIRGUR
throw; // At



}

BookEntry: : BookEntry ()
{

cleanup () ;

EKALFAT T, (HEAEEAEHZER T XM BRSNS s — T ik, ik
thelmage A theAudioClip &% & (constant) FREMIHY.

class BookEntry {

public:
// Ak
private:
Image * const thelmage; // FRE AR
AudioClip * const theAudioClip; // const J&H

WGBTS BookEntry Fit R B S WI AR I AKRAIR A IZ FER R L, DA R PR AT e
Hi T LAY, const ¥54FIME (S Effective CH45ak 12). WH SiXFEYILE4L theImage
1 theAudioClip:
// AT REAE S H O D I R IR e ) S BT ik
BookEntry: :BookEntry (const string& name,
const string& address,
const string& imageFileName,
const string& audioClipFileName)
. theName (name), theAddress(address),
theImage (imageFileName != 7”7
? new Image (imageFileName)
: 0),
theAudioClip (audioClipFileName != 7"

? new AudioClip(audioClipFileName)

)

AT SR G — FLASRE G (9 [ BRI 2R theAudioClip HIGALI—AN 57
W, thelmage PrifRIXNI EAN PO 17 HIAIA GEIE L AE A 1E s PRI try AN



catch WHAPKMYLIR L, K4 try Ml catch &EA), M RHIIHEN RN VPR RIEA X
N A FRATT O I0AE thelmage 1 theAudioClip HIHILGAL S ?: DIACE if-then—else
R D o
TSR, 557 A 366 2 T 50 B IR AR R O — P D Vs A R X A e, T DA AR 3k
IAREAE R A WA R P IBON try B catch 6], TATEEMB BT EH 7 . —Frolfg21E
FAA G R E R, AKX LR HOR MR EHR A AR LI 1) theImage AT theAudioClip X5,
class BookEntry {
public:
// TAl k.
private:
// B AE R b
Image * initImage (const string& imageFileName) ;
AudioClip * initAudioClip(const string&
audioClipFileName) ;
b
BookEntry: :BookEntry (const string& name,
const string& address,
const string& imageFileName,
const string& audioClipFileName)
. theName (name), theAddress(address),
thelmage (initImage (imageFileName)),
theAudioClip (initAudioClip (audioClipFileName))
{}
// thelmage # ¥ SEHIERA, FT LARIMEX AN 46 4 Rt
[/ ANHAHOBHIEMRN, XA BB AT 58 Ab B
Image * BookEntry::initImage (const string& imageFileName)
{
if (imageFileName != ””) return new Image (imageFileName) ;
else return 0;
}
// theAudioClip #:4 —A¥IEE4L, BTLAWIERAE theAudioClip
[/ WA R e, B2 IR theImage YU HORE I
/) PIHERA R EAE T try. .. catch .

AudioClip * BookEntry::initAudioClip(const string&



audioClipFileName)

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

throw;

TR AR, g T AR TR I 8 AN A, 7R F N
J& T AL 3 R AR AN A B LA BB, X TR IR ML

AP R 7 VR R 463K MO [, 3 theTmage FI theAudioClip Fg I FIXF S i
—ANGRUE, RN A IXAMRRINE LR IXFE NS By thelmage A
theAudioClip JEBAMEEN, FRIZHEDSEAIN G, RIS FRENE RIIHRE, X5 i%
BeMllR . auto ptr Fl R FIXAH MR, (WA M FILIRA T thelmage FI
theAudioClip raw FREFEALSUBAT 1) auto ptr R,

class BookEntry {

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

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

XAFAEST BookEntry F it ol £ BIMEAE A7 2 5 3 A D0 B R Re A AN ittt ds 5 05, o HL
iEFRATTRE NS A F Rl WU R R M) 454k theImage F1 theAudioClip, Wi FJfizn:
BookEntry: :BookEntry (const string& name,

const string& address,
const string& imageFileName,

const string& audioClipFileName)



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

FEX I, WURTEYIIAAE theAudioClip B9l H 5+, thelmage TR — Mk S8 AL IE I
W%, FrLLERER: A Z MR, Bi% theName, theAddress FI thePhones —Ff. 1fif HLIA N
thelmage M1 theAudioClip BLYER A&7 BookEntry FHKNT 4, 4 BookEntry 4 MR &
ATRERE A NS o PRI TG 2ET T BR EAT 148 1 (6 5o P BLIXAEfRi1L BookEntry MIHT
APSEAE
BookEntry: : “BookEntry ()

{} // nothing to do!

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

gi bpriR, A RAR IR R auto ptr X GREAERER O A T, gt nT AR 1A e Ao
AFAE S I R AE DRI RS T AR R ek B b RIS U, IF HARIE R % LLRT AL HI AR
const F&EH—FEEH const F84F, 45 HIR{Y .

FEX GG, AL SR S AT e, &/ NMTI I, (R auto_ptr (¥
LT auto_ptr 138) REAL BN AT o & AT A NAN I BRAR IR ARRD BB K, 1T HAE A3 F2 )P4
THRS 7 TR I D0 T L RE AR RR IE 412 AT

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

FEAT PRI DL F 2 U AT PR B 55— FlORAE IR R O N IR — XS, ot G
TAE R b deletes 57 i 3 A4 3 IO HERR R AL T (stack-unwinding) ifF%
T, B AR GMIER XS

P BRI DL T, 1 TR R R 5 S T RE A T IR A B T REBCA AL TR
IR BEA IMEAENTHE bR B FB X 23 I Pl D o DAL A "5 7 ) o IS R 6 200 £ 7 B
BOA G . DU WERAE — NS W Bl IR, i ek Bt i W, OF S 80P
HIAUEE R BN RR ELAE, CHof4 T terminate BREL. XA BRELIME F IE 044 7 BT R OR 11«
AR IEAT, T HAE Il SR R R A ORI

NS, A Session RARKEREFEL T HHLI sessions, session Hiatists
FEMAR— SV HNUIT A6 — E RN AR GO 1 I B (R 4 04 . 524 Session X5



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

Session() ;

“Session() ;

private:
static void logCreation(Session *objAddr) ;

static void logDestruction(Session *ob jAddr) :

PR logCreation Ml logDestruction #4375l Tid sk 0 S r SR FRATTA s mr
PLIXAESm 'S Session HIHTH pREL:
Session:: Session()

{

logDestruction (this) ;

—IE L RBE, (HELE logDestruction #l i — MR, SRAAAFHNR? FH#k
AW Session BRI R&ECHARAE, Pt LLE R A% i3 BIATAL) ol 2500 T 08 L o AELRE AP SR A R
KORG8 8 TR L s e R, 84 terminate BRECKHE AT, MIRL
IERIFET o IEASRARFTA SR AL i o FEPEA ISR FRECT B MME B, X RAREM,
PR AR W2 FER T ER] T UMK RTINS T 42 RS, R
B 1EAE TogDestruction Il H ¥ 53 £4 3% 31 Session HTA sEL AT, ME— (1 757202 H
try Fl catch blockse —FR AR MHIE S IXH G S bR 4L
Session:: Session ()

{

try {
logDestruction(this) ;

}

catch (...) {

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



E S XAEMOIT A EEAR R AR 22 4 o WRAE catch TP operator<<IN FE—/M 5
WAL, FATHOGER] TR, AR S S] Session HAl e B AN .
FATATLALE cateh RN try, (HRZXEAAH —DBRE, SN ANEH . PdiI7E
FEI Session W20 24 BT AT " 4l HH 1) 45
Session:: Session()
{
try {
logDestruction (this) ;
}
catch (...) { }

catch R EAFBREAMAEMEN, X2 M5, b ek T AEMA
logDestruction Y (1) 57 #i A% I8 2 session MR . FRATIMAEREmALTCIE T s
Tt session MR BEARIEHEFLIEFE (stack unwinding) YR, terminate PRELEA
SR

AN FOVT S 55 A 320 B B R BRSO T AT 58 A S R o G SR — A e e A o 5 A T e A
TERR AL N BB HIRAE, B AT R B A S 58 21T CESAF a2 AN 7 FD.
RATH R EAE RIAT, E VA A e T Gt o i, FRATTX session KA —
MESL {EHEST session MR Z)— M EHEFE S5 (database transaction) , #1f session

I 85 RX AN 55
Session::Session() // T N,
{ // IEA I RO
// AEERE

logCreation (this) ;

startTransaction() ; // Ja3) database transaction
}
Session:: Session()
{

logDestruction (this) ;

endTransaction() ; // 45K database transaction

AR AEIX B TogDestruction il — N34, 7E session #4i PN JH 8 transaction
AL BRATOVFRENS IE L T B9 session A4 bR EC PN 1) R 500 FH TP K Vi 4 1)



A, HREWER endTransaction WL —N5#%, AR TRIBMER try A1 cateh 4h, 5100
P

LR ERNA, FATTRUELE 1E S AL BIAT R R BOMT AN SR N, 26— RENE AR 57 B f) HE
FRIEH T (stack-unwinding) MIIEREH, Biik terminate B, 5 & REFEBIAH ORAT
Fo R B BESE AT A B E M T F 0 . Cn RARDI ARG IR BT i i iy, W BLL R

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

and Why They’ re Evil” iXE),

5.4 TtemM12: B “WH—NRE” 5 “FE - K “HH-ANEERE” BHER
MiEVE FE, EREEFHSE ST catch TIPS UL RE H 4 25

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

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

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

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

void f4 (Widget *pw);

void f5(const Widget *pw);

catch (Widget w) ... //—% catch T14], Ak
catch (Widget& w) ... [/ TR, IR
catch (const Widget& w) ... // Widget, Widget&, &%
catch (Widget *pw) ... // Widget*

catch (const Widget *pw) ...
PRI AT BE 25 AN ) throw il —AN % 2 cateh 1) b Ly 3l ek ok oM HI AL — AN S50
PHESEAAH A o X HL A AT —LEAH R A0, AR AT AR AR BRI 22 5+
EFRATTSE MAH IR JE AR5 B B S B 5 8 @ AR ] DU AR AR et 5 | ] alidt i 17
Br, XA AHE B IR S ENR I, ARG 58 AR E R R L 58 4 AN ) o
PN ZE S SR R R BRSO, R B R e A i e ik 1] B R B I Ab, (H
URPDE — NS, FEHIROKIE AL 3P0 S T .
HIXFE—ANRE, SHCEME Widget, FFEPUH—A> Widget M 7
/) —AREL IR EAES] Widget H
istream operator>> (istream& s, Widget& w) ;
void passAndThrowWidget ()
{

Widget localWidget;



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

ki localWidget FpA%L operator>> B, ANHIHETHE DUHEAE, 124 operator>> Wy
(KI5 R IAS & w H 1) localWidget, AN w i3 A SEbr _L#RE N localWidget 1o iX
Ll TocalWidget 5 AR KA o AN AL (Al DR e 0 8 il i 5 | Al 3k O R i
FREH PO A 7, PO SBUATC IO #ORF AT LealWidget 145 DUERAE, it i 414 3 catch
TH) P2 localWidget 45 Do AZUIX AM, KA localWidget BHF T AEAFAS )G, H
WA R ECK 4 o W TocalWidget A& (AR 10#5 U) fEi%45 catch FA), XA
TAHMC RN FE TR T Widget, —A> Widget [ “J K7, X TIEME .
Il Co+ R SR AN AY 7 0 L PR 0 G b A S

RIS L IR AN ORI, M HEAT 48 DUERAE . i SR passAndThrowWidget B
iAW) localWidget AR (static),
void passAndThrowWidget ()
{

static Widget localWidget; // BAEREALR (static) ;
//— BRI EE R
cin »> localWidget; // B LRI REIZAT
throw localWidget; // R localWidget
} / /AT P DR AR

P S AR SR HIH TocalWidget [— AN Do 3X SRR RT3 | R Al 3R
WABEAE catch BB TocalWidget; UXAEIETAL localWidget IF5 Do X5 X St AT
sl S P UL, XA BRI B T FATREAR S H AL S Pl e WS AN ZE S Pl R isAT
WIE S HUL BN

5RO B DU, 35 DUER A A dons B )48 DR 3 bR B e B o 1248 DR 3 B 50 X
ZHIE AR (static type) P NARHIHE VKGR E, AN REE)ARA (dynamic
type) X R ZRMIHE DTG sRE . Lhan L N iX &0t D VEE ¥ passAndThrowWidget:
class Widget { ... };
class SpecialWidget: public Widget { ... };
void passAndThrowWidget ()

{

SpecialWidget localSpecialWidget;

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



throw rw; /S EPHE AR Widget

/] WIS

X HYH B S HON B2 Widget, B rw SIAIHZ—> SpecialWidget. BI2A rw HIEHA
FKH (static
type) J& Widget, MiAN+& SpecialWidgeto. RIIZMIESSMAR A FES] rw SIHKLE—D
SpecialWidget. ZmiFdsITiEE e rv IEARA (static type)o XFMT R AT e 5 VR IY]
FEIIA—HE, (HZIX SEHABEOLR Crrp 8 DRI s B AT R — B0 . CRd AT — R
ARFTELAERIR P R 80 A2R A dynamic type HEATH5 DL, 2 W4k N25)

FHRIVERN RN D, XA FIGE W B R UTLE catch Serp Rl — A bk
XA catch B, E—FH LG —Ff:
catch (Widget& w) // i3k Widget S
{

// AR

throw; // FEOFH R, ke
} [/ HREAL
catch (Widget& w) // FH3K Widget 7%

{
// AbERRH

throw w; [/ AR R H
} /] PN
XA catch BRIZERAET 55— cateh Serp BI04 AU FHER K 520, 028 — A
catch BRAHHDFTH0 K2 24 T 3RS 0 I — B K Do i R s A i A P DL R e 0T

B, XWROTIEEE ERA?

IR o SN PR P IR I TSR H (current exception) , TR RAT A,
) A S AN S U A CA SpecialWidget ZRAYHH Y, HEASE — AN HedfLis 211
2 SpecialWidget 545, RIE w FHASRM (static type) J& Widget. IX/2DE4 T HiHl
H S B AT HE DR A . S A cateh BREFHMH B S, RAELE S Widget,
Jow FRASREIY (static type) A& Widget. —MKiii, RAMZH throw KEFTIH M H1 11
S DA IXREAN S U A s 26 K e i 2R, it HL A 0%, DR AN AR Je— AN DL

CASE B —F), S AR DU — AN I S IR 43K 19 MREI, I 6 S Re ik g e
PARAE I AE W] (optimize it out of existence), iz IRALAR KGR MEIX A ML,
DU RE P AR R ARS8, DT AR RS R AN SR U7 AR KR RS 70

AEFRATIAR — F X = k3R Widget W catch Tfy, S 2N



passAndThrowWidgetp Pl 1

catch (Widget w) ... // B R

catch (Widget& w) ... // RIEAEE G AR
/] R

catch (const Widget& w) ... //1BiLAEIH TR const 15| H
/ /3R

BAVLZT BB TS S G R 15— AR — MR E IR X% (WA iR
Rk, RO AR GO W DU 5 R e AT EE IR 1 const MEMGIH]
(reference-to-const) i3k, 7L e&ECHH P A SR VFE I —ANIGIN A Z 8] —AHE const 51 H
KB (B WML, (HELES W P A i

IRV XA ZE T, 1013 55 0 %4 DU ok o JAr ) e > P AR 1) U7 A%
RIS E, AT T A B R — M I (B Effective C++ 453K 22), JHERXA
P2 DA B R B S 8O o [RIFEBRA S AR 107 AL — D, i A, 3k
TPXFEF A catch TAJI:
catch (Widget w) ... // RIS AR

SHEST AN R B FE DL, — AR AT R L AU S I IR R 5, B AN AT I
0588 DUk w b (WQ v, EE: BPAD. [FFE, HIATHEE 5T R,
catch (Widget& w) ... // a5 Ak
catch (const Widget& w) ... / /W3 | A 3R

XA A S5 A7 — AN S FE DL 8 DURRE S — AN IR 5o AH B 4 BeAr T 51
LB B SRS, AT S8 Do il — A i, RGMEN (UGS iED 4
R G IR UL L DI [RD0 GARCA 280t 3 28 R B5UN R (0 75 DB 22—

BADEEA CHE TR RE I 57 DL AN, W e e i fe A i 2
KOS E ) o AWM VAR & — AN B0 DAt 3 . A0, IRANBE I 4852 — A
T 1) O IR BT, RO 24 5 8 T Jmy AR ) A A 2R (RN, % R A T DR T
Catch FAPRIRAF— MR 0] QAL RN S AHREE o XPAT HAE B IR 1% T DA3E 4 (WQ
myE, Wt BARAE)RKERETH.)

X G BR E ) Ab A% B e B S HUE 5 WS A AL 36 3] cateh FAIHLITR A
THEARR, X H S8t 5 5 AR I DO — AN J7 T 58 A2 572 76 pR B0 & sl
HH e A R U P B R IR R Y DL IR I R AN ] B AE R HERA E (the
standard math library) '} sqrt PR%L:
double sqrt (double); // from <cmath> or <math.h>

FAREIXFEH S — AN EHUR TR, W R s

int 1i;



double sqrtOfi = sqrt(i);

ELHEN], CH+AVFEAT M int 3 double BRI ALHLHe, FrLAAE sqrt IR T, 1 4
T AL A double 2870, Jf HHIRBIEW 2 double. (A7 KERAEA I TEA 1B S
WA ME) — ki, catch FAJVCHLSRH RN AN AT IXFE I e . LN IR ACRG .
void f(int value)

{

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

fE try HUR P int SFH RS AEEE double S 1Y) cateh THIHER. 1% ) HLAEHE
B ELECIEIEA double [R5, ARATIREA . PICUUREALHEER int %, AT
FAHA int 5 int&&SHH) catch T4,

AREAE cateh § Ay HEAT SR ULIC IR AT DABEAT P AP R S i o 28—l 4R RS 1 B2 1)
(e e — AN HIRAHZREERI cateh T AJH AT AAL YR A SR e o B AnAEARUE CH+/2E
(STL) 5& XIS 22 K2 Wil 7 (diagnostics portion ) (S Effective C++ 4%
K 49) .

i3k runtime errors 73 [ Catch 7A) 0] Ui 3k range error 2RHUA overflow error
KA AT LA SR exception 2 cateh TR REMI IR HAT BRI K7 H .

XFPRAER SIS (inheritance based) [HJfF) 54 A AL a] LIVE ] T4UE . 51H LA

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

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



// range_error*, or
// overflow error
W R AAVE N AN KRR 4 (typed pointer) #EAF LM IEE (untyped
pointer), FTLLHiAT const voids $HEF catch FA)BER AT KR FR £ AL
catch (const void%) ... //SRATAT SR 5T 21 e
PSRN 6 S W A B 5 — M ZE 00 cateh TA)ULRCIRUY SR B T e IHERE
HHIRRINT o DRI — AR AR 28 e m] REAR AL BEILFE 2R 5 1) cateh AUk, RIS (RN A7 7R
A RE B EZIRAE IS TR 1) cateh FA), SHIFIN try SR Fl:

try {

}

catch (logic_error& ex) { // XA catch B Kk
// JfiH) logic_error

} /) S, ARE RS

catch (invalid argument& ex) { [/ EANPGREA ST
/R R BT )

} // invalid_argument

// S b R
// catch THRJflizk.

5 TR T A, AR A RE LR RO, A R P 1% e RO R ek R 1
MBI (dynamic type) IAHUEMZEHL . YRAT LUK FE U 40 R BCR H e i v
T e AL R FH ) B S 18 B o WA — AN BRI cateh A4 T- AR BRIE I S
(1) catch FR)JGTH, HiEdsss R EES . (RGPS CH LW 2 AGVER O At
VRI P PR SG BV s ANEE AR BE RS R 1) cateh TAJBAEALFEIRESFH 1K) cateh T4
MIRTTH . % LIHAAM 7, A% R 25

try {

}

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

}

catch (logic error& ex) { // WL

// logic errors S



ZE LRTIR, AN KBk 8 2 bR B — AN 5 1 P R 0L R A 4 — A Ok S
H, XA =ATEEDOM . o RN RSN ST UL i ARy s 3R
I, SRR UL T IR W A S H U 45 pR BN A — 8 7 55 DL 2 W3l
N A S MO SRR 45 R SO LG, A8 SR e bL 5 8 22D GG AT PR e e
e Wik catch FRJEAT A H SRV AL A e ATAED AR h B, 26—
ANRILVLRC RN cateh RERHIRIAT o 24— X G AT A M UL R 20N, e ade 3¢ 11 R 23017
T 5 G RAPCR AR SR, BTSSR AR A 1) fe iy 3k o

5.5 Ttem M13: JEiL5|H (reference) MIRFH

RS AN catch FRJI, D4 E Lk S Ay AL B cateh FAJHL, fRATEL
A=A SR REBUERSH—FE, iR (by pointer), WidfE{EH (by value)
B 5IH (by reference)s

BATE il e 7 i3k 75 (catch by pointer). M throw Abfki#i—ANFH
F| catch FAPE—ANEENLIRE, EEIS OBy 0SB T 3% A R R AT R et
(170 PR TEAR 8 5 5 R, AR AR F B S (0 A e A B AN S DN & (S
WA M12), .
class exception { ... }; // K EARHE CHE (STL)

/) PR R IR
/) (ZRAEK12)
void someFunction ()
{

static exception ex: /] FRERG

throw &ex; // P —ANFRER, $5IH) ex

}

void doSomething ()
{

try {

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

/BT BRI UL



XE EERAH, (HRSEbE AR A T R IER BT, By 5 E SO
XGRS A DR R P PRI T I FR BB, XTI RENSAREL A7 . 42 R AN
ZAREM A RNX — 1, (RREF RURE ) BRI AR LR A, b1 XREE
(AW CE
void someFunction ()

{
exception ex; /] BRI S
/7 438 R R A 2 T I
[/ IEAR ARG

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

X EREGE T, B AEBLXAN 7 cateh TRJBZBIIRE, HIRMMNZ OEA
FHAFAE

Jy Ml SR E TR LM HEX B (new heap object):
void someFunction ()

{

throw new exception; [/ PO AN RER, N AESE
/] RSN B (R 8

} /] BAEFT new — Z LA M8—
// HOAEFRE A
/] FHDL)

XY T AR AN R CECREBON SR B D (H cateh 3R] A LR —A>
RNKRFENI T ARG A NI BRARATEAZ IR ET? WA AESE PN R 5, AR
MIBZMERE 15 W3 TR o AR AN AESE A RSB 5, AT X AN REII R
By R AT AR AT T e A ?

ROEANTTRERVE K —LER 5 AT RE S A 3 40 ) B AR X SR I Mk, g — BT RE A
HEH LS O R L o S ISR BRI, KB R AR R R L AN RRIE
FEAMIER? X2 — LRI R e BT LR R T

i H, IR R R E AR S GBS AT WA PR R 5 — —



bad_alloc (34 operator new (2 W4k M8) ANRE /ML A2 N AF IS, HEdlH) , bad cast (24
dynamic_cast £F%t—ANGIH (reference) #AE KM, Biid) ,bad typeid (4
dynamic_cast XT3 FREFRHTEAER, i) Rl bad exception (T unexpected 5%
ZAH ML) — —FRASEAR P S IHRER, T LU 20008 (B 55 | SR gk el ]
MR (cateh—by—value) R LAY LI i I R, 48] G o G I 1) i s
AT R BR M S 5 S B el L 2 AT IS R G S S 0 B DU I (2 W4 K
M12). T H'E2e/ ™ slicing problem, RIRAZEM 5% X SN HeZK 7 80 SR,
WEIIRAE AT AR T (sliced off). IXFEM sliced X SEhx It —MIERM 4 .
EATTBATIRAE R R ES i 1 D, 10 HL S ASHE 5 T e AT T IR R SR 250N, R G AT I R R 202
BB G R E . CH— DGl A 7 B i B, kA FREL——Z 1
Effective Ct+ 453K 22D, Wl FIHXANFEFFRKHH T4 R B ARESR H 2RI 7 5 BB RIE R
class exception { [/ Wk, X
public: /] — AR R
virtual const char * what() throw();

// 3R] TR ] R A

/) (LERRES B 46 e A

// " throw()”,
I [/ REIE B

/] B W5 14)

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

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

// B E AR

// REAh PR E
I //
void someFunction () // i —A> validation
{ /]

if (a validation PRI |

throw Validation error();



}

void doSomething ()
{

try {
someFunction () ; // i validation
} /R
catch (exception ex) f V& EIZIRER ARG Ao (BN
// BB RITRAESE
cerr << ex.what(); // WM exception::what(),

// AN Validation error::what ()

VAT 2 BE 2RI what pR B, B B AR 0 R E XY R 2 runtime error mY
Validation error KA H'EATCAE T BHw L T IX M EIR L. XFl slicing 17 N4aA &
PRITAEE I

BRI R ik 2l 5 3R % (catch-by-reference). L5l H AEAl
PRBEFE IR AT ). AN R IR R, IXAP VAN AT 0 G MR 1 T 7 HLAR Be il
PArtE R E R, WG, X 7VARA slicing problem, 1 H# %5
S5 DL

AT TR I 1 5 sk S8 VAR S s M7, R TR
void someFunction () /I BB B
{

if (a validation J[RZEM) {

throw Validation error();

}

void doSomething ()
{

try {

someFunction () ; /] AR



}

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

// Validation error::what(),

// AR exception: :what ()

IXHEATH throw BEAMEM S, (UKL T catch A1, S4BT D55, Rl
XA AR eI R T ER IRk, B cateh B i) g 400 bR 5 e 65 n 34 1 SIS B T AT
T WK Validation erro BRI FATHF E Sk i B4

WRARIEE 5 A3k 3% (cateh by reference), VRkfeBEF RFTA M8, A&
ST MR S HOM M s BERSRETT slicing SEHX S, REUGHIRbREST 2R, b5 H
X G EAHE VUEH o T DMRIEAE S5 AT4 2 35S 5 A3k I (Catch exceptions by

reference)!

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

ZIHEIR, SRS Z A 5IE H Rk eI A S BEAR, DX e WY
T A BT DA A AR S o AER AU N R TRE o G P £ 20 1 I I
REMS AN 2157 5 RS A — B M0 FLAR AR B S — AR 3 R YL R LN S, &R
GALISAT I BE AL XA TR, ARG DNMFFR AL unexpected R4 H BT . 573
A% B R LUABCR — AN T SORS ) It 2 S o 0 s R 2 SRR, e 0 AT AR IR A1
o

ARAEEH I, KPR R, SARFZIIFAMCRIL AN R . A
unexpected B4 K47 A 2 I B4 terminate, Ifi terminate §44 (K147 2 1 i B % abort,
PFITEA—AN3d8 S S RS RO RE PP FL T AOAT i halt (SEab3sdr) . ARG M (1 R A2
ARG Py abort AEICAIREF I ANREA IR IR BRARAE o 650 MU I A SR AR A T
I EANNZ A I A

ANSERY I, AR D A RE S 9 5 T EUR L TP IHE (T BR800 2 6 i AL 7 SRS
SR A 5 S BRSO — B — e B 1 50— ek, JF s A T Redl i —A4
R R R, (A BREIGR] B B EIADY B BB e — D ANEE A T
AR Z SR, PTELZAS B A0S S T A BB R BT g AR
Tl DLREA TR, I FLTE S AR AR E g B ai A e X R 5 5K O T DL R 5 R

I BRE £ AAT Y S RS S SRR AR o B T LA H A SRR 7



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

BB —AN BRE £2 38 I 10 i RS R 7 D UREHE int SRAY I ek
void f2() throw(int);
£2 A £1RAER AVEN, RIGE £1 AT Redl —ANE R £2 59 A 10 S -
void f2() throw(int)
{

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

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

DI Ay P 20 3 s SO VF R P — A R KR, FLA L 1) S 5 O 0 PR R 800 S RIS AN —
B, I HAX R R T e S BURIGFE P AT 281k, T DAZE G 5 3C1F ) I AZ R RS Tt I
AN BN B g D o — TGV AR A S H RS A P S AR o 49 40 T
FIRE, E AR AN BEIE HHATATT 57
// a poorly designed template wrt exception specifications
template<class T>
bool operator==(const T& lhs, const T& rhs) throw()
{

return &lhs == &rhs;

AR AT R AL 8 ST — MNMRAERF RS operator==o X TAF 50— 0 8 HUAH 7] (110
% WG R L, R EORE] true, ANRM false.

XA, 5 (10 i BRS FRAASTRR A B 1) R ECAN BB HH e o R RS T RE AN 23 IR,
P2k opertor& (MilibEEAEFT, 22 0L Effective C++ 453K 45) B — SR R E R WK pk
HHIE, 4 operator==pRE AT opertor&, opertor& ] BELsHlH —N
XFERUE T BATI e E RS, (AR P45 Bk 2] unexpected.

IR PR 2 B — R AR, XA B — AR ) A A B R S SRR S
RSHI AT 2R 75 o AL ASATREA — BB — AN 2 S 3 WA o DR h Bt
Bk 2 R AN R TEAE SRR SR R T5 70 K RE R ARAOR S MRS AN R Sl H

B %38 % 18 unexpected BREMIEE AN 7V I RAE —AN s B0 T L& S 0
6 FA) BRI I 2% 2 i A bR BT S5 A o AR B B, (2 SR BR v 2% B i 2 . Lt Ao



VER P A 0T o 4
// > window ZR4¢ [l R EFR £
// > window R FAF K AT
typedef void (*CallBackPtr) (int eventXLocation,
int eventYLocation,
void *dataToPassBack) ;
//window REEH, AT R EFRET
/I R AL RE R window REGE M
class CallBack {
public:
CallBack (CallBackPtr fPtr, void *dataToPassBack)
. func (fPtr), data(dataToPassBack) {}
void makeCallBack (int eventXLocation,

int eventYLocation) const throw();

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

/) R T SO R A, FRATTR R R AR
[ FAEAERR S AR ACN R B S H
void CallBack: :makeCallBack (int eventXLocation,

int eventYLocation) const throw()

func (eventXLocation, eventYLocation, data):

X HLAE makeCallBack WM func, 2EH KR A% B0 X, BKOY Ik NIE £

Pl AT A I ) S
L AERE P AE CallBackPtr typedef HHRFH B ™A ) 57 RNAR Rt o 1) il -
typedef void (*CallBackPtr) (int eventXLocation,
int eventYLocation,

void *dataToPassBack) throw();

XHFEE X typedef Ja, AR M —AS T RES I HY 55 1Y callback BRECK 2 ARTL K

/AT SRR A [ R e K

AN
=~



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

void *callBackData;

CallBack cl(callBackFcnl, callBackData) ;
//5R ! callBackFenl f] g
/) Pl
/ /A SRR (R [ R K
void callBackFen2(int eventXLocation,
int eventYLocation,
void *dataToPassBack) throw();
CallBack c2(callBackFcn2, callBackData) ;
// 1EHfi, callBackFcen2
/BT S A%
s R SRR S JEAT S i RS (KR £, 208 5 I ROBT IR I, T LAAT A REAR 1) 4 6
AEASCRFIXANERE . WU EATASCRE, I AKEEIR B ORI R A BEALIX TS 1o
] unexpected [RIEE ANV R I RGEA G IO 0 o XS SR h R H WY
& bad_alloc, 4 NAF4BC I & 8% operator new Al operator new [ J#lH (2 W44k M8).
WRARTE R BUEAT A new #AERF GEZS WA M), RN BT g 2 bad_alloc 5
VEFHES
AR BB TR 9T (R UEAT SRS B, (AT I A2 Tl A #f
AT 25 5 Wt & Ui I AL BE unexpected S5 HLIT (/& A T it ST 8. 9 n AR i
TEGGE — /MR, KSR T 58 MUk FL PR A 200 AU AT A FH 5 RIS PR R P v U
MREL, IR L unexpected S RANBLSEN, ROAIX R EEACRRE T EE A AR .
BB Il unexpected FH AT, (A2 Cr+ RVFIRH B AR ) 578 2R 0%
e unexpected S, VRBEME R IXANRAVE . 140Uk A5 BT IR unexpected S #H B e hy
UnexpectedException X% . IRAEXFEGH 50D

class UnexpectedException {}; // B unexpected S b4k
/B XRS5

void convertUnexpected () // WH—A unexpected 74

{ // o, XA R EARE H

throw UnexpectedException() ;

iR H] convertUnexpected B& AUk 45 (1) unexpected BEL, KAE BB ITUGIE1T . -



set unexpected (convertUnexpected) ;

BPRILZ AT LG, — unexpected i K& convertUnexpected PRZH.
Unexpected 5% #—Ff UnexpectedException B I, WK BEE [ K57 MRS o
77 UnexpectedException J#, WA 5 AL g Ak 4 K 25, iH R e W s B2 Bl 2 . (i
R MAS A7 UnexpectedException, terminate JF#¢ U, BB ARE A &k
unexpected —¥f)

Iyl unexpected F AR RN 44 AL I U7 8 B unexpected BREL, 1B ELHTHR
HOMET SRR, X R RS 0 bad_exception. KRR LAXFEGRE

void convertUnexpected () // W—A unexpected 7 Hl

{ /7, XA BB
throw; // 8B EET S A

} /] R

set unexpected(convertUnexpected) ;
// %% convertUnexpected
// WA unexpected
/] A
WX 2, R %A P ) RS AL bad exception (EREIFIEDR, AR
exception). PREEALFHOUIIES] unexpected 7 & FERLTFIBAT L AL . ATATAWT I
(1) 5 HCKE B B 4 A bad exception, IXAN i ACRE IR K ) e 4k LA s
FIIAE ARV 12 P S 5 A 8- SR P JBR AL o 2 3 4 A AL B 08 20 M ARG I e A ) A P 2
B8, BB e ST R, — ANER AR E S oE &, IF BARSAA 00T
EAOE S 2 PR ALBAT . R ST NSt 2 BT AR T 3 unexpected B
fuke, RUAE—A high-level W] HER LRI I A S8, EEAn R INXAN JLP—F A ZE M
K H MG MLL B
class Session { // for modeling online
public: // sessions

“Session() ;

private:

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

{

try {



logDestruction (this);

1
catch (...) { }

session MINTHI RS logDestruction i % session M BB HLIIEE, © W
Ll IR LogDestruction Pl KT AT 5% o {H2 logDestruction [ A% R HA
P HATAT 5 AR BERE LogDestruction WA BB T — 5%, I logDestruction
BT BATANSI R R AX R IR, HIEIRAIFT I, RAESHES B R AR
RIS . iAol logDestruction 43 3K, unexpected ¥4I, AL MF
SERTLAPAT . XA IEMATh, (HIXJE session M sREMTERS FT 5 B I0AT A
A0 AEE AR B TATA RE I S, DT LU R AN R ANGS session T BRI catch SAhAT
MBS IR P Wk logDestruction AT o HIMS, XA FEMAS KL (—Hpiilk-
(K375 ¥ b R PR ISR 4 unexpected).

DAASTHI PR 11 B8 2506 5 e B SR AR JE 210 o e (TR A0 T AR 55 A SRS R B — A e 4
AR IR, JF KA SCEIEOLY, AT M s R, FEPHOLRZal, g e
XA RIS G o B MRS I e AT T — Bk, B U AT R A o A 22 b S o 1
HABATZBEIE high-Tevel S AbFE A R ALFE unexpected S , WK 5 b B 4 41 1 1
(P

Zi LPTIR, SRS & S R AT R RR I o AESEEATIMA BRI s B 1, %
JEEATFT A AT Ry TSR AR I A5 S IIAT A

5.7 Item M15: TfEFHCEK ARG T4

AN TAEIBATIN A BN, R ERO R KRN R . BRHAT R Ay, PP # i
g UM Y QURAE AR I Y 57 5 00, R ORI — A3 5 P UEnIE & A R
DA try BRAFIR s X TR —A> try S, AR AR ER 5 FAOG ) cateh §A) LS OX 48
catch TRJBEMSAIAR M3 2RI o IR E BIRCRAE B A Ao AR DR i a2 5
PR ARTE ZIZ AT B (runtime comparisons), i HL 24 54l i At AR FH A0 A (6 45
R TBAR S BN AL RCIERA ) catch i) (EE S AL BEAf 2 A A0 K, BIAE IR ¥EA AL
try, throw o{ catch KRBT, IRFIFEAFAFH — LA

AEFRATSE AARAME A 575 Ak PRt A R (A QA RO o 1 8 222 TS 3 i
KERER NS SR e i (constructed) (B4 MI0), FRULTZE CPU I ) R FpiX L8
B G5 ANWT SEHT o IXLE TR — AN RAR K, AEE SR I AN SRR 0 1 D 0 A O R e — L
SCFF S H NRE IS4 T 14 B S PRI 7 2 ) th B

RS b, ARAREXNXEACH BEATIERE: W CHH— IR0, CHadi i L 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 SCAE Cobject files) He, A —AN HFRSCHEAEAT S A BT
ANBEAR A H AR SO AT S Ab o iy FLEPASE R il $AT SRR B bR SO AT S
ReBE, IS XA EN TR RE P RN ? UL AR — M T 5, e i i
W o A7 MIAEIBAT IR AN T RESE O IE A IR 57 AL L

AL B, SEPs L ICHR I SCRF S IR G B 2B 1 AR SR VEUR B el R A AR A
AR LA S R W I A IR AR RNTE AR R > AR AT BB 73 HEANE ] try, throw BR
catch, Jf HARMENTE P IERL R E AR AT ] try, throw B¢ catch, ARELAT PR IASE
FESE W AL BRI Ty 1A T O 1, 3K ] UG NRE P IR ST AR R, A R A A AT 2
(RRF PRI HACHY o B IN TR HERS , (8 H] SR AR BR (MR P R T ha AR A9 i 1, BT Rl ik
R BB ASRENL T, AECZAREE H AT AT I A DURE , WERAR 28 g A AEAT (K 57 45
PEs AR SCRE 0 1 5 90 BRI 2 — M RE AL I & BEVE o [RIFEIXN R8T 57
HRIRE PP R U 2 — N PEREVLAL B I Tk  IXREDRAIE S AN 2 I i R o A S 0E R e P2
B, AN [ R e 5 2 7 i R T8 SORE PP P vP A B R R AU BR 8, O AN e iF T
) s R SCIR IR R

TS A IHEOR AT try B, BRATINAETE, Rt MRl se s izihse
HI, ASARHARAF N AT AR o AN RIS 8 SEDL toy SRIGTTVEANA, e LAg 16 a5 9 4%
AR PR AN —FF o Al o, A BRAE T try S, ACRS G RSHRERE In 5% —10% JF Hiz
A P A LA o XA BB AR P SO S, BOX LR I R AERE P AT try
PITFRS . A TR IERS, AR IR Sl T ey S,

Gt A 0 S RS R AR S EAT T try SRAEIRKIAIE— R, BT RL— NS R —
Aty try JeFEZ RGO A4 7 URULIRIA 55 IR S0 — Mk i 2, kI
EMAST AR ? WAL, BHEIRNZ SEAB AR T .

BUEBATRE] T W% LB 5y, B AW AR ITT 8 o S5 EBRATARIR I LIZ A )
L PR SRR WK, IX R R AR MR IA Y exceptional CREH, LK.
80—20 M (S WA MLI6) &5 Yk AT IZAE (R AT AN S AR PP 1 PR REE B KI5
(B JRANTE PRATS |H 4 77 M AR 0 R0 — A3 B 2 KINJT A, 2 38R X T RESs b
BKo H—NIER I EORIPIA L, TR0 575 e B R Rl e] e i =AM e 2. XA
TR K AER AR e N A S XA TR, — A kA (R IR IR SR
R AN LU 3 FRDAR L, 9] 401 5 POt B0 405 A P g B TR — M 3A IR 20T 0T T DA%
[

AETERE N, IR B2 B A RIEIX LA 1 ? W RS R 57 0 1K 2 B 1 2ok
VO —DECH R E, SR A R R G T8 (1 5 W VB AN R, I B el e LR (0 R
KBGO 5%-10%, ‘& A R L mts, T Han SR KB R A, s e



EHCRPNIRIENE ? B SR N — LB A — IR (benchmarks) (2 0L4
AR M23) o FESE KIS N ALHE G P e A 1 £ S 0 AL B T LB A A2, BT LU
TRA T S H A SR TTA AR E SR ) A R R

PRI RGE RN A K ITRGR T BT T 1, (HRARITRAR ISR (HUE A E B3
BUEY e AR AL BRI AT 2 KA AR A g HAT 20T HH I A R 0o O 7 AR
(K35 HA B/ M, AT REMU BRI AN SCRE 3 (5 VA B R, JEAEH] try SRR
RURS BRABIEAR A S s LA b7, IF HRATER N 7% 0L T (exceptional) A
o WERARAEPERE LAIINAT R, SRS — N ORI AIE BARE S 7 SR e A2 — il
I ER . WRSE, AR B RS M e 2, REFE Coa B AR By T AT B iy S B eR
INETIEST

6. BE

FMBE— L NAE CHERAETT RN 53 5 EREAT R (0 LTV Rk, IO AT 4 48 2
R EANER, VFERRT RASRIK. (Scott Meyers ELHAER  PEHTE)

HY b, FERAAR IR RS . —NRRECKE R eIt R LR 2 45|
NTE HEA S A NAIHESZ o« ARANAZIZHRE o A R B BAT L 1 AR, $isdTid
JENG A JE AP, YRR 32MB NAFIRE I LU 2 16MB A A7 AORE A4, B ] 100MB
Bl 2 e (R R P Ay Y 50MB R 2 RN R P, X T B TERE 2 TR i FLRVEAT 4
REFFHE D T AT SR 2R RIS S o5 T S 2 (0 I ) A 22 ), (B T 2 R ok L e D44
T HRERE BN L R IR i A o

FEH] CH5 O RE 3> AT, U IR B CHA B 25068 5 /R B i 21 A AR ff PR RE_E ¥ 1)
TR e WERARE AR CHARFY, TRITE JSRES H— sk, K20
N AR BRL T IXA G a2, TR BERNS R T TIETT, BAL#RAE (shift operation)
REMS IR, (EE W R AR PIT A P 1) i J2 0L P PE R ARG S L8 st AN AT AR
LA I AR e ] ROy BR335SR E ?
FOEIE, LA S SRR (KR BT R — A O, B SR ARAT B (I 1]
AMaREF—Fo

ASTE ) A I AN S 5 LS 253 (R T o 55— TR S OZ IR L, SIS LS AR REAEAT:
i 5 HARREA AR P o CHo e I3t TR S NI SBR[ R B 0 S
ARG I RE NS S PR S35 Bl A R R AR AR SR AL S DL, [R) I 438 1 PT AR FR AN

BRI CHIEFE AL . mtEREMI A S B A BRI, B RS B R AR
P S BRSO L BRI S 2 o IR S ISR SR DA S R I AR 5) 52
B UREUR IR A X OB IO R N Bl — PR IXAE IR R o T 2 (R AR RO BRI



X FARBIRE PR RER ULt S A2 K L, AEREICE S AR 2R B R, 5t
I TR AL T o XA A EAE CHRE e AR 3, B FH DU A 26K 1 I 205 R L
K, AEAEMRE AU IE A TR AR Al B S i BR e Al

FESL KR IR RAN S R P A K T R S A a8 AT 3 AR 1 o AT JE — 2 PE e e v
MR, BFERET FERIEFEANE SRR SEIL (implementations of language features).
FE N I ) 2 3P BRI

FE2E ] T AN R LU, MR B RN 3 mRE P PERER LA U, X8 vy BUdE A+
VRBT S BAEAT R o RKE S0 T T ] VA M 7 b AR A AR L AN SO0 5, JF Hod e
A R AT A AT AT A RRB R I

18R UL H % G (forewarned is forearmed)o [T LA THI (¥ Py 28 AL B i 2 AT PRI HE % o

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

80—20 YNV SE KL 20% MIAREL A T 80% AR/ Wi K& 20% 4 RHLSFER T K
2y 80% IFia ATl K2 20 % MARESAE T T 80% IINAT: KZY 20% AR HAT 80% [¥1fik
BV 80% YE BN T KL 20% A b W TG LSS HlE RGN AR L
(IS0 3K A5V D) L 28 0l P = UG AIEL . 80—20 HMENAS HUE — &AL BT, CHEE—4%
ARAGVEREMNTE T8, AT V2 103G F PRI B S ) 5 B fih o

AE) 80— 20 HEMI, AT AR B AW GORTE , — 88 A S0 A% 1K) 90— 10 #EM,
17 HAR A — SRR S R e . ANEUEM A 2/, BRI RUE—FE . R 1
PEREE AR AL () — /N 43

URE 5 1 B AR T PR RE . 80—20 MENEE R4k T R IR T4 SAE AR 1) TAE
AFE AR — 7T 80— 20 YENIZ 78 K 2 BN R VR RS 4 5 1k e — R AR ES, R4 80 % Iy
(] HLX LA R AN S 5 I B BEA RGEHIPE R, X 9D — e R I TAR K D) o 11 55— 7 1
TX S5 HE I s T AR (R 0 I T P B i R, AR T — AN R HE PR A, BRA R AN 0 230
R B G N PARRD AL, S0 7 48 = e AT T PR R o X ST 55 v i R ¥
(K2 KRB RGOS FeA AT AR I R IR S 4: R 2 BN 10 77 A0 e IR 7
e

KEBN TR s Biless, Hi. Sadlh. SRR, f£EoHite
RO IAR Y, — AN ANFE 03— AR IE 20 B FRAS T O B ) R e AR 1, DR A 19X 8% 1 S
B, ANEGFI AL, i BB BT 208 AU B — SO R - B R AT G R 3R 1L
AT o IXLEPPAL R DA — bty A 2 1 e N 3R AT o, 3 X LI 5K 2
AT P33 #B 2R 1 o

RZHRE? SR TR P PR AR AE b 1) B0 R AR 1K, DR RS PP M RRARFAEAT 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 B AR B 454, (HE W R P
I PEREBR ] 3-227E 1/0 £ (1/0-bound) B2t ARIER . KA 1/0 TRty
AR G B A AN S I I FE I e (S 400K M23),  an AR P M BRI AN = 227E CPU |
(CPU-bound), XUkt ALt 2.

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

g5 R AR AG MF R 20 % 15y Ao S EUROIR . BRI 752 M profiler #2177
PO N IRIIREFP I 20%6 3875 o AN ITAT I TAEHSLE profiler 2eff. ARAEAEE & EHEE
HIN ARG A BRI . 1 R KRG8, ARARAL profiler 5 YRARFEFF A& #B
FEZR T 2 /DI TH) o SR 5 PR DG S L6 Ja) 3 803 Re i AR R i (R M 7, XA S AR R b 3 e 4
G E

profiler HYMREFSLIEAIAT T 2 DI RBR I T 20K, 1X2& —MEHATR

T H. MmO AUKE, RAFDGO— BRI — R 72 k. Bl
/38 B P SRR P P T T AR AT TR 2 B0E ) s T TR Z R RR A W R L
P, B NROA 2 /DEAPHAT, WERFEFFZATINE, A ANKRDIENTZ AMRD. iy
M R ORI OSSRy, IR AT, AT TR 2 DOBAR.
ANid, TR AJPAT e O IR, AT I REHS B URIR S N B IAT Ao it 2R
PRIESL T 100 DMIERISERINT G, 25 R IR P Z SR 8 s 8o BTk, XAME B GsE 2
A B o 1 LB O R B 250 R FH R S T b 5 B R B AR AN 6 L B o (R R AT b o 9
WRARA e B 2025 A7 BT, JI52 T8 P A7 53 TC B8 B0RH PN A7 R 00T o P A A i
HRH .. (gise, operators new, new[], delete, and delete[]—Z W3 MS)

M SREIAE R LF 1) profiler 1252 AL B B Frsg . an A H ke =2 AR 1 K ahs
profile fREUFEF, FRAAGEAR profiler FERILALTEFHIAR 80% HIES Sy, M A XS
FEFPIl & B PEREAT AT A 58m0 . 04T profiler {XAEME & URIRAER —KiadT (EJLIKIZIT)
I — MR AT oL, B LA R AR A BA AR R A Bdls profile —MEFRE, JRARFTEE
ATH) profile WEAH MR M SOXFEMAR T e 3 2R ZLAUAA T IR AAT A, TAERR AT
R P AU, DR 5 A 8 A RN R A B A T (AR TR D

B LEIXARANIERA I 45 R, B dF 750 FUR AT RE 2 s profile IRIIEAIE. BEAL,
WA ORI A2 ) (B D R e R 2 ) i A B 7 T e A AR M . Tl
SRICAT AR Bl AR S 1), DA V22 % P S B A b AR AR AT O B 64T profile M2
TEARIE R T AR KA AR AT o



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

MECRIMRRE, SRR RS, T4, A an SRR A 2477
SRR, AT AIEAERE P FEAG AL INANARRD HEAT TH e 2 7 HA RARAN 7 B4 T V55, B4t
A DA ZPHAT IX LA g 2

B ZEMS -

WAL AT BRI S — D% T, ARESCREA PRI G310 o AR WU R I —F, 2 i “ i
(1), SRIGAREAIR B QRIS o IRA S LB F M al e AEURO HLARERE B (R W HEAE T I
JERIALE, S2br L E BRI WACRE N BT R E IR 53 )2 17 ORI, R4 20 B 1
H I s 1) SR e PR PR P R R 4 B, W RIS, ARACBERT RE AN S KA R 1) o5 |], 8
FERITE AR B RERRA A PS5 18] T

(R (1 B 3 SR AR 3 ] T HAT A DR Y CH Ry B TAE b AEvk LR, JdT]
ERRIXFEMREIR Ky lazy evaluation (HMETHEIE) . “4-fH T lazy evaluation &, X
R IR R HEIR V5 TAR H B R Gl S R 4 R . RS R, AR
TS, BRAFE RIS BE—HE, AR AR
VAR AR B0 0 R U0 I IX 28 B R R A A R . WVF 2 — AN el DU B AR B A . lazy
evaluation | VZJ& I T &M N AU, BT LAFRAE 23 DA IR 73 UFA o

el

o SIHVEK

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

String sl = “Hello”;

String s2 = sl: / I string ¥ DM R

WH string ¥ VUMIEREGE 2 7 s1 WIAAIS, s1 1 s2 #AT H 7 Hello” #5U1,
X VUKL I R B e 5 R BOR TR, DR SEHIE sT (P UL, JFCEIRSS s2, IXIE W T
L new #HAEFF M HLHE N A7 (B 4K 8) , W] strepy PRIEFE VL s1 IR 3 s2. 1X
J&— eager evaluation (FFEUHD: NN E] string ¥ VUGG R AL, whEZHIE s1 M
PV E RS s20 SRMIIZI ) s2 HATTEEXAMENIFE UL, By s2 WA A

WG BE kA2 > TAE . ARZRGS s2 —A s1 5 UL, Tfi&il s2 5 s1 s —AME. Al
AU — el g MEAE YL AT 4, AR A new FIE DI RFROTTFRY. Fisk b
sl fl s2 52— AEHRLE R, IXHT client RUEEYIN, X FHEI KB, XEAH
ez, B AT R
cout << sl; // s E
cout << sl + s2; // B sl M s2 BIfA



A IZEABIBA string MEBAE ST, FER—AMERINEA NGRS UUE
A string MM, TAZP RS, X — RO EZN . B X 415
s2. convertToUpperCase () ;

KRR OB, AUE N s2 ME, TAEE s1 iE—Hz.

h T IXFEATIER), string (A convertToUpperCase BRACNZHIME s2 MHI— NI,
RS AT IX AN FAE AR ZS s2. 7F convertToUpperCase B, FRATAREFWNE 7. 40
A s2 GRZERD (EHIERE VLA s2 AR . 55— 07T, WRAEMH s2, FATtA H Hiff:
EHOENE N RS EBIR TR . WRBIEEIE, 2 Aas, &l
0L F FA VAT WA AR E L A FE SRS )

PP IL AT VAR SN CERR T RS 7E453K M29 rh i fit, (H2 L2 5
Mgk 2 lazy
evaluation: BRAFIREASETTE, AL MR TGHIESS Do FATNAZ 2 WK, H2n GEmt
SRS AN A, RE T LUK A0
o [XAAFERMBA

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

// reference—counted string

cout << s[3]; // WM operator[] 1HL s[3]
s[3] = 'x'; // JHH operator[] HA s[3]

H5EHH operator [JHREZHL string M, (H& 5 I REUE N T 58S
Bt ATV RS X XA B A S WA, R B2EC reference—counted string ;2R
Siffl, S NIEA string WFFELES NFTAZ string EHIE—H4 UL,

AN T WHEZ e AT B XFE, 7527 operator [T HERICA FIHE (4
SN T T U E T FZ R BOL 2 0 T 58 BUS ANERAE TR RO o FAr ) an S i
i operator []1#] context /& B MU AFIL /&5 NHRAEE 2 BRI (1 95 52 AT A 1] B 4 Wt K
W] lazy evaluation MIZEEK M30 " UFIAR) proxy class, FAITAI DAHEBMH & BLHR A1
R GEAEYE, B RIRATREAIWTH IE A2 2
® Lazy Fetching (HifE3EED)

H=A lazy evaluation [ 1, BEARMFETAIH T —Le 5V 2 FRINKEDS %
TXEEF G A A7 W T RS AT 0, BT LA T S0 A AT 50 P B AT A
ME— RN PR AT, FH ok NBICHE 26 b JE i SRAS A 4
class LargeObject { /] RESFE AN B



public:

LargeObject (ObjectID id); [/ B RS B
const string& fieldl() const; // field 1 HMH

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

const string& field4() const;

const string& field5() const;

WAL N AL P S LargeOb ject [HFF44:
void restoreAndProcessObject (ObjectID id)
{
LargeObject object (id); /] REXNB

%y LargeObject XS SEBIIR K, Ak E I G3RIUITAT (K5, Kcdhs e 0 B 6 1R 4
K ARH K, Rl N IZE R e SRR A i Y 2 A IR AR I o TR SX A B T
AN B A B . i, ISR AR
void restoreAndProcessObject (ObjectID id)
{
LargeObject object (id);
if (object.field2() == 0) {
cout << “Object ” << id << ”: null field2.\n”;

XHAA TS filed2 B, BT RANSRIBCHE 7 Bomi A %5 ) #E TR 9%
1 LargeOb ject X G I, AN REAE e UITA HIBU, IXARI e Ve T aX A )
e ALK SO AR “5e”, Al BRI, XA AN
[, XFf “demand-paged” X} G AIUHI I SZBL 720 -
class LargeObject {
public:
LargeObject (ObjectID id);
const string& fieldl() const;

int field2() const;



double field3() const;

const string& field4() const;

private:

ObjectID oid;

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

mutable double *field3Value;

mutable string *field4Value;

b
LargeObject: :LargeObject (ObjectID id)
: o0id(id), fieldlValue(0), field2Value(0), field3Value(0), ...
{}
const string& LargeObject::fieldl () const
{
if (fieldlValue == 0) f{
MBS A filed 1 SelUEE, 1§
fieldlValue #§ XM ;
}

return *fieldlValue;

XGRS BURR ] — AN I B (K45 KRR, LargeOb ject #it bR TR R H4)
IR A A IR R T BOL AT B 2 P B U . RS LargeObject A5 BR LA
Y 1) - BAREE TR 1 1 2 06 2007 BT A RS o W SRR A, E X R AT
(A IPVYIN T s S INATU €/

S Lazy Fetching I, ARTHIGA —AN ) . AEATAR] B D3 bR 25 #1047 7 e /R 22000
FREHE R 1 BRI, BARAE const SRR BRAHL, Hl4n fieldl. SR AHRAEIAE const
J 53 bR A A R I G PR AR A R . SR 1 V2 R A B AR B mutable, X3
INAEAEAT BB AR BE IS T, LA const A BRBUE (B Bffective CH45K 21D,
XA AT AAE LargeObject AT PB4 mutable.

KT mutalbe JE—ANLLEHI C++ RRPE, PTLMRH IR PERS T REA SR E . il
R, URAFFEHR R — 7 Ak G 88 RVFRAE const BB BB HUE OB I 0 . — T R
fig “fake this” (fhidk this F8EF) , IRESL—ANFE 1] non—const F8EF, FRIIMXI S5 this



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

class LargeObject {

public:
const string& fieldl() const; VTR &KX
private:
string *fieldlValue; // AFEHLA mutable
VARTS VA E TAZ A N
b /] HFE

const string& LargeObject::fieldl() const

{
// FEWHREF, fakeThis, M5 this 510 RN 5
/) BRI RR N R L
LargeObject * const fakeThis =
const cast<LargeObject* const>(this);
if (fieldlValue == 0) f{

fakeThis—>fieldlValue = /) IRWRAR A IEA Y,
the appropriate data // By fakeThis $&[ (1]
from the database: / /3G A HE const
}

return *fieldlValue;

XABREAE T const_cast (B W4k 2), LB T*this [ const J&PE. WIRARAI 9 F
ZRANZFF cosnt_cast, PRATLMEHZI C KAEH cast:
// AEHZRH cast, KAj mutable
const string& LargeObject::fieldl() const
{
LargeObject * const fakeThis = (LargeObject* const)this;

// as above

FFKF LargeObject MRS, WX LETREH TR N A%, AR5 B AT E AT #48
WAHEATINR, XL NIRRT A5 S B R A . RIS I ] smart (RID) $REH AT



LB St 58 X Al 2, RARA AT AZ ML M28. WIRAE LargeObject HLEH] smart
REE, ARER AN 5 ZEH] mutalbe A EHTREF. X EUREFINT, N URSEIL smart F5H
R AR &2l #) mutalbe.
® Lazy Expression Evaluation (iR iA= 5

K lazy evaluation ff)i— M TR A TH PR HIEIZAE A :

template<class T>

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

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

W operator [ISZHIEH] eagar evaluation: {EXFMEWLT, EatHARE nl 5
m2 (A XAV EAR K (1000000 KINEIE 5D, MR RG24 HE AFRAT it IX 244

lazy evaluation JJVEULIXAHL LAERZ, FrLGE@AEELM . 1Tt Nzl — AN Eds
SRR w3 EE ml 5 m2 BT, 7EF—AS enum R e AT s . IREHE, @i
XABHEARIEE ml 5 w2 MINEERVEL, WRE 1 KRN AT

F BRI JE X E 2> WA, AR w3 Z i, AAEHATIT
Matrix<int> m4 (1000, 1000);

// TR md —LE{y
m3 = md * ml;

IAEFRATTAT LU R m3 S ml b5 m2 (AN (BRI 28 T U H R ITAY), 78X BLERAT TN % ad A E
m3 J& md 5 ml BEMEER . AU, FATAHBITRIEIZHE . KOATRAEMER), &0
%

KA T LR, U — AP RN IR TR TS AN R (R
AZHEA] AR E LR EXARE LRI AMAE BRI A S AT AT 25
ERAELEd P RET BB T R IR A, AP DARTAT T SR A3 AT THERL, XA il 2
HOLIG o e SO AT HEAT VR SN SR LD SX R G R AR R REE (S
Effective C++4%3K 32), ANILIXAN AR /RA54R 25 tHIK.

E 2 Xl 2 A ] lazy evaluation ME—FIIRAL, HSWARAER T o —ANSHE WA
FHAIIEE BT T ZE G5 R — 30 i) o ol 3 3 190464 m3 RI4E A ml Rl m2 1)
H, AR5 GAX AL m3:
cout << m3[4]; // FTEI m3 (A58 DUAT

IRIAE, FATABERMWRE T, NiZiHE m3 DT E. (HRRIMTBAREREO R, &
ATBATEE V5 w3 S5 PUAT LASR R4S s m3 JLAR IR0 7075 IH ORAE A TS IR 25 1 30 ify 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 HifFfET APL ¥ 5. APL J2AE 1960 FFAUK EHERTE S, RV AT HE T HIFRI
AL S A EEE AT e TSI IE S RE T30 BOA BUAE LB HL R A, APL 2R R
EREUS AT REAT AR . e, LR AR PRI M S ORAEFEANBR | B B e lazy
evaluation. XA HE AR, BB APL B N, SRy DURE B AN 2 R 0 A A7)
ity LA, TR AR EEH /N HIME . APL 1] lazy evaluation KA AE A
TS B D) H R0 T BB SR, AR R T B8y Kb 1, IXREST
VFHPHE — B IRAABESC K eager
evaluation HITFEEHL EAZH A SRRV DIAETH SENLEBEAR bR, (HR Bt St i
Ky RS Z Ly, B DAR 2 BUE A R RS P IR 1azy evaluation.

NIEMTE, WA R R AR FEAE ] m3:

cout << m3; // ATEI m3 T fH
—UIER5E T, BATLA S m3 (A A . [RIRE i BAE K m3 P AT — AN R, 3K
(RN A YA R =
m3 = ml + m2; // R AE m3 s ml 5 m2 A
//
ml = md; // BUAE m3 2 m2 5 ml (IE(EZ
//

X IRATBA VLIRS HERF IR ELS ml LUG AR m3. 78 Matrix<int W 1E
FEHL, FRATREWSAESUE ml Z HTH3K m3 (ME, sl BATAT A ml (1 I IVE— AN 4% DAk m3
A FIXANHE DU, FRATTL AR U HEAfh % m1 I LUS m3 IR AR FRANAE . e RS
16 CCRE I (1) B 50T 0 20 IR 1 7 AR B

DRI R T BEAE AR PN R K IFOC R, R ERE(E . HOSOC R B R 2, BRI
BIURAETF ¥ DUERAE R INTEA5AE, Bl lazy evaluation FERCFAUSN FARZ . 75—
TS AT I e 8 1 48 D et PRI ) 225 ]

o &

LA I PUAMG] 7R T lazy evaluation 764U E A N REBERATZNN S
UL, BIEAE operator [1DX4r HBLARAR, MBS AT S B PR LU, 8 S AN TR 21
HOFAAE . (R EIEARE R o SIS R AR A BE R RAS AR 10 5 18], 84 i 1 4
D AU DRI T AR SEbs b, W RARITH RO B2, lazy evaluation AJRESS
POk 3P 3 0 I AE AR, BRI R T REAT BT IOV S DAL, ARIE i R 4P s 45 K41k Lazy
evaluation /RUAJHREHLAESE —IANSAT . (ERELERS L R BRI AFREAT J5UR nT LA 3kE 0 1) v 55
X lazy evaluation 4 & K.



lazy evaluation X§ T C++RULE A H AR AR TE . XANHRBEBOE A T4 FiiE = 1L,
JUMTE S 0154 1) APL. dialects of Lisp (HisE LT ROEERIAES) HHLX A AR
BT ANEEAE S . SR EIRF P R 5 R & eager evaluation, C++g E ik
o Aad GG S P SEHL lazy evaluation, PRI E 08348 (0 SRR A REAE K HUIM
lazy evaluation, TIARAANHI LRI 2 Al o

A F LB ARG 5 B, RERBERINE R eager i6 /& lazy evaluation, 7E
PR OV R R A X BRI LA E#EH eager evaluation JjARSEHL—
AN, AR IR AL profiler PHA (S UL M16) o LA — AN REIEN,
Al LUHAEH lazy evaluation FZRSEIURSEAE (I Effective CH483K 34), X FAE
FH S BT SO A PE RE R4 iy CRROBT S PR RVRE R D o SRS & S IR A 25 2
AR 5 A T Ak it 7 47 0

6.3 Ttem M18: #rHAMEICIAEN)HH

TEAHMLT v, JAR I FREME A0 ni, JP] BEHBHESE IR 1), I EL AR 1 b £y 42
AR IS AT RO . AEIRA SRR — PR . X AW . SR
LR s LR SR IR 22 2, T I I A 7 2R s R A (R PR g o IXAN SR A% L h 2
over—eager evaluation G EEIIGUEIL): FEERARMIELE RN LLATR e e f]. B~
TSRS, FIRF ORI R B 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 [ BUAEIX AN 5 1) de ML, S RAEAT I, A1 =Fly
FEIIIX =AM E . T eager evaluation (BFTHEIE), 24 min, max H ave R T
I, FACIEE A WP AU, ARG IR A NS ] lazy evaluation (fififisil
SR, FUAT S i 22 R Bk PRI AT A R e AR 7] RE P SR Af e Al K A0 454 o
i/l over—eager evaluation GIEHHTIIER), IRATHER ERER H AT & AME, Tk
EAP-EIE, KR min, max B ave SR, FATTAr DUAS PSR AI0T 2030 7] 1 RO A0
WERBE RS min, max A1 avg, FAHCEREAR S EAME SBRMEAFEIE I 3 JER T
KRB L, BRI BT MO IT R LE eager evaluation B lazy evaluation



LN
K7 over—eager evaluation J& [ IS ARLZ U RAR UK — N H SETR SAEREAT, AR5
A LA — AN 5 i O A B BT SR SR, IXRE AT AR AR A O v S35 SR N A T4
KH over—eager ffii LI T IAHE caching (Z8AF) ASLE L&l vH 4 H KMy UG & AT
RETE ZEHIME . DIANRG'S T — e, HISRERAEA O DI (E B, X285 R o (il 48 4 7 2
(I 73 A2 Jie DR ) IR N B T bt o TR e Jie S A e it e T, (EL N T K2 B IR
KU, Jie G ]S R AR, T LS PEAKT B AT T A . T 8 S R R P 4
e RIS T M F4H, AT LGRS — AN R findCubicleNumber, FRZEA7 £ 4k 2 1% o
DL 7 5 L R U BR8] 5 I, AT LAYE cache HLERE, Ty AN H 1) 240 22 A i
PR 258 findCubicleNumber [)—FfJ7vk: EAFH TARAERRZE (STL) L) map Xf
% (CHK STL Z WA M35).
int findCubicleNumber (const string& employeeName)
{
/) B XA map, A (employee name, cubicle number)
// pairs. XA~ map s& local cache.
typedef map<{string, int> CubicleMap;
static CubicleMap cubes;
// try to find an entry for employeeName in the cache;
// the STL iterator “it” will then point to the found
// entry, if there is one (see Ttem 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 Y SEIRA 5 B (ARS8 453K M35 LU, IR LB 28D WAz dtid &
TITBAEIEA BB 1071 b XA TTVEZAE ] Local cache, FIFFAHANS AN K1 47 Hh 25
ok B AT B BRI B A . R W B RS ANl R B, A
findCubicleNumber WAE 22 A7 25 /b3 [0l B 5] 5 R~ S5 T4

CERACH AT DR, Fa—MEARIIN R (it) . second, A
WK it->seconds WATA? BERIXIEN TSy STL (RN, FPHbdt, iterator &—
ARG, AGEFREE, PRUAAREORIE” —>7 $IEMNH2IE Bl Al STL ZEk” .7 f7 «”
7E iterator bJEAkRI, LA (xit). second 7EHE L AR LB, (HIRAAIERSIEAT.)

catching J&—Fp MR T IS %o Prefetching (FURHO & 55— P k. &
A LA prefech ARG B SR RS il 0 SRAF IIFFT 401 o 490 A A 428 T b ARG A B OB o,
AT 2RI Pl o DX, BRSNS o IR DR — IR — Kk
B LEAEA TR TS P AN B = A /NSRBI AR . 1T L6 o i SRR A 5 i) B
AR AT fE R 7 B S B . XA EM RIS . IERDNXF IS, RERTHEAHHH
AR AEHE AL LA cache FINAY cache, A TR prefetch.

PRBARA T GMERLAR BB L CPU cache XKV B I, prefetch 76
it N FH B AT B A 1R A dynami c $ZHSEEL— MR, dynamic g2 TR B2 1
JF, BUGTTBLE BN REMEAL, B LA R R 5 1 #E Sk

template<class T> // dynamic (41
class DynArray { ... }; // KR
DynArray<double> a; // AEEI, A alo]
/] BRI TR
al22] = 3.5; // a B
/) AERT] 0—22
/] REEVEM

a[32] = 0; /BT RE;



// BUE al0]-al32] BATEM
—> DynArray X UMATAETT LN BATY W ? — M E 8107 VE 2 o BTl A 1) A
1o HUGIXFE:
template<class T>
T& DynArray<T>::operator[] (int index)
{
if (index < 0) {
throw an exception; /] PRGN G L
}
if (index >4FTHEKHIRIUA) {
VA new 4} BC LB ARSI AF,  DIEAS
Rl
}
R[A index {7 & FIMEAICE;

BT B I A A P, X7 new, HJZUA] new £fil’k operator
new (Z WL M8) , operator new (F operator delete) [RIiR B H ITAIIR K. e ¥
FEURERAE RG], RG] AR — R LEHERE P ok 5 Y a8 P8 o PR FRAT T 1%
R R GH

i} Over—eager evaluation J7¥%, JLJ5 BRI FRATTILAE L6 20088 I 4 1 ST AR AN ER 5 1,
TR AR AL EAR LU AT AT BRIL 2338 I B A R AFEACKR BN LL § K E RS h T
WG A RETTEAT 35 3k (FORH ) A AESM T, FRATTIRAERS I DynArray (19 R EGREAE 1 &
IR EER, AR AR IS R S R TR R AL RO VE B Y o 9] an AT T R] LU A 9 5
DynArray: :operator[]:
template<class T>
T& DynArray<T>::operator[] (int index)

{
if (index < 0) throw an exception;
if (index > MATEKIIRTIME) |
int diff = index - METHCKMMRGIME;
VA H] new 73 BB IIBSNAAE, (A3 index+diff H7%;
}
R[] index f7E ERIEAH TR



XA BB 3 BE IR N AE 2 BT T I N AE I A% o WU RAT T PR — R T & 21
TR, oy B DynArray 2L T —IRESE A, RIMEE 18 8 RS e T I I
DynArray<double> a; // AU al0] 2k
al22] = 3.5; // W new ¥ &
// a BT T B %R 5] 44
// a W RF
/] A&H 23

al32] = 0; // a W R
/] RESCR, fevri A al32],
// ABRBEATIH] new

WURTFRIR T Y a, HESRMLMRTIARNT 4, ¥ RIIFRHA K.

BRGNS —AN I E, EARI LT ST FEE 2N AE . BREFSATIN IR %
AME BOKEAIME, X TERAMY R0, (R A R . Cache IZH 45 L TFEE 21
WAF, AHR — B B G2 A7 1 4 LI It R /D 75 B F R AR B I H) o Prefetch % 22245 ) i
B4 prefetch ARG, (HZEIRAD TV R SR M B T USRS A IR 1 4
R REE LU I (] o CORTATAS R IXFE, Al HI R AN S R NG & L A7 B cache
o AR LI BL T, AL R BRARER A (R PR RE DR 43 DUERAE IS I (P R A
RGN N PEFTD, cache frh A AL, B DI ARIRIN A 2E . Qi R IR IE X
FEM ]8I 2 YRIAZ0 profile, profile, profile (W4 M16) .

FEAR S h AR A L, B over—eager J7 /0 VUL S (I TF4Y, Bl caching
Ml prefething, XIFAGRIELZK MIT PHEHINAK lazy evaluation MEBUHT E. 4
PRI SR SR T AN S T LS5 N, azy evaluation & 783548 1 L3R
PR BRI EIA o AR ISR R LA 1 L 45 R LT RO 4 7 BB AN 1 I 5 220
over—eager /& {EIXF AL 1) FH) SR s F2 o e i) —Fib R e NI A 1 BRI P g
PERIE IR IX 7 T A LR ) 2 E A3 1

6.4 Item M19: FRMRIEGI TSI RIE

REF DL AT AZ R ARAT T8 A BTG 2N B T B A2 R A i B 22 o 510
£ N X B swap (524) 4172 1.«
template<class T>
void swap(T& objectl, T& object2)
{
T temp = objectl;

objectl = object2;



object2 = temp;

WA temp MR AR B . Akt C++1 5, temp MRAAZ NN A&, B HE K
KRB 4

75 CH+P IR IR I G2 B AWK, AT AR R A h o S — AN i 4
[EHE (non—heap) X LM X o IXMR A 44 KON S H AE RN SAT T T
A58 R HS R Dy A P T AT B SR R 450 A0 R R [ %) G o BRAE AR AT Ok A 3 S I 8 s o)
GORARTEEL), KA AL & FURE O e AT TR TR0 TR (1) 1 RE K BAT A6 AN ] 2R IR 50

T 57 18 D A BRSBTS ST P SRR 0 o AR IR 4 BRI R 5 B
RMIAVEFC I 25 AR TP DL o ) 40— BR B & TRV S — AN PR 74T b H I TR
// IRIF| ch 7F str H B IR EL
size t countChar (const string& str, char ch);
char buffer[MAX STRING LEN];
char c;

[/ AR A FREE AT R, H setw
/) EERGEAFEH, AT AR R
cin >> ¢ > setw(MAX_STRING_LEN) >> buffer;
cout << “There are ” << countChar (buffer, c)

<< ” occurrences of the character ” << ¢

<7 in 7 << buffer << endl;

F—F countChar (I 25— MALE KIS EUZ P AR, (HIERT Y R H) RS0 E
S HINRALIE const stringk. PCHWBREBEMAILEG, A BB TN, VRIS
PR BRI RS, IV @ string RAV IR XS . @i PL buffer fh S5
WH] string IR R BORAIIALIX AN IR AT S . countChar [ZEL str B0 e EX AN I
(¥ string %% Lo 4 countChar IR[FIN, IR H SR

R EAHAR T OVERIGR — 2 WA M5), HE MR RCKE, Ini
string WG IAEFR O AN B E I« WHEAAPIA TR LSRR S . — Mo ot
PRI, AR R AEIX PR A . PP IRAESK Mb TP a0 AT oy —Fh ik dd
LB BSCRRA TAS 115 SR e, ik M21 DR T ] 240

PSR ALAE (by value) J7 AL R uliffid i 55 H] (reference—to—const) Z4
I, Ao ARSI  , Uflih— N ER I A (reference—to—non—const) ZHN 4,
AR R TR
void uppercasify(string& str); // A str I AT

/] R RKE



TEFFFE R 7 1, e B DL 3% char 2021 3 countChar Hr, (HJ2 /53X BLKE A char
] upeercasify BREL, WAL )
char subtleBookPlug[] = "Effective C++”;
uppercasify (subtleBookPlug) ; // BER!

BT A FH B I LI R 5, A ?

RV AR XS 5, AR G A% 14 5 upeercasify o, B SO AN N
W%, IR TFRBUEKE . (HIEX subtleBookPlug bR HI YL 1E 2 808G AR40] 54001 5
UL EAE T IS M subt1eBookPlug A string X% . TCEERXAS LT 0T 5. 25
%18 subtleBookPlug 40 % uppercasify R, A& subtleBookPlug [F{H. 4FE
7 GRS ARG I XS S, WHEER BT IH (references—to—non—const) AT MRS
A B DU I X B o X A AT 4 CHifr 5 28 1A E R # 5 ] (reference—to—non—const)
PRI RS XEEAERESIH] (reference—to—non—const) ZHUt A2 it FX b ) K

ST IR G0 3 A5 R BOR [P0 B2 il operator+ iR [ — X%, L
FOREIIFAMEERIA (B, Effective C++ 43K 23). B4 & — A Number, iX
PRI ) operator+HX At A B .
const Number operator+(const Number& lhs,

const Number& rhs);

XA BR BRI IR, A B B 44 & PR BRERIR M o AR 200k B I
W H] operator+HA & AR TEOX AN A AR . (A7 AT AR IFME & const ITEANERE,
Z: 0 Effective CH+453K 21)

W HARAAEAT X FER R . X TIX e g, AR AT LAY) 2] operator=, TS T4 .
A M22 IR BRATIAT XM 4 1) T 0 AN XS T K 2 BOR I G 1) R ek i, ek e 2]
NGOk NTTRS & SPINFS G/ Apew Y =1 6 LA EIK (= R S a5 Rl - S A R i AN AP AN 1A
ARSI 2 8] AN TR AT, WASRA, AT IR R AR 7 ik g 5 IR [N B ) pR L, LA A
VRIREO i PERs LA I I 0 5 o IXSBERAL R, d5et WA R0 2 IR [BMEAAL, X2 453K M20
HIN 2

ZE PR, I SR AT TSI, T LUK R 0] R 22 BT, SR S 2 I 2
H O HrT BEE AL Im N R TT o AEAR I L2 W2 H &5 ] (reference—to—const)
SR WAFE LIRS R GR e AR S I T REYE R AR R I U L3 oR OB [HI X
WA — NI SN (UGBEREIBD . 2o FHRIXLENT G, IRAEAE W35 g ik
g PR R I B T BT 5 A 0 Re

6.5 Ttem M20: BhBh5ERGR BIMEARLL
—ANIR[AI G R BAR MEAE T = R, DR ARAELIR [B]2 3 B0E FH X S 08 R A8 18 AT AT A



BB (B WA ML), R T AR G i) o T RBUAR A 8 — AN BRI BB AN TR IE IR Y
AT R D BB AR AIK A e iR Bl T X5, A IMNEAE R P % e it
FX,

# 1% rational (F7 BEE) JEIK B 01 BRI 2 operators:
class Rational {
public:

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

int numerator() const;

int denominator() const;

/] FRA 2R IPE S const [FIfFERE, 2 L4 M6,
const Rational operator#*(const Rational& lhs,
const Rational& rhs);

R operator* (AU, FATHRIEE € ZR MRS, KA ERFRZMH
MEEEC AR X AURAE R . operatorx Wi fa] GEIRE G i NBTR SO 7R
AT EE IR ? XS AFTRER), T LS b A3 LA G IF IR A . AN G D))
RACTR IR ) F ALV P L, BB RERMEAEIRIPIN B (S Effective CH 5%
K 23 4K 31D,

AR EFEE, TS BOZ A ) fi%

VA = E £ 110D/ R R EI Do B S IUDIRFS
const Rational * operator*(const Rational& lhs,
const Rational& rhs);
Rational a = 10;
Rational b(1, 2);
Rational ¢ = *(a * b); //URBEAFIZREAR “IEH” A7

ERG IR AN A A2 ER R HOR [P0 SRR B4 7 BRI FER), JF
LI 25 3 800t Yt o

g —S TP R N B RIS o IXBh 7y 687 nl B2 it f)vk,

//—FHSE R K CROANIER ) 5%, HIREE Sl [F] 0] 5
const Rational& operator*(const Rational& 1lhs,
const Rational& rhs);

Rational a = 10;



Rational b(l, 2);

Rational ¢ = a * b; /) B EERG
R R BE R IE MBS . — Bl ) 7 i R 1

/) Sy RSER 7L CROANIERRID) J7ik, FIok

// IR AN 5

const Rational& operator*(const Rational& lhs,

const Rational& rhs)

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

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

return result;//WQ Nk REIR, HIBRMXNZOERNFET

EARBOR AT G, HAR M A R DAL T o SR MR 2 — AN ) J5) f 0 5
result 5[ H], 4 operators IR H I result #% BRI 1R [M145 7] BB G151,
R 5|40 A REAE A -

FETR: —2epR 3 (operatorstl AR ) W ZER [N 5 . IX e sAT 5k,
ABEE I, RA I .

PRI BRALARLIR [T R R 55 T AN SRR o 1K — R R o BRI RO
PRANNE 12 0 R BGR AT G, ARAAN L Z IO BRI T o AR A2 GO R A2 FE AR IR 55 )
G133 TR PO R TTRS Lok, AN LB A S (FRATTEAE AR B IX A3 5R 2
TEHIID e i RBAT 51X RAH IR, HEIL 2 000 2 /D0 A d e ?

PARER I VRIR 00 55 BE 1L 2 125 VS AR I P X S ) A » TR 40 5 R 00 2 AR Bl )
XFE &R M) constructor argument TMANE BRI S, ARAT X FEAL:

[/ MERRER R 7k, RS
// BRI G R K
const Rational operator*(const Rational& lhs,

const Rational& rhs)

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

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

FAMEPOR PRI EF EEFZIEAEMA] Rational MG, SLhr EAfE
KR ARl XA RIS E AL — M ) Rational X4,

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



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

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

I&[1] constructor argument TMANHIELREIX 5, XFOTVEE SR RIRZ I,
SAARATS TH 206 250 A3 A1 R E0PA 1 B 0] 2 P R e OB T A EE AR, AARATS T A 250 Ay B 50 [ 2 )
Ry AR TR M A AR . (HRARCEIRAT T IFAb . CHIN ST VFg 3 s D0 ALAS HH IR s P o)
% (temporary objects out of existence). FULUIRARIEU T IIAEE EIHH operators:
Rational a = 10;
Rational b(l, 2);
Rational ¢ = a * b; // #EIXH A operator

R LS SCVFIH BRAE operators A Il I 28 A operatorsil [A] il 28 & . A7)
RELEN HAR ¢ 70 BCH A7 BURE return Rk aUE SCHIRN B o AR g PEds X e 2248,
M) operator*Hyilm i G T A & % WA LIRS o AR A2 ] — M IE e
B — — 57 ¢ WA A9 IE R . T BARARELLIZAAS B 4F 1, KA ¢ dn X%, dedaxt
BAGERHR (S WA M22) . ARG W] LB A R AU W28 inline SRIHER operators
WIS R EES I Effective CH 455K 33):
// the most efficient way to write a function returning
// an object
inline const Rational operator#*(const Rational& lhs,

const Rational& rhs)

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

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

“Up, AEET, URMERHGE, Uitk HESC O PERR AR A 7 FRARSNIE EA TR S T AT
2, Does any of this nonsense work with real compilers?” Tt does. IXFUFRKIIT
e — — AT B return A7 CEH LR RO AL S — M SO R ER R
PG I X 5 — — S AR T AR RO e S I o R — AN 4 IR BHERAE (return
value optimization) (WQ fvi: 7E (UREERE C++WHEiad) oAy i 2 BEEA i kA,
‘B2 Jy named return value optimization. {HVER, XRRLALXS M0 IR A I 5630
I RS AN e FH 75 DAL I e OIS AN AE, B8 45l TR ORTE RUERA TR
AR T Do SEbr EIXFMUACA H 4 T AR5 o] DURRRE A A4 e ) iz A
o T4 CH+m B ORE T D023 ) B 65 18 O B2 2 5 IR M AR Th e o S SR — AR B 7 1
A5 =AW T RATAZRPG? 7, B ADRE R SE W RS W, HATEY,
A IRSEAE N 1% 2R . CEEARRAEF WAL, PR Ry DU A 5 ) B o) )



B

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

capitalism. Sometimes you just gotta love it

6.6 Ttem M21: T ERE AL A
DL —BeARAS, WBREH AT HRN, SLERARAART:

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

UPInt (int value);

&
/B RN AR PME S const HIfERE, S0l Effective C++ 4K 21
const UPInt operator+(const UPInt& lhs, const UPInt& rhs);

UPInt upil, upiZ2;

UPInt upi3 = upil + upi2;
KEEFEART AL AR PG. upil Flupi2 #B2& UPInt XF4, FrLleA1Z A
oA UPInts ) operator pR%Y.
UAE B8 T THNX EE A

upil + 10;

upis3
upi3 = 10 + upi2;
IXECTEAJ W AE B IS AT o J7 V2RI I AT I I X G AR AL 10 H 48 UPInts (S



ZAM19),

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

IEFRATEGE 25, YARBITATH H A S I ZA TR e, Ti& M UPint A1 int
M ZHOM R operator+. Bax AL 2 FISRIA 3] H I F-B, AR BT ERE FB
S5 HI. AR LU IhHET operator+KIIRA R, & B KA 8 A e 1
B WA A ZAE UPInt Al int XFGARDN, Sl B N JUAN R Eus BIX A HIY,
AN REAE AR SR,

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

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

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

UPInt upil, upiZ2;

UPInt upi3 = upil + upi2; // B, BT upil B upi2
// AR I 0 5
upi3 = upil + 10; // 1ER, EAH upil or 10
// AR R IR 5
upi3 = 10 + upi2; //1EMf, WA H 10 or upi2
/) R IR 4
— EARIF A H ek B R AR T BRI e e, AR age AT ml RESX AR FE ek B, 0 A RG22
H
const UPInt operator+(int lhs, int rhs); /] B!

XA S S . X T UPInt A int 287, JRA 1A BT A Al Be 414k 3
operator M. IR T =R E R, ME— )24 AP int 2800 operator,
P AT e L.

BB AT {E CH+f —ZMNE AR operator WA —4>H e R
(user—defined type) MIZHL. int ARHIE KA, PFrelIRATABETE L operator i
G I [int I 2RB S H0 s A, (SR IX AR, R 7 DK RE SR TE SRR AE, I A
e E R IR AL . Lo A B T8 FIR 1 operator, 423l int RAHINY



o)

R FH T AR G s P 0 52 1) 7 R B I AE operator B3 b HLldE K ZHRERE P, IR
MAVHEFTGREMEH] string XS AHTT, B—FErLMEH] chars, RZIRKR. [FFEUL0RAR
IEAEAE ] numerical (BU7) 28, A0 complex (Z L4 M35) , #kAHiL int Al double iX
FEMIE AT LU AE numerical XRAMEMTHL S . PIUATATHH string. char*, complex
SRR EOT DR E 07 2RI BRI B e e

ARk, 2L 80—20 AU (2 WA M16). BAT L ESLHUR R FER R, AR
A B R AR P B R B DL S SRR AT W R

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

X =xty; X=X~y

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

Wi x Fy J2H e XM (user—defined type), MEASREMIPRIXFE. Bt C+k i,
operator+, operator=#ll operator+=2 [AJRAIEM KA, KILIIRIRAELEX =4~ operator
[ AR TE AR IR DGR, w2 3 DB eAT. W3, operator -, %, /, S555{H
—Ffe

1% operator MIIR{E X (assignment version) (il operator+=) 5—> operator
[P (stand-alone) (U1 operator+) Z [AfF{EIE T KR, —Mlf Ik fad (4
operator+ FFEIE) WITHIH (3§ operatort= BFHE) KLH (SWLAHKM6) . XIRHEF
Uk
class Rational {

public:

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

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

// operator+ HRJE operator+=SLHf;

/1 RNAT AR THE 2 const FIMFERE,

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

const Rational& rhs)



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

const Rational& rhs)

return Rational (1hs) —= rhs;

FEXA T B, IWEIFERSZ operator+=H1-=, [fij operator+ Fl operator— NI & ik
VT TE B B BOR SR A SR ThRE . AR AP vt Ik, HUH 4 operator HYBETE At
177 o 1 HARRBGK operator TR IEAAEIEH public £ HH, XA ik operator [
MBI ATE (S0, Effective CH 453K 19).

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

{
return T(lhs) += rhs: // BT e
}
template<class T>
const T operator—(const T& lhs, const T& rhs)
{
return T(lhs) —= rhs; [/ B RS

i X LRt , R4 operator WAE B € LM RAL, —HFHE, HX NI operator
T 2B B B

XA S SEAE, (DB H AT IE, BATEEA HBBEER NS, Mo AT 1+
. X BRI AN RCE I . 5. BRI operator [RIBE A HEIL
ORI BB R 0] — AN F R 5, ANITTAE I I G R R i AR T AT —
YETFHY (2 DL M19 N4 # M20, 64 Effective C++4%#K 23). operator FIIR{E JERIE
SIS BEAMSHUE, RIS TEEA R X Gk 2840 operator IR [FIME .

W B2t operator FMRAE L2 At ZEER AL FCARUETE 2N, SRVFSR IR i £ (5 )



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

Rational a, b, ¢, d, result;

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

TS EFEG S -
result = a; ENIELpES
result += b; /A IR 5
result += c; / /AR I ) 5
result += d; ENIELTRpES

I LA 'S « debug FZEY, FFHAE 80% [ [a) L& M g 2 vl DA 2 1) (S
DA ML6) o Ja 5 HA B R, Al o T gnis 5 A7 ik il s B B — 26, Jiid
PRBEPIRNTT S, R LR m TF AN B3] B 5 ) B (Y B XY operator SRIT AN
debug %15, [FIW LR FHRCR B @11 operator WRAE M AR HAE X IBS s . 1 HARYE
operator MM A SEI LML, KPR RERA TR 2% ) g A — B TE D)4 21 5 —Fh e
U, BRI O] BLORFFAAR .

BJa— i, W3] operator HMIEXALI. FHF operator+ HISLI:
template<class T>
const T operator+(const T& lhs, const T& rhs)

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

FIAA T(Ths) WH T T #E DIRIE s Bdr—Pmi%, HAEYS Ths —#. X
MG AR KRS rhs —#2 A operator+= , FAEMEE R A operator+ik[H], XML
HFBRAEGREX AR EEEGAZLEA?
template<class T>
const T operator+(const T& lhs, const T& rhs)

{
T result(lhs); // Ul lhs #| result
return result += rhs; // rhs HEAMIFIR A 45

AR U5 BT (R AR TR, AEU ST A AR B 2200 o 35 AR 7
—ANARR, result. XA R EREANGES operator+ FATHIR BTN (I
Gk M20)o B RSy 2 T AE AR [MEAR AL, BT DAGR 1E 28 S 2L A R A6 AR S 1 7T R
IR N

J 3 ) S A R ARk



return T(lhs) += rhs;

PR 22 B P68 A SEREAT IR0 [P DAL BE A2 0% o Lt 88— A R B I A7 T A PR M B o5
SIS, B AR AL i 05 result TAERITTAY —FE. SRR A 44 O S A s 1B
T2 0 G DT B DRI FRAT T TR 7 i 44 X6 GRG0 S (R EAT R R INT, FH I B o) 5 5
G, EATRFER I A S LA BN RIE 2, R AT HI E g Eas i, S IIFES o
o

KRR A 40 5 R i 440 G NG AL AR AT BRIV, {H 2 T 21— 52 operator
MIREIEC Coperator+=) LHIMIEI (operator+) RUR T . M —ANPERE P BETHE, N
S EHEE, O A NIRRT R TS B VEREN IR Y% % [E 2% [& H] operator
TR AR i 5

6.8 Item M23: XRAEFEFE

PRIV EEM B & — /T I A o BRI RR P PR 2O /N s PR 3ok, R
W AT B WS R RAFISCRE. B BRI X
WRAAEAEN ) o g ST R B AT A IR PP P — IR A M . LT KD BE I 1R
PEAS: BAT BOWPE o WA R R IR PEAE A IV B e PR SCSi it I, ARANREd AT
BP0, BT

ANF BT I B A A I T T AR 64 e AT AT L6 e v e TS A 4R 74
DR st — A A S A ) D B 1 2 0 45 6 A AN ) (R BB ARFAE

BN, %5E iostream M stdio FE/FIEE, T CHRE/F G R 4 aT AR F 1Y o
iostream F/F Y C 1) stdio AHHA LML (S Effective C+). BIINERERM L
A=) (type—safe), 'EATY M. SRIMERCEITH, iostream FEJFEE &AW stdio,
A stdio PEAEMBAT UM iostream ;7 AR AT SCHAH LE RS /N i HLARAT B B

WA P AT I ) . AR {ostream Ml stdio Z A MRIPEREZE R, —Fh oy
S FIZ AP R RIZAT benchmark F2/7 o AR ZILAE benchmark 234 . AMXARME
S — A BE AR 7 R P R I ML RV, i ELh S S kB B, BRAE R SR
TIEFIT AR B AR R 2 7 g e SR AR « NI benchmark 38 2 REAE 7] — AN 1] (1 AN [R] i e
TR H s BRI — 25 R, T LU A 58 KEE benchmark & BEEIY, (HE 2% B A 12
REEI

AEBATIR— A B benchmark F2/F, SNMRABIEA W 1/0 Thig. XA WbrHES
NBEZHI 30000 AN 38 ARG S AT DAL 5 A% 25 SRR S H o G PRI TRAL BEAF5 STDTO
PUESEAE ] stdio iB 2 fostreams W& ST XA, wl2& ] stdio, f LA iostream
FEIF I o
#ifdef STDIO



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

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

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

return 0;

MU AR EAR R IXA 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
KPR T iostreams HABIX ANt AE /™ fixed—format 1/0. 44K,
cout << setw(10)
<< setprecision (5)
<< setiosflags (ios::showpoint)
< setiosflags(ios::fixed)
K« d;
AW printf ("%10. 587, d); FIAJE (FUZERAERFCKIER R 24 (type-safe) X ]
DAY JE, ifi printf AN HATIX BRI
BT UM SR B E RGN R AR A A, 3L BT X /MRy, iy
LR ER AT stdio MR FPIZAT A B LA B AN PR — 18 (K2 20%), AT MIPRIR 2 (3%
I 200% ), {HRFRMREAG B —F iostream FISZILMIE HAHXS N1 stdio HISZIIBIT
R Sioh, A stdio MIFRRIFIRST L SAHN.(EH fostream MFRFE/N CHI
RMMIZ) . O TRFISET RN, X R 238 T,
NAZIE R E] stdio R E 3R SRS SEEL e ¥, BT LAk D Mlilid i R 40304
oK 1) S IR B B A MR I IR R GE I 2 i S T BE R I fostream Fl stdio JFA 0.3
f2est. Fisz b, HR MG S R F iostream (ACHYSZILEL stdio Bk, Pl iostream
TEG PRI 58 T AT HRAE B AL, 1T stdio MRRBUIE RS AT I b i U7 A 8 (format
string). iostream fil stdio Z [P BEMIXS AN — AN 7, XIFAEL, TEMLEA
FHF) D e A AS [F) PR RE 3 A M e E RIS [R) AU 5 6, o DL — ELARFE BB st G
BEAT profile ZWAKMI6), ARNAZENIE 275 ] el ik B4 e e R W Bt buan 2R
WRIFEFAT 1/0 Jis, RnTLA% I8 stdio 4K iostream, UWIHFRFAE SN A 7 FLFIRE L
A BAER 7RI E], R0 DAASAUE 54 JLAB ) operator new Fl operator delete [FJSZH]
A (S WA M8 Ml Effective CH+45k 10). BRI IR FEIEAESCE . T Rtk Bhl
P SRz R Al — Lo b 25 B AN R vt S, AR el 45 TR RR T 2 % R I
FEFP I, ARAT IS ] UK B2 A S iR 8%

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

CHo AT T R S BLTE 35 A —NRF Ik o X SE SR A0 1 24 AR 02 4 s SR UUE 1Y
I BAN R G A AT AN R R VRSB 5 1R ARG 0N, IRAHI DG LI L i . 4R
T A7 LA P PR SIS 6 R /INFI I 8 0 PR B A T3 FE AT AR K R 5 BT AR T 2 P A —



ANFEARI TR, FIE g RS v REAE TS S A T St A, BURASAR FE R Ry P v g FE L 451
T RE R

L A R BN, PR AT A ARRS 00200 T BB R SR A — 2L R
I G AR 5 | SR AR SR AN T L 1) o G 1% ST RE 8 e RO AR S IX AT A e ? K 22 Hi
PEREAEH] virtual table fll virtual table pointers. virtual table Fll virtual table
pointers M H 4> MHFK K vibl Al vptr,

—A™ vtbl MR REIRE AL (e iR A A RO B, (AR
AR AERE T AR I B ] T R R B gk R T RERR AL, e H O vibl,
JFHZR vibl BT H &4 1) fE eR BO AR B a0, an R IEANEE X

class Cl {
public:
C10;
virtual “C10);
virtual void f1();
virtual int f2(char c) const;
virtual void f3(const string& s):

void f4() const;

b
Cl #Y virtual table FZLAE KM N EFiR:

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

AR R £4 AELRT, 1 H C1 ISR BB ANE . AR R (O E IS s AL
EABPOE ORI ED BRI C BT FEGSEIL, BT AT R eI AETE e By
CRRZRINE

W SRAT —A> C2 R4k C1, FFTE X T B4Rk — 2Ll s %, JFIA T8 B O 2
HE BRI E

class C2: public Cl {

public:
c20); // AEME R L
virtual €20 : // HLE SR

virtual void f1(); // HE SRR



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

I
B virtual table Tl HIR 1M S0 HEAMIE S I RRE. XTI H AR R BAHE C2 HE
M CLRE R FREL

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

C2's
vthl

ARG H T HE R BT 5 B 28— M IR AU R 5 R B BRI virtual
talbe B HIZSA]. SN vibl KR/ S 7 Y ) A e SO AR R TG (R RS AR 7K 11

BERED. BNENIZEE— virtual table, FFLL virtual table FrEEIAS K,
ERWRARE KB RE RN R A RERERE, RS vibl 2 dy H K&k
7= [,

PN AERE T AR R EE A vibl $5 UL, I LAGm B2 11 8 2318 31— AT 14 ) 2L«
T L . K2R 24 object CHEFR) SCHFERN K, HAERFA object
SCAFZ IRE AL o MRS object ST 4 E 2K IK vibl Wé? IRWT RS A A IAE B
main AL object SCAFE, HEFRFEEAT main, 11 HICR WS main (P SCIFEAS
WRARZ T EE vibl (2. G RS WA ST e 1 T B K a8 — A vibl W ?

WACRI PRI IE, GniEas) R A O AP o 0 THRAILER BT R IR ((
TR RNERRE ) )R, MM TR R N A BERR L vibl 1) object LA
AN vibl B8 L. SERREPARE RTINS UL, AR AR S (R AT AT SO BRI L A
A vibl AR — AL

SRS ) e v 7 e R R R Ak g WA object SCPFRAZ AL 2K 1K vibl . il
A R AR RIXER) . 2> object SUAFR AN RN vibl, %EKi% object A

TN N IEA L. AE4lERIE S (non-inline non—pure virual function) &
CH RS 2RI S A4 o BRI 13k C1 281 vib] Kl s B 16 5 C1::7C1 & X1 object U
B O IRI RO, C2 2010 vibl BBCE B E C1: 702 52 L object SUAFH (A
HERRHOD 6

bR b, XA R AL BORARGF o AR A0 SRR I 23 500 W kg pR 50 TG R B (2
W Effective C++4%3K 33D, U ALAEZE T IR A7 K2 R 250 9 P W IRk ek B, R R Sk
SRMG RZHET R R A EE N Y B AR ME S object U AR B — 211



vtble AERMARGH, XL FBETFAEF—AKMEE ETA vibl #0011 K2 HOEfFX
Fi et e SN EVE G B B S A IR — 2 VR N T4 vibl B9, H 2 —Fl B4 i e st )
RO T30 7 e A0 R BRSO W IR R . R I IRAT K 3, A7 L8 SR DR 3 B 1) G P2
sl 2 R R R ) inline $84 .

Virtual table JUSEHL T MR ET— 20U, AR AR Z B . S TS A
JiAR AN AR vibl I, SRR . IX 2 virtual table pointer [ TAE,
EREIX LR

BEASFE BT MR R B R A A, e AN S DL B, AR ) Y R
virtual table. IXANEAILHIEHE R ABFRA votr, BegmiEdd e 28, A8 HA 4 %
PRGNS . BEIS EVR, FRATTAT L kA5 A R R R G (0 A1 SR A SRR -

Data members
for the abject

Object’s vptr

XM 2o vptr AL TGRS, AERANER E I, ANIR] 0 G P ORI L
WA fFEAMEOT, — ARG vptr S5 P i BT . W R A7 7E 2 4k ok
(Multiple inheritance), JXWP TG HEIL, S )LEAMRGIHEE . DUAE R ] it
AL RE R B AR IR 2R AN S AR S R BRI R L, IR AU BAMRHR B AT
AT

WARR BARN, I MRKHIA e B RAR B0 S22 HA 4 EURS R A 8l
LA votr 23l il ot Bes KNI —1% (B8 vptr K/NA 4 BEE). 72N A7 52 2 BRI
FIRGEI, IR Rl it ST S (B . AR A AP B IRIBII R L L, IRt i
PUX o BARHAT PR RE,  BUABCR I GA W REAE G HESAF (cache) BRI AF T
(virtual memory page), XAt REMIf3 REHITERAIG L .

BUNFATH— AR, BEJILAS C1 M C2 X %. WE. vptr FIRIAFATUEERT vibl
IR AR, AR AT LUZAE LS



¢l Object

Data
Members

vptr

1 Object

Data
Members

wplr

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

<1 Object

Data
Membears

wptr

2 Dbject
Data Czh'l.s
Memb
c2 Object f— 0" v
Data i _....' Implementations

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

vptr

% 18X BUX B AR :

void makeACall (C1 *pCl)

{

pC1->f10) ;

}

W FRER pCL P IR AL £1, AR X BARED, RS A e i 2 —A £1
BREL——CL::f1 8 C2:: 1, P24 pCl wJLAFR I C1 RGBT LUFR ] C2 X5, VA5 it g
FATIIRAF A AE makeACall [1) £1 sV AR BARAS, B2 R TETE pCL FR AT A% %,
BRI R FH B Z0IE A o S AR RIS S5 il T I B o

Lo GBI vptr $BIZEA vible X2 — MR IERAE, KOS RE2S AITE AR B
MR REERE vptr CHETEE AN BERBCE e D PIIE AN L& —/ Mg i (L3
vptr) MI—MEEFIEES L (2] vtbD).

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

3. WA PR BNMISRE TR 10 1 BR AL

W SR PAME B X GAT — A B e i vptr, 17 H. £1 78 vtbl RGN 1,
A

pC1->f10) ;



PR AR R X R

(#pCl—>vptr[i]) (pCl); / /AR vibl A i ARG
// 1A RR L, M pCl->vptr
//¥G T vibl; pCl 4k
// this FREHEBL R

XJLT SRR REE— . AERZHOTENL LS 2 PUT TR — 245 4. i
FH K oR 50T T (AR S 15 3 3o i SR U FH B B R R o O B T AN S T B 1
o

TESbrisAT o, AT R A 5 NIRRT G S B BB BE R NIBRIN . X
SERh VIR TR ARG 1R R P AR P 1 BRI B R AR BB R IR 4, 7 (R R
BRELIN “HE 7 TR EBEATI A K03 B AR — AN R R R g PR A A R R B
(3 FH AN B B AR A s R R R BRI D A A e A WIBRZ R B - X2
JE BRI R K 5 =AM ARSEBR EGE T IR A CRd S GO R R A, e
FTLARE G, AR R 2 00 R B0 0 S R R m I R ), T FH AN e A A 16
DRy s i S R IR I 7 2, T LUK B B0S b EAS R P9 086 )

FIILAE S 1B FRA T I AR P6IE F T o kR R 2 4k, (R Z 4R I5IN, FEmad
MREME S (30, Effective CH4kak 43). X HPEIISIAILANYT, (H2AEZ MR, 7EXt
SRR T votr BT RS SRR . RN R B ZA vptr (M
FER N —ANDs B T RATC e M Ay B O vibl BLAR, I8 45 0 A iR R I vibl .
DRI I 7 A AN R AN S G 1) R R B8O A T oy P 2 ) T ELSB AT BeE 8 P 3 35 PR ARt
'y —4s,

ZIRREH FHEOS AR R B R, W MNRAEEA AN BL IR
AR AT, B RO B AW S BB — AN R AR R, Ak H R (K B A AR A
AN DL R B — AN S A B R AR B, AT AR e SR R I mT LAV B A
SR FE A B 5 e AT B AR, BRI R BRI S B 28 5 A5 R i 1 ] BRSO HR BB
WERSHINTB, — N 2 IR H A e B L

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

inheritance diamond)

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

class C: virtual publie A { ...

class D: public B, public € { ... \ /



A AR, B BRI C IR T8 ] — S8 et Chedl 2 EBEE
G A% ), DG A A Ja «

B Data Members

Pointer to virtual base class

¢ Data Members

Pointer to virtual base class

D Data Members

A Data Members

FEIES VBt 1 DA X S ) B e, X AR AT LA, (R ESE X AM . Sk
] SEPL R G R 10 A o, e TR AR nT LA, I ) S R B U ] - 06 % T B MR
EFRORE S PERSIA BT LURAS N Z AT MG LA A FTX IR ] . — S84 3 v] e In N 58 /b1 45
Bt AT Segm RS S A RO NE AR A A I F S a5 GXRhgedt ik vptr 1 vibl
FALE T

U R F AN I 0 P 5 i R AT AT virtual table pointer B EINT% B H &
FrlER, AT NRENaIRAE iR gk &k R LA A GAEATRE AL, W% D (N AEA )
A KRR



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 IRy, ROELM TP AR, ZKiRE SRS, KA
SR 5 AR BT8R 43 Z 8] (R T AR L A8 b R rh Bl v o 0T/, BN AR sk . xt
TUEHEZHIRMIE, AR BB EA KR, R ERERER.

AT — RAT IR0 2 AR DU, (HE RIRER A=A vptre HUBSmiEas 24,
R AT LA YA vptr, HEEATCELS T CERILB A D BefILE—A vptr), K4
G s o ) FHIX A BL 2 oAl g 4% 2E B B D S 4H o

WATIUAE A F B i s B RN R ARG R, AR NG, o ailild £
AR REBE AR S I SRR

RRAVEE ) f5 — AN, B AT SR AL (RTTD.

RTTT BELEFRATAEIZAT N HR BN RAE AT AT, I LA €A A A7 it T 1K L85
SAETAT A W X5 BAAEETEIR B type info XS ZRIE, MRAEEIIAEH] typeid #AE
P55 IR — N2 type_info X%

FERRAN AU TG BE—AN RTTT 8945 D1, AR A0 I RidAS BT SR A5 B 5K
b EIXRURIFASEARAER o T8 5 VS EIXFERIIR - FATORAE ] LIRS — DX R B &R AUE B,
MAZRAT /D> — AR RE X AEA RTTL AL FA %% virtual function talbe (M
PR o BEANRIATA T EZAE B — A I, BAVHFE—FIE IR R R E 0 %
HIRAFAE M5 B X b RTTI A1 virtual function table 2 [A] AL A IEAS R IG4: RTTI
P M EZR I vibl FEah LS E.

Blhn, vibl AL ZR 5] 0 AT ELAL S — type_info MR EIFRET, XX B8 T-1% vibl
FHXTR 2 B3R CL 2811 vibl B bR GXH:



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

Cl's
vthi

A8 X RIS 75, RTTL FE 28 18 (A2 AEREAN 2RI vib ] i &AM 5 oo i D b A7
fi; type info X HHIZ ). B AL EFEFHE virtual table AT 5 I NAES B I FANME ST &
—FE, AREASKATRER h type_info XF % K /N Mis 2 ) B,

IR S RN R 2k, ISR RTTT s 2 2R IR R 4 -

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

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

B AR RIS RTTT Prifg A2 LR, (R QR R Ty B LT g,
ANERI AFEIR EARAR A N AT AR, BRI B R H . AT IR s Ay — 28 5 2
Dt DA 1ok 2 1 i A AR IR 55 B BT BGRR) vt AR i) REFESR IS 2 (4570 2o 12 v
FEA CHnf ks DERE RS B A AR N AE, B APR VT RE Ay B IR VA BRI e 1, RE
TN 5 1 58 JIX AT 55 o AT MR IO KT UK E O S AU AT BEMAT b g B85 2Rk
QRS EE4f

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

ARASW B R 2 BN B A RE (R I o X LEHE N B2 R, (HE R A RE
FEMENIA S o AT MR LRI R i “SER” (Felix the Cat) , FEFIAEICIE (I
BRIAME, EHEFEEM trick B WER—ARIEMOHA D trick @, WA CHEEF R
UL NAZA T o R BRI trick WHKIRBIES.

YT CHERFI, Bl =S B e R AR LA 3 pR AR E R B3 pR 2
FAT RE VLR BTy 02 AR T B ) — S SR P S48 0 e 2 R e 7 L ST R e
PRANAT SCRERA PRIERT SRS AEHE R 2 JLE— LUK ot pR OISR AT N R AT R il g
SEAX GBI E A TE SR AR Y IR BELEAN R B0 S R AR, T kRS



I D EAT R — NI B S R#5 D2 AR 7 operator [T HJIERAF M S #AE? 1R
gL — AR KL HAT AR RO AN R S B SR R ?

PIATIXEE i GRA ) AAEARTAGRIME, AT R ERUAR A S CHRE T b1l
RN, B A S TR T . FACIZ LI i m s Ty, AN e TR
KA HHE (stylized fashion) VARSI, BT idiom M pattern. ANVEIRILERRM
o, AERH S — H N FHAFTT A TARRE, F I L5 SRR 2 8. B ERME o
WRMAT 4, BATELH CHaRERUE

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

MWFTHRE, R “BMIERED” WA E . U —Mesrekg I H, H2EAzEIH
F8 N B FLI SRR AT AR, AR AT LA BP0l R AR 58 kR e R (type—specific) X
FIAT A o IR EANE — NI GAE SR XA D) A8 AR X G R, R A2 1R
K18 PR Ao T JEAUIAE) 32 bR AU AT IR A W 2

ARTRT PR RV R AUUAA) A R B R I e e S, e AT R RIS AL Can AR A
T B SCHAE A AL, B AR E SRR AR BE 22 et e 2 ) (IR IACH ) B 2
PRI S T X, 7%, XEHRE LR RIR TS, AR, 5
T PN, B E —MER, FRBEATH HGE ) TAE, A48T 4R IE A S0+
s A . URAT DX AT
class NLComponent { //HT newsletter components
public: // WG
. /) b — A2l R AL
I
class TextBlock: public NLComponent {
public:
. [/ AT Bl R L
I

class Graphic: public NLComponent {

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

NewsLetter (istream& str);

};...
A 1 BRI O AR S XA 11 :
NewsLetter: :NewsLetter (istream& str)
{
while (str) {
M str B2HU R —4 component X% ;
XTI F] newsletter ) components Xf % 4E R 25 ;
}
}
o, JERXFNE IS H T 5 AN A R Y e 4% readComponent, U BT
class NewsLetter {
public:

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

static NLComponent * readComponent (istream& str);

NewsLetter: :NewsLetter (istream& str)
{
while (str) {
// B readComponent iR [0|J$8%5 N N3] components $EK & )5
// "push_back” —ANBERMI L AL, FRAEBER B b AT N B
components. push back (readComponent (str)) ;
}
}

F &1 readComponent P TAE. AR it OB T — D%, sl
TextBlock B & Graphic. PRAEREENLHIANS, EHAT R SMIE B, 1 5P & RE
NI AR P0G, FRATTFRE AU i bR 2o R 0L bR R TR RE RS AR P S N 25 & TR 5L
P BIAS [T NI AN [R5 o JEPUME BREEAR 2 3 5 N AR AL, IR (Bl i it
WY 23 Fz , B MG LD SO0 g B R R L g — N H . (WQ inyd: : readComponent ()
PISEILATVE DL (it WiHE C+ +ZmE b))

AT — PR R S IR R AU 3 R £ — — FEAULPE DAL pR 2 — — A T T2 I & o 40
$5 U1A I R B BER [H]— AN R AL, i ) U B 2 R B BB DL AR X AT A e, iU
P LRI R B (1) 42— FCEB 2 copySelf, cloneSelf B{# J&% NIfiXFEHLIIML clone. fH/b>
AT R RE L A B 7 S
class NLComponent {
public:

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



} .

class TextBlock: public NLComponent {

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

};...

class Graphic: public NLComponent {

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

b

IEMIRATE B, R0 REH5 DUk R 25 R e T B 18 DUR IS pR 2. DRIk “ 4%
U7 18 SCE SR DRI R B ] o ST IE (03 DURY G e 20U T T B i % 0L, B4
JEFAHE DURE I oR K0 AR 7 B )95 DL o T SR B OE 145 DUAA s R AN T A T 9 HE UL, IR A U
DURA 35 R B AR A T P 4 DL o T SR B 0 4 DUAA IS pR BB — LSS A R I s, B9 Bk
copy-on-write (ZWLEHKM29), LA B IEREBIX A M. 5Ea—8, K#ET.

TR IR AR () SR T il A4 R A0 PR A 0 A 110 K40k bR K50 R 2R R RN « e )R A
JRHL 3 SCIR R AU R AN F A 200 5 S8 1) R 400 bR B0 B AT — R R (R S Y o 2R o 5 ) kg [ ] A6 7Y
MR IEERNTRE (B—ANSTHD, A IRAZEM R ET LLUR [Fl— N5 1) R R A2 28
PIFREN (BRI . AR CHIFZRAG A E TR, eI 7T RE S Bl % R FUA4 i bR 250X
FERT R X5k A& A4 TextBlock ) clone BREUREN IR [F] TextBlock* Ml Graphic [f] clone
HEM% IR 7] Graphic*f]JR K, BEl{# NLComponent [t clone iR [H[{E 257 >4 NLComponents,

7£ NLComponent H [ iz 46145 VLKA it bR £ BE L ST NewLe t ter (19 (IEH 1)) #4 DR i bR 25048
RS
class NewsLetter {
public:

NewsLetter (const NewsLetter& rhs);

private:

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

// W PIEEAS rhs BER, AT R AR ST REAUHE DURY i pR KL

// FETUEEE VXN XS] component #EZR o

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

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

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

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

[/ AFENZICEM AN DL, R DS 3

/) ZEAKGI component FEK i o

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

1

}
WIERARGIARERIAR . (STL) AR, XBAUE T Refr L4 N2 fd, AN IR BRAR fif ..

i 4545 DU NewsLetter X5 HHEAS component BE, Wi FBER NS JC 2 R 24U
385 PR FRATIAEIX LT B — AN R AU I PR 2, PR R P A0 15 458 1) NLComponent X4 145



B, (RIS AMEEF R 8 1 TextBlock T HtEHE 1 Graphic 1%, TibE
fR e, FRATERALGAT IEAH 0048 DUERAE,  REHOLA I oR AR e 0% O FRAT T 315X AL
REFUALAR B 1 oR
I G I PR AN BE L () A FE UL BRI R —HF, I 5 BRI AN BB SCh ECIE R AU R 2L (2

UL Effective C++ 453K 1900 ARTM, REAR— N eRELRE W K4t HE AN [ SR 2R R8T ) S 2 vl DA
(1), IR R FE AR AEAEIXAE () AR B3 BRI, v AR 8 S50 AN [ B 28 28 28 1 HAT R AR AN )
Bihn, R ARAEN TextBlock M1 Graphic X G SEHL— ANt RAERT . W1t S WL IR 522 e 4
XA AR . (FOR M R ERT 2 operator<<, BREI ostream& R & 1) /- 4L
(left-hand argument) (RIFEEINAERESEANRII AL FFHED, XA T REAT 1% R %L
RCh TextBlock BY Graphic Af 5 ERZ.

GXFEE AT LL, AEFE -GS KA A
class NLComponent {
public:

[/ ERAE AT AN 355 1R 7 1

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

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

t << cout;: // Wi virtual operator<<
//3E t FTERE cout .
[/ AN B
g << cout; //i81t virtual operator<<
//4E g #TERE cout .
/AN B R
KA A stream M SIH BT 54, XEMHEEAER RN KR . Hh
T RENS A 2 E R i iEvE Lok, AT operator<<# H} TextBlock Ml Graphic 3%, {H &
WIRBATIXAEAL, A RE AT E A P T )
T3ROS A FT B S B — N B AL (4N print) #8¢E XAE TextBlock Al
Graphic ZEHL . (H 2 X+, FTED TextBlock 1 Graphic %% HIiE v mt 5 4% F operator<<
WOM i B E R I L SRR A ST, IR BRI VEIRAR A N R FRATTAREE 1) 2
—AMFEA operator<<HJHE L %L, HEAS print BILREIAT AR E. A OCTRAIATLZ
2 AR SE B _E D AR BT an i 15 2 e I HR . A2 X operator<< fl print pREL, il
WE W EE !
class NLComponent {
public:
virtual ostream& print (ostream& s) const = 0;

b
class TextBlock: public NLComponent {



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

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

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

{

return c.print(s):

}
SAT RT3 03 R 8 k85— LR BORSE AR A, SRR 5 — A
AR, A M L VPR3 LR T B S5/ R A A 3 R M P P,
Uk SR LIRS A B LIS (2L Bffective CH 468 33).
I ]I BT AR 10— A 2L AR 5 B SO (0T AR 7 T L
AR — ML SRR BILIE? WL, (H R RA5 . 42 HAEIE? 204581
$ BRI

7.2 Ttem M26: PRAHIZFEANRPIREERINSEE

PRARIE T3 5, ARSI R X AR GEAE AR . Bl WiReE Rgeh A — G FTEL,
T DARAE I S A 7 AT FTENLAN S8 H BRE A —A~ e s ARAAURAT 16 AN AT 73 A H 25 15T
PERERET, B DN R SCAFRER AT X RAFAE B H A REREL 16 Ao ARG e BEfS fi 21X 48
W2 iy 2 BRI 5 1 5 i 2

W R — A A ANEEAT IE ], AR AN n=1 JFERUERT, AR5 A H At e L O
BAEH] . SEIERERX A — MEMAE NG 1 n=0 JHGERA R A, Brildk
TN BTG . ARGl SRR BH (X R LA (instantiate) We?
FVFRRSLFEAD S X SR

BRI — DX RIN, FAVRB DS TE — Pt R MG s g 7 S
SR, BHIREESLIEA RN G, 55 5 I 7 1R 2 A8 2R (R R 3 R H% W /RS private
15
class CantBelnstantiated {
private:

CantBelnstantiated() ;

CantBelnstantiated (const CantBelnstantiated&) :

LU, RN NEBAT BTSN B, FRATREAT R EHB AR XA BRI 5 G
FAATENHLRE LR, (B B AT A — DR R AT LR, FATT AT T BTN Gk 3



FE—NRREA,  DMELESEAS AHSREVS IRl $TENHL, A AT — DN TENHLN R A 57
class PrintJob; // forward 75 HH
// Z W Effective C++4%ik 34
class Printer {
public:
void submitJob(const PrintJob& job):
void reset();

void performSelfTest() ;

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

Printer (const Printer& rhs) :

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

return p;

XA = AR, 55— Printer BRI R EUE private. IXFEREFLIEHEST
5o B AR AL thePrinter #EFWINSEI AL, ik thePrinter MG RAATH41E o K5 |
B BREl . B J5 thePrinter % —ANF#A Printer W4, XEMAE RA— MW RPL AT,
AR JC TR T N 2 RGO BN LA TAZ BT ), EHREAEH] thePrinter pR£L:
class PrintJob {
public:

PrintJob(const string& whatToPrint) ;

I
string buffer;
//3A7E buffer
thePrinter (). reset () ;
thePrinter (). submitJob (buffer) ;
LIRPRIKE] thePrinter EHI R Ar 4 M 8RR 2R “REH7 , b, “2RK



HERKS )RR, (HESRZREL gauche CRALNY) , TAIEITH 53T EIAT L ThHEHE
JE Printer KH” 4FHK, RAAEMHIS gauche XA A G+ (Lippman [1)— 5
KAER), SRR, AR Prihter 289 A ] thePrinter N A%, AR5 S AL VR AU
AL E . SAFHEAICHERT . SRS, W iR:

class Printer {

public:

static Printer& thePrinter():

private:
Printer () ;

Printer (const Printer& rhs);

I
Printer& Printer::thePrinter ()
{

static Printer p;

return p;

F S48 printer I 4% 5.
Printer::thePrinter (). reset();
Printer::thePrinter (). submitJob (buffer) ;

ML RAE thePrinter 42 R, JAN namespace (fr 44 4% [])) (Z W, Effective
CH45aK 28)0 My 44 25 1Al CH—NESBT IR o ATA0] BEZE A% SR I 4% 78 0 R iy 44 2 ) HEL
R BRI, Z5K. BB AT WS, typedef 2545, VBTG4 2 WIEA R E
IAT KR, AT B BI5 1AE A ) iy 44 2% R B PR SRR A g 44 058 . 8 Printer 28F0
thePrinter BREURN—Adr 42310, FATA OB A2 H] Printer 1 thePrinter
Yy A AR B 1Ay A4 O

A4 A A AL R BTS2, HREEWA public, protected B private . JTf
#JE publice WIRPIR, FRAIE Printery thePrinter AN PrintingStuff iy 4%
[HEL

namespace PrintingStuff {

class Printer { // fEm A
public: // PrintingStuff "

void submitJob(const PrintJob& job);



void reset();

void performSelfTest() ;

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

Printer (const Printer& rhs):

i
Printer& thePrinter () [/ IXA R AE iy 44 2 TR) L
{

static Printer p;

return p;

// w4 ) B AR
il XAy 4 25 1) i 5 257 ity ] LUE A A fully—qualified name(5E4BREIFF 4 ) (R
(OGRS T R R
PrintingStuff::thePrinter (). reset();
PrintingStuff::thePrinter (). submitJob (buffer) ;
(R AT UAE A using A H, DAR{L BRI :
using PrintingStuff::thePrinter;  // M43 H PrintingStuff”
//5IN%F" thePrinter”
/) AT TN 2 iR
thePrinter (). reset () ; // AERT LA AS ] JRy i fir 44
thePrinter (). submitJob (buffer);  // —#f, {fiH] thePrinter
£ thePrinter FJSEHL LA PN IATI T HIMT;, HREANTE—F. H—) M
—M Pritner XYZIEALT BRE A AR T AL, XS A
(1o LERHPHIFRSXN G E Rl CIREBO, EHEAERZN SR Sk, R
P IRPAT RIS, A LR ECH I FRS X S, I LA SR AT TR eR A, AN S @S 4.
CANRERAF A oA EEARATY 5 T Y B BN A A e A5 T N R o) AT G AN 3
WS RANTT A ARA I ARV T AL, FERRECHL, JESRLT Printer IXFERINGE SO
AR WX R . AR A% ] B IR R AN R

5B AT EE, 48 Printer P E SR A A R IE A — AT, BRI

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 TR E S A R S B AW IR AL IR (] o G0 — A
translation unit (AL object LRSI IILESD P BRI T IVTER AL
PR LR AR, (H X FAEAIA translation unit 5 RIS & O3 IR0 GG A0 0P D) 3
XA RIE (W Effective CH+45K 47). ESERRMEMT, XomIRATHRVFZ AR 2
H A B BENS W FRATT )5 22N, FRAT TRt R S X SE RO, AR L 5 L, BEAR IR
gl i, AT AAHEWR?

BTAMIML AR NS BB SN R CR . FHE—F thePrinter ERE 0 pRI%L
B
Printer& thePrinter ()
{

static Printer p;

return p;

BT IRBATIXAN RN (A p D, HEIMRIZ R — A AT R
Hi “return p;” —FRBEMA M XA B EURAG SO0 W BT . AR E AN BB T4
Wik At ale? 1G4, Rt A fREERT G WA 7 8 2 DA R AR 5
(A5 D IAETF 58 “ VIR RMSE AT AR ? MRS LUk, &R Y 1F 35 F o S0 iARF
FRAZAT R LA, AR E R R R BOE AN IR 8 R R 57 R BOA T HE 5 S Bk
MWRF internal linkage (NPFHERE).

WHEEOUR, VRATFE X AE T A NIRRT, AR AT “ir T
PRI BR BT BEAE RS BT (Bl 2 BRI H AR Cobject) AR AT BEE & —ANLL L
(¥ P9 B R BRI AR D, TP A T LT ek N (RSN B 7 S AT 2 G R S — AN
B RSO B AR B R BR B, AR AT BE S R PP IR E S B (1 98 DU I — AN 1 Bt AN ZE g 57,
A5 ) e A AR 1) AR R BRI

RS2 AR AT B TA A 37 bR ORI B — AN BB S 16 5 T 3 BRI 5 0 B P g v
WA WP R T BT O S BH, — BRRZRZ %, sl 5, XA
WV, WRPI7R, XA printer X4,

class Printer {

public:
class TooManyObjects{} ; /) BTN R 2
/) AT R IXAN e 2R
Printer () ;

“Printer() ;



private:

static size t numObjects;

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

/] FTEAAS fuvF$ DL
b // (B Effective C++ 4K 27)
PEVE BOAZ O B AR 2/ F numOb jects BREF Pritner XfERAF(ERI SR . MG RE, &

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

if (numObjects >= 1) {

throw TooManyObjects() ;

}

AR BB AT I ORI R L

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

HEAT TR BRI pR B Ak P

——numOb jects;

——

PR BR AN A H I AT AR G NI — MR E R W, R NARRE
HfEr g, 5 ARIRESHE ERE, TRAAVRE N R R 2 MACREAE —, Wk
HeRT—my.

o EVNRHIIE

R IERAT A BT ARERIITEINL, R EITEIHL. IXFHTETYLISEAT

VFZ T B AT EDHLSRANTR, BT EABRATM S AT BSR4k K K

class ColorPrinter: public Printer {



AN TR GAT — BT P — AR T E L
Printer p;

ColorPrinter cp;

KA E X252 /0 Pritner MR ? ZRENN: — M p, — 2 cp. {EBITH,
MkIE ep MIFEIS I, 23 TooManyOb jects J#4 o« X TR 2R SR UL, X AT AN jdAih
MIFT R o (BT i S ML E ) concrete 84k concrete 28, AN B RIXF i)
e XA AR WA M33).

B ERN R Printer MR, 2R AERIFER )

class CPFMachine f{ [/ —FHLEs, WTCAEED, $TE)
private: /] RAGE.
Printer p; // FHITEIRE
FaxMachine f; // BAEERE
CopyMachine c; // HEHRE
I
CPFMachine ml; // BATIEH
CPFMachine m2; // Wi TooManyObjects Sy

) @ J& Printer X REEAFAE T = MAFKIAE T G ENES: MEAILEIRAEIRA R
B BURNAEL RIS R B o AR X LA [F RS HIRYE T IRER “AFEX S8 H ” 15
X, BUMRG HA S “XREEE” 1&gt A1

T HARAN 2] SCVERT B AR AFAE R DUBER, AR Ay B IR HX A 945 (instantiation)
Mgt . A RARAE B ) Printer RoRBII T, AURE S EATIZABRE], B4 Printer
K R 2 private, (AfFEALE friend DA private Fit R B IR AN GENE N FEZRAL T,
HARRER A BB S . IRARBEMAT AT private Rt s BB IRAE HUBER, X ANFise S5
PR BB IR AE R R 5, XA AN T BRI B 0T G S A AR ) AT
filtn, PRH—ANFFSA, F£Ri—A finite state automata (FRAHZIHL)  CXFIHLEHE
MTARZIEE T, He il A seit), IHRsR AVFE AT SERE NS, (HRIRAEE b
M FSA JRAE B2 . GXFEB— AN SRR R WILE FSA AFAEAR T R 2. Effective C++
ok 14 fRRE T M AFEIGE T T BRI R, A 555K M24 e T A A B M R 2



(W2 L R 55 1) B AT HE R AR SR BN ) A N o, IXFEBCTE FSA W] LU 2 R IRIX P A7 3K «
class FSA {
public:

// ket ek £

static FSA * makeFSA() ;

static FSA * makeFSA(const FSA& rhs) ;

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

b
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
(3 Dl A4 3 bR S IR [0l — N D S I FR B R R G2 — 1, AR . it
VA VF ALY FSA S G A0 AT R
WSt AL PRy bR B T new XA GRS S I A 00 AE I deleteo 15 IR
SR RIS o L AL FH A SR A AR A R delete £34 HBNIHL, flimT LT makeFSA
RN AFAEAE auto ptr H (WA MO); 4EA1 A B HEFAS ANy, KP4 68
BB e AT 4 1] AR 5
// T R B4 FSA #4)3d B2
auto_ptr<FSA> pfsal (FSA: :makeFSA()) ;
// indirectly call FSA copy constructor
auto_ptr<FSA> pfsa2(FSA: :makeFSA (+pfsal)) ;
// HAH RFRE—FEAH pfsal F pfsa2,
/AN RO R EATT .

o AVNFREAHMH
FAVENTE U AT BE T SRVF NS, BATIRITE BR RS R SR SR K T A2

SRR, DR AE = AN ) A PR35 AR 0T B8 TR P G AR 3 R B, BT 140 v B e S v b TR
SLELZ 071 AR 1 s WOl private. I8 H B n — BAEASIRA T & 1] thePrinter
PR BT B0 AN G B R 1), DAMEHE Printer X% BRI —A, SRR [l 25 ik



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

TXFPEE A [F]— I 8] B A SE Ak 2 A Printer X4, M ERET AR T A
[F[) Printer X%, AARVFIZFEMEGHLUAGH ., BERmRATAE K A GEAEE— printer
WA B INETE B A?

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

class TooManyObjects{};

// Pk I R KL

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

void submitJob (const PrintJob& job) ;

void reset();

void performSelfTest() ;

private:

static size t numObjects;

Printer () ;

Printer (const Printer& rhs); /[ BATANTE SLEXA iR
b /PRI AS e VF

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

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

{



if (numObjects >= 1) {
throw TooManyObjects() ;
}
AR BAZAT IR R IE B AL
++numOb jects;
}
Printer * Printer::makePrinter ()
{ return new Printer; }
MTHFENN G2, S sE, WRARICIX RN NG RIS & unreasonably
harsh, RATLALEDy RIS BRBOR (]S48 5E . 88 FEA8 F 2 F S A EAT RS
B T L 200 F D A3t R 2, T AN L IE A R B Ah, BT Printer 2EAE%
i FH AR —FF

Printer pl; /)RR R RIE R R private
Printer *p2 =

Printer: :makePrinter() ; // AEH, TR A A ok £
Printer p3 = *p2; // R P DURE B U private
p2—>performSel fTest () ; // BT I R R T LA
p2->reset () ; // 1EH
delete p2; // AR, WR

// p2 jE—A> auto_ptr,
/] AN XA
R EARIR A Dy ) B R SRR o FATHFEAE hard-wired H8AH 1 54
ARG FEA R M€ B0, RS HEREE DI BRI B, NiiiX AN @B Printer
FIARIDSEIL, % RV 10 A Printer XFRA7LE:
class Printer {
public:
class TooManyObjects{} ;
// Pk i e
static Printer * makePrinter();

static Printer * makePrinter (const Printer& rhs);

private:

static size_t numObjects;



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

throw TooManyObjects() ;

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

if (numObjects >= maxObjects) {

throw TooManyObjects() ;

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

DR AR 20 1 75 AN RESW 1 _E3R 2R Printer: :maxObjects MU W], X2 WM AT H.
I AZ AU 2% 5 G PR AN BB SR 1A 10 MHOA WIS IX AL BX 451 11) . 45 static const
ROl (1 int, char, enum 5555 B E WA K Dhfe & AL A AR Cr+Hriy,  frbh—Log
PRARIOA VIR 'S o W RS S S B R gw 4, 1l LA maxObjects 5 g E—A
private AR B IMZEC R,
class Printer {
private:

enum { maxObjects = 10 }; /] FERH,
// maxObjects NHH& 10



I

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

private:

static const size t maxObjects; // AW

I
/] E ARG S S A
const size_ t Printer::maxObjects = 10;

Ja XA VLS R T — RERROR, (H2 W sl 2 W ME RE L AR > S A 5
PRI AURIG G0 5 38 SRRSO U const static RAME M IIRERS, VRNV ZR AT HE
H A XA Ty e

o —NEAXNZITBINREMER
RIS S R AE — AU, BRI A R AR SETE — R, B —Tr

AL E I, WA A RKEB Printer 7522 MR SEHIEE 2, 050 — i X — ki i
G’ HEMARIS, BEANRE IR KRN AT IRA . NAZA — TPV RE H B A B
LA o HMETE A TR AT T ) AR B e A AN 2R B 2
TAVMRE S MBS IS — A HA LB BRI, AR5 iM% Printer IXFERIZEMNZ

BEIRakR, T HIRATRAAS S AF o FRA VI — PO VA B R 2 v e, AME B4 sk
BITH RS R R A, Ty HAR ST B s A S . CHIRATIFESS I M29 R il o | F oh s, ¢
G Bt R BOR A RIX AR IIAZE 1T, 2 WIS counting objects. )Printer
KT S F AL R nunObjects, FRATNIZAAR BN TG THECSE . AR 75 ZEAf Ok
FEANTEAT S T B0 AT — A LR 2 R v o A0 v BERASARORT L 8 3 A e 4 H i
HrvtEes, BB FRATTRE L THE i ek PSR b 2B B SRS R B A 1 0
template<{class BeingCounted>
class Counted {
public:

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

if (numObjects >= maxObjects) throw TooManyObjects() ;

++numOb jects;

MIX AN B A BT S AN AN fe 4 A Ay B 2R A0 KT b ) 3 oy 50 0 A A4 R K0 75 1)
protected. T2 private A FKEL init FREEGR P Counted )it BB B A EEH .
WAEIRATREME Y Printer 28, XFEAE Counted AR :
class Printer: private Counted<Printer> {
public:
// Pk I e K
static Printer * makePrinter();
static Printer * makePrinter(const Printer& rhs);
“Printer () ;
void submitJob (const PrintJob& job) :
void reset();

void performSelfTest() ;

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

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

Printer () ;

Printer (const Printer& rhs);



Printer il T Counter MMCREREAAFAEZ /D Printer X%, HRMPL, FR7T Printer
Mg S, A ANKOLREAFE. ERSEI iRt private, Xl A4 ix BLAEH
private #kA& I (2 Effective C++453K 42). 5P ik &4 Printer Hl
counted<Printer>Z [AMffi /| public 4kzk, {FJZFATLIMLE Counted ZE—ANEHIHTHL PR £L
(W A Nid5d Counted<Printer>s g5t MR —A Printer X%, TATRA FENZAT
NARIERK——2 W, Effective CH45K 14.) 43k M24 C&RAFRIA A T, 7E Counted
TAFALERE RS, LT 1552 52 A Counted 4k I R AR B I A/ INFIA Jaj o FRATAAR 5] N ix 4
WANAAAE, B H] private 4k &KX L6 14H

Counted BT A2 TAEXT T Printer (7 KA A & RO, {EJE X 28 ] Jr ] B4R
AVNIEA M1 2 /D Printer X% A74E. Counted FAREEL T objectCount PR, HIRIRAILIX
Fife B, AR RAMER] private 4k, EXAREAE Printer 8P T private. 4 T
PSR A public ViR, FATEH using A

class Printer: private Counted<Printer> {

public:

using Counted<{Printer>::objectCount; // ibiXRECH T Printer

//#& public

TEFEAOZ A P IE VRN IR, AE R G SRR () e PR AN SR 44 28 W), G iR A e VX R
Mo W HXAERTE,  PRINAE 22 X U7 i) B B
class Printer: private Counted<Printer> {

public:

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

// {F Printer F"/& public

XM AL G (TR VE S uning 75 W) R AT AR R B A S0 R FRATT AN B RLIX R AR
TooManyOb jects M iZAHN H] [FIFE )7 AORALEE, PRI Printer %% ) dim n SR E4l 3RIX A
SR, AT BE S35 1) TooManyOb jects. 4 Printer 4k Counted<Printer>f,
EABLRICH K S B F - 905 Printer R HRAA T X it $, shiF g ol
NS HETHE—FE. Printer [RHI% R EAT L IXFE)



Printer: :Printer ()

{
BEATIE S (K 3 pe Mos 1y

AT R A AR T W B IAR VY, TARARE ANBIRI AR I o AL S 1) 0t it 45 B
W L, AT 50 3 pR S R BN A AE X R BB H o BT AT IX L8 I AR AR
Counted<Printer>IHJit B HRALBE, P24 Counted<Printer>/& Printer HI3E, F&fi14n
i Counted<Printer> [V #Ji B B AE Printer (K17 .. Wi a it £ x4,
Counted<Printer>fIHyid Rt P th 72, EEABA I Printer A BREL

BGE — S, W2E X Counted P IFRA T . % T numObjects i, iX
PG —— AT FEAE Counted FISZELSCAE HL5E SCE RIT
template<class BeingCounted> // 5 X numOb jects
int Counted<BeingCounted>: :numObjects; // BEHEENIEH A 0

X T maxObjects Keyi, WAL 15, FATNAZIC EHIEW AT AMENE? WA IR R
VEEESE 10 4> printer X%, AN ZMILAHL Counted<Printer>: :maxObjects 4 10, 53—
T It R AT ) s VE O AL 160 S SC PR R R R &, AT Y % WD 4R b
Counted<Printer>::maxObjects A 16. FIJEI i%E A ME?

{7 BRI T VR A A AN . FRATASKT maxOb ject HEATHIEAML o T &1k SR 2 P 4
PEAIE RIS . Printer FIVEE LAREIX 4B AN B — AN S0 SCPE HL
const size_t Counted<Printer>::maxObjects = 10;

[AJFf FileDescriptor MA/EF WA MK SE]:
const size_t Counted<FileDescriptor>::maxObjects = 16;

WYX EAEF S T X maxObjects FEATHIAAML, SSRAATATEBINE? IR BN 25
RAHTR, PIA maxObjects VA B E o WIRFRATHAL T 78 43 I SCRIXS Counted 25 7 i i3
W TR, AT 2 el 2 n B IZAS AR IR .

7.3 Ttem M27: BREZEILFEHEPF=ENS

A I ARAZREE P 5, BRI R S e A KRBT, W2 R “delete
this”e ARSI AN BT 75 2R R G I BOAEHE P o T e — SEIR AR AR AT —
DRBsE: “ANFEHE MO G, TR UESCRP AL (RS2 R A A » 7 SRARAE IR A U
g8 ETAR, WA rTREBEIZME L, RAAERA ARG LR AR 2R R, e
2 AR 0TI A %A W RGN 5 AR ok SR sl A5 1B AEHEvh 7 A2 4 Cheap-based
object) We? MW I LA, AL IXMACIE LA “on the heap” FMIMESHIH LL ARk i+
JIT ALK ) o
® EURTEHEHEIXNR

EFATSE MR A T S R IF AR B o D T AT XA, IR0 B — b g VL A%
1A “new” DIAMAOH G FBE NS . XIRESME]. JEHEN 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 ECRIBTHE) R KR, agh ] LA S A BR A o
IR L AR ANV I — b L (1) 7 10 A FE A R BRI BT A4 R 2575 W R privates
EFEAEIE R R K. WA B LR IX A BR AT & private. SUFilATHsRE sl private,
EM)IE R ECN public. ALEEIERE S 4k 26 AHRL, ARm] BLgdt—ANE H T i 4, H
SRV ) FLAE BT A BRI E . 25 v 1 FH DA AT ) R BORE TECAAT T S P S e (WQ I R,
AL A B SR AT AE AR P S AT R R S 20 R g AT D
filtan, AR PA AN AR HE P 37 40% unlimited precision numbers (G PRRGHA £k
T HING, A LXK
class UPNumber {
public:
UPNumber () ;
UPNumber (int initValue) ;
UPNumber (double initValue) ;
UPNumber (const UPNumber& rhs) ;
[/ IR EL (—A> const ADARREL, A
// B const X4 RERREIN. )
void destroy() const { delete this; }

private:
“UPNumber () ;

b

ARG B/ i IR R AT R e vl

UPNumber n; /) R (IEIX AL, H2
[/ T AL R O B ot
[/ AR, HAGET)

UPNumber *p = new UPNumber: //1EHf

delete p; // R R E A
// private MT#ypR%L

p—>destroy () ; // 1EHf

TR A A G B B A Wk private. XPR VLB S — N RE W H VR
ZRIE R, RIEF LA EA RS A private. 5 WG SEIx 26 g £ogt 25 th g B 2%
AR, HE I PR BT DR R A, TSRS A R R SRR AR K R R 2 public

(Z W Effecitve C++ 253K 450, PRI IR B ECH private AR, KA EA
EHA M R

T8 3k R A7 i) — AN S AT A bR £ el e R AL I pR SR BH L ST AR HERT B, AHR AR SRR 26
Cauit, XMorEmEE L T HARES (containment):

class UPNumber { ... }; // P BT R R B R 32 BRI £

// N private
class NonNegativeUPNumber:
public UPNumber { ... }; // R BT Rk
/ /RE i R BN B G
class Asset {
private:
UPNumber value;
[/ EERY MR R ek
/ /RE i R BCAN B2

b
X LS R HEANSEARE T IR AT o 38 HEUPNumber [T #4) 28 075 HA hprotected C[RIHE )44
1 PR A R FFpublic) Al n] DUAE KRk 2 1) [l @, 75 2240 7 UPNumber X % I 2R w] DUE O A%



$5 [0 UPNumber ¥4t

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

// B
// protected H& i
class Asset {
public:
Asset (int initValue);
“Asset () ;

private:
UPNumber *value;
b
Asset::Asset (int initValue)
: value (new UPNumber (initValue)) // 1EH
{ ...}
Asset:: Asset ()
{ value—>destroy(); } // WIEHf
o M —MNREREREF
WER A TRIOX TN T77%5, FRATLIAEFr a0 —F “Fedirh” XA & . FIRR RS
e XM — A AEHE I NonNegat i veUPNumber X 4 & 52 1 -
NonNegativeUPNumber n; // 1M
2B AENonNegativeUPNumber S Z2nt fJUPNumber &3 7r tEANLEHE T, XK A 2 &%
B R BV T RN ST A0 1510 2 AER LR AT MR BOIXAE B AT 1, JrATUPNumber X% —
RIS A2 AR H e YR AR SR I — DA A HE T o FRATT QAT f6 it Hl PR A T3 b 24 SR Wi 2
B A T F i UPNumber ()44 38 BRI EICAS T B8 ) W7 HE e 2 15 A E 6T S 1) 28 T 4 1A
o a2 Ui T-UPNumber [ 4] it bR B8R U VAT I AmT DN 21T 1 P R B85 1) X J31) <
NonNegativeUPNumber *nl =
new NonNegativeUPNumber; // fEHEh
NonNegat iveUPNumber n2; // AT HEF
ANTEAR AT BEAARE B WVFIRAEWRBERSLE new HAEFRT. operator new Fl new #AEFRTIM
FH B4 18 B BB AH FLAE R R B s NI (SO M8) o n] REARIA I AR LUAAT T AT B, w B
XFEE L UPNumber, 417 R IR
class UPNumber {
public:
/) MRS AN EHERT R, P AN
class HeapConstraintViolation {};
static void * operator new(size t size);

UPNumber () ;
private:
static bool onTheHeap; //TERIE RN, FRom
/] R IRE B YRELE
// HEL

b

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

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

onTheHeap = true;



return ::operator new(size);

}

UPNumber: : UPNumber ()

{

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

}

WRAFRAMIT £, MAS KT 28R XROTERMH T8 4
HE o Be X%, £ operator newsk/rHicraw memory”, operator newik EonTheHeap
htrue, TG RRBAER K MonTheHeap, FHX A [raw memory &1 #foperator newfii 7
fid. WAREA, AN hHeapConstraintViolation (KI5 B it o 75 WAL 3 ok B tn 8
TR FEAR SLIE AT, K PR AL LS W), onTheHeaptl i & hfalse, RJG Wigi&E F— 64
HE B

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

UPNumber *numberArray = new UPNumber[100];

Al U B S N A7) /2 operator new[], TIAE operator new, Ail (fif
TR R4S SCRF'E) IRBES YRS operator new —FER ZHYnS operator newl] %,
K i) j2 numberArray 7 100 ANJGER, FrEAs A 100 (KR 3E pR £ . (H2 A — IR BCA
AEIA R, BBk 100 M id e b U 5 — R B A IS pR ZCHTHE onTheHeap B4 trues
M ARG R, S AN R, R R

RIfEAFHZLAL, bit-setting FEAEH SR, HIBIX&TER:

UPNumber *pn = new UPNumber (new UPNumber) ;

X IRATAESE P S UPNumber, ik pn $RI A — AR5 XANZH T — A5
PHEAT IR o XS — AN A, FoAT158 2B IX N, XA R T R i ix 4%
ISR, $ATE N S R AAT A

new UPNumber (#new UPNumber)

AT new HAEFIIPIUAA, PUCZERHPIIK operator new FIHH MK UPNumber
MG R (S WA 8) 0 FEIF D — M B 1K S8 pR F LA R U7 40T =

P —/ X% 1) operator new

W S8 — A5 G IR ) oA 2K

P /N5 operator new

W FH 28 AN B 1A 1 pR £

{HIE CHHE S WA PRIEIX St A2 e A B B o — L84 3625 LA AN I P A2 1 R B0 H -

P — /X% operator new

WA /X% operator new

W20 — A0 G I ) pR 2K

W28 AN S A 1 pR £

Y1 L X PR 22 AT, (HZAE operator new H' set—a-bit IS LIEEIX
Phgmtas—EAMAH . BOVESE —PRE 2w ER bit, =0 yifkr, WAEH IR
X SRR BRI, Bt UK SR, R e sE e .

IX LR M AT 15 5 LR R IE B BRI+ this $REHE A HEP XA Lz O B, &
TR WIRAE operator new (8¢ operator new[]) HLf{ bit set A& — A EERH W7
o BTAVTGE L () 713047 W

WERARBAN T B BELEE 2, AR AT RS VR BEA P RS AR I Ak L o 4] dn R e s ) —
TEARZ A48 FAFAEM s, FEPP (R bk 2% () B il 0 2ttt k5 B, 125 14 e Mt 2% i) £ T
R, HE A ) B



- High
Stack Addresses
(Grows Down)
Programs’s
Address
Space <
(Incomplete
Picture)
Heap
(Grows Up) | Low
- Addresses

TELNX RO L E BHBRT NN RA R (R2Z2 REHE, (HEEARZARXE, fraf
Reos AR AR AT R T 13X BR HOK I T R AN o (P b A e

[/ AIEWR AR, R AW AN bk A5 e e

bool onHeap(const void *address)

{

char onTheStack; /] JRRAR AR
return address < &onTheStack;

}

XA PR 5 0 AR A . 7E onHeap BRIZXH onTheSatck & — il &E. BILETE
Hetk b o 243 onHeap I, ERIARIELE (stack frame) (ML EEff activation record)
BTBAERE PR ) T, DR AR AR S50 F& ) R GE Kk ), onTheStack Mk
5E LEATAT AR Hh A8 B B0 G (P Mtk /N . SR 248 address (IHEE/N T onTheStack [k,
AR L, W e ERE L

PIHAT AL, XM IEH, (HEANEEN . AR A n) @2 % %] DL o o fE =4
7, TARZBA . 2, AR AEGN S, RIS TSNS . Fha el
TEFEFIBAT AN BBV AR AL — IR I G o SR G AFE B HL S BN static IR,
WAFELEA A A B N S (S AT) o IR G e TR L Ty, Wik £eh
J7 BEAS SRR A M

EATTHIAL B K RG], SRR 2 AEA T R R G, N6 THER S
Uit JGHT N AFE B B BIURER 2 F5E, 1 HAE R 2 KRG EAMFHSL, HERA 5 FRK
X R A s, i EFSA s, X W FoR:



~ High
Stack Addresses
{Grows Down)

Programs's
Address
Space <
(Complete
Picture)
Heap
(Grows Up)
Static Low

\_ Objects Addresses

onHeap Mg TAEM R RS ZIR ARG 28 T, ANBEHE HEXT S 5 8 0T S X ) :
void allocateSomeObjects ()
{
char *pc = new char; // HEXTH: onHeap (pc)
// FEIR[A] true
char c; // X% onHeap (&c)
// ¥ik[H] false
static char sc: /] FAENSE  onHeap (&sc)
// ¥IR[H] true

}

RAEAR AT B AN BT — D - R X 23 HEXT G O B T, AEE Sk o s IS VR AR T AS A
AT ERE, ARSI AINE ST — DA BRI IEM A RIS S 47 A2 A
TR 2B 4ol FH IR BRI ANAEEAN 0T S “ bk Lo $715 .

A NAJ Lo R R ANLBEAT — M B AR IR T R P o0 o A A HE B, T HLZE REAE 2 400n) [a)
IEH TARR) “HERT A" MO o WARARSAE AR D ATH W — A b2 A AE HE B, R
WA I e AN AR I U7, HESEIRAOB T RG], R BRIXFEA T o PR 1 BB ik
THRIHAT,  DUE R AT DA LA W0 G e A e

W ARAR AN, 1 SR R ) G A AR HE P IX AN ) JT N, — AT BE AR D PR A R AR i T )
S ReE L B A delete. IXFIINERZH R “delete this” IXFh A ISR EE 120,
AnkaniE “ R TmRe MR MeE 7 5 R E AR RS R I Y AN
—FE, B AS BT fEHE (0 AR e e A delete. 7% [E A7 UPNumber X141 Asset
X4

class Asset {

private:

UPNumber value;

b

Asset *pa = new Asset;

IR xpa CRUFEE RO value) fEHE bo RIFFIR W] W AEFR M) pa—>value L] delete
AN, KEZIRE A new IR [BI.

SIS “CHIWE TR MR — MR L CRAIWT— NIRRT HE B
Koo X TR TATHFE A operator new R[FIFIHEEES . R IRATREH O 'S
operator new PRl (Z: W Effective C++453K 8—2%aK 10), P HIXFE — MEGIRA S .
WIR PR, A TXAEMR DX A 1) 8«



void *operator new(size t size)

{
void *p = getMemory (size) ; /R R A B N AT
/ /AL N AE AN [P AR
HI p A BT 87 A 5
return p;
}
void operator delete(void *ptr)
{
releaseMemory (ptr) ; // return memory to

// free store
MBI IS P B ptr,

}

bool isSafeToDelete(const void *address)

{

1&[F] address A2 757 # A LA HIZE 4

1

AR L, operator new {EHLHE /M ELAEA AN —ANJCE, operator delete MEEG
%I H, isSafeToDelete fEEE S P A 0l € AN HEEFASES T . WK operator new
A1 operator delete FRELEAJmAERIT, CHtReEH T A 280, a2 Nk,

FESERR M, A AR = 2GR X R A o B R T I AN S A 4 SR
€ SATAT AR VY, 55 0] e O 2 HAT A2 UK, % operator new F operator delete.
IEWERAT AN, R —/ A Jak, HA —Fp B AT IE SRR e 28 (B2 250K 8D [ operator
new fl operator delete (453K 9). IXFEME 1S FRATHHA: 5 &t S 4 JR) hCA 11
operator new Al operator delete HJAKA; (BIUNVEZ [ M X SREHGE RS ) AFHE.

BAHRERIE A F AR R BATA TG EIXLE, Tt A2 0 PRER IR (9] )tk
SARESN P TS e ?

I — Ml Re A ey, (R EEL, S isSafeToDelete il'e BBEMS IEH T AE 24
AIREMT o M 2 4R 2R R R I 2R Bk K B R LRI 2R AT 2 ANk, B DL VAR IEAR 4
isSafeToDelete [Ptk 5 operator new iR [AIf¥iEAHIE], BT SAEHE . A 0407
2 WAk M24 F14K M3 1.

Pl 1A B X L pR A P I IX S T e I RE 0 ANVS e 2 Ry 2 S W), RN TR, WA IE
BPE ). SEIE )0 CHHFH — M4 mixin BERWE A T AT FE

Fh GBI ANBERE SEE A 226, e /b BAT — A2l s B0 2528 cmixin (“mix in”)
RIS R M DhRE, I nr DL SLgh R RIR L L DhREAH e (0L Effective CH+4%
KD EMEILTH MG FIHIRMTRES A I ZIE S (nixin) HERGGIRA LA
W B4 0] 1 N A7 & 75 B operator new ZACHIRE o 1ZZRANF Fios:

class HeapTracked { /) IREI; ERER
public: // M operator new IZ[A|[f) ptr
class MissingAddress{}; /) SIS, IR AR

virtual “HeapTracked() = 0;
static void *operator new(size t size);
static void operator delete (void *ptr);
bool isOnHeap() const;
private:
typedef const void* RawAddress;
static list<RawAddress> addresses;
b
AR T list (BER) HAR 45 ERER M operator new IR T AT $a%r, list 2br
YE CHIFER—#B7> (B W Effective CH453K 49 MIAF5 42K 35). operator new E& 57 L A
I hE In NS 1ist J'; operator delete HISKBEMUANAZIEM list il ot .



isOnHeap HWr— XSS HEHE S BAE 1ist Ho

HeapTracked ZE[{SCHUR 5, 4 FH 4 )R K] operator new fll operator delete BREIHK5E
A AR BC SRR, 1ist ZREM R EEATIEASRAEFMIBRERAE, FFEAT BB Ay 1) A R
YE. LA N2 HeapTracked [4sHESE M :

// mandatory definition of static class member

list<{RawAddress> HeapTracked: :addresses;

// HeapTracked [IHTHY R EE LR REL, AT %K,

// (B Effective C++453K 14). ARTMHTAL R HLA 2045 e S,

/T AFRA MM T — A e .

HeapTracked: : “HeapTracked() {}

void * HeapTracked::operator new(size t size)

{
void *memPtr = ::operator new(size); // 3KREWNAE
addresses. push front (memPtr) ; // FEHBHERCE] 1ist [IHT b
return memPtr;

}

void HeapTracked::operator delete(void *ptr)

{

//1FE)—A “iterator”, HIRUUN list JGHEB S ptr;
/RS WAk K 35
list<{RawAddress>::iterator it =

find (addresses. begin(), addresses.end(), ptr);

if (it != addresses.end()) { /) WK —DIeE
addresses. erase (it) ; / /WA B 1% 0 25
:roperator delete(ptr): /] RERNAT
} else { // AN
throw MissingAddress(); // ptr BtANEH operator new
} // SrBCE, BT CARE A R
}
bool HeapTracked::isOnHeap() const
{

// BB —AEE, R mxthis &8 H A AEAS a] G AL,
AP SR e TR A N7ty
const void *rawAddress = dynamic cast{const void#*> (this);
// 1 operator new MR[H|[FjHidik 1ist & 455
list<RawAddress>::iterator it =

find (addresses. begin(), addresses.end(), rawAddress):
return it != addresses.end(); // RN it T E

}

JVERATREXS 1ist RFARHE CHPEILEH A AR, AR RIE—H TR, 4K
M35 KR IX AR R AR 0, AN I ARHS HL R R & R W A R IX 01 1 & AT as AT 1Y

HAA ATl RE L URIR B N 2, gt IX AN ER) (£ 1sOnHeap BREL)

const void *rawAddress = dynamic cast<{const void#*>(this);

P A 2 Ak AR R R BIAN R S A LA, X BT AR R
isSafeToDelete S¥ R 4. XA A#AE isOnHeap TR B S], (HiEKh isOnHeap {XAX
T HeapTracked X%, FAT16E4HH dynamic cast #AERT (S ILAM2) 11— P45k
REPER T BRX AN ) . T SR dynamic_cast, {548l dynamic_cast i voids
2 (8l const voidkak volatile void* coocoo ), AERFRER AR ¢ RFRE TR MR A
127 BTG 4L . {H/2& dynamic_cast HEEH T “Fam 20 HA—MER BN S WiaE
Fo FATIZIEN) isSafeToDelete pRELH] LA T-4i5 MAFAT SR A 1455, Prlh dynamic cast
WAREHH)E . 1sOnHeap B HAEREME (& N AENNATE ) HeapTracked X% F%E), LA



AEFE this 8% dynamic cast i const void¥, ZBJN—AME W) 4 a7xF SLas bk $8%5r.
A HeapTracked::operator new K 4 ff X} % 4 B N 7 , X A~ 8 # @t 2
HeapTracked: :operator new IR[AIfFREN . WIAARAIGR1ESS SZFF dynamic cast #4ERF, X
AN R TE A I o

AN, BT R ST R R o] AR i N BRERME 4R E R DhRg . ABATT DT
B HOE LARATT 2RI HeapTracked 4k7& k. Bl anFRATARAINT Assert X RIGEHR T
SETTEMEX

class Asset: public HeapTracked {

private:

UPNumber value;

};...
FRATBENG IXAE A1) Assert+38Er, W R:

void inventoryAsset (const Asset *ap)

{
if (ap—>isOnHeap()) {
ap 1s a heap-based asset — Inventory It as such;
}
else {
ap 1s a non—heap—based asset — record it that way;
}
}

% HeapTracked XA GG — Do, BEARHTHELR, A% int Al char
KRR RRUAGE 4R A B H e 2R AN A 4 HeapTracked 4 Jit K] — #1222 4] T 2 5 ] LA
WH “delete this” , MRANFIREAEN KA BIAE, BUOWNERINE this #RE.

o ZLMENR

FIW Gt e HE P MR B IR A5 R T o 5 A S B e A8 b AE S rh gt 70t
R WH G AVELZAE = ME O R E RSB X SO IR 2 R HE2R g seAm 4K
MGG BNH RN o TRATTRFLI 7 s e AT

AR P RS SAR TR, R R A new SREESZIXFINT S, IRAEMEAEILH
W new. FRAGEFZM new FAEFMF AT M GX2NIRTIEF D, HERAEEFIH new #
VERF 2 operator new BREUIX L (Z WA MB), SKIEFIH M. #RATLLH A BIIXA
B, T HARFT DA E WA private. @10, A1 SRAORAANARLE ] 7 AR 4 TP g2 57 UPNumber
XT5, ARATELX A

class UPNumber {

private:

static void *operator new(size t size);
static void operator delete (void *ptr);

h”.

IRAE FH A AT AR S VR e AT AR s

UPNumber nl; // okay

static UPNumber n2; // also okay

UPNumber *p = new UPNumber; // error! attempt to call

// private operator new
8 operator new F BN private FEW T, {HZH operator new FH N private, 1l
8 iperator delete FHN public, XA LR, BT LABRIEA 405 2 IR, A5 0
ANEAEANVTF I, BUFESR R —AN o A e . SRR AREE I UPNumber HEXT %
e, nfLAY operator new[]F operator deletel] (ZIL45iEk M8) W EHAN private.
(operator new fll operator delete Z [HIIER R KZ BRI ERG L, HXREAN]
AR AR I D NN — 8T, n]BAZ WK SCH counting objects ML) sidebar #4).)



AT, U operator new Ik private &% < BHES UPNumber X} 2 A — 7 T HE
HHRIRAE AT G B Sk . PRI operator new F operator delete x& HB)4kzKk 1),
WH operator new Fl operator delete WHZEIRAR T H AN public GHITHNE,
overwrite), ‘EAIIELE AL F private A, WIFFrs:

class UPNumber { ... }; // ALk
class NonNegativeUPNumber: //BEIXAN

public UPNumber { / /A 7 B operator new
b
NonNegativeUPNumber nl; // 1EH
static NonNegativeUPNumber n2; // WIEH
NonNegativeUPNumber *p = // R R E A

new NonNegativeUPNumber; // private operator new

WIHIRA R A e H 1 operator new, “7EHEF M BCIRAEX G0, Wi A XA R 2L
TR G —FASF ) 7258 11 UPNumber JE25[0Hc 0] @, UPNumber [ operator new
f& private IX—xl, AN UPNumber i i X 5 IR0 G 10 23 T 7= A= AT AR 53 1«

class Asset {

public:

Asset (int initValue) :

private:
UPNumber value;
b
Asset *pa = new Asset(100); // 1EHf8, A

// Asset::operator new X

// ::operator new, A&

// UPNumber: :operator new

Sebr b, FATRE] TS A R, B “Un St UPNumber X SR #b G AEHET, 3R

FITARY AN S 7 M ARIK IR IR ) A2 “ R AR e, FRATTARY S 7. IEARATAT
A () 7ok AWl 2 S e HE b —FF, A BRI 7 v W 2 A AN e ME T, BT LA
BAVRAEE, DXz A, BRG] A b AEHE L, FRATHE R AE
M AN HIEATEHE o R TRA I A A BEHE I H K

7.4 Ttem M28: R7T5 (smart) ¥4l

RIGIRAT L — BN g A v v e 5 AR AT AR B 5, AN fede 2 11
hg. e VFZ NS, ORI (S IL450 M9, M10, M25 A1 M31) HIEEAQ
MRS A B (B I MIT AT M29).
ARG R IR A CH g R B (B dumb pointer) , FRAELREFEH] T X L8
Ji TR BT N -
®  FEFINTI o AR VT LAY S8 G 37 R T HREF I WV % B A i T RS R T FRET B E 0,
G L NSRBI AR B 3R 2L X R I — D RIGHE ORI
i, R R I FRE BT b DT IER EAT TR ] A B o JXARRONS B 11 SRR AR AT
Hih

® 5 UUMIAME. URAEXT#5 VUR TTHRET 8T RIGIRE 2 5 IR E B A BEA T F o X T2
SESR ) RIGIRER UL, WIS AT 20 02 B 3% DUE A TR A RN 5 BT X 280 5
BEATIRAE AT, BRI REAT deep copy GRJZFE U)o X HHE 2L R IR KL,
AU FE DUFREE A 5 BN R B BEAT IR 4R AT o JE A — 70 R ) RIS FR R A A AT
VRIZLERRA . TERARI N NI 255, RITFRET AR 28 S AR IR0 o

® Dereferencing (WUEFREHITHEARPUIAR) o« S SIHIBCR Y RET PR X4,
DRAM AFENE? ARAT LN EATIE o B R R] AT RIS FE ST SEBLAC K MLT S 211K



lazy fetching Kk,

RIGFRE B AR R, RN LS Y EEHREF R, 22 strongly typed (B887H) (1)
TR S HU e FR I R R . RZHR TR ORI R X template<class T>
/] RITFREE X GAAR

class SmartPtr {

public:

SmartPtr (T* realPtr = 0): /) N A RIGTR4ES
// 3810 dumb pointer FT¥gH]
[/ W% RYIAHITRE
// A MEA 0 (null)
SmartPtr (const SmartPtr& rhs): /) B —ANRIg¥e4t
“SmartPtr () ; // BRI ¥R %
// make an assignment to a smart ptr
SmartPtr& operator=(const SmartPtr& rhs):
T* operator—>() const; // dereference —/~RIGFg%ElN

// CAU 1) sl 5 1 R i
T& operator*() const; // dereference RI5FR%E}
private:

T *pointee; /) RIGFRE Prda x4

b

4 DR I pR BRI A BV 7 00 IR AE X L o X RIS FREF KU, e AvrdbiT4s I
FURAEEAE, BN ZW A private (B Effective CH453K 27). P/ dereference
BAERF A IH R const, JEAK dereference — AN R IGFEFII AL H A G #7155 L4
A LMEMFREF TR X %) OXFE, const R I5$aENA 0] DA X P MEVERT ). ),
FEAFE R T X B IRI5FeE & — A8 T 1 dumb pointer. 1XA~ dumb pointer g[n] [IX}
ZA R IFRE R M L IEX 5.

N RIGFREF S 405 2200, A — F - Wil fd R 19445t 18—, 1745
ARG (R ER G — e AR, —SefEfe) . AU m Xy %, Ui
HSF G e SR BT S EE PR, R A AR T ) i R AR R (RPC), B g LUk
RIS ML 518 0T SRR ARRS I 7 K d, SR AR 18 732593 ) Ab BEAS s 6 52
i Goe — RIS o LT N G kA T — Aoy S . R IR
A DAL R P SR R A A

template<class T> // FRIAL T oA DB CHR D

class DBPtr { /) OB R PHRE R

public: //

DBPtr (T *realPtr = 0); /) FESLRITREE, $R1
// H—/AHL dumb pointer
// 451 DB X%
// RN RITFREL,
// ¥&IH—A DB X[ %,
// BATME—1 DB U 4F
/) e RIGFRE AL

DBPtr (DataBaselID id);

b
class Tuple {
public:

void displayEditDialog() ;

bool isValid() const;
1

// 1ALk
// BRI ICH AR

/) BR— A EREHE,

// SOV P gt a4l

// user to edit the tuple
// iR[Flxthis JefFilad 7
/) EEMERAIE



[/ EANREMH TR T X% 47 H &Sl
[/ RS DL T BOA :

template<class T>

class LogEntry {

public:
LogEntry(const T& objectToBeModified) ;
“LogEntry () ;
b
void editTuple (DBPtr<Tuple>& pt)
{
LogEntry<Tuple> entry (*pt) ; [/ IR GRSl H &

// RGN WL 1 1 A
// B WoRGEAEHE, EREUE T AR
do {
pt—>displayEditDialog() ;
} while (pt—>isValid() == false);

1

7t editTuple " gm ) Al HE Lol LA T AR 0T DLAL Tife, (HE%S
editTuple FIFEF AN G IX e E . RIGEREF RIS T RGMX LT 1. Hifs v 0 o8
LI S, Wl R IR R ATV R T, BT W] e IA SN, HAT A G —
DI EFRE

H E A editTuple ™' LogEntry Xf % (W vk . — B B A% 45 1) v ob 2 75 W A
displayEditDialog FiJF4f H &k, WHEE R H & ], X BT H T2 ik
LogEntry MM A0S ) H &l sk, B g il H il s, IE W4k MO Prd@Refr), 4im
XS I, X% 3 SR E RS R H &0 % bR 7 o H e 50mT DAL e B Adot . i Ho gk
S LogEntry X% U ARRRER A F T 4h 10 s A 45 RO Sk pR B 25 5 o

IEWARETE 2R, AR I3 S5A4TH dump pointer WATR KM ZN . XKW T Ehe
AR AR . RIGFEEIH P T LA dumb pointer —FEAHH R IR . 1 anFRA K
BRI, ANIXMEASTEN.

o RIGIREHEIME. WEMFTH

RIGFRE I PR3 30 H AR T P FRBNFR I AT % (— Ml R IR Ml s BN S0
H, R ITFRE RN dumb pointer FRE . WK AERBIN G, N EHIREEHN 0
R MRS TEUEIH —AN 75,

RIGEREHE DU S BR 2 SR VE AT R BRI A R B SE B T T FR AT 509D BT A
()R] AP AT 2655 0% o iR — A RIGEREHIA IR M A5, 24 e R I 20201 47 B A BRax
AN G X B R TTFREH R 7 0 SR B A LI o XM AR R T HR T Tho2 WL
M e XM B A TLSE TV, 2 WA M2T) .

B FhsifE CHPET auto ptr BB, IXAI4K M9 Fr ke, —A> auto ptr X% &
MBI G R T4, B2 auto_ptr BRI auto_ptr [FIAT A eRZOM BR ILHE ) 6
G, SR AFIENE? auto ptr BRI SZILMT TR

template<class T>

class auto ptr {

public:

auto ptr(T *ptr = 0): pointee(ptr) {}
“auto ptr() { delete pointee; }

private:
T *pointee;
b
fin auto_ptr A GE;, ERILLERIBIT. (H2 auto_ptr ¥ DISig RN, 2
RAEAT AN B 2



auto ptr<TreeNode> ptnl(new TreeNode);
auto ptr<TreeNode> ptn2 = ptnl; // VR ¥ DA 3 R 2
[/ KR ARG HL?
auto ptr<{TreeNode> ptn3;
ptn3 = ptn2; // M operator=;
/] SR A2
WA FE VLN ER dumb pointer, £ FENA auto ptr fi5 I —MHFE X . X
AU, R 2SR quto_ptr BfAEAS auto_ptr MR A TITIRIIAT S . IXEKE —
AKE GG TATTINR P I o 3Tl P ) 53 P 2285 SR 2 AN ] 0N Py O 5 2 OME PR DD o
F =Pl P new, S —ANITERXS ST L. XA T ASHEVFZ TR W (A
— MBI auto ptr, (ARG (LUSIBMFRED it R4 il A B2 K PEReiFE. I
HIRATTA 8 2 @A A 28R %, I auto ptr<TOXTRANH iR 1028894 T (X%,
BARATLAR ) T FYRA RN SR . IR IE pR 2L (2 WA M25) AT B3 B FRAT TAg pRaxX A )
B, ARE I RA R EATHAE auto ptr XA RS
W quto ptr 251045 DUFBRAE, #tnl DLVHBRX AN W, HU2RH “ % auto ptr 4545 N1
FHRAEL I, XSG AR 2 Wi AE 87 (3%, Je— N BRI %
template<class T>
class auto ptr {

public:
auto ptr(auto ptr<T>& rhs); // TR ph B
auto ptr<TO& // TRAH
operator=_(auto ptr<T>& rhs); // BEVERF

b

template<class T>
auto ptr<T>::auto ptr(auto ptr<T>& rhs)

{
pointee = rhs. pointee; // #*pointee PR
// AEHE] *this
rhs. pointee = 0; // rhs ANHA
} // AR R

template<class T>
auto ptr<T>& auto ptr<T>::operator=(auto ptr<T>& rhs)
{

if (this == &rhs) [/ IREA NG A
return *this; /] A BASNEA

delete pointee; // ERIAESAT R %

pointee = rhs.pointee; // #*pointee ML

rhs. pointee = 0; // M rhs #iEF] *this

return *this;

}

B R A HRAE RFAE 52 3806 G A B AT DA 2 B SR O 5 o W AN FEAIL,
JERAAT BN RAG KB A M R o 124, BR T auto ptr X%, WA ANAT auto ptr 45
HIpSE

KA auto_ptr MI#5 DAIE BB, XSS AT BUAL# H 2, Bt AE R AL 7
AL auto ptr MHE—AMEAEELR % KA

// XA BRHOE T o T B M A

void printTreeNode (ostream& s, auto ptr<TreeNode> p)

{ s <p; )

int main()



{

auto ptr<TreeNode> ptn(new TreeNode) ;
printTreeNode (cout, ptn); /B IEARAE Ty Ak auto_ptr

1

4 printTreeNode (24 p BeWIUGALRT (AT auto ptr (145 DIAIEBRED, ptn F XS
BT B ALE RIS T po 24 printTreeNode Z5WRBUTIE, p BIF TAERE, &I
FOM e A8 10 R 5 G2 5K ptr 381 XTS5 21 ptr AN FHE AR 5L CE 1 dumb
pointer f& null), FrLAH printTreeNode LAJEATAR[ R EIE & (P4 AE #0047~ A2 R e I
AT 0o RATE VRIS ARSI S 0 P BUAR 3 2 — NI I ) R S 0, A Read i A% (8 7 A%
i auto ptr. XFMEILIRD T,

EAZVARAGEauto ptrffch S5k id, X EWE AR AL (E I 77725 il id const
5 HAL# (Pass—by-reference—to—const) /5 VEEIXFEN:

[/ XA BRELAT R YL

void printTreeNode (ostream& s,

const auto ptr<TreeNode>& p)

{ s <p; )

TERREE, p 22— A5IH, MAR— D%, FreAAS S DS R EwIiG pe 4
ptn #% 4% 33 2| L IX > printTreeNode I, ‘G ibfR & IR Z WA, HH
printTreeNode LG8 W] LA H ptn. PrLlilId const 51 L3 auto ptr o] LUk Gtk
PR . C “gI AR AR “AR(E” IR S Effective CH4&EK 22D

e VUARAE , FER R B PTA BN —A R IGFREHAL IS 2 5 — AN 25, X P JEARIR A R,
T AR AT B8 O3 S 2048 DU R BORBAE 58 VR A5 AN 1) 4 1 75 B O R TR R R AR A R« X 28
BRI A S B0 2T const, (HZ BIHNIX SR BUUKAT » SLbr EAERE DU Fidix e
BRI AE 0 T IR B 240, 2, R auto ptr XTSRS DB MO (B 454 i 20d
JE, MBI auto ptr X4 !

), RN, CH2 Wt R IG R LEARIERE 22, HR KEF T o WS 5 2R DI
T PR BRI B AEFT LA const 40, MR ZHZET const JBYE (S U, Effective
CH45ak 21) sl At 5y sE T AL A6 78 o vERFIIB U : 2945 D1 — AN G sl NGk
WA B IR, S IESOZA S XA REA e B, (H2 TR, M, EXy
LN R HER T .

WERAR I 50X EE auto_ptr B BRERATER, IR0 REA A H CHEM L. 75 291
GO 294 0L B (R UhE), EMIEARMEERE 2], {EFRAE C++E auto_ptr BiRA HHIX
LB 1R B R B8 DR s R ORI AR T o AEARAE CHHZE, IR R B 1l D R A5
B, A IR R BRI (FEARSR I 5 T2 YRR B BRSO AR » 0] LB 3k Ef fective C++
K 25,

RIGFREFFRATT R pR O B 2 XA

template<class T>

SmartPtr<T>:: SmartPtr ()

{

if (*this owns *pointee) {
delete pointee;

}

}

15 BB AN T A TR, B andeE— auto ptr BUEIHE CIRMIIAI S . E S
—ReEE, WS E L —/MEH T 5T (W4 N29) R Iy FRE Wb 25 e HI W &
AR TR ST A S T EUE . 2RI — 2 R 154851 % dumb pointer —#f, 4
CATTHEMIBR IS, X BT HER ST AT 521
® 5P Dereference HRIERF

L FRATIAE B ) R IR EH A% 00 73, operatorsHloperator—> BREL. [ R [H I



R4, #Hig b, XIRM .
template<class T>
T& SmartPtr<{T>::operator*() const
{
perform “smart pointer” processing;
return *pointee;

1

56, IR REU 4 , AT FR 5T BT pointee G2, WA AE ] lazy fetch
(ZIAEHMLT), BREINA pointee BN — X% . —H pointee &7 T, operatork
PR ESU A (R L BT FE R S ) — A5 T H

HERORPEEALE DG WREIT S, RGeS VPR A, H1v] fe B8R AMENE
Ja o WA Z) 7 pointee AHAAHRIN T KBNS, B AT LR T HIURAER .
WRAEIXFIE DL T operator* R EUR A& T RS G A ZIRAEZN G051, IR R 2L
SEFr _EIR PR — MRS PSR (X jE—A slicing (PJED )@, 2L Effective C++
Sk 22 ALK 13.) ERMIMEM R LR EMEE, AatksS (R Brfaxt
Z ISR IR SEBR L e SR 1 R I FREF AN RE S R B S ek 5, ZIXAEIM TR
R IGWEA M. iR Bl—A5 | HIEGets LA H B cE (AFRERE RS, 20
A M19) o BEME SHe I L A 1 5 ROR AR e — Rl .

WRARE—AN AT, T RES AW R —28 AFE null RIG¥EEF_EIAH operator*,
Wt U R I5F5 4 ) dumb pointer J& null. ffRA. FE{EMAT A#ETT. dereference —/N%
FREF I A IR A ), P UABER B A SRR A o A — AN 42 mrLL, flem, A8
W abort B (MJREYE assert FERIIS A D 2 &F 1, WAL, A Ty 9 A3 aeAs 1y
HBE AR H S 256 B4 ? AR AT DL o B SO P AT A A b A, (R 0T S A S
R84 H HIP

operator—>M1E LY operatorsEAH [ [1), (HIEAE/HT operator—> 2 {i, iLFRATSEMIIZ
— FIXA RO B S ARAFE B Lo P51 editTuple B4, HAEH /MR Tuple X[ 4
R I ¥RE

void editTuple (DBPtr<Tuple>& pt)

{

LogEntry<Tuple> entry (*pt) ;
do {
pt—>displayEditDialog() ;
} while (pt—>isValid() == false);
}
A
pt—>displayEditDialog() ;
B i PE AR RE N <

(pt. operator—>())->displayEditDialog() ;

X EE AR operator—> iR [FfT 4, ‘BWAAER P45 FAH ] member—selection
operator (M UEFIFAERT) (=)o DAk operator—>AXBEIRFIPHFI ARV : — AN [l XS L
dumb pointer B —ANRIGFRE. ZHIELLT, FREUR[F—ANEIE dumb pointer. 7EULTE
MR, PRIXFESZIL operator—>

template<class T>

Tx SmartPtr<T>::operator—>() const

{

perform “smart pointer” processing;
return pointee;

}

XAEIEAT B o DA IZ R BOR [P — AN, T3 operator—> i I AU %, 14T W
e IERI .

MFARZ R R UL, IXHUR IR 2 TR R IGHRE il 0. 4029 15 Iy



HEAXEEZ P IRE. (HE W RARER AN T i R I Fa 5, AR ZUANE S 2 1A K
dumb pointer FJZIPRIR FFREH Wi G A BRI ATAA dumb pointer. WIHRARMKEL 02
“Most people stop at the Z-but not me (ZEN¥EZ2MM 1L, HIRARWIXFE) 7, Tk
IR TR PN 25 1E TS AR
o JIRRIGFEEHRE A NULL

HEr A IEFRAT e e AL Be LEBRATTEE . Bl #5 U1, W{H. dereference RIJ¥EET.
A — RN MA R s 2 “RILR I5Fa% 9 NULL”:

SmartPtr<{TreeNode> ptn;

if (ptn = 0) ... // error!

if (ptn) ... // error!
if (!ptn) ... // error!

AN ) R

R ITFEEF R B IMA—A isNull R b pRHOE — R A 2 1, (HDE B g 4 K
NULL I RIG$EEF AT 45 dumb pointer AAHBURIIAI . 53 —Ff )72 2 PR AR B AR Y e Hot
YERE, g Bl . — M i TPl B BSR40 2 voidx -

template<class T>

class SmartPtr {

public:
operator voidi(): /) MR R ISR null,
// zMB0, LR
}s // AE 0,
SmartPtr<{TreeNode> ptn;
it (ptn = 0) ... /) BAEEH
if (ptn) ... // W IEHH
if (Iptn) ... // 1EH

XY iostream R ALK ARIE], iy LART DU 2 55 A5 :

ifstream inputFile (“datafile. dat”);

if (inputFile) ... // R inputFile /&£ 75 B2 1

/] REIHFT TF o

ST R BV R B —FF, e — MR Y00 T AR R 2 5P i A e iR
PRI, AH I R KR S e 8 B D R (AR MB) . Rl & R VF R IidaEE 5 2 AN
[ (1) 2R 0 2 TA) EAT LA :

SmartPtr<Apple> pa;

SmartPtr<Orange> po;

if (pa == po) ... // IXRERE T ) G |

RI{#iZESmartPtr<Apple> 1 SmartPtr<{Orange> [H]¥%F operator= K%, WA HIE,
A Ky R I 9 B b e 4 voi dsFir i, xS T P st FREF SR ot i LR AR ek 4. X bk
TR SRR W AT R AR FE RS o CRE IR — T 45 3RMb, 20 J e 5252 H ) 152, {21 - 24 i
(E)

1E voilds SRR TR, AT LA AR KR 3 const voidk[R)2EH L4,
AT — LRI 3] bool ) 5vk. X EEARLYHR AT T BV & I 0 e i) i) A8

A4 2 ] DR RS B I nul 1 (ETEVRTE,  RIRHEAS R 1 R 1) et
Z TR BEAT LEE (R rT e B B B o X2 AE R TG FREF R E 4K operator!, M HAUY R I+
R —ANI8 5N, operator!iR[A| true:

template<class T>

class SmartPtr {

public:



Bégl operator! () const; // Y HEACH RIFRE E
// ZE, R[F true,
b

PR AT B
SmartPtr<{TreeNode> ptn;
i (ptn) | //

// ptn &EFMH
}
else {

// ptn AJETFH
}
{HEIXFERASIES T -
if (ptn == 0) ... // AR R
if (ptn) ... // WIETRE

AAEIX RGO N RAFAEAN RS 2 (i) AT LA -
SmartPtr<Apple> pa;
SmartPtr<Orange> po;

if (Ipa == !po) ... // BERE YR
SEU RSP AL g 5 . ABRIE, iostream FEFSEILRR T HE4E void*Bast
IR, AT operator! BREL, AibiX puAN R E0E 5 MR AR S A LA F] . (FE C++
FKPEFRUET (UL Effective Ct+ 453K 49 FIA T M35), voidkfa S A 4 C &4k
bool ZEH HIHEH AL, operator bool M EiR[F 5 operator! & HI{H. )
o R IGIREI AR AL dumb FRET
HIARELE— MR R A dumb Fa%F IR PR s N R T da % B, RE945:
A B RS R A A, B DAnT g — 2822 X 2 sk Hos A A R I %
class Tuple { ... }; // TA_k
void normalize (Tuple *pt) ; // fxpt BN
// A R
// J& dumb $5EF
&, WRARAE AR Tuple MR IIREAES M normalize, &I AN
s
DBPtr<Tuple> pt;

normalize (pt) ; // R

XRH A REY g Pk, A AREEDBPtr<Tuple> ¥ miTuplex, FRAT LLIXFEML, ML
EIZREOE H 18T

normalize (&#pt) ; // BB, HATE

AN TR AFAR S 1 PRAX P FH 5 Ko

TERIGFREH B R NTE ) T () dumb FE4EFH B8R, LAk RL E pR 0
s 17

template<class T> // Ak

class DBPtr {

public:

operator T*() { return pointee; }

1
DBPtr<Tuple> pt;



op

normalize (p) /) ENBIEAT
I ELIA B B T U2 6 0 R

if (pt == 0) ... // 1EHf, 8 pt HARRL
// Tuplex

if (pt) ... // TA L

if (pt) ... // [ L (reprise)

SRTT, EAA R R BT A s UL BURIXFE, B M. ESH 6e
WEIRAE Sy B 40 1) dumb $5%F, £ T “FHR%E (pointer—like)” MR ftn) “ R 15”7
R :

void processTuple (DBPtr<Tuple>& pt)

{

Tuple *rawTuplePtr = pt: // 48 DBPtr<Tuple> #EAZXHk
// Tuplex
i raw TuplePtr 1£2¢ tuple;

}

W, RIGIREHRAER) “ RI57 AT R Bt i E 2 Rt 7y, B LA s P Al
dumb $5EH FEIMEVER E R i, iR DBPtr SEIL 14K M29 R gl - ThRg, Ao
VR P i ELRENT dumb $RETBEATERAEIR AT RN “ 5T RITHE0” Bl ghimy, e 80s | -2
o

T RUAFARFE A R IHREF 2] dumb FREF BN HERERT, RIJIREHEARERIE
WA 5 dumb FREF B, R MR IGHREF S dumb FREFIOFESIE “ P SRR, (F
(7] — ) 7] 2t PR 1B A T I o 2t A8 () IR BRAS R ik — IR o B B B AT — AN R R I 1 e 1 1) S —
JCA I R

class TupleAccessors {

public:

TupleAccessors (const Tuple *pt); // pt identifies the
// tuple whose accessors

b // we care about

i, TupleAccessors[i B ZH i bRt ] AVE N M Tuple*x 3| TupleAccessors Y
HABRAERT (S WAHME) . A IE— T TAIEM N TupleAccessorsX) G N AE ELIF R 4L :

TupleAccessors merge (const TupleAccessors& tal,

const TupleAccessors& ta2);

K2k — Tuplexn] A B4 #e o TupleAccessors, FIP dumb Tuplexifi ] merge
B, T DAIE R IEAT:

Tuple *ptl, *pt2;

merge (ptl, pt2); // W, PIANTREM B A
// TupleAccessors objects

W R 5484 DBPtr<Tuple > AT, gmikmiss g

DBPtr<Tuple> ptl, pt2;

merge (ptl, pt2); /) BRIAREIE ptl A
// pt2 ¥HFR TupleAccessors X%

[A 24 MADBPtr<Tuple>#|TupleAccessors [ 4 i L H B X F 7 o SR B4 (— IR
DBPtr<Tuple>#F|Tuple*, —IKMTuplexF|TupleAccessors), Zteas AT IXFN A1
il

FEAE R dumb R I BRI B 3 1) R I Fa 5 R 255 T — M EW A E Mbug. HEXA
IEE

DBPtr<Tuple> pt = new Tuple;



delete pt;

KA NOZ AR G 3, pt ARTRER, B —DRR, IRAREMRR— 0% . KA
A ReRMIBR, XA

RN T o AHIR[RIAR— T 4R MB: G AT B xR R B it ) T B A o 50 FH Rl 2 5
PR M8: T delete <P HMTHIBRELHN operator delete, P HBERREL. %
PR TAEAE delete pt WA IR R BURII A, w3 pt By Tuplek, AR5
Bre. (AKERIRGHE TAM, MIAENGwmEEL T,) KR SRR IIFET .

Wk pt A ETR IS, NSRS MERP R, — IR delete B, 2 IXKTE pt
PIATRE R AR R R IS o 24 pt AP S, e AR, W 304 25 R i 5 SR pt
I AE DR L, AR WA # A TSR pt BN, AT RATIORFE LS 38 23 P OO B 1068
B0 ANV AT B T PTIR B DU A2 B i 7 O DR 2 S 30— AN S A M BRIk, IX A 2 7
AEASRETORHE 5 2R

XA bug WA T, A BREAE R T3 £ 5 T (1) 43 AU & L E A TS S AEAMI ik
JELEAT B A dumb FREFS AT RE AL, AREERT IX R EAS, ARIGH Pt Ee] B sl
IEAEAT R I35 an St s ] T IEEA HH R I 3e4Er, & € 2 new 2 51 H delete,
CLBT 1R WU, fE SR o7 A A AT XA A X W 2

JERZRARTRT e BRAEAE — N N AT S AR S DR JX PR, 5 D 46 AN LR A4 46 3] dumb
FRET BB R T L A E AT
®  RIGIREFM4k AR RIFLR AR R

B IATH —A public 4h7K)ZIREEH, LISk & AR B S5 IR R e

MusicProduct

Cassette

class MusicProduct f{

public:
MusicProduct (const string& title);
virtual void play() const = 0;
virtual void displayTitle() const = 0;

b
class Cassette: public MusicProduct {
public:
Cassette(const string& title);
virtual void play() const;
virtual void displayTitle() const;

b
class CD: public MusicProduct {
public:

CD(const string& title):

virtual void play() const;

virtual void displayTitle() const;

hm
PR, BAT DR, 48 MusicProduct X%, EREwa dh4, Ik
BE:



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):
RKIFBA 2ER VT IR TG, A2 M FRATH R IGFREHHAR dumb $5EF, Sk AAT 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): // EiR!
BEAR R IGHREH X AR, AT A AN Beg PEIX LeAXAS e 2
AN BE BEAT g B 1 R R A BE M SmartPtr<CD> BY SmartPtr<{Cassette> # #t ik
SmartPtr{MusicProduct>. MZuias I ARG, K2 MIRAIEM R R A dmdEds
M 2 X BN S B 2 B 3% SmartPtr<CD> =K  SmartPtr<Cassette> A~ & M
SmartPtr{MusicProduct> kALK 1), XL 7 (M BA AR, BATA T REE R G 1R 4530
— M G GERAFRD SRR R 5.
SEIBIIE, A IMERETFIX PR PR, X R R RO AR O SERRiRAE) R X T
AJ DLEAT Ba U 4 I A R 5 B R AR SR — AN B AR R A AR AR R (S 45D .
W A8 music 2K )2 K W, {E Cassette F1CD (1) R I5 8 £ 28 W & W] LA i A\ operator
SmartPtr<MusicProduct>pR%i:
class SmartPtr<Cassette> {
public:
operator SmartPtr{MusicProduct> ()
{ return SmartPtr<{MusicProduct> (pointee); }

private:
Cassette *pointee;
b
class SmartPtr<CD> {
public:
operator SmartPtr{MusicProduct> ()
{ return SmartPtr<{MusicProduct> (pointee); }

private:

CD *pointee;
b
X EA AR S 55—, RN A HUERE (specialize) SmartPtr 28, i LAARIN
NBE AR R R AT AR T SRR i ko B8 =, R ] RELA SIS IV 2 BI04
DRI A i v (R0 5 m] A, T4 2K 2 R R AR R P A, R0 20 Ay B 4 i (R e b 7 1) s — AN S
A AR ALT o CERARU VR BB SEIRIX MR i, 7122 AN Ok e e 3 42 552 Ty
PRt —ANBE AR BT, I ATE P ARRRIZFEAAT 4 7 BRI 2 B 8 A 1) — I T I P o S
ARG ok ) BN REEE L — U, AR 0] T () R IG5 e 4 hdia ) T 1 MRl AR



MR IFEE, BrAE R E—D iR e )

WERARBE LG PR I VRS 'S A R R AL 4 ik B, X TR IR 2 I TR) o B S e &
Ve, ibREE AR, XA ARSI CIEMED Bb BREEAR Ol w4 A 53 B8R (member
template)), VREEAEHERAZR IGFRE R LWk B, .

template<class T> // BRRE, R T
class SmartPtr { // RIGFREF
public:

SmartPtr (T* realPtr = 0);
T* operator—>() const;
T& operator*() const;

template<class newType> // RERRORK I pR AL
operator SmartPtr<newType> () // T SR RE A e

{

return SmartPtr<newType> (pointee) ;

}

b

AR, X ATAE A A WRBIE TR EW RN R, (T
TN AR BB IO AR, WEAERSE, —LERSGHE— M1 TROIEIRE
SE G, SUEERS EIR A AR BY N AR T o) B IESs AT — MBI T X0 R IGHeE,
BN RIS SR ) T 3R R T RER . gieds i /eRE SmartPtr<T>2R0E
X, BHATEAT BRI, R A . XA 76 LB sA
PRV HAT ) G ds AR o A B R AR N SRR BSOS, I ] LA S0 Ak el T 3
R BRI T — DNIXAEER P TE RIS newType), FrLLEHE newType
A58 % T IR RN S AT o T IS, M P I i S48 A ) ol 71 R B30 R e 157 e G 15«
f&i (dumb) F5%F pointee 2RI “T FIEER” MR TFREH MG AL, DITEVEM . $a%T
pointee sEfi I T KRAK), HUEHALIRHLIES (public B protected) X% HIFRE
SRIEEVEN, DR A A E AT e e i 18, 1T LA R 1n) T B R T 455 Ba Ut 2R 4
B ohiam ‘T R BRI

25— B . iEFAT]IEI 3 CDs. cassettes. music FEmIRI4kR)Z IR PR, T
ISERT O AnIE N X BRI ARE M 5, DAA g Peds AN BEAE TR 7] CD 1 RIS 4R4H A5 4 45
Al music /=i ) R IR :

void displayAndPlay(const SmartPtr<{MusicProduct>& pmp,

int howMany) ;
SmartPtr<Cassette> funMusic (new Cassette("Alapalooza”));
SmartPtr<CD> nightmareMusic (new CD("Disco Hits of the 70s”)):

displayAndPlay (funMusic, 10); // CART A — MR
displayAndPlay (nightmareMusic, 0); // LA — M iR

BT RIGFRENSS, A T B aU I A 40 A 137 (0 J U R BT DA S 3N A gl o] LA
IEAT T . W R, BE AR BT

displayAndPlay (funMusic, 10);

funMusic % % ] 25 7 2 SmartPtr<{Cassette> . PR # displayAndPlay #§ 28 [ & $ 2
SmartPtr{MusicProduct> X} % . ZwPEAM AT B R AUAPERD, T2 TR FunMusi c 4 4 ik
SmartPtr<MusicProduct> X} & 1 J5 ¥« 'E 7F SmartPtriMusicProduct> 2% B F #kH# H
SmartPtr<{Cassette> M SHIN RS H A IE AL (S WAHME), HEBRA KA. RiEEN]
NGB R B, DS = A X R R 4. AT 17ESmartPtr<Cassette> KL T AR,
feinewType4f it FMusicProduct b, AR T Hr ek 4. LML RS, AR X FE AR«

SmartPtr<Cassette>:: operator SmartPtr<MusicProduct> ()

{

return SmartPtr{MusicProduct)> (pointee) ;

}



e gw 12 X AT AR 4 2 s Br b oax B ARt 2 H pointee i D = i M
SmartPtr{MusicProduct> i &%, BT LB IE /R ) B2 e — A Casset texdigdt fa it —
ASmartPtrMusicProduct>Xf % . BLAEFRATTX dumbfig £t 2 7Y 2 [B] () e e LRI AR T
CassettexREME AL 1 45 75 BiMusicProduc t*¥5 4 1M /7 o« Kt SmartPtr<MusicProduct>f4)if
AT USR], FFESmartPtr<Cassette>#] SmartPtr{MusicProduct> [H] {2 AY%E ik
WRERINEAT . KBET, SEILT RIGFREF 2 M R4, AT A4 LK T R LA 2

Ak, A HEIIREA ? ANERIXAM 11T, U IX R v seH TR E fE 4k
AZE R ) AT R R o X B ] U ] TR AT AR TR B R B A 4 . i SRR
dumb FEEE T1#A1 7 —Fh dumb $54 T2+, 1 HAUYIRAERUHAE 14640y T2, /REERES
RS m) T1 R IR EF R AL A $a n) T2 1 R I $EH R,

KR AR B TA LT A AR AT etk . BRI — 828 CasSingle k¥ 7
MusicProduct 282K, HKFE /RN cassette singles. BHGEHREIRE L KRG IXF::

MusicProduct

INAE 25 FEIX BARNS -
template<class T> // TR, AFEAE AR
class SmartPtr { ... }; /] R IRARAEAT ) R AR AR

void displayAndPlay (const SmartPtr<{MusicProduct>& pmp,

int howMany) ;

void displayAndPlay (const SmartPtr<{Cassette>& pc,

int howMany) ;

SmartPtr<CasSingle> dumbMusic (new CasSingle (“Achy Breaky Heart”)):

displayAndPlay (dumbMusic, 1); // R

XM T, displayAndPlay#f B4, — P ERECTH T SmartPtr<Cassette> X% &4,
B R 2 3k SmartPtr<CasSingle> , &A1 #H 2 i FH SmartPtr<Cassette>, A
CasSingle & FH #: MCassette LAk TR IK, M4k & HMusicProduct, 48R1X & dumbg
R TAE . BT R IR AR A Ry, TR 2 5 iR, X CH40
VRS S » T AL e Ve 157 2 R AL 1Y) o (Rl kdi splayAndPlay U8 H HA — SO, A
A M SmartPtr<CasSingle> Z| SmartPtr<Cassette> [f] & #¢ #: # IF AN b 7
SmartPtr<MusicProduct> (KR &L Bl ot .

TH s B G AR R ST R T FREF (PSR T A W AN B . B, SCRERCR AR 1) e 15 4
B, P DL PEARA R R . UG IS0 PTEOW, (HE% A N X &5 24
I 25—, IXPh VA AR R BEANR B T, S g DA 20 51 YR N B R B0 F I I 240
VERC, BasXoRm e s i, AR R 25 e o S A 0 s 7 pR BIOREAR o AT 875 7 5 DART MR
F BRIy, MER SR e T XA AR, FREEAR AT, IX R A
SUARTIWS, X AR E, (AR TR R — A fa R gt

ANEFPEHM T, HE T Yt FRATEIRNIE 12 LR QAR S 0 LRI AT R I 4 )y
I, FATWHTRERS LR IIFREH AT 8 S dumb FREH—FEWE? ZFRAR T 5. AN R, IE W Daniel
Edelson Jrift, RIGFREFMEISR RIS, (HAEIREr . T UF (5122 A8 F R 53 AR A2 S 7R e 4
PRH, FESTAAE T XM R ] casts CGRAEVE ., SR M2 XA — 58k



P72, At CERAE T, 8200 N 55 2B = S, I AR 5 R e EH et R
A T REAH LB A EAS 1
® RIFFREHM const

XFF dumb FREFKUE, const BERTLAEFXTHREN TR M0 40, Ba] LRSS FHREFA L, 5%
BEHATWHE T L (S Effective CH453K 21):

CD goodCD (“"Flood”) ;

const CD *p: // p s&— non—const fREl
//38 0] const CD X%
CD * const p = &good(CD; // p & const ¥RE

// ¥ non—const CD X4:
// RN p A const, &
/] IR A
const CD * const p = &goodCD; // p & const #HEl
// f8I—A~ const CD Xf%
AT AR ELLE R IR HA A R 0EPE . ANEe HAEE— M5 iUCE const, JF
HEEFRE A S RAER, TARRE X T e X % .

const SmartPtr<CD> p = // p B const RIGFRE
&goodCD; // ¥8I non—const CD X%
UG — RN, R, — M8 cosnt CD 1R I FR%E!:
SmartPtr<const CD> p = // p A& non-const RIGFR4ES
&g0odCD; // ¥8In) const CD %%
IAEFATTAT LA ST const Hl non—const AR ANFREF VU RN A R 25
SmartPtr<CD> p; // non—const X%
// non—const fg%t
SmartPtr<const CD> p; // const X%,
// non—const ¥§%t
const SmartPtr<CD> p = &goodCD; // non—const X%

// const 5%t

const SmartPtr<const CD> p = &goodCD; // const X%

// const ¥REf

R P ALRZE, (FH dumb FEHFATHRE® ] non—const 85 WILAML const Fa%, Tk
fIIH e R ) non—cosnt MR FREWILHILIR ) const MR MFREr; WG AT IRE—FF . H1
1

CD *pCD = new CD(”Famous Movie Themes”) ;

const CD * pConstCD = pCD; // 1EW

{RE WURFRATK X R TR AAE R 455 b, s B ARl ?

SmartPtr<CD> pCD = new CD(”Famous Movie Themes”) :

SmartPtr<const CD> pConstCD = pCD; // 1EffaA?

SmartPtr<CD> 5SmartPtr{const CD>Z5EAMNFEIMIEM ., FEomitssh K, Elle=En
AT, BT LABEE B ARG e RS A 1. B H BT LKA E T, EEIA8 K
Mt AL e 2% 1) ME — 7 ¥ 02 R 0 20 B AL R Kl oK 3 SmartPtr<CD> 28 Y (1) %) 5 #% 4 i
SmartPtr<const CD>ZRAL . U1 FEARAH FH (1) 2 P SCRF G AEA, At T LA FH A1 i B b i 42 775
H 3l A AR T EE I B R A e A . (TR T Bt BB ) dumb 454t REREAT R AL e 4k,
RIGFREF A REE AT A e 4, FRWAT IR IR T o 77 const IR B e Al 32 A7 In) o ) i AR
WA XFEI i as, A2 e i 38K i PR A

15 const FIRA LI [): M non-const F| const MHEHIE 24 1), HZEM const
#| non—const WAJEZ 4. 11 HH const Fa%T R F4E, H non—const Fa4TtHaEML, (H
#= M non—const fREFEREMIL E — el (B, WEEIE. [FFE, MM const X4
FREF e P S0 , HFE M) non—const X HFREH LA E], (HJE 4817 non—const X%
TR ET BEME 58— 2845 1] const MR FREF rAGE e U FtE (lin, R4,

XEERNIE A S public ZARIUANSEAL (Effective C++ 453K 350, IRAEMIE—A



IRAEIEN G RIEIERT B, AR [ Z WA I, ARR FE S A AR A AT i R A2 2Rt g
filt, (HZIEREXS IR Ty Hh— Lo Fi G o FATREME A X — RORSEIUR T dadt, wlg vt vl bh
AERENR IR T R IGHREE public IRAZH — X R  const=T AR IHREK:

; Smart
pointer-to-const-T

Smart
pointer-to-non-const<T

template<class T // F8&I const X4
class SmartPtrToConst { [/ RIG¥&%E
[/ RIGFRE
// AR

protected:
union {
const T* constPointee; // ik SmartPtrToConst U]
T* pointee: // ik SmartPtr Vil
b
b
template<class T> // 3810 non—const X%
class SmartPtr: // W RIFRE

public SmartPtrToConst<T> {
e /) AR R

b

{F XM T 775, 48 Mnon—const—TX % (1) R I e #4075 — AN 45 M cons t—T ) dumb$§
Bl FR1A const—THI R I FREN 75 EAL S — A8 W cosnt T dumb$R £l o I 7 (111 5 1 &0 45 )
const=THdumb 55 I AE ISR AL, 245 Inon—cons t—TH dumb$5EH AR IR A S8 BL, SR TTIX A AL
HLR P, ASmartPtrXf S AL & AN dumb$g 4 : — A& M SmartPtrToCons t gk A& K [, —4
SESmartPtr H Wi,

— P fECHE S 2 AR A% v DU L IX A ] 8, 3Kt 2 union, B AECHTRIFEA H . Union
{Eprotected 11, Jr LA AN 2R # W] LA UG Il B0, e AL P AN 4 20 (1) dumb 5 BT 28 A,
SmartPtrToConst<T>X} % Af HconstPointeetg4l, SmartPtr<T>X}%{# fpointeefgEl. KLk
BT AAEA S B A A S [ s BT, AN AFE I FRE (S 0Effective CH453K 10
A=A X R union IS N IR o S8R IR AL BRI AT e AT H AN
EHIE A FRER . X2 FHunioniT B 1K

FIHIX R, FRATTRERE SR AT T ZE AT M etk

SmartPtr<CD> pCD = new CD(”Famous Movie Themes”) ;

SmartPtrToConst<CD> pConstCD = pCD; // 1FEHf
o I

HRRIGFRE VRS R T, AEFRATE XA 8 2 17, A X —AN ) . R

B BRI, AT, R A a0 AR () 2 1R ik = SCRF Al U eR OB I

T EAEAFIE o 90 Gl i FH R T FREF B O HB TR AL T 453 M29 A (1 5 VB AS . 1y L

IEW B Wos 1, R IGFRE AE I AE — LSe35z B O B, 0 Wil s i 43



dumb FREF AR P IER AR 0] const IUFREN IS FE. IR R IGHREFISZIL . HAR
ANYEY 5 BRI A RIS HE (A th B A ] dumb FiEEH (A CAS IR AE.
W YRt AT EBETE Rl A H I R I, RERE AN dumb 54T

IEBFEFERACREROR, M RIGIRE (. RIVIREIDAZIEEH], ANEEA Cr+RE
P R A e I EA A .

7.5 Ttem M29: FIFTI%k

FUHTHECE R — A, B A2 M FEE RN GO = XAME RSB XA
APINH I AR AR ERHE P O SRR . — B0 Gl W] new #73Bic
ok, BRI A XN S, ROV — — I G B — — aex
ARG delete. {HAE, PrABATLBMN DRI GALIE] T 4h—Ax 5 (i anid i 1%
BIRE S HO, PrREE DRI BUEIRNAER . % auto_ptr (ML Ttem M9) IXFE
(R AT A IO FRAT], (AR50 Wl 40 B i AN BE IE AT B AR 1025 o 51 I THECRT LA S B
PREZN S PA AU T, POV S 8)E, R A B D, MR NI Er,
EACHIMSREC. B, 5o BO A SRR R A R

BTABHE BT AR A R WURIRZ N R MR, B XAMEAE 2 2
RTINS o SELF I INZIE BT A BN S RXAME S . R AMAVMES B WAF, T HLaT A
AR P IsAT SR, PR AN S 3 MITT R XM 5 DL

MUERE > B R A T4, XASHARAT — A m A R an =y, /e b2
—NESSEIL S BUA R o ETHIRESIITAN AT, b JRA 15 4E — Sl . — M R SE
HIR T PATRE AT BE AT B 2 2 A RA MR . X)L

class String { // the standard string type may

public: // employ the techniques in this

// Ttem, but that is not required
String(const char #value = ””);

String& operator=(const String& rhs);

private:
char *data;

¥

String a, b, ¢, d, e;

a=b=c=d=e="Hello”;

BHRK, W% aF e HATHFIINME “Hello”. HALMBAIAT String F2 B AL
(K1, AR A SEDLRREAS string MBAT—NXAMENEE U B, String MIREERAE W fE
S I FE

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

——

AR IXA S, FATAT LN, 31X 5 X E K& HAG T

C’——irHﬂn
@—— Hello
@—P Hello
@—b Hello
@—-— Hello
HIUR BRI 7 NHARRH A, FoAT 175 2200 B ook X R
Hello

@E@E®®

KHL, HAE T A “Hello” I35 UL, FrAT HATBLAEIN String MR ILZILCHL.

PR F, SCBUXAS ERGEANATREN, DA JA 5 R ER 2 DR G A [/ — AN
R ETRIXT R a K T “Hello” LIAMRITIAN—AME, ATAREHREEAE “Hello”, K4k
AWM TEE . J3— I, WRAA—DRZAT “Hello” IXAME, I AA743 W]
I, BTG EATIAME T JA 6 Z0U BBX AR LLIRE G 58 Yttt s o

DRAF 3L/ 51 TR — AME R0 G880 H IR 5 SRR AR JRATT AR A 7k 1l o 2508 T — >
g (BIHTHED:



5 =1 Hello

@EOE®

(AL R use count, HEARIHZ —. CHHAIRZE ACKFE, &aH
TR — A LMk A4 3] FRIR o 2 4 o)

o SIS
QI — ST TR String ZEIFANRIAE, (HFEVERE —LL4075, PrLARA TR IS A IX

FE—AN SRR 53 F B R B S . SR, FEFFAR 0T, IATRE] “ TATHFH LTk
APAEIX AT EUE R AR T XA T AN BEAE String X598, BN TFZ R RAS String
fE— AV, AR EEA String M — 51T XA String EA5]HTHL
[l XK ER, FTEAFRATTR G AR AARAE 5 I O BRI IO o FRAT T I AN 2
StringValue, SCIRA & ME— M ALt & F B RATSEBL String 38, FT LAIRAH & iR EALE
String BMFAAXN. H4h, W THET Sting KIFTAE O B HOE UL EE X, RATK
StringValue H1B} struct. FFEANTEMIE: B> struct WIRAERPIFAEX N, fefET
AR AT B 5LV 1) IXAN G548, BB T H e AR AT & Mvi ) CA%R, BT A0,
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

AT A XA IS4 (W RCString) LURIASAEH 751 %, B35
IAZAE I P SOOI ARTE, P RO A H L o A1 5 V0 String
A S AN S TR A, Hae D1 58 A, i LA A 2 FH S IR 42 KA ) jL 43 TR W 2
FLINFE BN 2 P AR A X A0



XL StringValue HSEZHR:
class String {
private:
struct StringValue {
int refCount;
char *data;
StringValue (const char *initValue);

“StringValue () ;

b
String: :StringValue: :StringValue (const char *initValue)

: refCount (1)

data = new char[strlen(initValue) + 1];
strepy(data, initValue) ;

}

String: :StringValue:: StringValue()

{

delete [] data;

}

XEHFAHN Y], G, AL 5T String 38, — W, WAHHEN
IS R ERAEIZ ST (L Ttem E1D; Z, B RIS refCount Y#RAE. iRy, A
(FZhEeXs i String Z54efit. StringValue )T H (P24 — A3 MR — AN il R {E A St
FIEPIN R HBRE K. StringValue 45 T IATXAS, X% T .

FATHIAETT IR AL PE String HIBL IR BRH. #7562 MY 3 R 2L

class String {

public:

String(const char *initValue = 77);

String(const String& rhs);

I
AR R SE IS R T RE TR R . FRATHAE AT char * AR R AIEE T — N80
StringValue X%, JEHRATIEEMIEN string X %48 71X AN B4 StringValue:



String: :String(const char *initValue)
: value (new StringValue (initValue))
{}

AR AR

String s("More Effective C++”);

PE B B SR R IR I -

@ -—@ = More Effective C++

String X BRI MG, 7RG ZIEAICZ LSS, Prel, IXPErH
(AR CH

String sl ("More Effective C++7);

String s2 ("More Effective C++7);

7R (1 K S 1 -

@ --@ &= More Effective C++
@ >® =1 More Effective C++

MR IX A B A S AT RER . il ik String (BY StringValue) X% IR i% CAF7E )
StringValue X5, Jf KA A 83 A GUEEHT AN B o AHGXRE IR S0 A7 2o 0w 25 H bz T2,
TR e AR ) B 255

String 145 VUM AR S8 BiAEum) String %55 4 LI G 3k [ 1
StringValue X%

String: :String(const String& rhs)

: value (rhs. value)

++value—>refCount;
}
RFEIAY
String sl ("More Effective C++”);
String s2 = sl;
P AR IR R H I S A -



D
€

XEEHEF R NS string 258580, AT EYH AN string
THA BN AR BN AE LA N8 DN IR A7 o BIAE, BATT AN 248 DL T — M4 f
BT — G

String ZEIATH R BLRIRE A 2 SO, DR R A 15 00 B B A A7 BT il . 5]
FIVHEEA S 0, Bt/ 2 AT —A String XWHAEAIXAME, XAMEHA T DA%, 2
A4 BT T (2 S HTHBHERE N R BT T 20 1IN, String IRHTH
KA StringValue X§%::

class String {

@ More Effective C++

public:

“String() ;

b

String:: String()

{

if (——value—>refCount == 0) delete value;

}

AT UH B RA U — N . R R BU T delete, HARSH M
FEEE IS AT IS TR AR o IRAEHR AL String MR FAT I BATAHIR A, B a4
SEHLAE SO TG B Nk b S I T EOR S 0 3R LU

I RAERA ) L5V T A SR I K, ARBRRA AN BT R )

XL String RIMEFIBTRY, FRATIUAERE 2 B2 AF -

class String {

public:

String& operator=(const String& rhs);

i

M TR IR AR
sl = s2; // sl and s2 are both String objects

HERNIZE s1 M s2 38 AHIFR StringValue X% . %005 H N %70 TR AL N
g, I+ H, sl JRRIFME StringValue S %5 HvHEN Zk2>, Rl sl AFEHAFIX



MET o« W s B BRIMERME—XT S, XAMEN R 5. 78 C++rh, LA
KAB XA :
String& String::operator=(const String& rhs)

{

if (value == rhs.value) { // do nothing if the values
return *this; // are already the same; this
} // subsumes the usual test of

// this against &rhs (see Item E17)

if (——value—>refCount == 0) { // destroy *this’s value if
delete value; // no one else is using it

}

value = rhs. value; // have *this share rhs’s

++value—>refCount; // value

return *this;

}

o SN
FZE AT 5 T String 28, HR&— M st (LD, eRiFrr st

(BN PR 1l
class String {
public:
const char&
operator[] (int index) const: // for const Strings

char& operator[] (int index) ; // for non—const Strings

I
AR const IRAHISEIARE Sy, PO B& — D HIRAE, String WWRMHEAR
AR
const char& String::operator[] (int index) const
{
return value—>datalindex];
}
CEANPRECRIL T CHoL g SCEMTTRRR G GRAANZU “A7 . AR B35
Ky, XREAFHAESN )
4k const Y operator [JMA & —A 78 AR BMEE T . BRI 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 F 7 A B A S o ] I ERAE, LU S const i) operator [1€
AR 7 RSB, TS A 20 58 AN [ 1 7 Sk S B

HPEAMEEA String WRIMER, BAUVNLPTIEES T 58I EME StringValue
XTI HE String MR I AR A, CHEa PEA A INE S R RAT— MR E 1) operator [ ]
S HEBLIE 25 1), FrLAIRA T g fR sy i “ Py ” HIAE const operator [TH4T 4
e T EEME, (Proxy AT A BIFATIIX 73320425, W Ttem M30.)

h T 24 SEIAE const 1) operator [, FRATTA R AT I String M RAEILFEIX
MNATREBAE L) StringValue X% il F 2, MMM StringValue Xf R —ANF5F
G HRE, D2 RX A StringValue BIG | HTHEUE 103X JLZFRATRI LI

char& String::operator[] (int index)

{

// if we’ re sharing a value with other String objects,
// break off a separate copy of the value for ourselves
if (value—>refCount > 1) {
—value—>refCount; // decrement current value’s
// refCount, because we won t
// be using that value any more
value = // make a copy of the
new StringValue(value—>data) ; // value for ourselves
}
// return a reference to a character inside our
// unshared StringValue object
return value—>datalindex];

}

XA “HIEXNGIE MEE R S ERAERN A IA B ORI BRI
HELAT TIAMZERLI P LT, UHRARERS . RN TEREfNEEA
T DU B B 1k IEANEI I, UETH 4T BRI EriRmd
AN IE U5 — —Lazy JEU — — [kl .

o Jhit. FIHEENEN



KHEBAEOLT,  H 5 VAT LA I GRAE R ANE ST . AT —MEZ AL M RE. &
— RIS

String sl = “Hello”;

char *p = &s1[1];

Bt S b S TR -

@; PG} | Hello

WAL G I — 24154 -
String s2 = sl;
String ¥ VIS B EUETT s2 305 s1 1 StringValue X5, Ft ARG £ F K it -

2 (2) H?Iln

P

I KRR R RRAT AN BRI 45 2R

*p =% // modifies both sl and s2!

String {45 VUi b8 BORAT IMEALINIXFE K i), RO EARIESR [ s1 147 10
StringValue M ZRIFREH AL, JEH, XADFEARR TR ERMAETHANRE T
—/ String [f19E const operator [ 1R IFME RS BL T .

B =R NAXA 8, S NMERISE, BEEEAMAAE . XS 5
T String FRAIZEIE - N 10 WL IR e I RARA 5 5 T o £ String 28, W—F
EHrB s, BRI . B R A BERE IR AR IR A2 5 P40 String 28,
WM NAZI— PR 7o B, AR 17— MR AL A B %0

AN T DA SE AR 2 T e o R Tl 2 0 5 3 W U ) RO A . T
TN, B BB X A WERIRIX AT, SR ARE X7 TR IR AR
TR AT CHRMETCREM), IFHSHEEURIN, MTRRE. “4F 17, JA1SE PR /R
XA o7 IXAE O SEBLE AR (8, AHEAHE T IR B R 7R 2 R

S =AW e ANHESEEL,  AHEDRE R AR MBI TR SR A
EIIAFIEXFER : FERFA StringValue X ZRHIEIN—MRE DUE A 0 al I 1. 2
B OBl L) $hrEITIF, #E9E const [ operator [ H5 & <M. — Hix
BN false, EHRKIERIFARX MRS GFE 10D,



RGN T LR B HE SR
class String {
private:
struct StringValue {
int refCount;
bool shareable; // add this
char *data;
StringValue (const char *initValue):

“StringValue() ;

I

String::StringValue::StringValue (const char *initValue)
refCount (1),
shareable (true) // add this

data = new char[strlen(initValue) + 1];
strcpy (data, initValue);
}
String: :StringValue:: StringValue()
{
delete [] data;
}
WRAT I, FEATERZ A FEBSI AT ARG IR . 998, String WG R
Bt IS B LA P AN ISR o 3K B P8 DAL A 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 A FLe 1R B B S 00 20 LA ARA 1 7 VA A iX AN bR & A const ] operator []
FRAS S MR LG RN false [HBTT
char& String::operator[] (int index)
{
if (value->refCount > 1) {
—value—>refCount;
value = new StringValue (value—>data) ;
}
value—>shareable = false; // add this
return value—>datalindex];
}
WERATH] Ttem M30 H ) proxy ZRAHETS LAX 0 B2 S #RAE,  ARI8 H W] DARRAIR L 2004 A
AR HLE ) StringValue M4 HI%H .

® 5 HER
FIUHTHEA U IE AR 8 2R b, R 2 AN G B AT A R ST U 51 v 4

S AN R UASAS S I TR SRR CAE, R A ST K LA EAL T o XA
WA RS TS S i S Ie AT I TG OC Y, I REAE T S e i 3 e 2K 17
SRARLF . IRSRIZ, A ADIIET S (B8R T 48R 8 w200 AR
H R AN RCObject, AT #7225 HITHERI R AR LN E 4k 7K . RCOb ject
BT SV Re, dnkg A 51 VO R IR T XM AN AR A N
S SRS (25T 0 ). Ba, B s T — A FBUARESXAME N G2
RS, R A AMERE S false RS, ANTE T ILEZRRE RN true [FE
e, DU PR RN S BROAAR vTIE S i B 1, — B AN SRR, T A IR,
W BAT TP A TR T L
RCOb ject (15 L UWTF:
class RCObject {
public:
RCObject () ;
RCOb ject (const RCObject& rhs);
RCObject& operator=(const RCObject& rhs) ;
virtual “RCObject() = 0;
void addReference () ;

void removeReference() ;



void markUnshareable () ;
bool isShareable() const;
bool isShared() const;
private:
int refCount;
bool shareable;
b
RCObjcet A LABEAIE (A AIRAZSSIIESRAL 53 ) AIbrh s AT LA 5 | A L i LA
LRl g I Ferr v n] DLl by AR ik AT DR i St = 7. X
& P At ThRE . 5 T AR SRS, X s e AT N R AT e AR 0 o ¥
EREATRIRR AL, BRI AN R TAERESSAE A (U Ttem E14). [R] I E4 &IX
TR BRBOE AR, e IR W XA R R R 2R AL 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 B 2CH K refCount B4 T 00 XK S ELE -



s, b, MIEXAS RCObject X RIIRZRGIHIE ! A MGG, H ARG e 6 5 5
HiKs refCount ¥k 1T LA T, BT LAFRATEATREIEA TAETEN RCObject PYiff. XA i 2%
(IR A AR

Iy ANTFPRZ b R4 DRI B B K refCount ¥ O, T AN B UL RCOb ject b 42
[¥) refCount MR 33X DK R FRATTIEAEA I B IKI(E G, T AT DG S 2 AR Bl L2 11,
R e G # 5 - H—Ik, WIEE 57378 refCount ¥k IEAAIFI{E .

RCObject MMAMEIZ SA A e A PRkl AT MR . XA ECR KT e
WHIM . RCObject A& 5L 5| FVHECRIL RN SR, A &b N — RS 74—,
7R 2% A2 AT IXAME R SN — ARG 55 b — Ao AEFRATXA Bk, FRATA =
StringValue Xf S —ANRES F3 50—, FAVHEAEIREL R AT String W R K.
fE String ZHIREERIF, StringValue MEEA ZAAE L, FUREM G AT S &%
T.

A, WTRARRG, IR ERAT S K IR AR R R AT REA RCOb ject YRAEHISK, JfAF
ARV VBB EE (A, Ttem M23 F1 Ttem E16). WIHIXFEMIE, RCObject MR
EARAE NAZ A AR FE0G XA IE A FERE e 2 HE A . AT 28 T 2 R AT A B
FVFAE StringValue X IAIRAL X F45 /) StringValue X% svl Al sv2, {EMRE I FE A+,
EAIR G EUE R AR A2

svl = sv2; // how are svl’s and sv2 s reference

// counts affected?

EWEZ 1T, D& — € HM String MERIEM svle XAMELEE I FE B ATHE L
Ag, U svl MMERACR T o IR, — @8 H M String MG Z BT 18 M AT v2,
TEMAE S, FIFEECH B S48 1) sv2e sve 151 TR A S0 . >4 RCOb ject 7EIRE L
FERBAL BN, 45 1) & 0 S E H A 32520, BRI RCOb ject : s operator=AN N iZ 22 5]
V. L SEUR IER) . R ES? nTREIE, (H'E 2 IEHI

RCObject: :removeReference MIARHYAH G 579X R I refCount {H, EAHTIH
refCount {E &3] 0 WM % . JF& il delete this KSZBLH, 1 Ttem M27 hFREM,
KR BAT NI this &—MNENRN A %4, FIRXAKIER, RATLAHHIR RCObject
SRR A HE T o SR — A VA DL Ttem M27, (HERATTX VR F— AR50l 1 U7 1%,
RO AEA K B G T8

N T AEFRBRATEE 5 FTHEEES, A1 StringValue fEE504 J& M RCOb ject 47K
193051 v Re

class String {

private:

struct StringValue: public RCObject {



char *data;
StringValue (const char *initValue):

“StringValue() ;

b

String::StringValue::StringValue (const char *initValue)

{

data = new char[strlen(initValue) + 17;
strepy(data, initValue) ;

}

String: :StringValue:: StringValue ()

{

delete [] data;

}

XANMRA ) StringValue MIFTITH)JLT—FE, ME— SR B StringValue R B
FATHAEHE refCount 7B, RCObject BLEHE T XA TAE.

ANFESEASET i, W R R B EE2R (StringValue) M—ANHE2RIE (String) L
KIWZE (RCObject) ARG B2 —IRE LE2AEE P, HEeaR, iIkERNHE
BRI RMEN, Frel e B b A E SRR SRk K. LUE, RAHISE —O8 % IX
FRAR AR T

o HIIKITI T HLE
RCObject R4y T AT AMEAt 5 | TSy, R34t 78 oy ek g AT T34 51 T3

B, AR HBX LR B B EE L T DI e 2R . ISR T EELE String MFE DI IE pR
FORIR A2 5L Bh i T StringValue ) addReference Fll removeReference %, IXIR %
filte AV XL H BN A BRI, DAE String IXFERISEIIES A H R4
O T AERTAN Y o BRI ? C+ SRR IR F e 2

AEo WA — /NI 2ok A 5 B0 T CAE AR A IR h g ok (HAT—A
JFEAT LU R R 32 o K2y TAERS ik e (FE—383rh, fRAT LIS BRTA 5| 40 i
FACRS, (HIRATIM String BRARHPZ —o A7 A HUA REFIR T2, RAEIRN
0 ERATEN L JF const A operator[]. B E, FRATBZHIN TIX 5K

A~ String MRAE —MEEE StringValue X4

class String {

private:



struct StringValue: public RCObject { ... };

StringValue *value; // value of this String

I
AT A StringValue XTI refCount F-BE, W BT IHEAT —ANE M & 1 F5 %
5 ERAE TR BIFE “ABIFE” O DR SSfa bt E SR 5. i
AR TR E B CARINX LEFH A A B ATXS refCount PR AL AHRAE, A FATH
BT . ANERE, TaEtThREIRSS, WAEMSRERINIFE th S A e AN TTRER . Ik,
AN INFRIE IR EAT: AT AR ERET B R BACEAT, HIRRE 2 MUR 2 TAE T .
IXFERIXS G R IGFRER, R0 CALE Ttem M28 IXFH BI'E I E 2 4177 . SERATX LI &,
SUEANEX S 208 T . RIGIREIRN GSCFRF 0L SE (=) FIRGIH GO XM ERIERT,
R ILIFREN —FF, JEAIN SR — AR UmRAL . IRANBER — MR T IR FFa s a1 —
MET RBEINZ
X)L HE S | H o AR HT ) R P HR BT R -
// template class for smart pointers—to-T objects. T must
// support the RCObject interface, typically by inheriting
// from RCObject
template<class T>
class RCPtr {
public:
RCPtr (T* realPtr = 0);
RCPtr (const RCPtr& rhs);
"RCPtr();

RCPtr& operator=(const RCPtr& rhs) ;

T* operator—>() const: // see Item 28

T& operator*() const; // see Ttem 28
private:

T *pointee; // dumb pointer this

// object is emulating
void init(); // common initialization
I
XA L RIGFRE R AR IE G . W TR EA AdidE . X sedifh R AR,
X Gn] B H S AT IEA B ERAER AL P E A 145 17 (0 B refCount .
filtn, 24—~ RCPtr FJEREI, &R R R LG IS | vl . AR AT SR 0



FLALBIX AN T, KA RCPtr MUMIE R A A AL RS . PIAME3E s 2O LPARIRD, bR T H)
AR LA, T AEWE, FATEERAN—"40 init IFAE UL R At =%
WHI:
template<class T>
RCPtr<T>: :RCPtr (T* realPtr): pointee (realPtr)
{
init(;
}
template<class T>
RCPtr<T>::RCPtr (const RCPtr& rhs): pointee (rhs. pointee)
{
init(Q);
}
template<class T>
void RCPtr<T>::init()
{

if (pointee == 0) { // if the dumb pointer is
return; // null, so is the smart one
}
if (pointee—>isShareable() == false) { // if the value
pointee = new T (*pointee) : // isn’ t shareable,
} // copy it
pointee—>addReference () ; // note that there is now a
} // new reference to the value

FE AR TR AR S AT G ind € SXFE 0 — AT bR HOR AR A 35007 1, (1 e IR VR 0Ok
PURTELRAL, XA BRBURAT A E A

A RUEIX AN Y init FREEAIEE value I—/NETHE DI (DR CARAE RIS DAL T AN AT 3t
IRAD, AT I AA

pointee = new T (*pointee);

pointee RIS T (FR4E, FT LUX—IBAJREE T — N0 T X%, JFF#5 Dk
PRECIAT T I, BT RCPtr J&7F String JSNHE, T H4/2 String::StringValue, fTLA I
TR PE FUH I String: :StringValue 45 DURYIE pR £ o FRAT AT A 3X A28 B W] 48 DU IE Ry
K TR CEAR R A AT B A o XA S B8 DRI R GRS CH [ B A il D i
PRACIR R, R $EDLT StringValue E#E pointer, MBAT#5 UUIT4RIA K char *FFF .



AERAT AR LPARATIE CIASGZ IV #RKAE, X2 AT AR BAZ TR A
A G FRE IR PL A DR s CRIRMEIZ S 245 (W Ttem E1D1).
RCPtr<T>BAR M IEHAT AT T & IEAA I HE DT 0 CIniss U 1845 DR i o
o FATLAE StringValue NI AE IR — AN it 2R 5
class String {
private:
struct StringValue: public RCObject {

StringValue(const StringValue& rhs);

b

String::StringValue: :StringValue (const StringValue& rhs)

{

data = new char[strlen(rhs. data) + 17;
strepy(data, rhs. data);

}

TR¥E LA 3 bR B AT AE AN A2 RCPr T HME—BUBE . "EIAZER T I RCObject 4k7K, %
Z/DPEHE T RCObject MIFTFEMLIBREL. F5E BT RCPtr X5 HUE s 745 5| H 114k
XY, EAMEEIHAL 3 A, XRS5 N SR

RCPtr<T>{Id Ji — MEBOZ B IR M KRR, To IXALF 2 WAR . 38, pointee
(RPN T {H pointee AIRESERS BARIA T (—MNIRAEZR. @ltn, R EATH —A
2% SpecialStringValue &M String: :StringValue 4k H):

class String {

private:
struct StringValue: public RCObject { ... };
struct SpecialStringValue: public StringValue { ... };

I
AT LA AN String, f25 1) RCPtr<StringValue>$g A4 SpecialStringValue
X5 X, FAAHE init XA
pointee = new T (*pointee); // T is StringValue, but
// pointee really points to

// a SpecialStringValue



W /& SpecialStringValue ¥4 VURIE BAEL, AN IE StringValue H1H5 Ui B2
TATIAT LA AG FH il 2 UM PR (L Ttem M25) SRSZPLIX— . XFFIRAIM String 2%,
FATAEHE M StringValue JRZE TS, FrPATRATZME XA 0] #

FHIxFH 7 RSZEL T RCPtr (KRS B EUS

R E R IR R . I8 SAR ]

T, ARl BRI S Al S SRaS R BRI A2 T o SR 0s, [RIREI )
ZAEBAN VA ME KBS 1) init RECHACEL T o AT BLIEHR I AT S AT 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

BRI R BUR A S o 29— RCPtr HEMT RIS, & FUR TR Sl e 51 AT B 2 19 51

.
template<class T>

RCPtr<T>:: "RCPtr ()
{

if (pointee)pointee—>removeReference () ;

}

WHRIXAS RCPtr s fa — Mol HEMXN S, XX ZKESAE RCObject (1K I BRI 2L
removeReference M. [RIIL, RCPtr X505 IOl B e AT T8 1) AL R ) 51
)5, RCPtr FRARHUTRET RS2 /R AE Ttem M28 HR A 2 1) R IGFET 13 47«

template<class T»

T* RCPtr<T>::operator—>() const { return pointee; }

template<class T»

T& RCPtr<T>::operator*() const { return *pointee; }



° &
i 11588 Ve BATR A0 e it M3t — ANl FAT A RCObject AT RCPtr

FAr oI FIvH 80 String Ko 80V, ARIEEA B FATHIEA H Az
AN G TR Sting XS4 SN IXCHT: (1) K0 454 -

RCObject
class

public
inheritance

pointer o i‘;;?:: e pointer )

I E X
template<class T> // template class for smart
class RCPtr { // pointers—to-T objects; T
public: // must inherit from RCObject

RCPtr (T* realPtr = 0)

RCPtr (const RCPtr& rhs);

"RCPtr () ;

RCPtr& operator=(const RCPtr& rhs);

T* operator—>() const;

T& operator*() const;
private:

T *pointee;

void init();
b
class RCObject { // base class for reference-
public: // counted objects

void addReference() ;
void removeReference() ;

void markUnshareable() ;



bool isShareable() const;
bool isShared() const;
protected:
RCObject () ;
RCObject (const RCObject& rhs);
RCObject& operator=(const RCObject& rhs);
virtual "RCObject() = 0;
private:
int refCount;
bool shareable;
b
class String { // class to be used by
public: // application developers
String(const char *value = 77);
const char& operator[] (int index) const;
char& operator[] (int index) ;
private:
// class representing string values
struct StringValue: public RCObject {
char *data;
StringValue (const char *initValue)
StringValue (const StringValue& rhs):
void init (const char *initValue);
“StringValue () ;
I
RCPtr<{StringValue> value;
b
7 KA AL T T T 5 AR O RET, AT Am R LAk AFdik R, AT
String::StringValue "IN T > init sAL, H, WIFAT FIHEHEE 2100, €1 H AR RCPtr
HRIARTED: T R AL 3 e R i A AR
KHEAT AT REAE: XA String FEMAATH LRSI A AL FATE F R FRAS A
[ o #5 VUKt pR BOAE IR L 2 IRELE SAER L 2 B Ay e /e MR L 2 3 ) LW 0 A )
by b, Wi 8 TAEREF . WRIREE A4, HEEY: C+ 7T (prepare

yourself for a C++ epiphany).



PATA PG EOM L B 71 #5, String XWBNFE VIR, JFH, XA UK
TR AL B 5 7 5 T PRI 5 L% StringValue 3%, {H String BATHEE Rk —1T4¢
Mkl e kA A BEds R String H3IAE RIS VUL IE B 20K B 3l HH RCPtr J8 5 1)
Vo VUM s 25, T I AN 5 DU 3 o 45058 O 2RI R StringValue S IHEAE, (GBI
SIUH T E . RCPtr & AN RIGIRE, Pl e se it LAE . & R BAE R BT 49,
PA String SERFEATE ES HIX LR 5. AT BT H K2R A n] 3 5 1 RS AT
ITACE K String KPR E|— N HIs T RE IR b DLMT AL B A H] . BIAE, FkAlD
S8 T X i (I RCObject 1 RCPtr PANE), JT LA & SARIF IR AR I 50 ar o e ARk
N RE TAE M .

FEPT LR PUTAAE 2, X L7 RCObject MISEHR:

RCOb ject: :RCObject ()

: refCount (0), shareable(true) {}

RCOb ject: :RCObject (const RCObject&)

. refCount (0), shareable(true) {}

RCOb ject& 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; }

IXSE RCPtr [ S .

template<class T>

void RCPtr<T>::init ()

{

if (pointee == 0) return;
if (pointee—>isShareable() == false) {

pointee = new T (*pointee);



pointee—>addReference () ;
}
template<class T>
RCPtr<T>::RCPtr (T* realPtr)
: pointee (realPtr)
{ initQ; }
template<class T>
RCPtr<T>: :RCPtr (const RCPtr& rhs)
: pointee (rhs. pointee)
{ init(O; }
template<class T»
RCPtr<T>:: RCPtr ()
{ if (pointee)pointee—>removeReference(); }
template<class T»
RCPtr<T>& RCPtr<T>::operator=(const RCPtr& rhs)
{
if (pointee != rhs.pointee) {
if (pointee) pointee—>removeReference();
pointee = rhs. pointee;
init(;
}
return *this;
}
template<class T>
Ts RCPtr<T>::operator—>() const { return pointee; }
template<class T>
T& RCPtr<T>::operator*() const { return *pointee; }
X String: :StringValue [ISZHL:
void String::StringValue::init(const char *initValue)
{
data = new char[strlen(initValue) + 1];
strcpy (data, initValue)

}

String: :StringValue: :StringValue (const char *initValue)



{ init(initValue): }
String: :StringValue::StringValue (const StringValue& rhs)
{ init (rhs. data); }
String: :StringValue:: StringValue()
{ delete [] data; }
), V1453 String, ERISEHLE:
String: :String(const char *initValue)
: value (new StringValue (initValue)) {}
const char& String::operator[] (int index) const
{ return value—>datalindex]; }
char& String::operator[] (int index)
{

if (value—>isShared()) {

value = new StringValue (value—>data);
}
value—>markUnshareable () ;

return value—>datalindex];

}

IR RR E M BATT RSB RRA A LU, IR 2 I RT de SR—, AR
PEATIRZ (ool o DAOA RCPtr S 1 KB ARTAE String A ER5ERIAL BE S | TH B4 7
B, RN KA LR AR RIGIRET O e T N e Sibr b, ME— (AR A
operator[J B, FAIHMH] isShared p#fU T HEALE refCount M, I RITIRE
RCPtr XS ZIH KR 15 I #5 DUN T T4k 5 | V-l i AR .

R R AR . WERE SRl AURD 2 EBE SO BRID I B 7 AR, IX A AT
String AL AP IR & R SE BT, XA R IR DGR R A AT
EEUFN B AE, XA G I R . String MR B SR Y BTN T 51
FATEEIN T ARICHA String MM AT ICZRIRES, BATR TV BIhREB A —A 82K,
P18 T Rtk ok A B 5 -ITHEL BRI ATAUEEA T B 2 R, FfiTek
A2 String REUE X, PrUH i B g BB, (HARATAE B CARY AR s ) T
STEARRY . VRER] T2 BRSO MR AR Y.

o TEILMFR EXINGI M
BIPLAE N 1E, BATHTIHE AR B AT RENE VT R A7 SRR RS o (H W R FRA T LE —A

RS HR T TSGR SSRGS I TH B A AbWe 2 ANPTRELEE AT I RCOb ject Zk7KH],
PrelBAGERT AT M R P dEE RCPtr. FATHE AL ?



AR B RATR BT RN NIIES, BATE AT LS VO BT 28 |-

HEH B RCObject Gk, FA BTG BRI A AR ERXFMESL T,
HATFT R In—A~2 ROWidget LA FAEH, 17007 0315 #5 A String/StringValue (¥4
T—FE, RCWidget M String A, Widget H StringValue AH[Fl. B A EIXREH:

RCObject
class

public
inheritance

CountHolder
object

pointer

A TIAE T AN IR AR 55 s DHEERUREE o (0 28 0 43 ) AT m T L@ e 39— A e i)
JEUOKR . AT A1 CountHolder DAALEESIF 4L, & M RCObject 4k . ]
il: CountHolder 3% —MaEHR ) Widget o SR )5 FH A4 i R 545%H RCIPter BAREAR RCPtr
Bt , & 5NiE CountHolder ZRIMIAAAE. (AT “1” FoRM#L “indirect”.) BHUEIE

A

RCObject
class

pub lic
inheritance

RCWidget
object

RCIPtr
object

& StringValue —#%, CountHolder XIS, & RCWidget MR Y. SEfn L,
‘Bl RCIPtr MSEIRANTY, PrCleikE/X AN, RCIPtr [FSEILAN T -

CountHolder

object pointer

poiiter

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 s*pointee;
b
CountHolder *counter;
void init();
void makeCopy () ;
b
template<class T»
void RCIPtr<T>::init ()
{

if (counter—>isShareable() == false) {

T *oldValue = counter—>pointee;
counter = new CountHolder;
counter—>pointee = new T (koldValue);

}

counter—>addReference () ;

}

template<class T»
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>
void RCIPtr<T>::makeCopy ()
{
if (counter—>isShared()) {
T *oldValue = counter—>pointee;
counter—>removeReference () ;
counter = new CountHolder;
counter—>pointee = new T (kxoldValue);

counter—>addReference () ;

}

template<class T>

const T* RCIPtr<T>::operator—>() const
{ return counter—>pointee; }

template<class T>

// implement the copy
// part of copy—on-
// write (COW)

// const access;

// no COW needed

// non-const



T* RCIPtr<T>::operator—> () // access; COW

{ makeCopy () ; return counter—>pointee; } // needed
template<class T> // const access;
const T& RCIPtr<T>::operator*() const // no COW needed

{ return *(counter—>pointee); }
template<class T> // non—const
T& RCIPtr<T>::operator*() // access; do the
{ makeCopy () ; return *(counter—>pointee); } // COW thing
RCIPtr 5 RCPtr HPALANIH . 25—, RCPtr WS HHEARMMEAS, 1fi RCIptr % 4t
18] ¥ CountHolder X438 MIEN %, %, RCIPtr E# T operator—>Fl operators,
YA TR BN B RIAE const BIERAERS,  E R DL A ST .
A7 RCIPtr, 1RAZ S RCWidget, P24 RCWidget FRIEEAS R HCHS 2K M HI AL s 45
RCTPtr LA#RAE Widget X 5. 2811, iR Widget X AEH:
class Widget {
public:
Widget (int size);
Widget (const Widget& rhs);
“Widget () ;
Widget& operator=(const Widget& rhs):
void doThis();
int showThat () const;
b
A RCWidget K sg XM IXFE:
class RCWidget {
public:
RCWidget (int size): value(new Widget(size)) {}
void doThis() { value—>doThis(); }
int showThat() const { return value->showThat(); }
private:
RCIPtr<Widget> value;
I
1 RCWidget (AL R BUE B4 BB AR A S HOR A Widget BIRIE A Gl
new FEVERT, W ITtem M8); RCWidget ffJ doThis /EAIF] Widget ffJ doThis BR%ELfI; LK
RCWidget [f) showThat /&4 [F] Widget [1) showThat KR [FIE K. [RIFEEEV 2 RCWidget ¥



A7 H P DU I e EOFR A R e B, AT R 2. Ul String 2R—FF, EATREX
HepR . ST RCIPtr BIAT A, RCWidget FRIERIANRASKS 58 B E A (1 i o

WA Ky A2 RCWidget HAT MARMUBR, ‘&M% AT, AR AHES /N
FERF B2 0 Widget IXFERIZRIMTHH RCWidget IXFEMIZE. WIRARE T —ANXFEMIFLRE, ik
FANIE .

o it

iEFRATTM Widget. String. fH. RIGFREFFIGIHUMEER TG — T SAHLE R
— N, RS N A O EORMEREER, FRATT DA S b BN B R
[, A AT 4 A 5 T T 4?

SEILG VA 2 BT A o RSB SRIE —AN STV, O e
FEULIERP G AR A SR AE S IV R IE TR 2 N AE, T3RA AL B AT 75 2240
T2 ARG, SeAh, s SRR, g T BRI R0 5 A B LEAN A IR e ¥
AL EY String KRR T A C, MRMNBER String FUUREAT =AM 4DHK
(StringValue. RCObject F1 RCPtr) SIGVAMIH . A%, FRATXA B LA tH i CRAEAE
P I TR ST i R Al T ERER AR F5 2, S T 5 1 S5 AR R S i vy
FAME. H, XPOANRBIE R gk SCRIE . Mglded, AR 2 fE 21T
fE. B2 BN BB E X s

S FVHEOR LT3 G S A R A R S B S (S, TtemM18) . W LAk %
ANFEALIITE, 51 HTHECR LU 1 B SE 2 (8 AR BT S8 2 (AR . 53— T, iR
PRI Gt S A7 EARAH RME A3, 25 | TV H0Ks ] B 15 2 s TRDR 245 ] o L2 AR BT v Y
FAROR, RIS R B H R Z, 548 1 A G R S AME AR RO
PREMWEEZ . Bz, JHTHEE TP F 4 s 8o R H .

DB AR R B IR G52 o SR 10 o 3 a8 P Ot 5 A R DA v R A
X/ MAE R LR Sy, O A 5 L T

PG IE B ANA ERAA R b, B AT KRN A IR, WA 2
A G F S, 51 AR A T R AT AR 75

HAA AN INEARM N LA R T2, XA T EA R SE I B % (W Ttem
M16) o XTIV profiler B THA M. MM, IR EURILZ 50 4
FE S AT A RS, JF R /BRI AT 90T 1A T X8, R4
REAT 2 A5 AT IV 250 145 380 (0 4 A Je Ll a5

R b A 2 1, A ST E R AT R R ANl i) . A7 SR8 A (AT )
BD K 3B T ARG o IXFE R E s 450 m] B T BIAL I H 5 THIX S, e #o
MNAEF, TSRV AN 25 B 21 22 o TR I AN TG FH 1 G54 T B B A0 S48 ) 485 4 v ) &2
ARG o T AR R 3R AT A A 2 A8 AR ) ) AR R A XA ) 5 4 T 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, TG HIVHEOE A X AL ARTEC R 87 55 o AR FERE 53R XA R R A 5 T o
.

LRI EG — 4SS . 24 RCObject: :removeReference #/b X% 151 vt
Bl ERETEZET N 0. RS2, removeReference it A delete this #5844,
AR AR Gl W H] new AR A2 4, P DARRATIFE 22507 LA £ RCOb ject
HAEH IRk A

oAk, FRATTH BTk, RCObject HEBe vl A FAERE 51 VHE I 0T G L A
F, IR AR X B N % R IS HRER RCPtr 51 . BeAh, (X5 1% H g & LS ()
GRIAIA; TATA BB T 1 A o FERRAT TR, EX SR StringValue,
FAE e Y String IR PR HILAEH o A String W LLAIEE StringValue X%,
T LA String JEIVE N PR IZ LE B S EE I new BAE B o

T, AT RCOb ject HAerEME BBV IR TR & — A L IX N ER IR, JF
IR AT IX B R RCObject X5, HI P ANTTRETL A (Bif Rty FH—FA S iy
AU RCObject X 5. FATTBRSG] T GU 4 5 FIvHEOS SR, 4318 X AR I
VO ZT RS B it 2% P A 0 A ) T 5 1 B A 4
® 710

WA CHHSATEER I string 288 (L Ttem E49 Al Item M35) [AlIH#H] T )i 2 Ay
7230 MAE const [ operator [T R A1 5 ELEI N — R A BEIE S0X A string (KRR ELH
W I #GR A R . fEbZ J5, AXA SN (R A7), Has RRE . IXFE
HLUE SVFT s string W bR EAE AT BEAE L string (MRREUN B BN true.

7.6 Ttem M30: ALTEK

HARVRRIR ISR K ] R A AT [ — M A, (g M T o, W AR . ]
R, CHIBBEATNREIXAF, F, e A e fe LU -2l % . 78
FORTRAN. BASIC 42 & COBOL H, RAJLAGI 4k, =44 n 4E404] (0K, FORTRAN HEEf!
% T S, R TRESRBEN) . (HAE Crrpig? SR IR, i Hoth SR SRR R
AR

G CRERPRINR

int data[10][20]; // 2D array: 10 by 20

A [F) P 95 4 G A P AR S VR A (0 /N, A2 AN T BATR

void processinput (int diml, int dim2)

{



int datal[diml] [dim2]; // error! array dimensions
// must be known during
}
T, FEHEII R A AN
int *data =

new int[diml][dim2]; // error!

87t ¢
ZYEAAAE CH AP (AT TR BERUFLE T8 S AR, BT AR B DB SRS A R R 2

(Ko W IRER CHAR IR E % TN ORSEBLIRAIBTR Z 0 CHik 5 PB4t
IRV DAL, BRATTR] RARE SC— S SRARAROR S B — 4454«

template<class T>

class Array2D {

public:

Array2D(int diml, int dim2);

b
WAE, FRATA] LU CIRATPT il R 8 T -
Array2D<int> data(10, 20); // fine
Array2D<float> *data =

new Array2D<float> (10, 20): // fine
void processInput(int diml, int dim2)
{

Array2D<int> data(diml, dim2): // fine

}

SR, fH XYY array M EIFABEIET 2. i3 CF1 CH+rp ik I, AT IV X Re%
I [k 51 4 -

cout << datal[3][6];

{HIRATAE Array2D 2 NAZ AL BT R FR R DA 34 TR] LLX A7

FA 1A b8l AT g A2 W] —> operator [1 []eai L

template<class T>

class Array2D {

public:

// declarations that won’ t compile



T& operator[][] (int indexl, int index2);

const T& operator[][](int indexl, int index2) const;

¥
SR, FAVRPU X Mhsly, BV operator [T TTRXMZRPY, 45 AR ) S
FEARBEL e . (Irf AT AR AE AT UL Ttem M7.) FAT 143 Sy h it
WARARRER DA P RIEEL, IR RES IV EE S O KRR G184 . X4l R
H 4K operator () :
template<class T>
class Array2D {
public:
// declarations that will compile
T& operator () (int indexl, int index2);

const T& operator() (int indexl, int index2) const;

I

P TR a8 £ -

cout << data(3, 6);

AR G S, TR S ) ST 2 YER A . B mU2 RN Array2D X GE kKR
WA — A G Sebr b, BTRVI R JCER (3, 6) MR /EE ERAH R £ .

WHRRAE LAk Vs 1) S04 T A B KR G2 . FORTRAN SR8 BRI 1K, 450K 1iF vk 2> B4 [
ke HAREA operator [T, {HE Y HIZFERIACAS L AVE R :

int data[10][20];

cout << datal[3][6]; // fine

YT A

Y, ABH data AREIEM YRR, ERk—A 10 TERN—4EHA . P —oc
2R 20 TEEMBA, FrhEIAR data[3] (6] 5205 b2 (data[3]) [6], His data
MU TR 7 Mo, Mmse, H—ARERE N, B
WX AR BT 2 1 s BN Ie 5

AR Ll 8 Array2D 21 operator [ RETFIFERHERK . Array2D [ operator (]
R —ANE 2K ArraylD K% 3 Arrayl1D i) operator [JRIR [N Frits 22 1) — 4E %4 h
IICER:

template<class T>



class Array2D {
public:
class ArraylD {
public:
T& operator[] (int index);

const T& operator[] (int index) const;

b
ArraylD operator[] (int index) ;

const ArraylD operator[] (int index) const;

1
AE, eHiET
Array2D<float> data(10, 20):

cout << datal3][6]; // fine

X, data[3]3& M —A> Arrayld X%, XX M operator [J#AER ] — 4420
(3, 6) A B LIV A

Array2D FJH P IFANTT BEAIE Array 1D ZEMAEFE. XA G “— 4804 ” MRS
kAR, IR Array2D JEHFH P TTAEAE Ko FEH P G RE Ik S A A e 4 3 IE i — 4 %%
Hl—FFo 0T Array2D M H P XFHIOR B B X D T CHIMRETTR, XEX5
WIRAETETE B T H P TR 2 7 — A 4R — A e 4.

A Array 1D M RPYE ) — A YEEA, MRS A B AT Array2D (5%
Jr i I o BT BN R ZOE R O RS . AR L, ArraylD st —AMRBEE.
B S () — NENE S BRI — 4. CRIERBEXTS (proxy object) FIfY
P (proxy classs) MEAGEIRIEM; XFERDN AT U surrogate.)

® X7t operator[|[3HAT I 2R MEIE 2 T HAE
Ao FHACEE >R ST 2 4 B A 2 ARG FH B 1 07 v, (RARER SR @ A 1R IX 28 . 4, Ttem

M5 R TARERSE T LS RE R BH LE 52 5 R o 5l 8 FH D S B e ek . AEAR B
(25 i, B AT A2 B X 23 T3 operator [REAT IR & e 4100 1L 5 A

B8 — Al 5O SRR operator [T string JM . XFEAISEIIAT LT Ttem
M29. W SRARIEA T A5 | HCECTS f5 IOME R, T84 IAE A 2 3R Trem M29 11 Py 294 2 1if
TR

SCHF operator [1(¥) string 287, A VFH 728 FIXAE AR



String sl, s2;

cout <<

s2[5] ="~

s1[3] =

s1[5];
X

s2[8];

// a string—like class; the
// use of proxies keeps this
// class from conforming to
// the standard string

// interface

// read sl

// write s2

// write sl, read s2

TERE, operator [J Al LAEPN MR RIKNGOL R 3D PREE — D74

AEEAE TR OXNAWRE TS, AEBERESTN AL, HHE
HMBEIR 2 F AL T8, B — DR EWE BT RERESL MehEH R
U ENEE N2 T

BATRAX 3K operator [JHIEZAGILRAE, D, XA ST EUR Bm iy, o
BAE AR T LI N TSR E A . W0 Ttem M29 ERRIV, SIATHEI RIS S
BN B AR P DL, AT 2, A R [ — M. ASERJE, £ operator[]W

i, BAT IR 2RI, ANTREX 20 e e (I 2 A

“fm, Asts v
= ST ST

B

PRUIE, “BATATEE. TATAT AT const JETEHEK operator[], X

FERURT AR P BEIE S T 7 A il i, AR IATTIE A g e )«

class String {

public:
const char& operator[] (int index) const; // for reads
char& operator[] (int index) ; // for writes

} .

MR, IXANBET A G A AR TR 53 eR BRI SR 1K) const J R RIE 6 1 18 57 bR 01

const f3E const WA, AL G FIAEE. [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, F3 operator [JAEX /L &S .

75 TtemM29 th, FRATE A TIXFIARL N IR, FRRSE B ITH 1K) operator []
TR G EE . XK, BOIASXAESBEH. WVFARTTREE operator [141#IX 4 A
HIESEATEERAE, AAFATTRAX e o FRBATE 234 Foiik. Wik R H i
A REME TR, AR AR AT A AR ?

BV EFE T XA WIFA AT RELE operator [ N HBIX 43 ZE(HIE & A ERAE, H
FRATTAT AR B DX T0F A SR VRS A, i SR BATTHE A T S0 2 5 1A T A AR B B AT S i
operator [J1¥1 45 B 78 A A0 FH 2 5 IR0 o BATTIT T B2 (0 A2 A7 — AN 0oRs 152 805 1) 4 4R 2
operator [JIR[H[Z J5. (X2 lazy JgJU (U Ttem MI7) ()—AMfl+ )

proxy ] LIEFARBITATITR AL, U BATHT LMEE operator [1ik ek [H]
—A (RELFEFFID proxy MRIMAL TRFAL . A 10 LASFHFIXA proxy EAHALH .
R, AT LAKE operator [T B, Wik eSS, ALK operator(]
(R AL B A 5

AT FoRBE AR, (A e Z IR A ML 1 proxy 2o 1 proxy 28 b B —fF 5.

o G, haRIRE EIEIA T

® CEEE NI EREN F AR, XA LR AT LUK E B A AR S I i A L

RFER AL, proxy ZEHs 02 218 .

o B ARATE . XN, ACHEINE AT .

R AN SV string FEIME proxy JRELIX 73 operator [T /e AF e i 2 4
(B 481

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 TGN CharProxy 28 (FATKAE N UHE) FF, XA String 85 Ttem M29 i)
I AL, ME— AR Z AL g2 A ¥ operator []REIRAEIR[HI¥) 2 CharProxy X4
SR, String FEHIM T AT LLZMEIX —5i, I 294 operator [1iR[BI AR LI H B ) 7175
(E LG, W Ttem ML) KgmfE:

String sl, s2; // reference—counted strings

// using proxies

cout << s1[5]; // still legal, still works
s2[5] = "x; // also legal, also works
s1[3] = s2[8]: // of course it’s legal,

// of course it works

AEBAZERTAE, e AT,

B XSKER]:

cout << sl1[5];

ik s1IBTIRIFIIJE — CharProxy X 5o A A IXFE N S 0E K s, B PAZ
PR S5 i T — AR S B 4 LUAT AT operator << HH L (M Ttem M5). ‘&AIT4KE]
—/>: {E CahrProxy 8N &S HIW] T — M3 char BU#4E. T2 B30 TN i
Y5, SR CharProxy Sy I FATHAT VTt 13X CharProxy # char HJ¥E4E
A AR GAE A B AL I R A B AT O

VEZAE IS AL B A —FFE T . 155

s2[5] ="x";

FIHTTH —FF, RIEZ s2[5] IR M) 32—/ CharProxy Xf 4, (HIX K 'E &AL ERAE I H AR
H1 T ) H B8 2 CharProxy 28, JrEAIH I JE CharProxy 2R IRE#RAE . X R RH L,
I LE CharProxy HYMRAE#RAE H, FATRTE B ) CharProxy %G ek A Bl HI . AL,



FAVHNTE proxy G ) FRFRAE AR, D TRAT — LE 0 B3R AE USSR A5 1K Ao
BAE
A3, Eh)
s1[3] = s2[81;
WHAER TP CharProxy X R MM #AE, FEHERAE WSS, BATRTE 27—
VEZeAl, Hi—MELE.
CUEF, TF, RV RIGE, “PRGIRE . 0K, XA String f opertator []BREIACHD
const String::CharProxy String::operator[](int index) const
{
return CharProxy(const cast<{String&> (*this), index);
}
String: :CharProxy String::operator[] (int index)
{
return CharProxy (*this, index) ;
}
BEAS BB B MR [B]—A> proxy X GRAE AT o MRASBAT WA TRV EATAT 4 2
AV B HEIR ) B 3 FeA 1 03 2 B AR 2 A
¥ &, operator[] f) const AR A iR 0] — A4~ const [ proxy Xt % . K A
CharProxy: :operator=;&/F const [ B 51 bR, KAL) proxy X R ANBEVEME 1) H ARAEH] .
PG, ANE M operator [TH] const fRAIR M proxy X%, i &Iy A # A RE
VEAEAEAT ] o ARTTAEM, & R A2 ATTAREE ) const JRASH) operator [1HI4T 4
[FIFESLEEAE const [ operator [JIR[AIMEIHE CharProxy Xf%mt, Xf*this fHIH]
const_cast (M Ttem M2), X{FfF'EiL T CharProxy ZRAIME AR T2, & RIMIE B
B —F const 1 String J8. FMEHIEH ZWAA 2K, (HAEHAL, operator!]
A& [AlfE) CharProxy X% H T A& const ], Jr LA HIHHL String W ESH 745 AT BER B proxy
KB
M1t operator [T [ proxy A %dsk T8 T WA string XJ 4 LA T #7035 (1) 7 455 1)
ThE:
String: :CharProxy: :CharProxy (String& str, int index)
: theString(str), charIndex(index) {}
¥ proxy R GAEA A AR 7 B — — HUF R [ e Byt i = APt T LA T
String: :CharProxy: :operator char() const

{

return theString. value—>datal[charIndex];



}
WROLE T string X% value B MIE IR data B KIOCRRIEE, 15 [A8—
T Ttem M29 LAME5RCHZ. PUOAIABRECR B 7 — DN FAFHME, I H KDY Cr+ PR g X eI
B IR R0 SRV EAEAT T, T LI AN B 45t o B0 B L IR A (B R A
[0k #5F CahrProxy MIMRMEHERAEAISEIL, I TLAALEE proxy X G PTHE 1) 515
VERAE I H AR CEDZEARD) AR TT o FRATTAT LAKS CharProxy MOMRE #RAE BN T
String: :CharProxy&
String: :CharProxy: :operator=(const CharProxy& rhs)
{
// if the string is sharing a value with other String objects
// break off a separate copy of the value for this string only
if (theString. value—>isShared()) {
theString. value = new StringValue(theString. value—>data) ;
}
// now make the assignment: assign the value of the char
// represented by rhs to the char represented by *this
theString. value—>data[charIndex] =
rhs. theString. value—>datalrhs. charIndex] ;
return *this;
}
W5 TtemM29 HRIAE const [) String: :operator [JHEATHLER, K5 2 &AL
Bhe IETRLZ . £ Ttem M29 Y, FRATARMMAE BT A7 IF const i operator [] i
G EAE, PrUASEI XA B, TATKBHRAERSIA N CharProxy BT EAE
T Al LU A const [ operator [T FURVEA B IN I 245 K S 1#AE 1A . Bl
e A), XAREAHT LY string FIFAH BHE K R value. JXZRTTHRF CharProxy HIHIY
string B TCHIR .
55 A CharProxy HBUE A B -
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
EATEN N RAT G R BOH I =B IRASZ XA A 2

o JEfRME
811 proxy FEEAMX ) operator [ME LB A B HIHF 5%, (HEAEBA B A .

AR XK proxy XG0 HFTHE K R TC8 A, (HIRARAESL L. X200, A AN
e R IAEME IS RIS DL T, T8I, proxy X B RAT WS SERR I RA 50T .

HE— PR AT Ttem M29 (O4RAS, LHEMIFRAT A4 M A StringValue X5 N—
A RRE. W String: :operator [JIR[Al—A> CharProxy 1MANE char &, FIHIFIACADR
ANBE ST

String sl = "Hello”;

char *p = &s1[1]; // error!

FikA s1[11RE—A CharProxy, T& “=” A2 A CharProxy *. %A M
CharProxy *F| char *f4 ek %, Fril p AR R PRI T . T, B proxy X%
Motk ) #RAE 5 IUSE Bonf Stk O ERAE AT B, HRA R AN .

THHBRIXANA, IR EEH CharProxy KM EIEIZH

class String {

public:

class CharProxy {

public:

char * operator&():

const char * operator&() const;

¥

RLERRBUR A 5 SEBL . const AACIR [ 1 4 (1) const B RIFEE

const char * String::CharProxy::operator&() const

{

return &(theString. value—>datalcharIndex]) ;

}

AF const BAAT 22— L84, DD EIR P A FREHE T 745 7] DAE 20 "B Ttem M29
HRHE const 1) String: toperator [JAT AAHML, SEIAIR BT :



char * String::CharProxy: :operator&()
{
// make sure the character to which this function returns
// a pointer isn’t shared by any other String objects
if (theString. value—>isShared()) {
theString. value = new StringValue (theString. value—>data) ;
}
// we don’ t know how long the pointer this function
// returns will be kept by clients, so the StringValue
// object can never be shared
theString. value—>markUnshareable () ;
return &(theString. value—>datalcharIndex]) ;
}
HARHS AN CharProxy HHE MO EH IR Z MR, I LERATE R N EHA— DA
A B L BR
char MYRHLE [ CharProxy 5 —ANANRIZ AL H B 5 1 oS A B2 R bt R 3RAT ]
MU proxy Fk X 703 operator [J/E/CAH I S A7 E Y :

template<class T> // reference—counted array
class Array { // using proxies
public:

class Proxy {

public:
Proxy (Array<T>& array, int index);
Proxy& operator=(const T& rhs);

operator T() const;

b
const Proxy operator[] (int index) const;

Proxy operator[] (int index) ;

I
F— FIXNEA T R BEREAE -

Array<int> intArray;



intArray[5] = 22; // fine

intArray[5] += b; // error!

++intArray[5]; // error!

WMIATFORE, 24 operator [T4F i 5 A MAE#AF 1O HARIS, 2 iy, (H4E B
operator+=All operator++{{I A, KT . KA operator [JiR[A]—4 proxy X%, i
W1 operator+=Hl1 operator++#{E. [FIFERIEHARAE T H & EAME K BRIES, Wil
operator*=, operator<<=, operator——4%5%%, UIHLIRALIX LA EARAE I FE operator (] |,
WA Arrar<T>: :Proxy 2K UITHIXLERRH. Xt MRKR I LAE, fRA]BEA KR 2248
o ASEME, IREARMOXLETAE, BLARATIXEEARIE, AREM4.

AN RACNRY ) LA . 3L proxy KGR IS bR B IR B b pR A . ARRETT 2 A
AIREM . i, RBIRATH AT SIS B b PR A B . FAT 1K 2 L — Rational 28,
SRJEAE FH AT & 21 Array A

class Rational {

public:

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

int denominator() const;

b

Array<Rational> array;

XA FATIT AL 72, (HIRAIR

cout << array[4]. numerator () ; // error!

int denom = array[22]. denominator() ; // error!

WAL, AFZAARERE T operator [13R[H—A proxy %4 A & SEB#IK Rational Xf
%o AHK I BREL numerator () fil denominator () RA7AE T Rational X% b, 1MANZEH: proxy
X% B, IR PR A T A% . ZAERT proxy X G EIAT A RIE AT KRN G — 2,
PR 25T ER B AT A T SE Bt G ) B — D R B

T3 proxy X ZEACKL B G AR DUEAE AR const (51 HIAL4 s EL:

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 TS EUE char &
R, —> CharProxy X G Al LAEN AU 4 — A char, (HECH A4 char &Ik 4.
116 AT BEFE 4 ) char FFANRECA swap [#) char &S5, [ IXA char & — MRS X% CE
J2& operator char () (ERIFMED, HRE Ttem M19 [UMRFE, JELHF IR 590 5E A E const (1)
SRS A EE.

I J5 — Tl proxy X AN RETCAE A SR B DL B U A . 2 proxy X5
T4 0 & P By K SE B N, AN e SO e s B T . i, A
CharProxy %% 0] DL Ky & #3i 1) char, L8 operator char () Bi%t. 1 Ttem M5 fi#
FEIR), PR 0 T FH B BT K S5 46 o BE e B9 B SR, A — AN e S
Bk B, T2, IR AT REAT R B0 FH I, AR SEBRnt G T % proxy %Gt R . #ll,
A AT A TVStation ZEH—A e %L watchTV () »

class TVStation f{

public:

TVStation(int channel) ;

I
void watchTV(const TVStation& station, float hoursToWatch) ;
il T int ] TVStation MIEEAEMEH (W, Ttem M5), FAiTAT LA A4
watchTV (10, 2.5); // watch channel 10 for
// 2.5 hours
SR, 2448 AN proxy 28X 4y operator [14E A A (5 5 1TV B S AR T,
A TRAREX 2T
Array<int> intArray;
intArray[4] = 10;
watchTV (intArray[4], 2.5); // error! no conversion
// from Proxy<int> to
// TVStation
T IR A e B AR A e i b, R MEAR . SEBs b, SEAFIR vt R B )
Pt Ak explicit, DMERREE— KK watchTV () IRAT 4 #4128 R . 561 B Al 4%
e 2015 explicit ATULIRZME W, Ttem M5,
o tid
Proxy Z8A LASE s Se 30 e VAR ML AN TT RESCILNAT o YR & — M1, 70
[ S A, IR AR e (W Ttem M5) J225 =1,
[, proxy WA H M. EAREGRIMIE, proxy MEZINNX% (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 RAFAESG I T AT KIS AR L, DR BRSO M N (R S A8 75 A S vl Sl
R FIYED o

eJa s, ISR SR SIS B AL B proxy X R INREH SR T HRME X, K
4 proxy X G KRB AT 4 5 SRR ST SR K DO . AT, IRXAERE BT RGN T
TRIEFAE I proxy X5, ERZAHHIL FRDAEA 208 proxy MR EE M. B, R
A TR 4R AL 7 P i Array 1D SFG I, ANE A AT AR TR SR
% (L Ttem M5) 1ESHtkss — MWRITE R mE. EIRZHOT, proxy MRATLTE
FRRMLERR R o 2 ENTAT AR, S8 e B H e TriE R s O

7.7 Ttem M31: ibRREURE—AN L LSRR E B4 B

I, f5FH—F Jacqueline Susann [fif: — U AEH . BIARAE NS
Simn A R FEHOKITERS S TAE, {E Redmond, Wshington f—/N& 4480w — — 44K,
TV ERE . A TRBILIMER, RTRERGESRS 1 video game. JWEARMITY 5
SRR, AT W RESRMT A .

LEARRIE S b (2 0 T R RVIMT AL, eI PT RS EAHRESE . R e LR
e

® R KA ()l DA R A, KRR R s e I, AR I BT AT

BuY5-3E0F /787
® WIR KM WA, m el o R A LA, 2 BT I L TR T 1 4
W

o LIRUMIES WITEEE R, MBSO WM ERRECR, e
27 ) L B

®  WURPIAS/MYTIRAAE, KRR S NR/MT A, IR AT IS

R BRI HAERATNS T a2t T, HIE— N EAAL C+AUS
AL ER AR IR] AR 3

FATA AT O R s MM IERR T 4G 2220, B EIzs), Brbify—
AR IR IXANEE) . T, BRMARM B — DR, e T ULk & . S
br b, XFERZILFRAEMEEEE, JEH, WRREORAE Ttem M33 BN, FRLUL
. BTEL, QRARA R I



GameObject

SpaceStation

SpaceShip

class GameObject { ... };

class SpaceShip: public GameObject { ... };

class SpaceStation: public GameObject { ... };

class Asteroid: public GameObject { ... };

IAE, RBARTFIETEANTE S NS, AT A WA A B A ) (R Al . AR 8 HH XY
— AR

void checkForCollision (GameObject& objectl,

GameOb ject& object?2)

if (theyJustCollided(objectl, object2)) {
processCollision(objectl, object2);

}

else {

}

WK T o 4R processCollision () I, #R%NE object] Hl object2 iF ff A4,
I HARENTE & 2B 1 45 R I e T object1 il ob ject2 HIELSZZETY , (HAR FEA G H T 5227,
PRATFITE I A E A 1A GameOb ject X5 Wt SEREHRE I AL B FR L H T object] IZNZS
2 A, fg " BL ¥ processCollision() #& & M & ¥ ., I W M
objectl. processColliion (object2) . WIFIHE I T object2 M)A, ] LAFRIAE AL
HIAE, BTN RIS RAL. BRER R G — NS5 L, EA 2 Uk
i) 75 o

PR L & — B EIEZ AN G B R CHroR AR X s A T2, IR0
TSI B ER . AR B AT ?

PR R G, MBIHETE T . b, AReT LA CLOS (Common Lisp Object
System)o CLOS SZHFLL AR 7T 1) %1 % 1) e 0 F A4 2 b BB S 4 V8: multi-method.
multi-method JETEAERZ S E FIERIK RS, JF H CLOS TEIE— B I3 AIL T B ifhdas il 4%



FAL multi-method KUl " (b

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,
LEAS LR R ECA IR IE /& “message dispatch”, T3NS EUT BT “double
dispatch” SZBRM, M2, EEZASHEMEREM “nultiple dispatch”) LA
THET UL IR o ARG R WA 21, XA ZAR. G B “double
dispatch”, BRI E C56 g 1F 45 78 SEILME B A0 BT A (W, Ttem M24). f1
RHMAE, ATATREAT A8 O T, JEM CIET ML T TATEA, 1 HTRATH AR,
JTLLR BRI 224, A DRIET .

® %N RITI
BRI T — AR, X PR TRk PR S TRA SRR R L

BT AFRATTAE GameOb ject HH HIBH—ANE BRI EL collideo IX/NpREHE IR AR LU 1 L FE
class GameObject {
public:

virtual void collide(GameObject& otherObject) = 0;

I
class SpaceShip: public GameObject {
public:

virtual void collide(GameObject& otherObject) :

I

WAEIX LS TYRA:2K SpaceShip 5 LL, SpaceStation fl Asteroid B SE4—FF
iiR

ST, F L PR A L5 V2 A M R B A R AR A AN N AL then. . else B {EIX
FHRIAR R R T, BRATE Je 2 KB otherObject [RELSLRA, AR5 MR ITAT 10 A] B

// if we collide with an object of unknown type, we

// throw an exception of this type:

class CollisionWithUnknownObject {

public:

CollisionWithUnknownObject (GameObject& whatWeHit) ;

b

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, Ji—MExthis, BT E R EUA R
Pl FATINAEAL T SpaceShip KA K, Prllxthis €& SpaceShip X%, K
PEFRATTH 7 4k otherObject (2R,

KJLIARS — AR . EARA LS. AR S EE THE. RTTI A — R4 A4
2 EHRARRRILFH. EhRIMERRE TG else iBh), EIXJUT —FH.

AT AL LTI T 3235, EAREAS collide pR%CHS2AZ0 KIE AT LI & A s vh
IRRA . JU 2, BB — AN B 2R, FRATT e TR B — AN T RTTT 1Y
if...then...else % LICE XA BIGSEAL, BF R T 4, FUFEA 4 bug, 1fiH
EIEA AR o G AR VAT ) FRAT TR AR 22, R B AT AR A AN Sl AT IAE A 4 (3
W, Ttem E39),

KPR MFRFAE C BT OSRA B T, MBEATHENE, KPP A
J R TR . B A R P B AN TR o K N R A R A
K 7 A R AE ST AH G 1 bR KO FH (00 ER AR DU 4 e o MR T RTTL S0 —
JERE, BATER B 2% s H 7

XA I R T C 1 F T S BT, EAT 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 EBRAN T RE AR, ABAEFRATPOE ] RTTT I S A RER? AR
2R T IR PR AR WG FURHAT AR, (HBCH — D AR R . R B, Bl
HPE T — N, (VARG A X XA R AL BERERS LLIRATT4r 2 2D, DDA 3RATT3E
BT A BAIAFE AR AR

o U H He ok H
JCSEAT N0 UKEFH RTTL S TR0 2 7 DS e B B AIGH, ANId P e 2 ik 3k

A — IS M o R A e — TR U 1) il XA U 3200 RTTT kAT I R AR (RS A A 2L
collide PR I RE, JFRFTATIRAESREE X, Beoh, Eib iR ER, A EEL
B AMYRAZRIY:

class SpaceShip; // forward declarations

class SpaceStation;

class Asteroid;

class GameObject {

public:
virtual void collide(GameObject& otherObject) =
virtual void collide (SpaceShip& otherObject) =

virtual void collide(SpaceStation& otherObject)

oS o o O

virtual void collide(Asteroid& otherobject)

b

class SpaceShip: public GameObject {

public:
virtual void collide (GameObject& otherObject) ;
virtual void collide(SpaceShip& otherObject) ;
virtual void collide(SpaceStation& otherObject) ;
virtual void collide(Asteroid& otherobject) ;

b

FLHEAR i Bl FH A S B — R B S AR B, gl A P A BB ) R e R
B IRPE DRI BRI, 0 T UGRE S A RS NI, Ik
JE B B FH AT (1) 2 GameOb ject RIS 4. H SR A NN ik ) ..

void SpaceShip::collide (GameObject& otherObject)

{



otherObject. collide (kthis);

}

H—F, ERKIESETEATIRIA A, WL IR otherObject A&/ T i H
A BRI B, TMikthis BT E S E HFAFAE— P, SARIGIR R IRENIE R,
O VRS R 2 B S 2R 2 st IR — 2R R T 1R — AN o 71X )L, A PYAANIEIT collide
RO AR A, (AR« this IEASSRARE h b A ITEMFESRALE A2 B
JE7E SpaceShip MIEK B Ed, Frlhxthis 15 % & SpaceShip K., MW &=
SpaceShip ZH] collide PREL, TMAJEH GameOjbect ZRASHI collide FREL,

JIAT I8 col1ide pRAHSE B2 B %5, T LLZE SpaceShip: :collide H i HI 1 4& otherObject
FLIRAIP S collide fRA . FEIXAMERA Y, PN SR SR ALERZ B 1, 2l
sekthis CRBLIZAN KBNS, A0 G H S8 AL SpaceShip CHRIIIIE S D).

F T SpaceShip KLY collide 5L, MR T .

void SpaceShip::collide (SpaceShip&k 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, ABASTE R R Z A % 5 20 i
S NSRRI AN, KA R R B A . SEBr b, i R AN B Ak
BTt , e At ST U R ) ) S S AR R T R

XA, FIHTTE 20 RTTL J5vE K FAN AL AUE &I F . 88
I, BT AR 2B . ANk, SR VE RIS — . 5, #AT if. .. then. .. else
B, AR R S AN R I I — SR R R BB, SRR E 3
I—H15 Satellite (4k7& T GameObjcet), RSN FEABUAFZIIEIN— collide F%L.

B ORAF R LT ARt RARAE SRk, R AE e R P ESE
[F—ANSZHEIE, URATRECAUE N GameOb ject Rk MILZ HIAERL . B, 8 n—ANHT)
JR DR GRMER D, #HOREARATRER) . ki, VRERE AT T B s S i 2R A



B, (HS2bs B3AT. TS, R T Nitendo, {ffH—MUE GameObject FIILE T %
RIZEIBAT ERAT i o 8RN E AR — N AT XA, 4wl #0R e 8l T BRI AR
SEAEVRI ARG T N — AN BT AU, A R 0 e S E M e SRy, ) 4 1 A
DB, ARG TA T IXAN R AR KR T o (S, Ttem M34, DL T /5
BT G AR B I B B AR IR I8 AT )

ATt WURRTR B TR, S I IR AB R T ARG 1A T
WA BN, R B VR L RTTL Wi 4, HE BRA T R IORR P I ml bl (L
PRI BB S o 55— 71, RTTI (5 EA T B g %, H3 3 & S8 8
e A O AR !

o IR KER
AR PE . AT LLEIBT Ttem M24, %P6 a8 3 QI RE AR HUHEEH e

(vtbl) SRSEHLMERRAEL, T M o& BB I I AR XA B D BT TR &R 51 AT vibl, %
PEARBES 7L if. .. then. .. else B, JFRELETAT I HE R EU M7 A2 BRI REARIS 4
FEIERA vibl TR, SRJGWH vibl IXAMLE EAEE TR E TR ) 1 R 4k

B BURAREIX A WX AT, AMEAEFUREE T RTTT B 3 B ACR CTRdx
R UMAEFRE T 5 HEH L if. .. then. .. else M2 PAERARASH /D), FAEHK RTTT
AL PG I R A4k ARV R R B AL M T o S0, B T T A 2 i e Ak
— MR C T should mention that the meek may inherit the earth, but the meek of
heart may wish to take a few deep breaths before reading what follows).

Xf GameOb jeet Ak AR 45 v bR £/ — 2218 14

class GameObject {

public:

virtual void collide(GameObject& otherObject) = 0;

b

class SpaceShip: public GameObject {

public:
virtual void collide(GameObject& otherObject) :
virtual void hitSpaceShip (SpaceShip& otherObject) ;
virtual void hitSpaceStation(SpaceStation& otherObject);

virtual void hitAsteroid(Asteroid& otherobject);

I

void SpaceShip::hitSpaceShip(SpaceShip& otherObject)



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, &S5
YLLK — TR L AR S — o MR R A T KR BRI R VR ATMCL, R o 808 £ — S ST (1 R
HALH, AEAFRE, XK, ZRERBAEAFNL T, AZE collide. JHITHHE
AR, PRI W T, BT, AT IR ERARE, BR TR
F752BL Spaceship::collide (IXFEAN[A] AL R Kwlz Ui I A3t 75 D o MILART— 4, SEELT
SpaceShip %%, SpaceStation 28Al Asteroid Jsthgtik T .

{E SpaceShip: :collide H1, FATHE— IR 240 otherObject A F
AN RBER R (R NG S R AL BE RO . AN VAR B AR,
2 TE IIZRAG T A 1 (R B A BRI B . ELRRAE ] — AN IR R ROk S collide JEATAT
(K1, ARERH I — AP R R 2 Lookup I, K BEAFELf# . Lookup PR%HLA2—> GameOb ject
A IRIFR N IR 8 5% e Kda

JXJ2 Tookup I HIH]:

class SpaceShip: public GameObject {

private:

typedef void (SpaceShip::*HitFunctionPtr) (GameObject&) ;

static HitFunctionPtr lookup(const GameObject& whatWeHit) ;

b
PR EFRE BB A, MR R EBFRE 2= T, PrUARAME T — N R A e

BESRFT T lookup, collide HYSEILUN .
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 [R4KAK 2R IR A, Tookup i S REHBIE AN 5
XTI R B e o ANAGUURN, A4, BRI BN KRR ERAT A
A Lookup 3R [ FFAE L RO 4l 37 (1 A

Tl N B S Tookup 1o R T NN I SR O3 pf 2R T I BRAT R R, Tookup
FCARA S SEIL, (AN IR A RIT R A IR G 25 2 AN A S PR )

SKFE I B N %A E AT AT A IE AT A6, IFAEA ARG ZER TR o BRATTAT LAAE ]
new Ml delete KT TAIEMBTHE, (HIXNEARUEAERIIA L LT AR INE? 45 (i
P57 ST LG S BB AE Tookup HHEIXN AL RN ST L 1o IXFE, B
— A Lookup HIAIEFIILAAL, 7F main B H 5 HEAI 2087 A 3044 (W Ttem E47).

1M7L, FATTA] LA R AR vHERAR e B2 A1 1) map AR SBT3, DRI IESE map ()2

>
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 XfH) E|—4
Spaceship M b BREFE 4. Ko map<string, HitFunctionPtr>X#IH 7T, FEAIHT —



R E L. TP s, — FAN HitMap F1 HitFunctionPtr XM RAE E Sk
collisionMap [ FIH. K AANSARER — KD
Z3H T collisionMap Jii, lookup SKHLA LRSI . YR TAF & map S A%
FERAE, JF HIRAILE typeid O iR M5 R FR T LRI CRIRE R — >l D3 eR £
name () CATLAAfiE (V7F 11D, BRI RSIERBI AT, ToE, LI lookup, XA
WRYEIEZ B AZERAE collisionMap HHR B & X I
lookup HJACABARMT AL, (HUNRAPEFFHERARERTE (HXS 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 O;
// If we get here, the search succeeded. mapEntry
// points to a complete map entry, which is a
// (string, HitFunctionPtr) pair. We want only the
// second part of the pair, so that’s what we return.
return (*mapEntry). second;
}
)5 —Ha)4& return (*kmapEntry). second TMIAZE M EY) mapEntry—>second LA &
STL #BAT Ao FUAJREEIIL Ttem MIS8.

® WIIALARIURE B Bk
BUHERT collisionMap IFIMATL . FRATRAX A4

// An incorrect implementation
SpaceShip: :HitFunctionPtr

SpaceShip: : lookup (const GameObject& whatWeHit)



static HitMap collisionMap;
collisionMap[”SpaceShip”] = &hitSpaceShip;
collisionMap[”SpaceStation”] = &hitSpaceStation;

collisionMap[”Asteroid”] = &hitAsteroid;

}

1B, ARFAERRHXIAH] Tookup I #SRE 1 53 BRAHRET A T collisionMap, XA (1
TS, T HEAS g, A IR 5 A .

TRATT T 2 UK 5 R BT NN collisionMap —¥K, 7E collisionMap MJifiHd .
KRBT 52 BAIRAFE N RAERHS I REL initializeCollisionMap A4 )
IR FRATT AR 2, AR5 TR BB R AT 464K collisionMap:

class SpaceShip: public GameObject {

private:

static HitMap initializeCollisionMap () ;

I

SpaceShip: :HitFunctionPtr
SpaceShip: : lookup (const GameObject& whatWeHit)
{

static HitMap collisionMap = initializeCollisionMap() ;

}

L I R AT s DUBRAE AR (UL Ttem M19 T M20) . FRATAAIX Aff. 4n
R initializeCollisionMap () IR[HIFEEFIRITE, FATTRANTE ZAT HIXAMCAY, AFXFE 75 2L
FHLOFREHE 17 (1) map X 521 GBI 4 I IR IE T .

St HAMARITTE. AT L collisionMap B —ANRIGHRES (W Ttem M28)
ERAE H CENTIIRT delete FToRIMIIN S 5B b, drfE C+HB AT AR LB auto ptr,
ERXAE AR FREE (W Ttem M9). MIdHF Lookup H'f# collisionMap W] static
(¥ auto_ptr, FATATLALE initializeCollisionMap i&[H—AN& R T (¥ map % 41045
BT, AHFHEO ISR T collisionMap $R1H 1) map X %K4E collisinMap H T
M BT T2

class SpaceShip: public GameObject f{

private:



static HitMap * initializeCollisionMap();

b
SpaceShip: :HitFunctionPtr

SpaceShip: : lookup (const GameObject& whatWeHit)
{

static auto_ptr<HitMap>

collisionMap(initializeCollisionMap()) ;

}

SEP initializeCollisionMap PRl T IR /s VA EE R 2 IXFEIR -

SpaceShip: :HitMap * SpaceShip::initializeCollisionMap ()

{

HitMap *phm = new HitMap;

(kphm) [”SpaceShip”] = &hitSpaceShip;
(kphm) [“SpaceStation”] = &hitSpaceStation;
(kphm) [“Asteroid”] = &hitAsteroid;

return phm;

}

{RRIFRAE R TR H I —FF, XANRESm il o KR HitMap B HBH 0. 25— MR a1 i
PREFREE, AR R S EE, gl GameObject. {H, hitSpaceShip 7 [)/&—
A spaceShip 24, hitSpaceStation Hiff/& SpaceStation, hitAsteroid 7 H+E Asteroid.
H4X SpaceShip. SpaceStation fll Asteroid BB FEHL N GameObject, {HR} X2
B R B R BT AT AT IR S R

N THRPRI eSS, AR RERUE reinterpret_casts (UL Ttem M2), T 7E K%L
TRt BRI il v Al S 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 e, (@ ANA TR R SR A A ) PRI G PR
Briit. SUFgmi3E2y, hitSpaceShip. hitSpaceStation Al hitAsteroid #iEE—> GameOb ject
B E, THLEALIXFER . hitSpaceShip ¥ —> SpaceShip, hitSpaceStation ]
BH—/ SpaceStation, hitAsteroid #¥—/ Asteroid. XL cast PLlF S E R, 1]
i 7o

AR TN, X)LEA GRS . s A SR, S eiTRIgdhm 5, &
MAESHRE—MRE M T XhL, SR AT ReE = AR A AR B AR, A RiE
i xphm U BEE AN GameObject MIYRAEE 2 TR I 8A BN, i
SpaceStation. SpaceShip B¢ Asteroid & T GameObject #MAH H & HLE, RATBES KILY
PR FHARAEIX ) LA 2R B A FE b P ek 5y, HLAT A AR5 R R 28

FIE—F Ttem M24 "PHfIR 1 A—B—C—D A4k A& R LI D [R5 % 04 A A7 A ) o

B Data Members

vptr
Pointer to virtual base class

A
/ \ C Data Members
vptr
B c -

Pointer to virtual base class

\ / D Data Members
D

A Data Members

vptr

D FRHIDYAN IR ES Ty, AL ARAN A o SXAREE L, PR BUARSREEANS IR IA T JE A [
(I Ttem ML), Ziifas)™ A AOAUHE hal oS fa R SElg . T2, ARSI 2
TRALFREERIIL . 24— DN ZADEIAIN SR (U D FIX 5 5T, e 2 (Rt fe 2
P B3 TE A K bk — — DG S T4 e& 2R I TR 2 28 R A



AEL Gt SR AR AR P 20 0 5 0V DR 1) R 50T 23— GameOb ject 17 S5 Fr b 2 (1) & — A
SpaceShip B{—A> SpaceStation I, KRAAFA? GikdiG LA R IHEL, SBusiTM
i o 1T FLA AR HE DL e 7 A 12 10 i R o A AR 20 AR (1 8 U ) A A AN S LA FH 2 R e 4
Ktz —,

OK, AL FH 2SR G4 . (H R BCFR AT R AUA VT L (1 34 B i gl AT — AN I KT 1) o
AN 152 GameOb ject %Y

class GameObject { // this is unchanged

public:

virtual void collide(GameObject& otherObject) = 0;

b

class SpaceShip: public GameObject {

public:
virtual void collide(GameObject& otherObject) :
// these functions now all take a GameObject parameter
virtual void hitSpaceShip (GameObject& spaceShip) ;
virtual void hitSpaceStation(GameObject& spaceStation) ;

virtual void hitAsteroid(GameObject& asteroid);

I
FRAT LT R o 0 e — R B ) L D7k, BT Y collide MURREL. B, AN
PR AT 23K ) LA TIPSR T T — 2 R 5% e g it o B Bl i Ak B R A 26 A R) 0 2
HRAY, Pl gy e AR ) 44
U, FATRTELAFAT—EE 5 20K initializeCollisionMap PR T
SpaceShip: :HitMap * SpaceShip::initializeCollisionMap ()
{
HitMap *phm = new HitMap;
(#phm) [“SpaceShip”] = &hitSpaceShip;
(*phm) [“SpaceStation”] = &hitSpaceStation;
(*phm) [“Asteroid”] = &hitAsteroid;
return phm;
}
TRADR, FAT] AR ARE T R BOAE A 3 10 02— A BEBEEAC ) CameOb ject Z 4T AN 152 i)
URARRAY . BARAG RN FRA IR AR VY, DA ARl pR O 46 4R H - dynamic cast



(W Ttem M2):
void SpaceShip::hitSpaceShip (GameObject& spaceShip)
{
SpaceShip& otherShip=
dynamic cast<SpaceShip&> (spaceShip) ;
process a SpaceShip-SpaceShip collision;
}
void SpaceShip::hitSpaceStation (GameObject& spaceStation)
{
SpaceStation& station=
dynamic cast<{SpaceStation&> (spaceStation) ;
process a SpaceShip—SpaceStation collision;
}
void SpaceShip::hitAsteroid(GameObject& asteroid)
{
Asteroid& theAsteroid =
dynamic cast<{Asteroid&> (asteroid) ;

process a SpaceShip—Asteroid collision;

}
R R, dynamic_cast & —4> bad_cast . 2R, EAIMAS KM,
SRl R O A I A S — MR RIS EERA . g, e i,

® (i FHIIE R A R E AR 2 BR 4
BATIAERNE T 203G ARl vibl (WU R DS — B0l K 28—, I H3K

ATRENTE T 4620 W 3 (0 SCBLAN A5 355 7E Tookup B o TR IX oK 4075 A2 5 1) A
MRELFRER, BTLAAESS T GameOb ject 28I TIAR T BB SR M e L, X I JE kA T
A7 NHB IR e, BT AT AR A AN S0 XA BT IR R A 0, RS T A Satellite
KA, TATATFALE SpaceShip FEP I II—MAEPE SpaceShip Fl Satellite X% [FAlfE e
. BT SpaceShip [ ARG AEH G %k, RIEMATRAANLET Satellite WAL
XA i) UK T BTRA A R U R e OR S A, RV U AN AN B
U R R AL I FR R I AR R, IS AT B T . M H, FRE
A R AL P R HORE L JRAT T A IR — > — LR A (R v vh BRI, o2, AN 2R
A BEAN[R) Y (08 S (R (R 2 AERTTRT BTt A% 1 ORI % 2 RS, T IR S 1
7t processCollision /EIAIIZH, REHECRAEXS S 1 MR ACEE; WERXTR 2 IEXS2 /2
M8, REREEN S 2 3P Ab B . XSRS S ? BRI AF e, 2R A



A B IO BRI N AZ R ANCE A ABANCE B FRALBE, TTAE Y 2 Z AR HEAS T SZ sy
AbFE?
I SRR A AL B R BONR AL ok, JRATIHESS TP SR B2 U Sk SR, AN
AT R A P pR B o FRATT AT LK S LG Ak B R B ) S SR
#include ”SpaceShip.h”
#include ”SpaceStation.h”
#tinclude “Asteroid.h”
namespace { // unnamed namespace — see below
// primary collision—processing functions
void shipAsteroid(GameObject& spaceShip,
GameObject& asteroid);
void shipStation(GameObject& spaceShip,
GameOb ject& spaceStation) ;
void asteroidStation(GameObject& asteroid

GameOb ject& spaceStation);

// secondary collision—processing functions that just
// implement symmetry: swap the parameters and call a
// primary function
void asteroidShip(GameObject& asteroid,

GameOb ject& spaceShip)
{ shipAsteroid(spaceShip, asteroid); }
void stationShip (GameObject& spaceStation,

GameOb ject& spaceShip)
{ shipStation(spaceShip, spaceStation); }
void stationAsteroid(GameObject& spaceStation,

GameOb ject& asteroid)

{ asteroidStation(asteroid, spaceStation); }

// see below for a description of these types/functions
typedef void (¥HitFunctionPtr) (GameObject&, GameObject&) ;
typedef map< pair<string, string>, HitFunctionPtr > HitMap;
pair{string, string> makeStringPair (const char *sl,

const char *s2):



HitMap * initializeCollisionMap() ;
HitFunctionPtr lookup(const string& classl,
const string& class2):
} // end namespace
void processCollision(GameObject& objectl,

GameOb ject& object2)

HitFunctionPtr phf = lookup (typeid (objectl). name (),
typeid(object2).name()) ;

if (phf) phf(objectl, object2):

else throw UnknownCollision(objectl, object2);

}

TR, T o441 i 44 2% (BB 15 S AL i A0 34 R 50T o 2 (1) R B o 44 i 44 % [B)
(AR 2 AT w3 s (LSERR aT SO B I — — IR G R A SCARE T - static
MRt 1T a2 0GE, SCIHEE N static DA T, RNVIZRRER
OB TG4 R fir 44 7 B) LR SRR o

MG L, XA SEBLAE T R G ek E R RS S AR R B, A LA BRI . B
HitFunctionPtr ILAEE AN ) A 4 B B PR B 2R I e Lo 28—, RORLZ MR
CollisionWithUnknownObject #&M UnknownCollision, %=, HMiERETEEHR NS
EZHMAHTZE DT IWERERATIGFE =R T WKL, —4
HitFunctionPtr,

PRUERT map 2R e SO H AR B FTANME B FATAT DL AL FHARHER) pair BIBCRAR PRI
AN, pair ATLALEIRATRE AR LG R — A G (5B makeStringPair HIFEH),
initializeCollisionMap R4 R :

// we use this function to create pair<{string, string>

// objects from two char* literals. It’s used in

// initializeCollisionMap below. Note how this function

// enables the return value optimization (see Item 20).

namespace { // unnamed namespace again — see below

pair{string, string> makeStringPair (const char *sl,
const char *s2)
{ return pair<string, string>(sl, s2); }
} // end namespace

namespace { // still the unnamed namespace — see below



HitMap * initializeCollisionMap ()
{
HitMap *phm = new HitMap;
(*phm) [makeStringPair ("SpaceShip”, “Asteroid”)] =
&shipAsteroid;
(*phm) [makeStringPair (“SpaceShip”, ”“SpaceStation”)] =

&shipStation;

return phm;

}
} // end namespace
lookup PR AL AIAPAE S UL BE pairdstring, stringd X5, JRREEM MR MR
—H
namespace { // 1 explain this below — trust me
HitFunctionPtr lookup(const string& classl,

const string& class2)

static auto ptr<HitMap>
collisionMap(initializeCollisionMap()) :
// see below for a description of make pair
HitMap::iterator mapEntry=
collisionMap—>find (make pair(classl, class2));
if (mapEntry == collisionMap->end()) return O;
return (¥mapEntry). second;
}
} // end namespace
RXANFRATT LAY S AR Lo ME— R SE AN R 92X MER] T make_pair pR#Y
A
HitMap::iterator mapEntry=
collisionMap—>find (make pair(classl, class?2));
make_pair FUEFREIZAT AR (RO (UL Ttem E49 A Ttem M35), ‘&
FEAFIRAT T3 S T AERYIE pair X ZRIN 2L HT ISR ARG, FRATTASKEZXFE S 1
HitMap::iterator mapEntry=

collisionMap—>find (pair<string, string> (classl, class2));



XS TR Elf 27, MHA pair PIARALRZ R CEATHZ class] fil class2
(25, Ll make pair (5% Lo

Pk makeStringPair. initializeCollisionMap F lookup #B/2& HIWI7E TG4 1A 44 4%
(], e AT S AR D6 Z0UFE ) — iy 44 2 ) o S Ay A X G Bk A SE A LT b S
TN IR R EATTI W AR — g e o) X FEREEEA A fie
R AT s S (BRSNS B AT AR H I S BRGEE Ok

T I 2B 2] T RAT H I 380 780 GaemOb ject I8, IAFRA TG LB
it (BRAREATHEI TR, WA T RITL MIRELAN if. .. then. .. else FIARTI4Ed . 3N
— AR T EAO A E ST R REME L AE initializeCollisionMap g IN—EkZ A
BIWUR G HR, 78 processCollision FTAE MG A (1 i 44 2 8] Hh H B — AN (1 AlE 43 A 2 R 400
AL TR ) SAERIX 0, (AR DE IR EA . 2?2 Eng?

QUERTE U

o A SEMEREE
BABEA I Ja — A AT EAL R (R, SRR AT P A a2, Ay

WIRBI A R RRBUAR R IAHEE O AT — DIk CARAIR G, KB A T 2R
FH A A 2 R 5 TR T ) SIS LR (0 288 B i BV AT TR R TR 3K AN AR S B 1) 0 25X 4
Fo MR A G, AR kAR AR RAE W B, ARYE Ttem M33 RN, A sEqAK
CommercialShip Fl MilitaryShip M5 SpaceShip 4kiK.

GameObject

SpaceShip

SpaceStation

Commercial
Ship

v 5 o KA R e R T AT o — B TR, FRATTIEE T LU AR
[F PR RG34 B R 45 CHE I3 P 28 AT A AN ) o JEHZ, 7E—A> MilitaryShip X %Al
—A™ Asteroid XFGAEER, FATHIEH
void shipAsteroid(GameObject& spaceShip,
GameOb ject& asteroid) ;
AT . S2hr b, #7 —A UnknownCollision (5% . B lookup 7EHEHRE
M4 “MilitaryShip” Fil “Asteroid” #£ collisionMap 54k ek $i B k). B



MilitaryShip Af LA #6#He — SpaceShip, fH lookup HIANFIIX — 5.

MH, B&ABA RN INERE VN . WUERIRTEESEI — I, JF Hf s
1) SRR, AR L BER A FRATTRI T 18 ) — R eR B0 Y i) 50 (TR It 5k 358 n
I, BT NS AT Hr 2 16 ) o
® WIHKRBBRER (FXITE)

KAt oS T THEIR P UL, (HA, AR 2Ok 4 RO NMRAM BR
(fro Bk, iRFRATTHBER WAL collisionMap FIBFI 7L R LG I .

FHAEORSE, FATHIBT 58 a2 WS 1o BERIRATEN LR AL P e 2, FeAfiT
ARG A E o IR IS AT R G0 0B A 5l i b ¥ o B, K 7S
2aRE? At

R AT DU o JRATTAT ORI BN — A28, JF i e 3R BB A1 SO 3 58 &R 1
J D BRI B 1B

class CollisionMap {

public:

typedef void (*HitFunctionPtr) (GameObject&, GameObject&) ;
void addEntry(const string& typel,

const string& type2,

HitFunctionPtr collisionFunction,

bool symmetric = true): // see below
void removeEntry (const string& typel,

const string& type2);
HitFunctionPtr lookup(const string& typel,
const string& type2):

// this function returns a reference to the one and only
// map — see Item 26
static CollisionMap& theCollisionMap():

private:

// these functions are private to prevent the creation
// of multiple maps — see Item 26

CollisionMap() ;

CollisionMap (const CollisionMap&) ;

¥

XA ACVFIRATAE WS 2 BB AT B DA R B 4, LARRR I S A% 0] 25 SR AR N F) il i
KePEpR A ERAE T Ttem B26 H RIS R IR CollisionMap X5 IIANECH 1, D3



IR ARG AT — DR . CHESZRIURT 22 5k R 2 /T AR Z R O &5, E R
VERRATT 7 A A0 SRS 2 R S8 IR AR R O RERE. (st ie e, 2R2Y T1 I Sdiiehy T2 X% T2
xt g T1 R, HAGGEMER ) KR, & B3R m e R, HE
addEntry #8722 symmetric #E%K trues
Hl T CollisionMap 28, HEANAEIG INMRIR OC 28 1K HY AT LA 360X 44
void shipAsteroid(GameObject& spaceShip,
GameOb ject& asteroid);
CollisionMap::theCollisionMap().addEntry ("SpaceShip”,
“Asteroid”,
&shipAsteroid) ;
void shipStation(GameObject& spaceShip,
GameOb ject& spaceStation);
CollisionMap::theCollisionMap (). addEntry ("SpaceShip”,
”SpaceStation”,
&shipStation) ;
void asteroidStation (GameObject& asteroid,
GameOb ject& spaceStation)
CollisionMap::theCollisionMap().addEntry ("Asteroid”,
”SpaceStation”,

&asteroidStation) ;

WOZHA RAE A LR T A W S R I T Wi e — AN 2 1k GameOb ject 1) 128
FERE 3 BR B P AT BN 3K S BUEIZ AT — A NN IPERETT S o 38— AN TE 2 Bl —
/™ RegisterCollisionFunction 2%:
class RegisterCollisionFunction {
public:
RegisterCollisionFunction (
const string& typel,
const string& type2,
CollisionMap: :HitFunctionPtr collisionFunction,

bool symmetric = true)

CollisionMap::theCollisionMap (). addEntry (typel, type2,

collisionFunction,



symmetric) ;
}
b
FH P2 ] AT FH SR B 1R A4 Ja bl S0k 1 8l i P47 ] 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 0 B AT main R T AT SUAAIE T, eAN /R A3 ek 25 b s ) R BB A main
PR AT 2 T o R LUE N T —MNIRA K
class Satellite: public GameObject { ... };
AN B8 2 Al A Ak 2 R K
void satelliteShip (GameObject& satellite,
GameOb ject& spaceShip) ;
void satelliteAsteroid(GameObject& satellite
GameOb ject& asteroid);
XS ek HOnT DL [RIRE 325 0 N B Sisk 2 TAN 75 248 O A7 A LR«
RegisterCollisionFunction cf4(“Satellite”, ”SpaceShip”,
&satelliteShip) ;
RegisterCollisionFunction cf5(”Satellite”, “Asteroid”,
&satelliteAsteroid) ;
XA AR ST 2 B BE A S8 R AR POT R 58 AR S AR A D S A EAR 45 5 T map
(RSB, a0 SREFRAT TN Ry 3 Ao S B e A AT T V1 5 1) 0

o ii 11.
TR L, ARIBA T EEME N« CHARMEFF A UE type_info: :name IR [FI{H,

ANFIFISEIE, HAT M SE X, (g, %FF2K Spaceship, type_info::name [f]—SEHLIR
[f] “class SpaceShip”.) HHUFAIE VIR & T JCHLH type info X AIHLAE T 45—



K, PUNBEA SRR type_info X4 1 e A . HitMap & N iZ 4% H B 4 map<cont

type info *, HitFunctionPtr>.

8. ZRIW

TATIAER) T B &5 R385 T, X YRR 1 & — LA 8 T 5 AT — 35 1o e 5 R ) o
FHRPA KT CHIRPEF RN, Rl & B & ARG R GE . T ) X % 10— AN oK 2 b
SECRFRA, IX AN SRR I AT 20 R SR I R X AR A R S HT RR

WRIG, TAV M EALE R —FEF BT C Rl CHHR A gfE. XK FEE BIE 522 A
(RII) R, AR CH+AFAE T Bttt b, i LAA I AT 06 250X 3K o 15

W5, THHER C++iE SHRMEZE (The Annotated C++ Reference Manual ) HEJG K
AR IR, BN SRS AT T R AT KR (2 Ttem E49) . WHRAREA
SIRFRE I R, B2 T RRIRNZ 0 — — IR Z AR A AR TF O

8.1 Item M32: FERRMNETFIHFRER

HYHEAL

AT RN G, BATBVFRIERAZ , HEAFE T IS 2. BATR L2
B AR AN, R ARG AR, U AR, R g, HIEARIE: )
Y#R AL

UF IR RE GG N AR . EAR OV RAE, IENEIHTRT- &, WA BT R, AL BUE
I o BAFIRGEYE S e WEEVEASROR B T RS ERRE RATIFER AL T BLAE I
SRIF R TR P BE S Vvt FISE I H SR o SXFERIARAT (B2 /NSRRI S IRSEAE R
KRINZS P IFRAE P IS ORI

BAERKRIN S NIT AR, e F Y o kA2, IR THES . XAV i
R IR BT R ECRE RN 21 e 28 rh B R BORE A, TR A W ) e K
TSR B ISR S IR R U, IHERIR I A DUR IR, I O e v
Fes K HURT N A, RO BT REE AT IR N A, BTN SR & b
IBATIERA R MRS SRR AR RS 5 EA TN, LN 285 015 2 T 000 N B
Y Fid 7.

XA — Pyt : HY Cr+i 5 A COREIE B EIARGAE, A2 AR R B0 »
B, W ARPB ALK, AT AR, T Crf ik
BHAEZEA; Ttem M26 Won TIXANHTG. QR —ANRAEEILSEGl i ald A, AR
MR TIA—f), H Ttem M27 (52K omIBIX— mio WIARFE NIARE AIR B0 — 202
BAHREXH), I FEAT A RELIEIZ S EAE (UL Ttem E27). CHEfE T3 KA IIRE



RAGRERGIE Sy o HITE 5 AL 10X SeRp M ok i B P A 5 Bt

DKk T R 2578 A B R AR SZ R R Ik R e (YR LB (K6« 38 5 demand—paged ”
(WQ: “HI /SR 2 2RI ) R RE R, SEAT A PRASBAT 5 R R B80T L 37 AR
KGR R RE PR E? SR —AN BB R, ARCERIRAE 2R R A
Mo WA, WU, RMERAT AR e e WA, ek
R, I HANEAELUE b T T 5T S 50 Al PR B S 0 4N R (K38 AT PR FI S T 7 1) il
FARAREXM (W Item E36),

Wb BRAEAN SR AEL AN 3% DURIE R 25, B N NIRREAE 7o AT TIRAE B AT I A MO T
SRR AT LS ANIX A4 (W Ttem E18) 0 W BUIX L bR B wf LLSEIRIY, A W AT A
FAAT o IXHE, AN AT N G B 42 B I BROUARSAS T Al 5 G AR BRI N4 DR it bR 25
& KA, W Item E11),

BET /MBI 85 4RI, AT BRI B AT B AR IR TR R A LI T
Mo FHA @B RAAT A RFE— 3 A R RN, Ui int kAl

TRk HEDRAE BN, i NIX At (WQ: ZAREND. fbfisimd: <M B
O H CIRME: BT A AT A I 5 4 G TR s S Rl o
NP, — RIS, RERgm IR, A ANSX Al bl ZANE KRS T
Wl A AL P T AR o BERAH P AT REARAR R, BT ABRKE AR AR v 1 T BABIT 1B S Ek
B IFIXLEHE R ()7 L Ttem M33 Al Ttem E46).

BTG SRR IR LA BRI AR Z, A LR
LTI SRR AT R I G5 AR AT EUE (UL Ttem M16D . BIASR gt s (O B T (KR 7
WMAHEEBH, KA E7E)UEN RS N EER RS . AT A A AR AL A3k
TRV G LR S, AR EA, R SR ICE & o XA RIS T 5 E R
NI E SR

AR ACR Vvt 45 24 T S AR AN, SR SRR ST et e s K SEIRAN Y B ] ok
AT ()7 W Ttem B20). BRI HE, fUHI TG4 ) i 4 2 AR STAF P O A R Gemlieqi B (L
Item E31). A FEURIRII BT, B X PR FTERFANIRA R HEA G e — — B
JE e A YR AE R (WL Ttem M4 M1 Ttem E43). W53 RITI MK, EHE
if... then...else BFIERATEH (FFIXZS I Ttem M31, SR)GH Item E39 LHLF L. AF
W, RN ZIRAE T, B4 if. .. then. .. else IEAJERTE BHH, WHRKER T4, &
Mg NG B A BT 15

XL A IR MR 5, (RO R AR T . BIRA—ANEH CHER
Y (RARE, T2 ARD:

WA LGP IR E, HEH N delete — LRI D HI B *.

X, B, DRILURAR, HAihul, XAMEE R, WARIRR AR R L IX



FEIF, JEANTTEL B AT HEHT L) oR 4L

class B { ... }; // no virtual dtor needed

class D: public B { ... };

B *pb = new D;

SR, UARIIANIX A —RJI, SO T

delete pb; // NOW you need the virtual

// destructor in B

XERA, H P AR —A N — — 3T A delete iff) — —SEBr L 32
PUEM B 1€ o WAXRAE TG, I B I AR B g . RN T IXAMEH Y
i, — 2B ) G IR S EOC RS M B g 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

WL, X R

class string { // from the standard C++ library
public:
“string();
I
class B { ... }: // no data members with dtors

// no virtual dtor needed
HIN B 4hk—ANER G, FEHAET .
class D: public B {
string name; // NOW "B needs to be virtual

I

=k, —AKRT B AN GBI T — M7 1 4 bR 2T Bl 01
X IIRAEZS) ARG SO A I B g P B . (HAE RS, MR IZ A 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
JAAT TR R AR AR R GE TP AT A B TR R 2

AR E G TR o AN AR ERE A, M m XA R st
HEALAE . AKNERFE RN R — DR A — AN IERAE ] (RMEBLAEIE
BAPIX AT, BN T KA (WL Ttem E14). IXFEI)SEAEINAL LKL RAR
AT HIER, IF H 2B RN AR N FFA R e (B, BN,



FIHATHI R ERAL ] . R TR E R AAME S, He P2 5.

AR (FE CHARHEBATEEH W] string VAR Q8 T — N AT B 2001
string K. HAE7 R R

N TG EHIEDTIIEREE, KBNS string BH vibl. BNTEHZ LG
— I string # AL 1 Bl TG X L AT/ LT A -

AT N A 7% L8 2 AR I S 2% 18 2

MR, vbtl ABAR LR (W Ttem M24 AT Ttem E14), K#B4) string ZR(1SeBL
AR RN EAT—A char 5%, FrLldgn—A vptr AR string FEHAMFLE .
JrCART LB A AT A AN E L3, JCHAEX T string XAESE I m % LA 26 . 1XFE
(1282 JE T2 M RE e PERE IS 20% K562 1K) (O Ttem M16).

WA, —A string W RMEIMALF—— & A S LR R HED 7 57— — i
K TARAF—A char sREFI RN AT,y vptr HEINEIAE 2 I A28 4 B %
Mo AL, XUBREAGIER & IE. (FI6fi, [SO/ANST AR#EZR R ST IX A MK briE
string ZRAAT—ANHEME AT R £ )

SEAT ) AU 2 AR A R “ AT R AIBEAT — A string *, JT LUXANECA ) 7.
XA REAE LA, HABATRXAS string R SR ALAE LT IC AT AN A8 HT B 2R P i — 6
Iye HIMEHITRNG, BN CHIEARFE AN, BN AR 07 1A AN o
XU NS T iR string WA REATAL BRI 5 SR 2 AR P R A A Al AT TR 2 S e AT RE AT R R
Hort, Hl string #3541 delete X RINTIBE LAEA IR, 75 string (FREHFIS ] AT H] RTTI
BAE TR B AN IERME DS ? XA 5 T IEw A I A2 2 RS g ey 2

XA R B A B A WA ) SCRS LAFR AR string SE8EATHE BT nl B gk 2K W, (R
R 52 B0 R B AN BOR BE B BRSO I 2 R A AT 42

— AR TR CH+ B EORFH ISR K . Ttem M26 #iidR T/E A BRHIX % KA %4,
PLEH] auto ptr X ZoREFAEHEP N SR . Wi string X R 14 LA S LGB AT,
it S

auto ptr<String> ps(String::makeString ("Future tense C++”));

// treat ps as a pointer to
// a String object, but don’t
// worry about deleting it

RAEF XA

String s(“Future tense C++7);

B, 228, N TS AER 2R AT A2 A AT B BEE R . (K string 28,
XRPREG S, XS, XA B2 EA )

LR, HEATIN SIS BB & T B o AR TF R I A AR AT I g R4S B LAE: IRA



HEAS 21 L 2 T A SR ME (R i) SEIL T o "B ZRE LA SCHF A B AT, b dil
TEARBIH CA W CREED BE N TR (RARRIRIE R TR G CH SR E B . &
AR SR A T B2 I VERE s ARVEEUE 5 SN SEAR R PP S8 AR S W E T ) o T2
VR A0 R HEH, W KA O T (which often means some time in the
recent past). IXLEHEEERA NG RAREZEE EA ]
AN ZS (1) 7% f HUR ] b g i T — L AAP L IR
o RALERMIE (W ItemE18), HMFILLLE NI A WAL . WA T HT
Kk, ARAH BN Sk 28T

®  CERURIEE BV HAE T W BRI B 1L AT IR (W, Ttem E46). 1328758 5 -
fFERITAS S . B, B DRI RURE A, W R e D XA A = X
(G (UL Ttem E27). Btk tfE (W, Ttem M33).

® LR FRHIRASREE FH AL ARG ARES, S ARG E . B, an SRR S )ik g
Bk, 2 8N el A4S R LAAL BEAT A n) AN A &

RIS I TARPARRS P T Pk AT ged k. ot rE, O RAEIRE R AR
RN G TAE. &G AT N A AR AR AT AT IR o R 2 R DU H O TR I
B, RIS T AR KRR . RS AR, R BEEHUER, fEARKN
NIRRT

8.2 Item M33: ¥R hIME A

BB IEE N ADNRAEIH , B, EXANRIEE, KU WREsih %5
AEH AL, HPIFF B — — WG AN — — T 2R A B AR, TG AN XS 5 B IR IV Ik
ARIEIXFEN:

S A AT S AT AR TG 2N XS A Ak Sl 28 LA F X R 3h 0 1)
FrAT M.

K 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);

b

FHHGH TIEE R R, HOSBRAM T FHZAERAA:
Lizard lizl;

Lizard 1iz2;

&lizl;

Animal *pAnimall

Animal *pAnimal2 = &liz2;

spAnimall = #pAnimal2;

XA, H—, BE AT IRMEZ H A2 Animal 2810, HARAHOCH BN
FHE Lizard. 4558, HA 1izl 19 Animal 38BN XEHMRE. EWREE, 1izl
(¥ Animal B3 A TR AT 1iz2 ME, (A3 Lizard 50158 B e .

55 ) R B AT AR AEACRS S XA . FHER B R AR R I AN I, Rl
HREEXT C A+ @ AR HAL B CHIFE T 01 o T LA, AT TV 2R A e v 759 585 B o 41 Ttem
M32 4R IR, FRATTI SN A S 4 I A TR AN S e R, 1B XN 2R 2 O 2 2 A H
o

—AMFRTT AW AEIE 5 IR R R B W Animal : :operator=2 iE BEL, AR A
EIE AR Lizard FOWVERRSE ONZBRARCAD . SR1, F— N e EE SR
ft4:

class Animal {

public:

virtual Animal& operator=(const Animal& rhs);

I

class Lizard: public Animal {



public:

virtual Lizard& operator=(const Animal& rhs);

b
class Chicken: public Animal {
public:

virtual Chicken& operator=(const Animal& rhs);

I

BT CHHil F Bl AR B G FRATT AT DUME SOk MIE 2R A T RN 0] LA R 26
RI5THD, B CHIRRE i aE FATT FR AR [F) (K S8R . X EUAS Lizard 28H1 Chicken 251K
WA B A I Z0THE A8 R S AE RS Andmal X5 W@, IR BATTL 20 6 24T (1)
F RIS

Lizard liz;

Chicken chick;

Animal *pAnimall = &liz;

&chick;

Animal *pAnimal?2

*pAnimall = *pAnimal2; // assign a chicken to
// a lizard!

MR et —A Lizard, A7300& A Chicken. JR&ZEIYIR{E 4
CHHHIE A I, DRhy G+t S PSP e B AT . AR, Gl 4 Animal fRTR(E
BAE BN R, BATIF TIRARAMRAE M.

XA FRATAE SN o ATV A SV R ST WEAT RIS BURAE, T4 (b Jd i [R) R 1 4
FREEATIR G AR . Hergifivd, 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



HEe BT X e, B K*pAnimal 2 T4 *pAnimal 1 H 2 1EATT, B A,

BT REBAN T SRS AT IR R (P PR Fd s U, FRATT 5 AR TR A R A I 5 1
TE operator=WN# &4 TG, TIRBUAH RIS,  FRATTIHEE $2 30 5 1) 07 X 58 A
AT LI dynamic cast (UL Ttem M2) SKSeBl. FIHZE A Lizard IR E

B

(=
Lizard& Lizard::operator=(const Animal& rhs)
{
// make sure rhs is really a lizard
const Lizard& rhs liz = dynamic cast<const Lizard&> (rhs);
proceed with a normal assignment of rhs liz to *this;

}

XA B R AE rhs 15258 Lizard BB IR 2% this. MR rhs A& Lizard 287,
PREAE L dynamic cast FEHCRIEIY bad _cast BMIF R . (SEPR b, S 2R
std::bad_cast, PINARAEIZATERIA R, QAR ENIIH K5, #7420 std
o X TARHEIZAT I (BRIl Ttem E49 A1 Ttem M35).

BMEAE T A W, A RECE KR Bl E B J4M &55 5t — —dynamic_cast (A%
Sl —4 type_info &5#; W Ttem M24— — [R5 0L F &S /E— > Lizard XRS5 —

A

Lizard lizl, 1iz2;

lizl = 1iz2; // no need to perform a
// dynamic cast: this
// assignment must be valid
AT AT AL B AP S0 M TG T 9 I 52 2 BE ek AE 2% dynamic_cast, JUEAE Lizard Ha
— AN T A PR -
class Lizard: public Animal {
public:
virtual Lizard& operator=(const Animal& rhs);

Lizard& operator=(const Lizard& rhs); // add this

I
Lizard lizl, 1liz2;

lizl = 1iz2; // calls operator= taking



// a const Lizard&

Animal *pAnimall = &lizl;

Animal *pAnimal2 = &1iz2;

*pAnimall = *pAnimal2; // calls operator= taking

// a const Animal&
Szln b, g T S TN operator=, WAL T T ISLHL .
Lizard& Lizard::operator=(const Animal& rhs)
{
return operator

}

IAEIXAN B HGR EH rhs B4k —A Lizard. WSS, 385 (IR E R0 .
FW), —A> bad_cast S B .

YLSETE, RIS T HMEH dynamic cast FEATRIAGI, XA E K G —HFHEEE,
— Lo PR AR AT SCHF dynamic cast, FTUMERE R BB E AT TR RIME, Sk
br bA—5E. HEERE, TR Lizard Ml Chicken F ] /7 0 507 A5 U AR 45 VE IR 45
HEA L3R bad _cast Fpi HAEFNAC I . A SR AT B X A1, A2 AN RT3
(V3L Ak o 75 e B W 1 7 2

FE TR KT R ERAE 12 NAEH AR RPRES G, RS Ty F 4 s L)
TR B AN IR B P 5 A T 3 T ) A 1 o Lt SRR PR A V5 U AT G
FEIRAEL, BATRA SN T .

WA T2 AE Animal H¥ operator="%4 4 private. &, Lizard %% n] LAY
45 Lizard X%, Chicken X% n] LIR{E Y Chicken X1, {HHR/> sIR A AU w28 1L

class Animal {

private:

Animal& operator=(const Animal& rhs) ; // this is now
// private

b

class Lizard: public Animal {

public:

Lizard& operator=(const Lizard& rhs);

b

class Chicken: public Animal {



public:

Chicken& operator=(const Chicken& rhs);

b
Lizard lizl, 1iz2;

lizl = 1iz2; // fine
Chicken chickl, chick2;

chickl = chick?2; // also fine
Animal *pAnimall = &lizl;

Animal *pAnimal2 = &chickl;

#pAnimall = *pAnimal2; // error! attempt to call
// private
Animal: :operator=
AL, Animal 2 SEAARSE, XANTFVAFIN K Animal X G0 R BAE VP2 A HFE T

Animal animall, animal2;

animall = animal2; // error! attempt to call
// private
Animal: :operator=
i ., e A AN AT REIEASE IR Lizard AT Chicken Z8AIRERRAE, N IR A S M E
A R BT DT AT R T RS A (B 45 A e 2
Lizard& Lizard::operator=(const Lizard& rhs)
{
if (this == &rhs) return *this;
Animal: :operator=(rhs) ; // error! attempt to call
// private function. But
// Lizard::operator= must
// call this function to
// assign the Animal parts
} // of *this!
JE AN )] OB LS Animal::operator=HIBJ protected SKfg#k, {H “suif



Animal %FZ 1] FIMRAR 7T BE 1 Lizard F1 Chicken X} %ilid Animal HIFEEFEATHEMIRAGE 7 1)
PIAE i) EATISRAEAE . FRIF B A T8?

IS Ty IS AR Animal X RAIRME IR, HEBA D M SEIN 7525 Animal %
%K. NS, Animal ANEERESEHIL, TR BRtEA T Animal %5 I ¥ 7
KT o MR, EIFET AP, B BA ALY Animal X G20, A
AMREZ R TT 0 A Animal ORISR, FATE—AFr3E——1 AbstractAnimal
—— R Animal, Lizard. Chikcen [IATJEME, JHEE R NIZIR RIFHEED LR
M AbstractAnimal k7K. 105 4R FRIEXFEM:

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);

b
class Chicken: public AbstractAnimal {
public:

Chicken& operator=(const Chicken& rhs) :



I

XANBEU AR IT LAR TG B AR P o [ R (R R AEL A AV, 308 20 TR A [ R 28 i 17
WAL 275 1 IR A= 2 R TR R A R 80T AR FH SRS P AP B0 A R B LA, A8 I Andaml
Lizard B Chicken KNI A T A K, WAHXLERTRENE, HATHE5IA
AbstractAnimal FUERFF T 5. HE, XM THEEEHMIE, HXRLNFE “WHiR T 9
P (A V) AT A A LE A T T AT Sk ] BEAS TE A (0 M 1 ) AN R 1R L 7 T 4+F HH T 1R
NARA

PAFFFIX— V) TAE, AbstractAnimal KUAUEIB K — —ELAMEDH AR R
KA TEOLT s A — N0 R BOZ B ), ARAERRD WIS DL, R RILF 6] —A
U AbstractAnimal IXAEE, BATMEAN 0L REOE BARIIZERE KA. U, AE5 057524
AFTA) B S H B DAy Al R R 5 XA TR . T SCRE 2 A, FEIS T R AT AL BR K (L
Ttem 14), H4& 7 2 SR SUME (1 E— BRIGUSE f2 D A7 E SR IR s L2 Al (91 L P195,
Ttem M29).

CUn RSB — ANl s B AR b o TR, AR IR AR IT I . H B — AR Ok 1§
AW AL, EERE:

® YRR Z

®  (TAT ML IYRA: (1 SRS DA JI0Ke L bR B IO —AS “ Al B RE R (B2

ANBEHE “= 07

ST, SRS AR R B AT S, AR SRR BT R R B AR AT 2 SN,
DR A BT TR A T 1 o 5l o IR g R o HL, A ST A AT %5, i ke
B (L Ttem M) BRIV R . SEILAUHE s AT WL, (B2l R 8, EA A
SEH W, e

PRTT e O 4010 3 B0 B 10 1Rl i B S B A T IR A 11 o 0t 3 TR e S A28
Animal) F7EHE 0L WA EATRA B, Rl Redath, MamAS A8, AT
HUE (0 SRR A T 1 S ARSI 22 A

JCBE AT LA SRS I IR s PRI RT g ek, BOH e T AT B i, B
EAREAT o WA ERE R R REAT B 1 01, ARBILAEAS ) H O R e A A A o 38 080 1l A
BN, VRIEFIEAKIE (S0 Ttem M32). WHRXANEREMASH LI R, B4
LRSS, WA N SR 2 AL ?

Fln AbstractAnimal JXFERAH G AU Animal SXFFERSEARTES, JLUFAbiE LG &
AT operator=[AT 5 T T k. EWmeb TR B4 281w 6e, X7 A
(114 AP J5 SRS T Ttem M3o 4RI, XAHEITEKMLFAE R AL BT R b, B
N IR TP A iR SR WA M AT A AR B S AT N R SEAR . AR U, AR O A R R 2R



(concept) @ig BT AIINERIE, BUAEIRIFAFIEE XA K SR A AEAE
WRARA AT CL RN C2 F HARER C2 A E 4k B CL, RN 1285 1 2 4k 2
RN = ARG R R, QG BRI A JFERE CL AT C2 N E 4R /K

C) (A)
G ) @

Your inital idea Your transformed hierarchy

PG B B SRR E 2 A IS 2B, CL R C2 A IENE; bR A4
CATH A AR RAE—RIEE (I Ttem E35). B50U5, VR 1X Lot 1k 5 Jig S A
Lo MH, RDAH CHIMZER X S UK, e A THERMIANE AT T, EEA
TG SEB R, A R T SO R R ORI A e S S

XY PET e NI BB, RN SREE R T R A i g, AT
IV AZAE L4 AR AR Z B AN SR B X REAN A (AN R R IR AR A7) (to
embody the abstract part of the abstraction) , —ME&SEAAIRERA GRS (to
embody the object-generation part of the abstraction)) ? ANWi%. WIRIRIXAM T,
K ATAFAARAR R DA K2 IXFER AR AR AR FIEAE DLBEAR 1K), ECAES (1, i) AR
Ot e IXANJE T )0 B H

HHPZE: #ia RS, maed] OFLREEND BN P4k,
EEARAA RS ? WEEE AT A MR AR R UE A T 2 W RET0U%N A4 R 2 AT 4 2
AT4k 7K ?

T, FAFE B AT AN R KR AL, BRREE — . DM
TR S TR FUR R TS, (B2 My 75 ZE A Gl AT R e 4, A RISt
Bel 2 AR S . WS B, BT S TR mhe A A O S A A (e,
XA GIE AL D, I B e T — AN AR A A F AL .

FE— AR B S — R 5 B, AT TE A B [ I i — AN 538 O TIEANEALD A
—ANSEARSE O T AN RN R S EMIK, B58 T GHEE, IR R A0 I
Ry FRA I Jok P A5 A TRT SR SR T X AR, I BRI A A AR e e U AR T B
B IE TR P S, RMEEARAT AN e S L6 P AR SRR o 3 il 7 A 230 0 I i P A
1T RS S

AR —F— ARG o BRI ALE S ) — N7 DU ER R38R bS] ()
BoafG B, 8 e A B G AR SR D SCEEAT . FRATTIA Dk W12 ] SR R iX 264



FEER AL, JIF XS a2 R P A% L .
RBARKEBE K A — B, B R — M. VRT3 T e b SO Bt 2
RMAELE, (B AR SCREEAT, BT VI LAAE AR SR e A o VRS M EHiE L (for the
concept that a packet represents) WEBUF— MK, N ivh—MRIZPRE R 8L
W2 IRARIX AT AT LATE LG 385 D055 R 20 0 1A FH A 328 o AR AR B8 o 114
B a0 ST I AR PP AS B R e 2 o AR R BT EEPI AN 2K, TARIAE R 52— CREXE TR
PAEAE R R RO A28 A o IR AEAF, N T M R AL LA AR VR e ke ik, TR 78
RN AE?
X)LEAEEEMFERE, R TR HIATEARTES T RN R 75 1281
FRATRER) o WA BT TR, REARIEE EM, JTHREIRMER H R
B T3k e — Ry s S T I 2 A, UG ETRv H IR R R BOHE SR 1) 288 I e b A T AN 75 2 e A
FATIES, IRA BE B WA R P AU b . (R E T EPAE S PR AS T B
VEITA 1 A QRS IR BMTATUF i )
B RN KRR B — NN I R BT, BRAR RS % Rl A 0, 1) X )
PARCEATTAH B A RS . S TR RIS, AT e 5, 253 LUG 75 ML
RS AR I FE 0
TP UL TR R — A IR TR BN SR T, AR W57 EHRE
FE O ks YRR TH e oA (0 TR LXKk, MR R — L RIS E
AN SR 7, XA ME— TGN R T ANEE A, A
A kAR AN LRI R LR, T RN E— R k.
XML AT W, FTEAS R T HATRRE . S =7 1 CH+2R PR, 1 R B
i B N P R SRR AL — AN B SR, XA AR R BBy, fREE a2
PRANBEAE SR LI — A F 22, Fr DUR IR BRI B . 1R TR
o  NCAETEMSEARRIRA AR SR, IR ZTRATIEAR Ttem FFAG I 3 2 1R AR ]
B, R R Ttem M3 rhijod R84 1) .

®  LUKITE ISP (K Ak AR 1) B e b R B — AN S8 B TR R IO A D Re i 528, A
CHHTAR K. 2488, AIRERAT GG MYS; RIS, RATREAEA RIS C4qr
AR IR SRR S T 478

o ARGk A& 2RI I ok LRI B2 (I Ttem E40 Al Ttem E42). ] F
1, ARRE—AN IR R SR G A R, LRI E ST 4 1«

class Window { // this is the library class

public:

virtual void resize(int newWidth, int newHeight);

virtual void repaint() const;



int width() const;
int height() const;
I
class SpecialWindow { // this is the class you
public: // wanted to have inherit
// from Window
// pass—through implementations of nonvirtual functions
int width() const { return w.width(); }
int height() const { return w.height(); }
// new implementations of ”inherited” virtual functions
virtual void resize(int newWidth, int newHeight);
virtual void repaint() const:
private:

Window w;

Xy s EARAE SR PRI N th ELHOR IR B CR2R . B BRI HE X
FRPEHR ISR R BB BE ST, RO AR T A2 4R K
o iR EHIREEPRZE, TR AR B SRR B EAIANRE M . AR5
PRI DI RE. ORLEARREUMAIA R BAT MBI . 45K, PR AU fx
PO AR T S WYy TR, (HEAE SR T RITHR TR
IXIEIR PN S AW GIN, PTEMRAGAME AW RS B 85 25 . XA B2,
EAEA N UL AESREE IR E & GNERATEEN) oL, K mhis R
PR R FEds T CLLECOREII T BB, BEIN TR A3, AR vt w] e gtk o
B, BN ARRIERN AR I FEALBAN R ISR, (RA] e 2538
Fi St h WP (20 o i 9% el TR AW P A RS MY o 0 TR T8 6 SN .3 3 o AN P T
IS

8.3 Item M34: Wf[7EF—FEFHIREMH C++F0C

VAR, R BEALLG TR — #AEH] Cr+— ] C, sl )7 4 C 4
PRI RN A 224G 1 e oK A R e o INEZ i PEas AL, BRARAS R B 4 7 4%
FE5 SEBURSC IR (I int A1 double (P45 KA, 462050 EAIE. (HIXA A
AR R s 1, B LAME— [ 2 pm i P Gt P8 8 1 A R R e AT TR SR G
CIR-GHMFEN FIFE XA, Pt DALE SRR S AT, BORIRIN Cr+amBEdi il C g 2

w

o



ARG, AU IE R . A3, FRaSPIiath, WAFShA I, Bdnd
P HER o
o ZAH

YA, T CHAERGS TR A R M T AT £ CH, AR
AT, PR REBER, (H)LTP T CHREFHAT B 4 (B, SastT ek i
BT JLASWCA ) operator<<Hl operator>>). BHAMA T LN M HERAET, KRR
JPAH TCIR I PR R 4 Y PR K o 24 AR R R B R P 1) 2 P s R P R 5 R 44 a0 2R
—

W RALE CHHEfl N, ARIASEIIR. WERARIRA — K%Y drawline 17234
KoLl xyzzy, IREMEHAST dravline, NATEREIIEIGN obj MG HIIE xyzzy
¥

R drawLine f7F CIgqTErf, JRHUZE — D AFRIEE 7o ARA) CHIESTIR a5 2k
SCAf R ]

void drawLine(int x1, int yl, int x2, int y2):

AR A P 5 2 AT drawLine. AN A A4 G 136 ds e 46 DA 1 T 44 22 ) 14
PG FTLVE N2

drawlLine(a, b, ¢, d); // call to unmangled function name
ob j ST A R FH I 0 -
xyzzy(a, b, ¢, d); // call to mangled function mame

B4R drawLine j&— > C BREL, obj SCfF (BUE ZBNASHERIRE RN &
G S 1) drawLine PREUIIRIY drawLine; A 4ARHENE. HIRIKENG obj SCAFRER AT
Foit, A58 — AR, POV BERRRE P AE T 4R — D xyzzy IR, T3 IXAE (1 BR B AE

BRELPOXA W), R T EE P VER S VR CHdm iR AN BAEXAN R BT 4 2 4. IR
AR AL EE S ST 448, W C. L4, Fortran, LISP. Forth Bl &, (&
[y, 3 Fg 7rp W A% A COBOL, (IS AR 4513 20414 2 (Yes, what~have-youwould include
COBOL, but then what would you have? )) &2, WHRARHAH DL F N drawLine 1Y C
AL, ESEs BB drawLine, RIY obj SCFNAZE G IXFEN— A5, A ST
T AR A

LR\ AR, fEH] CH extern T C 4E7R:

// 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, HAMMNIZFFA —1 extern  Pascal’ Fll extern



"FORTRAN' o %1, ®/DHE CHbriE . AEHE extern " C FHELZH XA REUZH C
BEEH, WAZEE PUEA BN 20 SRR C B — AT R . (R ARIE B
s&, extern’ C EEERXNREA C i, HXNEERIELAENEATGEW . NMEWmT, &
BERE P BRI T O

B, RASER BB RG0S — AR, AR AT LA 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—MEGH AL EIETNE
JUEFIS A o S A8 X 88 CH+pR AR A4 A, URIK 2 7 A] DU IR AR T EDULIY
4 AN FASE FH AR PR 20 16 A2 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, A HERR B T A A, BN RREURIN extern” O I . SR,
XL E . extern " C A LI —H e BUAERL, HEDR BTN X K5 -

extern “C” { // disable name mangling for

// all the following functions
void drawLine(int x1, int yl, int x2, int y2);
void twiddleBits (unsigned char bits);

void simulate(int iterations);

}

XAEAE ] extern ” C fij Ak T 4E IR LL AR R L C++A0 C 3T AR SO A . 4]
CHEIER, RMNIZIN extern " C, HA C gaih, ANIZIXFE. Wil HIE CHegmifds FE
SMI¥%: cplusplus, FRAT LK LSRG FE

#ifdef _ cplusplus

extern "C” {

#endif

void drawLine(int x1, int yl, int x2, int y2);

void twiddleBits(unsigned char bits);

void simulate(int iterations);

#ifdef  cplusplus
}



fendif

MAE B — ", B Bn v g A4 A4t o AN [] AR i 1 4 T AR AR T AS [l ) AR 5 5K
1117255 _EANTR] (10 2 18 i T I A M) o 3T PRI 2 A SR ITAT (0 G0 96 24 A5 P R £ 22
W, AR R ENE RIS Z A . DIE, QURIESEERCR B T AR S04 obj
SCAE, BRI REAS BINAZBERAE R, DUAZRHUA (42 T AVLEC . XM IR 7R T, fRATREE AT
FUE AR R, FLER B L U SRBIEAS

o MR
FEHEAR T A5, URTG B A CHh S 7 main SATRTATHAT 5 #T KR AR

TBEIAT . JCHZ, BTSN GAE A4 R i 44 20 8] o R s S A R R S0 5 1A
1 PRI AE main BEHAT RO o XA RSP (S0 Ttem E47), IXA
AT C++F1 C RPN VU S, Bl ] HAE main SERFIOANH . FIFE, s
WIEEA A B0 A SR R AT AL A b U T AT A R IR I R 6 & A4 main SR
BATZ )G

N T AR main O BAZE e, T RO EEAE main O ST F R R 38 PR Y A ) e
VFZ AL main O BB ITIRAEN T — MR R AL ek ors S yIiath . [FFE,
G AR main O S AURITI N T — R BORIT I FRS N S 7R AR 0 3 B K GOX

int main(int argc, char *argv[])

{

performStaticlnitialization(); // generated by the
// implementation

the statements you put in main go here;

performStaticDestruction() ; // generated by the
// implementation

}

ANEE E P XA P . B H performStaticInitialization() M
performStaticDestruction ()i H & H I 4, AL WIERRREL CXINAEFRIF obj ST
OB AN BB PR ) o B S WA CH+gmid 82 K FH X Tl 77 v SR W L A R 40 e A5 4
%, BRAE main O 2 CH+5 1), XU GOR WS ATAHAATH o R IX R A6 AL AN AT A i
BB TPEA A, R LR CHE, RN IZH] C++'5 main O B EL.

AEEKRM CE main O BA R X —— IR 7322 C i, CHlir g — A3
FRPE. AR, IXAS CHRIRATRE S A AN % (RMEBLAERA, UG RESfT ——2 I Tten
M32), FrPAH C+5 main O AR RN . X IFARRE IR T RS R C AU, K20k
CHfmain O 40 realMain ), SR H] CHRA M main O P realMain () :

extern "C” // implement this



int realMain(int argc, char *argv[]); // function in C

int main(int arge, char *argv[]) // write this in C++

{

return realMain(arge, argv);

}

XA, Sl N bR R AR SR A

WARAGEH] C+'5 main O, VREEATBRIGUT . TRIA AT H & T M2l DR AT 52 1 A
WA R T o AREVER T, FUR AR R LR RO — 28 . G dea 2B 7= Bl 1 x4
)8, JLP SR At T — BN R R KA S SR RS A TR A R o K0T R PR 2
PEAR R B AL, 2 I BENL SR B AR A R

® &N
IAESE BB A W A7 BC o AT HEAR 7 B C++3870 A8 new Al delete (Z M, Ttem M8),

C #4HHH malloc (BRILARTE) I free. HZE new SN delete BEJS, malloc
SICHKINAEH free B8, MA@, H free B new SFFCHINAFEH] delete FEIK
malloc Z}RCIINAE, HAT HEA E L. WA, MEZLAERHE: BRI new Al delete &5
mallco Al free HEAT ™ H4 IR B 25 o

YA Sy o B — FIXAHEE ((HARTT ) 1 strdup BREL, B IFAE C M CH+brdE Gz
ITEE) H, HRE L

char * strdup(const char *ps); // return a copy of the

// string pointed to by ps

LRRAT AP, strdup BRI L ATREIBAE strdup O X BCHI AR (HIX N AFIX
2RI ? H delete? M free? WKW strdup 2k H T C RS, A RSGH . Wik
R CHE, BARMARNTE . A strdup 5T EMIGEAE, EANF KRS
IANIE, AEANFI e N AN o R DR AT RS R ) R, T BE R G S SR R ANLE
WHEIZAT T (S, Ttem E49 Fl Ttem M35) A (FERZEOHENLFG T 1)

o HRGHMRICAN
R Ja AN BURAE CH+1 C Z ki it . AT RELE C HURRE T CHRURFPERY, EA]

MRS LM E AL C I RoR RS o DAL, ARVERE, AT AT RS AELIK 7oA 3 0l 5 slif i
o) L R B BN C SRS, R, C TRESERE, BT LUEAEARIY CHRI C Sieds
A A IR A, PR T R) 1R BRESCRT DA 22 A AT B 1) 0 S KR T R 1) S A 5% 1) R
BRSO R IR . AR, ZRRTPESRTY (A int. char 55%) (R AR F] H g

PRy G+ struct IR T C FRAREIN, B “AEPIRGNPRas T g LI TF] — 45
AL FIAE R 7 sCEAT AR B 2 2 4x i) o IXARIZ R AT LUAE CHeAl C ML 22 Aok [nl A .



RARAE CHRARCA TN T AR s, LA A3 se, Bl JAARR R B 4k (5L

IO X BT EANE C AR ARRCA (g SO 35 T I 2815 55 pR 201 FTD o 8900

2 PR HSCRE 5 AR O O SR — AR AP E5 R (S Ttem M24) . MILE S

(HZ) HEATAR R G5, T8 BRI A AA 45, PTUATEESR I A I ANRE S C pECC T

BRSNS, 818 fE CHl C Z[RNX A TLA% 8 Bl 45 M) 2 42 () — — A C++

HC R SR AEFIFE E SORBEAT O 16 o 75 CHRRAS P 9 AR kg B 5% e Bl v AN s e etk {3
JLT-HE I SRR R WS

o L4
AR R — R FIRS C++5 C gafs, idAF NS .

® iR C++A C gideds ™ LA obj 3.

FEAEPIANE T AL R BT WY extern " C .

HERE, M C++5 main() .

] delete BEJH new ) HEHINAT: KU free B malloc 3T ) N AT«

WA PR T 5 T A2 328 10 2R V8 BRI C 2 3 P 50l 45 R RS Rl A 5 TR B 254 1) C++
FEASPT LA 25 A R R 5% R K

8.4 Item M35: itk H IR ERIRUE C+HHES

[ 1990 4E R LAk, (The Annotated C++ Reference Manual ) (JLJ5H5 P285, Fffsk:
WAL & BRI 5 2% F- ISR A AW AT A2 CHE ITAT 244 . 8 iRE
(R LEAER, C++F] ISO/ANST ARt L R AE T KRNV T (CEZLRY 7). MRS
Fht, BOEATEHT .
75 CARMY ZJi5 CH+R ARG H W T 5 MR P AL RFERE . R, W)y 5
MR, BGR CHbruE A CARMY Ll (R SR AN [ AR F L1
ISO/ANST CH+pifiat ) 1 S G PR I IG B IR0, A A& B A 2204,
SERRIP UTTAERS CH+ R AR B ) I FH SR 4R R 1. 78 CARMY 2 J R AR IR die AR At
LUF 2
® AN TOHAEE: RTTI. 42500, bool, J&HET mutable fl explicit, XfH(%¢
MEHEEAE, TSN E CTHIIRML const static R

®  BINH R T IR RVE T BRI T RGBS A TR, AR e A
RVFLRMSE, BT LR EAT A CIE AR S 4.

® i ALIRALANAL T S RS AR G P R EAT S RS AL A, unexpected ()
PR BOILAE P LA — AN bad_exception X% T

O NAENEREBMMNE T MINT operator new[] 1 operator deletel]pR%Y,

operator new/new [ 175 4743 e R MCRREAIN H — AN, A —NREDY 0 CARH



S WA MEERE. (W Effective C++ Ttem 7)

o MINTHMEMEH LA static cast. dynamic cast. const cast,

reinterpret cast.

® IEFEMINBET T HE X o AR, R PMEAR e A UL T Cn

FJFOR IR I B2 G b Fr B 5T | F, IRAE S AT LR [FIR A 2 56 5 Fi b sl D,
I o %of 52 () A A S EAT TR ff M S
A KA HR R T (The Design and Evolution of C++ ) (JLJET5 P285, Fffsk:
HELFLYD) o BUAER) CHERFE ORS T 1994 4ELUG R NIZWEEE T el ik
IEAEAT, MAHHE D Thh, ARG T Loy Fok s AR X L FrRe . A%
A, HERTIE.
CHH R IX LA AT AR HEIZAT PE (AL T T A BE SR R A0 AL, FRUEISAT EEIRB AR A5
EEAGIXFER E . #10, (The Design and Evolution of C++) JLF¥A & M bnifkiz
ITHE . PHEIBATEEM S L i, OAISATEAE 1994 )5 KA T 4R BRI .
FRAEIZAT BRI DI RE T RIS (0L Effective C++ Item 49) :
®  SUFFbRUE CIsATE. AL, CHMRICAE IR . HEAT T SR i 2,
fUiAF CH A CIBAT MR, T C++E0 P i IR ARG A, (AILThRERIR, 1E C iz
TTPER TS AR, AE CHTIE B AR

® I string KA. brdfl CHHB AT ESEILALIG AE A W) Mike Vilot 2 A0 “ Wik
H—AFAER string A, ARG T4 CHE A Wb#sh ) Fi—T,
OB = FIAR IR — —hrdE CHHEATIHEA T string A,

®  SCREARMUL . AR SCHA AR FREEE, USRS HIRS (] e 455 5
i 3 B AR - - SEAF I A AR A 215 o AR AEIS AT 0 A AR 10 SCRFATE T I [
PEASTR SCAHE DA FH I FE P

®  SCEF I/0 #rAE . WBAT R B DR B AR CHebrtfErh, (HARUEZR D12 T /N
kb o HARIBA W ERR T B2 iostram FI fstram), F#4F 254 T (4,
PL string HFEREAT stringstream 28554t T LA char* &l strstream 28, UAE
OB strstream 8T, HARMER IS IIEA DR &M T LAHT IS ILMEE A
e

& URRHUFIES. BHL CHEURTLRINARTE, BAMANT IHEEATIE. Jish, 18
ITEEAL S THReEII AR (valarray) DLGIRIE . IXSSHUZ LE o g 2 20 (1 25 4
AHELFITERE, TUHAEZ CPU RE . 847 PERIRAE 156235 A3s 55 68 B
AR o

® SUFFIA A ARANBE . bRk CrHsAT EAY T A BRI B 2, BRI AR AERSTAR
JE (STL)o STL fEhsifk C+Hiz AT e i S PE 1 43 o KR N e & ek



FEN4 STL R, MZUSERERRAE CH+IB AT e KPR
Py BT L PART AR P AR . AEATS R, BRARPILIEATE Y string

0, by BERCAIXAESS . HsE, /MR basic string KA FFFITY, CH%Z
—ANFERFR IS EOR G T ), X5 E ER R char H. wide char #i. Unicode char
HRARSE,

TRATAH K 4 string 2552 M basic string<char> ST R o B T8 4% F 45k
]z, ARUEIBATEEAE T — R AT X

typedef basic_string<char> string;

X H SR T IR Z 4070, K4 basic string #id = A58 BT 28— AN
TRIANSH. AT string KB, WAHXIXANKLM AT basic string:

template<class charT,

class traits = string char traits<charT>,
class Allocator = allocator>
class basic_string;

T string BT TARXANT 5 3CHE, SR AT & R IAT R AN 5L
W TR TTELE HIAEN string 7R, BORROX LR AT Ry, Bl iy string
MINTE, XA basic_string BHRARAELE VRIS X LT

Wit string 28R R LTI — — RGN AT ARG HE AR — — e bnt C+HiB AT
JE) 12 K o 10stream? ‘EATRMHR: — MRS HPUE TIEANTIMRAE . FH? 2B,
— RIS IE T BTS2 ik Valarray? BEbR; — RIS HER I T 204 A7
TH A WRARA BB, IAE LA RBMLFHLE .

AN EANE RS ARHEISAT A LT T WAL S e A 8 E) std e AR
PRUEISAT P HLTH (¥ AR VH I G R R i IS AT PR A4 R, ART LA using FR7nsUAE A CBE 5
¥ using ] (S W Effective C++ Ttem 28). Ei&MJE, XFHEE TAEAEMR#include
K3k SR E BT
® FRAEIEIR

PRt CH+I2 4T P s KRR B2 STL, ARERTRR 2R . (PR CHAT R LT BT 4R
PEHES AR, XA STL A B AW T o A, BT PR as MLy, L2 EAeE
TP IR, ROEIAERRI TIX 4 )

STL AR AT RERE MR 2 — — MR LK ZH — —CHHIBATEMZ5H, T LSRR & I SE AR
HUEREER . EANIFFAMEIR . STL T = AMEAMS: A% (container). T

(iterator) ML (algorithms). BAXEWAANRIE R EETRIFRE NS
PR B RS FH R B A R T (R 8 A — FERARE STL L3S s SRR A A A8 AT Ab 2
(RIRRE, A TR 7RSI«



AR —"F C++ CRIC) PRI, oK 2 B STL BOANE T o JUR e 2] i —
e ANR AL FR BT AT DLIE A 4 H O AT e 2R s 90 I HH A L TR AN T ER
WRAR A TORASEEE TR, ek KBS TVE R S AR T AT sk U R T
B, HER A AR E Lo

FRATT AT LA HI X 4 R S BAE B2 rh B — MR e A I e B, 0 — AR A, R
HOrT B R IXFERY

int * find(int *begin, int *end, int value)

{

while (begin != end && *begin != value) ++begin;
return begin;

}

AR EALE begin 5 end Z [0 (AELFE end— —end Fi [ NINIE H B E R G R A
& value, R[EIH—AMEN value FIJTE; WHREH KB, iR end.

R[] end KR REALE], Bl kAL %, & [H] 0 (NULL 85t ASZ 5?2 fifjs NULL
AR HAR, HIFAZERET “4F 7. find () B&ECZ0IR [FIRF 5 FREHE KR I A R R,
B HME, end #8515 NULL $8 5 RCRAHIA . H, A TR2EE 201, end FREF7EHE 2
et 74 R L NULL $R4H4F

LY, XATREARAREI find O BRI T7VE, AHEANZAVIERR), &R PR
Uf. FB5E FHE] T, Uk SR STL AR,

PRAT LR A4 find () B2

int values[50];

int *firstFive = find(values, // search the range
values+50, // values[0] — values[49]
5); // for the value 5
if (firstFive != valuest+50) { // did the search succeed?
// yes
}
else {

// no, the search failed
}
GSECIIVNERLE % e (Rt
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 PR FEIFBAT BRI L BEXT int BUECAERAE, i LLe ) BASERR b — NSk :

template<class T>

T % find(T *begin, T *end, const T& value)

{

while (begin != end && *begin != value) ++thegin;
return begin;

}

FERE RS, TR “ARAE” SO T “A% const BUGIH] 7. UM BIAE AT LAL FIAT:
BRT, FTAIAGAFBALRAN T o FERF AR T, B S E A f ik
PR BONINT R R B THA o S 51 CEANTR ARG AT AT 50, AT S 13X AN IT
B (B0 Effective C++ Ttem 22).

XANBAAR GRS, ARIE ] LA 2. V1 57E begin Fl end ERIHRAE. HAT “A
ST W, REIH. I ARE (30 More Effective C++ Ttem M6). #% U1 Chf ek ik ]
4TI, B W More Effective C++ Ttem M19). Xil A1 K BN 4 iR #AE, FrLlh
A BRE] find O N ERATHIAREINE? At AA R VF H G SRR SRR e 2 X — Kt
ATLKE find O MPRSELMFREN PR BCE K B, BATAT LU —ANBER 2 AN da
X4, AT B ERAERAT A CH 1 BRI T — IR

XA STL HLFE T RIMES o e 7l @bt A #AE STL B AR 2454 R 5.
EATRE Ttem M28 tP R R IGFaEH I L, U@ RIGIREN DI REE sk . (HNBERAEE,
EATRISBUE N T R .

A TYENEIREN N SIS T WS, ATAT UG£ AU find O tPRER. 505
JEH) find O LT

template{class Iterator, class T>

Iterator find(Iterator begin, Iterator end, const T& value)

{

while (begin != end && *begin != value) ++begin;

return begin;



AV RIE TS T FRUEBRR ZE I — 50 73 o STL Al TR 248 H A 254 I8 7 1 4
%, find(O2HHZ—.

STL PRI AS5H bitsety vector. list. deque. queue. priority-queue. stack.
set flmap, PROJUAAEILHAR—2R2 AT £ind O, f#40:

list<char> charList; // create STL list object

// for holding chars

// find the first occurrence of ’x’ in charList
list<char>::iterator it = find(charList.begin(),
charList. end(),
X))
LT, FRWT BRI, IR AL T AR AR T Wy, (HE
KR IRIEZNIE find O BAEAAHIA .

TR List WRWMA £ind (), IRBAHIE— AR List PR —ADICRIIERE T —
AN list HEJE AN ICEMERE o W list ZERIRUEIHB, CRAT 8, ORIV
HE list REABIN. S24F, list CRIHEIT STL ARG ot 4R b
# begin O Fl end () o XSS 53 bR HOR IR BT 75 ZLIERE 7, ARMESS £ind O .

N find O PAT TSR, EIREl—ANEE TR SRR B TR (WRTRA ) 5
charList. end ) CHISRBH WG o R URANAIE 1ist & EASKI, BTl EiEmiE 1ist
WL BT B A SE I . T2, REAKIE find ORMTAREN SR ? LS A
STL [AELZRA—FE, list FRREREE T HBh: et T — A KM e X, iterator Wik list
P R £ I8 . BESR charList &MU char ) list, ‘&M HEHESE A
Hist list<char>::iterator (gt BT AR (REAS STL ALK FiE
ST AR 728, iterator Fl const_iterator. Bl — N IRE, 4981 const
XS FREE D

[FIRER 7 e AiE F I8 STL st . thabh, Cr¥REHb & STL kST, Fibh,
WIIECE P 7B e & A STL 1) £ind O B4

int values[50];

int *firstFive = find(values, values+50, 5); // fine, calls
// STL find
STL LSRR fif 4 & SR AR 1 1A [R)RE R D AR SRASTRR R bR BB . STL 2R it
] begin () Fl end ) IXALHIRRHL, IXLE R HCR NI A2 SCAE LR NI FE X 5. STL Y5
VR BT FHIE 70 SARAEIX L2 STL (I % 7 IRLT4RE . Xafiad STL (4il. &wA



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, &
TARESE T o RVEARIESY STL (RN, STL P s vl LME IR L, IRI A s b
WRIEH] STL ML 28R, ARIIBRA S SO RIE CHHa AT I 2y, (HEN TR AR
(RIREISR G i, S RIEH]

CHHIa AT eI B 2 e 5 R IR Y o AEURBE R RUE IS AT PR, AR 200kt 3k
FERXJLEAE L2 2 R0 fEURBES H O STL AT, IRULERE LI STL
N bt CHHzATELE CIsATEREERRZE T, AL IR K R EAH (S UL Ttem E49),
SEAh, IR BHSATER RN GEM . iy 7e. rEdl =k ATRERD Mo EA . W
S SIARUE CHIBAT I, ARASGIK T A RARNE A A A DUS T A A SRR, R tdors 2 2]
AR B R RO ] CH+ ke, e R ST BE v S A A 2

9.  FZ

9.1 #EEIEY

FREVRRAS CH+ AT AR BRI R ML . JHHL, 2 — 2192, BURAIH 3
C+ BERN BN o BARA R =1, 2SR TN . AL RSBk
R BRI, ARATIEFE
o ffE

C+ PR TR T BT IISE 43 IR AR IN N R ah 2 e BOFARE LT IX
SRS, franbd s AR AR 2, EERNARE, HPANARRL, AR ARAL

NHETFHOR A IR I A OAE CH BT A R 18 21 1) U () e 5 Al
MR, HRERR A O, BT AT LS E

MR T EAS ] BTG, MA@ MR Rl BRAMRAER e P IX B S H Iy
FRUESCAF 2 1) ) — Lol e 5, 3 B ICUR A B E AN -

® The Annotated C++ Reference Manual, Margaret A. Ellis andBjarne

Stroustrup, Addison-Wesley, 1990, ISBN 0-201-51459-1.
® The Design and Evolution of C++, Bjarne Stroustrup, Addison—Wesley,
1994, ISBN 0-201-54330-3.

XA A A PR TE S AT R, AR T e Rt 2 N A S —.
TR NE TR E S P3RS A PH . The Annotated C++ Reference Manual #1448
A CEHRZAR, C+ SOFl T —2h FRE— WA 35), METT I e,
{HE AT AR IETE S 2071l (BB FE templates Fl exceptions) (5 fES % 1548 . The Annotated

C++ Reference Manual Jgtiwi) 88, K4 Cihdi it The Design and Evolution of C++ Z



1, MEM/RER Standard Template Library (W4%3K 35) MIifit. XELERARA L ) F0
ARG, BNIRSHEBRE, HUURRA TRX BT RINARE, SEAEAREUEITIE T #
CHto

R C 5 MARUERE T T ) — S 2% 105, B HERLTG b G+ S el i
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 Mot C++ B S HRFEIRNR, TERL T IX A B ) . %1
mEEERCY, PO ERAZ . B O RIS ERE, 2057 c+ E
TR — RIS

WRARRDR S s 5 AL, S BB REE A C++, ATLAE ISR 5 — A+

® Effective C++, Second Edition: 50 Specific Ways to Improve YourPrograms

andDesigns, Scott Meyers, Addison-Wesley, 1998, ISBN0-201-92488-9.

UL AR RE RAA S, HIR T A CAT SRR AL 18 .

H AP RFEMILR Effective CH ZEAZ, HIfM T BAR.

® (++ Strategies and Tactics, Robert Murray, Addison-Wesley, 1993, ISBN

0-201-56382-7

Murray FJ457E template AHSCUUHITIRE M2, f/EX BHoTRk 7. 59—
FVER TN C IFRITAESR C+ IJFR ] XAEEGEH . X reference counting (ZH]
WL 43K 29) ITHRIRELL C++ Strategies and Tactics MM AR A FEAL.

U SRR T B N I R rp 27 SRR AR, T 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
B, SRR Cargill JRIAMRHI— WEMMEHI— REARE, R W e IUBRBURI L AL AN
RGBT EHe, R HNSAEYE . LIRS AT R EE . SRR MBS R — M7, W
BRASLesh . ik iis, FRARD R G Yy AR EAS B, B4
REAR R SR M R ARA] C++ FEXOL, el 0 I e A [ ) ARSI, Bl gt o
O AT PR

C++ Programming Style WA THEN AN FZ exceptions. Cargill fEARIBXITHF
FrtEAT R e DD R ARAEAE U Sk, 200 R3], At A5 THX exception K
SR 4 (JITiH exception—safe) | RIFEZX, FCIRIE L L OHB A RE X O3 BT 17 fift 10 52 PR e «

“Exception Handling: A False Sense of Security,” C++ Report, Volume 6, Number9,



November—-December 1994, pages 21-24.

WIRARERL exceptions WEM, BT A BRCH.

— HARRIE T G+ SR, MERITARION,  IRAZITE A O

® Advanced C++: Programming Styles and Idioms, James

Coplien, Addison—Wesley, 1992, ISBN 0-201-54855-0.

FHFRILH A the LSD book” (¥E7F: Lysergic Acid Diethylamide /& —FikZ]2y),
RO EARERE, 1 H SR LHIZIK. Coplien ins 5Lt Ham MK 241, H
b BT IE PR A AR TR 5 PRAR WM A C+ TP A3 R AN AR BE A8 A3 PR 1S

RELRE AT R AR ) — A2 B 2 Ab il YRR IS 2t AR [ ik g 20 20 Sl e 56
(strong typing) M ? fBLSAR—A Iy vk MUEAEFE AT N classes fi_b R pg =0 ?
A PRAPERE I AT o R IR, AR LR A5 P BGE RO B AT E, SRt v, H
A I I L AN G m] AP AR T b AT 1 e 1 9 25

PeATHES , EdREE T Crr WTLMIEMT ARE S . XA RS IR, ATREAE /RS
Ry AEEMIREESEE, IR AL G —FHbER CH T .

BERARAT BT NS C++ R, WA LLT A4S, RS 5L

® Designing and Coding Reusable C++, Martin D. Carroll andMargaret A.

Ellis, Addison-Wesley, 1995, ISBN 0-201-51284-X.

Carroll AN E1lis Wil AR ANSEAR L ROVE 2 SEHI s 1), 3K 885 [ W e R A
g I RRAERR S TRy TR BT E template HAIULINAOUHERE
Bl Bysmok, T HARME . B — D AREGIA R Bk —TRER, P DUUR A0 BT S .
Designing and Coding Reusable C++ BGiFIXUEH 5, FHEHEALIISZ L, HURIRUIATIA B
PRITIEFER) H 5o

ARG HJRAAE A N RS TR, RE N %R B RA A

® Scientific and Engineering C++, John J. Barton and Lee R.Nackman,

Addison-Wesley, 1994, ISBN 0-201-53393-6.

PEAR SR — #8434 FORTRAN T 5 ke C++ (X ATANEAHMEAF R A AR, (LRI
ARG I BA L T3E M. %t templates ) VZIgH, fiEBG %4 KXok
VR H AN b B HEI N ], 35— FARE I IXSEEH LA templates SERUAIATIE, PR
ALK PTIE templates HARE EE macros 4F— riBLE Lo

H SR AT SO RERT patterns INZk (UL p123), 3XAN TR -

® Design Patterns: Elements of Reusable Object-Oriented Software, Erich

Gamma, Richard Helm, Ralph Johnson, and John Vlissides, Addison—Wesley, 1995,
ISBN 0-201-63361-2.
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 Z B R FAT R W pattern. T[RRI LT — & 2 R B T 1 I TR
RGBT A BT patterns ZFK, L CL ST i B S AR HERHL . 2R
AFHEIX A FR, TR BRI I () S 2 1174 8 L RS Lo e Joll TR AR L 2% G e
BOAISEAE, A OB AR IS N (L% 32 AT 33D

Design Patterns LA CD-ROM A L

Design Patterns CD: Elements of Reusable Object-OrientedSoftware, Erich
Gamma, Richard Helm, Ralph Johnson, and JohnVlissides, Addison-Wesley, 1998, ISBN
0-201-63498-8.

o ZRETIY
B CH+ BEHBHERMI AT, A P I P 20 o e — (1 S

® (C++ Report, SIGS Publications, New York, NY.

AT T —AEE R JOE, JBEE7CH only” B At FREE R n 5 %F
JE WURAIE € 2R GEAT RIS BETE 38, JF HARAS RS Py ARIAE C++ 5 i (AR /R TRE
JEAIGR |, BT S TR ARAT AL

WARAREAR C S O+, BUR WK I C++ Report MM A, BLVFAT DATEIX A
TIPS LERF A F ORI S

® (/C++ Users Journal, Miller Freeman, Inc., Lawrence, KS.

WILAFRPT7R RAFI DI C A CH+o JErp Cr+ SCERREEE R LAY 25K, B C++ Report
PITESR G BEAN, GBI A I A ARARES, P LA R R SCRE AR PR it 3 AT B iR
LU FAEFIL SIS, AW BRE TIRIES 2] [8U8 ] SoRIbLZ

® WA AE (Usenet Newsgroups)
A=A Usenet BHERFLETA CH XASKIM . —MUER . AHA#nT LB is it

J& comp. lang. ct+o IXANIGITRAT 2T Ty, MNsB R BRI A it 18, 205036 \iE o)
RSO CHEVEVE S0 C++ phi,  EUEEDS IR C++ iR, 214 AR B AR Kb e B -
RAEME ), #A Y XAISHE LB AR RZ T o BRARRAEANN I A I, 3
RR 2318 P DB RS R B R0t oD IR /2 o 3 —ANF UL I DB AR, KRR 22 W |

1995 4 11 H, —2NH EHF AT K comp. lang. e+ HE/AE T . XA 4N
comp. lang. c++. moderated [RIUTIRRE, WA Cr+ RIHAHC BN —BTie, HIEFEAN
SMEREEE T & LR R ML 2 BH Wi %4 (on-line FAQ, #7714 Frequently
Asked Questions) TLMEEMIMEE. HZKM CRERN T2 UG C++ FEJF K
B LA ORI 15

— /MU TR RS comp. std. e+, B LR CH+ SRR 1T . TE T T
LR Z MBR IR RE T o A0 SRR SR C++ ] AE AR eI b — ERCA AR,



SRR, XHRR I LT o XA THERET R, TEL TR/ 2] T
W ARASAERX R UL MRS E.

9.2 —/™ auto_ptr AJSEILSLH

Ttems M9, M10. E26. E31 1 E32 iFW] T auto_ptr MK HER % 7ER] . AR
&, HAMR DA gttt 7 A “IEH” 1Bl GF Do Ttems M9 A1 M28 KEHIA T
RE A H OIS, B NFSZBRIH WA AN VRS RCA R AT T .

NP auot_ptr (RS, H MR SCRIAL T S D IR s SCPR ST 5B
TIAT IR B R E e B8 AN R BT AT 14 R % R OB SEAE 38 AR T SR B, A
SKIAINEE A, BN EEA KRR DN &k, {3, auto ptr Hg—/MRjH
(2, BrAss —ASSEELELEE NSRS 2 .

KR LT I auto ptr AR

template<class T>

class auto ptr {

public:
explicit auto ptr(T *p = 0): // Ttem M5 fi “explicitfor”
// WA
template<class U> // ¥ VIR I pR B DA R AR
auto ptr(auto ptr<U>& rhs) ; // (UL Ttem M28):

/) F R — AR
// auto ptr X%
// WA —ANB ) auto_ptr X%

“auto ptr();

template<class U> /7 TRAE B AT B AR
auto_ptr<T>& // (UL Ttem M28):
operator=(auto_ptr<U>& rhs) ; /) 5 AR
// auto_ptr Xf %45 TR
T& operator*() const; // UL Item M28
T#* operator—>() const; // W. Item M28
T* get() const; // IR AR )
// HHME
T* release() ; /) AR
/] BB

/7 IFRIEIE 2T



void reset (T *p = 0); // MERL AR5,
// IRIFFEER p BT AL

private:

T *pointee;
template<class U> // AL auto_ptr 28
friend class auto ptr<U>; // KT

b
template<class T>
inline auto ptr<T>::auto ptr (T *p)
: pointee (p)
{}
template<class T>
inline auto ptr<T>::auto ptr(auto ptr<U>& rhs)
: pointee(rhs. release())
{}
template<class T>
inline auto ptr<T>:: auto ptr()
{ delete pointee; }
template<class T>
template<class U>
inline auto ptr<T>& auto ptr<T>::operator=(auto ptr<U>& rhs)
{
if (this != &rhs) reset(rhs.release());
return *this;
}
template<class T>
inline T& auto ptr<T>::operator*() const
{ return *pointee; }
template<class T>
inline T* auto ptr<T>::operator—>() const
{ return pointee; }
template<class T>
inline T* auto ptr<T>::get() const

{ return pointee; }



template<class T»
inline T* auto ptr<T>::release()
{
T *o0ldPointee = pointee;
pointee = 0;
return oldPointee;
}
template<class T>
inline void auto ptr<T>::reset(T *p)
{
if (pointee != p) {
delete pointee;

pointee = p;

ORI R EE XAESOE SRR auto_ptr B WIRET I,

template<class T»
class auto ptr {
public:
explicit auto ptr(T *p = 0): pointee(p) {}
template<class U>
auto ptr(auto ptr<U>& rhs): pointee(rhs.release()) {}
“auto ptr() { delete pointee; }
template<class U>
auto ptr<T>& operator=(auto ptr<U>& rhs)
{
if (this != &rhs) reset(rhs.release());
return *this;
}
T& operator*() const { return *pointee; }
T* operator—>() const { return pointee; }
T* get() const { return pointee; }
T* release ()

{

EA AL AN



T *oldPointee = pointee;
pointee = 0;
return oldPointee;
}
void reset (T *p = 0)
{
if (pointee != p) {
delete pointee;

pointee = p;

}
private:
T *pointee;
template<class U> friend class auto_ptr<U>;
b
U AR BT I R 4 D BB AN ST “explicit”, W] LAZe4s i f#define BN E HIAELE
#define explicit
XA B auto_ptr AT IIREIRSY, (U FBURMM 2 Ak gS. V£ Ttem M5,
U AR IR G BB AN SRR I AR, A RT AAS F SRR I auto_ptr $5 DURL I R ZORI A
A GRTE Ttem M28). BOKFIE BRI auto ptr ZEAF ] LA S/ NINIA T8, (HEA 1
TR SR IIAT R, R Y A R SRR (B SRR WAk AR
B, HURMRIO g AR AR . B I P BRI E SR, SRR B S e AT
® JfI:
X EZRPN auto_ptr MARHEK R — A ME .. R ZHRYERA T 1997 4 11
Ho AW S AR BMET . 8, AN auto ptr BRAZESIL L IE SR AEE k40
W EAHANNEES: 920 I auto_ptr A7 T4 std (W Ttem M35) I HLIL AL 5 R 4K
RV ANIUAEAT 555 o

9.3 & C++ T i+-EWHEAE (Objects Counting in C++) #FH: BB

fE CH 1, XTHAS class Frf=AEHIRIG objects fREFIEHIMIVIEL 2IMS RN,
AEAR TN — LRI 1o

FEfEA . AR (R ) & 2001/08 ML, NN, HoRWR . A
MRk st s (R 2& 008 N¥ e AR o, Jeaddi i, DR G, AR B, K
FRBRE ST A e N R, AR NS 20K SO PR

PR ACRERHI C++ Standard k&R HIPE, HXHWNWEERS C++ Standard.
PR JRAEIZS, JERBM. BLR 21 ST R I LA 0 e = RS



client : Vi o

type: TG o Shy ke G A HAB T AARTE VRV, AN [R5 ] mdkE TR .
instantiated: HIfb. [4#5%F— template, FEARSZILH sl IR,
instance: SEAR. [Z ] R RR R

parameter: a4, A EE, B,

argument: I, BRRRSRBEL, A,

2A class, object, data member, member function, constructor, destructor,
template 25 ARiE, BIRE A

HEE, HEHENBRE Y, (HENEEREE MY . 24007, BRRRaA
class 44 Widget, ARA AT KM IpEER B AR PAT WIS TEAAAEE 2 /DA Widget
objects. JikZ— (AMHZEGSEAEIN HERIEM) Stk Widget #E—A static THEL
2%, £ Widget constructor H{PFERY, B ZHE#s In—, 4524 Widget destructor #IF
M, BB IZ SR . IAMRIE TR E—A static G howMany ( ), HIKHIHR H A
fE{EZ /DA~ Widget objects. W Widget FHER#FHLAL, P UZIBERIL objects ML,
il ey Gb PNAL SE s

class Widget {

public:
Widget () { ++count; }
Widget (const Widget&) { ++count; }
"Widget() { —count; }

static size t howMany ()
{ return count:; }

private:
static size t count;

b

// count R Lo JXNALTAE ARG

size t Widget::count = 0;

XA LI lE. a5l TSE4EH copy constructor, KUAZRiIFSEHZI N Widget 77
AR copy constructor ANZIHIERF count -

IR, Widget WOFECTIE, IROZ5EM T WIS . (04T IHE VR4S
% classes WUHRITECTAE. — FEHAT B4 0 TAE &4 AVTRITTALIR, 0k 5 K
A SR A T MR R, BT RES R LRI (A8
(object-counting) FEXFUAEKK, S AEBHALNT class T, BALRIAERL
L R 4

o HEATH — iIBLETHEBAE RS class Wit A/ DR AR AR m)
THOLE, AT AT S, N HER [REXTXM AL objects BEAT VI )
LA o

® (R — AT BEREAT T 2 ZE ) A () B s () o

® LN ue — AMTRERRFE MR . (AT TR B IR L Bk ok
B, a2 ERE R, £ CH o, IE IR B e RE 4k 2
IMEAGH AT B I Ja AN BLKIAT )



PE—F, MR, RUHT S —AN TR T &4, Rl B H
bro X ECVFLCAR P PAR AR 2 PR M o S L An AR P AR P IS RS o RN S AR X AR T
Y EERIXR LR 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 T M2 [24 constructors EH T, new fll delete Z[AI[FJRA] &
MRESR CH+ BhASRCE — object, REGXFEHAH new i253:
class ABCD { ... }; // ABCD = “A Big Complex Datatype”

ABCD *p = new ABCD; // iXj&—/ new 128X

EAS new BHANEXAEESEHCSMe, HAT Wi Bk . et
HiG. H—, EIFM—/%N operator new FIICIZMARLE PR XA R X P THTZ R H 2
5 B H— ABCD object MICIZMA. WIRHCE ALY, new 1B =UH: T ki ic—/> ABCD
constructor, ff operator new Tk FAHLZASR] 137 —4> ABCD object.

B3, % operator new EH—4 std::bad alloc T, <x/ERE? R FH ER,
AU EICIZARPMES R T o 78 LB new is& U, AW BE & XA 75 o
F—A & operator new, ‘EAREIE AW FICIZAAKICE —4 ABCD object. H —ANEEE
FORHATI ABCD constructor, ‘EAEEASECAZAREE K —NE R ABCD object.

WA R K E operator new, RN A AL AR AL E H K AR AR operator new
BT ABCD constructor K, RHEM—FFl &% operator new Pt E 12
R . WERAIEFRE, A S R A EIZRE K (memory leak) o Kui (e 2k ™
H:—~ ABCD object HBBAEAND) ANA] 8 %0IE 2 JECHE— AN R XU H 7

ZAELR, X2 CH FRUEFE P I — NI, 1995 FF—H, Ct+ bR RN T —
AP WERAE new i8S EWINA], operator new Bt B ACIZMAR I MAZAK ] constructor
EHH, PATHIRZA (runtime system) A% H BB HE operator new FCHE HAK ML
Ak EAFEIIEIMEH operator delete $HAT, BRI operator new. (FEILAS &
BHYHFEEEH N [placement new F1 placement delete] o )

XA [new 1Z8 A operator delete ZIAJIICHR] , SAEATENG 91 THEHL
il ] AR R, AR .
® IEMMH/ ¥ (Counting Objects)

BB S L, WO A TP ) 1) class. 1XAS class
FRREVHRR (HELER5E25) MR JERI Widget class:

/) FMRA—e, FURR A BRI v H AR
class Counter f{
public:

Counter() { ++count; }

Counter (const Counter&) { ++count; }

“Counter () { ——count; }

static size t howMany ()

{ return count; }
private:
static size t count;
I
[/ CATRIZATATIAR N IBAE— N SEAE R
size t Counter::count = 0;

KR Z, AT classes WAL MAAAEMDIEA %, HFAEH Counter
RAAEEAL TAERIA] o A M W] S5 (0 70 mT A58 X T 45, Horh 2 —72 € X—> Counter
object, B l— class data member, ZIXFE:

/) EFEELE class TR R— Counter objects
class Widget {
public:



..... // Widget AWM public i,
// ERIBAEIX HL,

static size t howMany ()

{ return Counter::howMany(); }

private:
..... // Widget ZAMITA private Hiia,
// HBAEIX
Counter c;

I
AT Counter 4 base class, {FiXFE:
// BT class 4k7KH Counter
class Widget: public Counter {
..... // Widget ZEMWHTAH public A,
/] HTBAEIXHL
private:
..... // Widget AW private B,
/) HBAEIX

PFEILES A IS . AR e 12 a0, BATLIE R, A Ak H 8= DA
BOEAE. ML Counter WA count. XFEMEASWIERE —A, HERAIHT
B EF—MEH Counter [#) class #E& Ao 2811, WERFRATFT XS Widgets F1 ABCDs
T, BRAITFEEMAS static size t objects, MiARE—". ik Counter::count HN
nonstatic, JFAREMLEXA R, FOWEATFER LA class #EE—ANHEEs, A
EAEA object HEFA—MIIEE.

B C++ i) A NFMEZFR 0 3 1 — N, FeAT s vl CUAS BAT TR ZE 94T 4 -
AT LR Counter JMIHE— template WY, #RIBiLAF—PMAEEAFH Counter [ class,

[LLHCH template 51%] HILHIXA templates

BTV —K . Counter ZFEK— template:
template<typename T>
class Counter f{
public:

Counter() { ++count; }

Counter (const Counter&) { ++count; }

“Counter () { ——count; }

static size t howMany ()

{ return count; }
private:

static size t count;

b

template<typename T>

size t

Counter<T>::count = 0; // BUAEX—4T 0] LABGHR LR T T

T 2 WA 1 55— SRR AR R i
// LEFTTELIEUT class T FNHR— Counter<T> objecto
class Widget {
public:

static size t howMany ()

{return Counter<Widget>::howMany() ;}
private:



Counter<Widget> c;
I

MR (dRARIED I E S IR
// AEFEELIEUY class T 4%7KH Counter<T>
class Widget: public Counter<Widget> {

ERAEXHAE O, BATZ WM K Counter HUX A Counter{Widget>. — WA
WP, B—MEH Counter [1) class, #RLAE H AL RILHIEA template.

[7E—A class 1, LHCHN template 514%, HILH—A template, 5 H MM ,
XS B R Jim Coplien A JF. MMLAZFMET CAH C+) JEIRIXMPSERS, FERRIL
N—A [curiously recurring (1M fE#F 1)) template pattern] [V 1]. AN Jim
WEIX A 44, Ak, fdftt—  pattern CFESU. BEXD (RFEIA A LU At BT B 44 R G 15
% . BRI ECREERS, R4 pattern WIAFMIREZ, MR ERIMIX—N4HFK, ik
[T AFEE, afrfied | &0

patterns [ #&— MR, FXIIFAFEK . ALIREFSHIXA pattern BT
i Do It For Me] XEAM. WA L, F— [# Counter f=/EHIKM class] , #fE
AR [4 Counter HIMAL] BIIEAS class, $ft—MksS, tHHINEZ DA objects.
FTLL, class Counter<Widget> mJ L1445 Widget HIMIMH-%iE, class Counter<ABCD> n] LA
THE ABCD M iEEGE .

BAE, Counter & 1 — template, ANIRWIKRINE T BgbA& Xt #nrLlizfE, Pr
DLERATIEE R TG 2, VP AR (5 S R 59 pi o BRATTH— AN v A2, XA #0005

[T ) DLRENAZAR AR 5y 3k 15 o LIRFE AR IRTE R o 35 R FATT, gkl b ik =ik
WDy, ROAHT# HESREE ) [Counter J2—A base class] , B#FHERMIE X—4
Counter data member, JfE KA FH & LAE H— howMany () DAMaEE Counter HJ howMany ()
[V 2] BARXFEM) TAEtA R R Z (Finf) howMany () HFFEANFHA inline D ,
(EBSR G Ui 22 SR QR Lo a0 e T D e W e bl S0 = WA ) R . G i
® /f#if Public Inheritance (AJT4E&)

IR Ak AR BT 2 T BLRE s A, 2R C++ fRIIE, &%~ derived class object
Wy (B B, HPY base class e sepliidity (BB M EM) o ik Counter %
A—A~ base class, {FHEMIR: EFXt4k&K A Counter [ class, £ —4> object #r~
A a S, —ESfH ) Counter constructor &Y destructor HEMiic,

SRIM, ATA I LAY base classes IXANFM, WIAZLIC virtual destructorss
Counter MNOZAIXFE—/NARVUIG? RUFH) Ct+ WM R BETHTERE, &0, ENIZA—
virtual destructor. WHREEH, BEXUIHATEL — base class pointer KMER—1
derived class object I, &FHECARTH CRA® SO WgEH, i Bl A2
class Widget: public Counter<Widget>

{... h
Counter<Widget> *pw =

new Widget; // 3% — base class pointer,

// ¥8IA—4 derived class objects
delete pw; // MK FEARIMMILE R — WH base class
/] B=Z— virtual destructor.

WL rAT B il R BT T R & A R EIRFE S B AT A G H# L2 Ak, FRAIH T9)
PR ] WP BN A 4a X 2 R . AL, 1XJE Counter WiZA S virtual destructor
(o ZU 3 b

TR B AERCR (WA T B T R A AT e =0 2 (10 5 A A
B, HBRAEX B — SR K24, virtual destructor (ETAERIE L) 1Y
I, BBEAE— Counter (BYILATAEZRZ) 1 objects FRLAIINAN T —A (BRH) ML



fabr, MXSHMPERIRDN — R EARA I A R pE (A 3] Wi i,
W Widget ARG IHFTATMERE X, THIH Widget MRS AGkE T
Counter<Widget> M AK/Ng 5k, FAIAAEEFIXFHE DL

ME— [t o Bt e, B —Fhorvk, BHib% o [EiL—A base class pointer WPk
—~ derived class object] . ¥ Counter H'[f] operator delete &4 private, fl
Pt — M EE G INE:
template<typename T>
class Counter {
public:
private:

void operator delete(void) ;

HUnE—%k, delete IB2H A TCVEGm I KI):
class Widget: public Counter<Widget> { ... };
Counter<Widget> *pw = new Widget; ......
delete pw; // #i%. RN H:MGE private operator delete

HoEAT, A, HIEABRIZE, new BH A MWA N LML Y i
Counter<Widget> *pw =

new Widget; // X—47Nizcikidit gk,

// X4 operator delete +& private

ERMZ— T E AT new, delete, exceptions (i) MIRHE, i C++ AT
ARG (runtime system) 4 5tAERJUHE operator new Hl'E Ml IZE — Qi A% 4k gl e ny
1) constructor R, FHIFERIZ—TF, operator delete & KIATICIZAREIL
AERIR. HRFATTH Counter 1) operator delete B4 private, X4fiifg [#Eth
new, #4 objects f7/EJA heap | MAEZKZ K

FEI), K R ER ), WRAR GRS A SRS, EAEEE . (FRIET R, I
RIAT R E BRI . BRIk Ao A B Wik Re i fH L [i&E5d Counter* pointer MR
derived class objects | AT L 48[ 7 Counter 1 I'E —> virtual destructor ]
PAE CESg AR EED , FroAUe, BRATEGEEA BT, 1A R
e [f#F— Counter data member| .
® fHFH—4> Data Member

BMESLEL T [WKE 1 Counter data member | XA tHITH K MG L. FumhsR
[ E X — Counter data member FF#E—/> inline SR howMany ( ), FH3kmEY
Counter [¥) howMany () B, XL TAELIRAIA NN Fmfe X & Ly, £ 7%, (H
EIEA RIS BT B, (HE, BRULZANER 55— oS A class #Ehn—A
Counter data member, fFfESY 5KH objects MK/

KJLFRA ERATEEE R AR 5, $—4 data member M2 objects MK
ANBETIN, S ARBEVANS ? (EETE IR, A4, 1EEE Counter [H17E X:
template<typename T>
class Counter {
public:

Counter () :

Counter (const Counter&) ;

“Counter () ;

static size t howMany () ;
private:

static size t count;

b



T EIEW A nonstatic data members, EBEA—N5IN  Counter ) object H
SERA N EAERTAR VS . BIFERATS LA RE— D504 Counter [) object, K/NA 07 i
W, ARIBIFAIER . X —mi b, CH+ MR E . A objects #iA %/b 1 byte
KN, HEFREIRLE objects BEA (LT nonstatic data members. ARIEIXFERIE X, HA
HILH Counter template [IEF— class, sizeof &=IKEIANFEME. Tl — [WE
—/ Counter object] [¥) class ¥t [AWT Counter object] HIMA M 2 Tk,

CHBM A, ZXIHFAE®R—A A Counter] M class, HK/Mgt—Eb THE—A
Counter ] FIULHA B RIPIMAF . I8 i S HESIBR # (alignment restrictions) W HE
DI AT, G class Widget WA bytes HIBEEL, [HRGE R AL
4-byte KBATIAAHS, PrLlfE—A> Widget object ¥WNE A bytes HIAMA, 1M
sizeof (Widget) MIZEAA 4. W, w5 KIS OUIK:, mitas #0ie [AEmarmR
INANHTREN 0 X541, IR — char %246 #] Counter{Widget> W, HPEE
sizeof (Widget) MZ/EM 4, 0 Widget WE— Counter<Widget> object JFR. I
MBEE A Counter<Widget> object MANIAX T JEAH AN HHIPIA bytes FHI—A. A
b, XFFARE WG, BUIERATSIRA RS AE Bt —A T BT, el o
Xw. >

PAE BV T 4 I i, Bh2E S IX R S0 CIEAf H 2 BB R, X IVFRei% kI
TR, BFEWATH PO EETTH. ), IAERMELE CLRAL T FREMIHEA
SRR, TR AR AR B PR R A B A B A A MRS T .
® f§F Private Inheritance (FAFH 2k7&)

M ER AN BT, 2B Counter H[E—> virtual
destructor:
class Widget: public Counter<Widget>
{... h
Counter<Widget> *pw = new Widget;

delete
pw; // SEUKE X CRANMD 4558 —
// W Counter §it=—> virtual destructors

TR ATG 2RG# H [P delete i@ FEAUMAI L E | MR X — R A E, (HE2K
IRB, IEFERABBHIET new a8 AUMMIAIGN 1. BRitbz 2k, A7 F A I 8 A G 0 2 3 AT
ACAZE I . FRATTAT RAZE L —/ Widget* pointer (X & new [HIHIEAE) #efaaEA ok —
A~ Counter<Widget>* pointer. #Ayiufitsh, FRATA LA LSRR R FEAR AL e 4. 3R
1M — A 2% [public 467K | XU [private 487K -
class Widget: private Counter<Widget>
{...};

Counter<Widget> *pw =
new Widget; // fiR! WA EA (implicit conversion) AJ LA
// ¥ Widget* ¥4 Counter<Widget>*

Ak, FRAVRIF O I, LL Counter M4 base class, FEAZIEN Widget R/
— SR Widget JAEAMARI A/ ML . &R, FRINERA WIRIS FR, AT
class IR/NA 0, (HJ2 — M, IFARKIEMER. TEESEDE, BAEM—
A~ objects HIR/NA 0o CH ARdEMUAS BAFIRIGERE, —A derived object Z 1

[base-class Ffy | IR/ ATELE 00 3L b, F2gnidde AR ITIEN [ 25 A 3EahE
MIAEF AR ] (empty base optimization) [VF 4].

K, H—4 Widget W& —4> Counter, Widget I K/M—E<HiN. A4 Counter
(1) data member SEAJEINHC, MAZMAN base—class i, IS UHHIER KN,
HUIR Widget k7K H Counter, ZwiEasflifs LUK Widget MIR/MRFFAEFIEIRE. XA
SR [ e AZ A HR A HE S SO 2R e v s A s R ) e, R T —A
HEFN]: 24 [private 264 ] F1 [ HE+H A (containment, composition) | #RHETEK



MFEHBIE, REEH [private dk& | o FE: X—r/ERZ N Scott Meyers [
(Effective C++2/e) 453K 42 A rlfil. %4 Hm R — B IURE, WA Tprivate 47K |
A TREEGEAR] #eese B HE, REEHESGHEAR REIRER, A XA
BORA AT . )

AR LI 536 . E L T AR ISR, WU R I Peas B [0 2 B
] Cempty base optimization) MIREJS, Mt—K [4k7KH Counter] IX—ZLA A
SEEINR EIAE RN B4, BT Counter member functions #AZiije inlin bR
Ko EFERBIMREER T 22 K, KT EZ H Counter member functions H#hkk
H, AL EABh Cr+ BRI, T private ZEARMLEIAIAE B LE T RaaRE R — B
KA | YF derived—class objects #2444 base—class objects —FEHuUANIE, (LI,
PAIN, EIFHELENT 24y Widget MIMEFH WTRETCBH LA — Widget DAAMPIZEK AN L
Counter, Mgt vl, fhnlFEil: Widget 4k7K H Counter<Gidget>. FXTiXFym] gt BT KA
IS A, D

EFEIBE T R i S AR A, (S T e N bk e, Jen] DU, fif
private $hAHLEI, K howMany () SYERTAEIINF A private, T EAATARZEF 2
EN— using declaration, f#f howMany( ) K public, A HeE#EumATH:
class Widget: private Counter<Widget> {
public:

// ik howMany ¥k public

using Counter<Widget>: :howMany;

----- // Widget FIFETRIBA A L.

I
class ABCD: private Counter<ABCD> {
public:

// ik howMany ¢ H public

using Counter<ABCD>::howMany;

..... // ABCD HFI LR B3 A UL

X HBLETFA L EE namespaces (473D Mgikdsin s, LA EHMEAT LIS B
R FRTE N (HIFABEE) -
class Widget: private Counter<Widget> {
public:

// ik howMany ¢ H public

Counter<Widget>: :howMany;

..... // Widget FIFEGRIBAT A ML

U, HLEPAT [P PR, DL LB Rz s A K P T
(IRBIEH class AN —13 1) [ classes, WHUMPIIEFNE: K Counter B A4
base class Jfil howMany( ) ®I#¢EUH [V 5]

SR RAMLH AL, & S BN AMEAE Z IO 28— 1F S 2B 1] Cambiguity).
TR FRATFTERS Widgets THEL, 1A A E XM EEAE— s . —WsEar T,
AT Widget 4k H Counter<{Widget>, %4 Widget: :howMany () 8 public. ¥ALE
BN —A class SpecialWidget, LA public J7X4kzkH Widget, ATABEIRMESL
SpecialWidget & —n Widget i FH# e =2 (IMLAE - ¥ i)l , if5 % SpecialWidget
#7K H Counter<SpecialWidget> BIH],

{HIX B L T A B ] Cambiguity) (KR8, WE—4> howMany () %} SpecialWidget Tfi
AR HEINE? JEdkAk H Widget MIABAS, SE4k7KH Counter<SpecialWidget> [
A FAVIA RN, M8 EK H Counter<{SpecialWidget> M, (HZFRATTH IMEAEAR B
W5 SpecialWidget: :howMany ( ) FM&EHL F Ul RATOE. BB, ERE—AH
Ff] inline BRZC:
class SpecialWidget: public Widget,



private Counter<SpecialWidget> {

static size t howMany ()
{ return Counter<SpecialWidget>: :howMany(); }

A T FH AR AN LR SE AT BT A | 28 =AML, Widget: thowMany () 4%
[FIEA N ALFE Widget objects BN, WALFE Widget AT =4/ objects. il
R Widget HUME—ATESNE SpecialWidget, M—3LA 1A Widget MAZPMERI—=A>
SpecialWidgets A4, FEEE Widget: :howMany ( ) ¥if&nl 8, Yesx, H&—4
SpecialWidget MIZEM, tHFIN 2358 KA (Widget Jefy) M.

o HE
DU E s e R 5 B C AR 1

® WA T AR A Sk AR M, (H I EWARG AR EE R . .2 Do It
For Me” pattern (Coplien FTiEf “curiously recurring template pattern”)
A Rer AR IEECRE T 4L Es . I8 private ZRzRHUHI, nT DA EE PRI he
I35 T XAT TKDPE IR AN

® MmN T4 KH > empty class] 5 [NEHA class object i h
data member | B, R LCECAFIIER:, NS SOV S 14T

® A Ct+ R—VI% JJEAE heap objects M ANVE I Wi it b A AE 1012 4 s ]
(memory leaks), FTUAIZTFE AR operator new ZFEUhY, M 752 H 3
SN[ operator deletes

® Counter class template AL FAREG LKL, AT EHI—1 object. BF
R —FE. DAk, Rumn] LLH BHIERAE T4k ] 5k [ 24 (A6 HAR],
FL A ] — A N AR R 202 I A [) B e A FH A [ 7R SRS o

o HMEEETR
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s& Widget A& .

[3] Scott Meyers. More Effective C++ (Addison-Wesley, 1996), pp. 113-122.

[4] Nathan Myers. “The Empty Member C++ Optimization,” Dr. Dobb’s Journal,
August 1997, 1] [ LR M ukgke
http://www. cantrip. org/emptyopt. html.

(5] HEXS XA A S A8k, minl Lhik Widget PA Counter<Widget> vI%&
WA, JF RIS Widget % BT, HER RV
Counter<Widget>: :howMany () #{ ELENFIY . N HIXANZE ] B I ] 784 (P BSe 38 . dhskishie
[EEZT
o FH—LHEd

WRAREL A 2 2 OG0 new M1 delete 407, W% Dan Saks fE CUJ 1997 4F—
AZtAREERER, 82k More Effective C++ (Addison—Wesley, 1996) 453K 8.
IAT S 0 MR Cobject—counting) [, IEAIFATEEA class B
WAL IR B, 15F More Effective C++ 453K 26,

®



Mark Rodgers, Damien Watkins, Marco Dalla Gasperina, A1 Bobby Schmidt %} %}Z<
EFESE T R L AT WAL, AR SCHEVFZ T A T A R
o f{EH

Scott Meyers 2545 4E Effective C++ # " JilAl More Effective C++ MIFEH (W
AP ERAH Addison Wesley HiR) o YRFTLAM http://www. aristeia. com™ FR 25 L45 R
iy ARG AR R ETHE . BRYE: (Effective C++) 55 hRLL Meyersi%) 3.
o X¥
Mgk, Hh#EEf A, LK C++/Java/00P/GP/DP. 15 AHVIH K S FRIMIKA HIHEAR, LIAH)
1S RIIRZ I AR
® sidebar : Placement new 5 placement delete

malloc () 7E C++ HHIXIEEYZ operator new, free( ) fE Ct+ HHIXS &M N2
operator delete., fl malloc() S free() AN[AIJE /2, operator new fl operator delete
HB AT LARE A, AR I RAS il 4552 5 BERRAS R AN AN R ) 288 XX} operator new
Kt — ) IEH, (HE 25T, A% operator delete k7.

operator new [FJIEWFRIC (signature) J&:
void * operator new(size t) throw (std::bad alloc);

CNIRAERS, AT TRk, PO ZI R 205 exception specifications (PEy: Htit Lk
(1) throw (std::bad alloc)), B EATTANFR H i S350 B s A AT R VIR R - Doperator
new [WHEFMA HGER N EEL, TLL—A operator new FEHMA T REKIX AT
void * operator new(size t, void *whereToPutObject)

{ return whereToPutObject; }

EXANFFRRRAY) operator new #52—MNEIAMNE voidx 518, Fif bk AN % [BIAE AT
BEFERR o AR IRTE AR CH Ay AR xQ2E h 2 anuth i WA H CE S AR LY <new>),
A T —/NEA A A4 FR: “placement new”. XANAFEKIMHILHM: ARVFFRT R
H[—A object WAZUEACIZARMAL] .

BEA IS ) 25, AT [ZERASMS 15 ] 1) operator new fiAS, AT H] placement
new XPMARIE . FEL LIXMRIECEHEICH Cr+ bR, Kk, 2 C++ 7 k3
PR placement new Bz, MATIITRAI AR BRIEAS [FHEAIF—A voidx &%, H
CLFR HA A B A TAL | RS, (R ] R FR LS [Pl B i —m 22 size t 514K
W2 | (AEAT operator new A, 4G FikeaX, MAFEIHAL (5148052 | 1Y operator new
PR o

Pea) i, A HEAE SEPAEICIZAR AR, “placement new” M [operator new
(PIREARRAS, B2 A1 4] o XN ARIEAE AR & vT g Ay Fofh & S, (HIRMTA TGRSR,
Frih, kA, WERARTFEE 2407, 1EE% AR NN EE Y.

1 placement new ZXfL, AKiE “placement delete” =ML [operator delete [RIHEAMEA,
HZ WA 5148 ] o operator delete ) [1EH ] Fridfi T
void operator delete (void*);

FrLL, AFMIRARIY operator delete, HREEFEAZINGIE LA LRI voidx, e —14
placement delete MRz

AL FRATE RIA SIS I — . 24 heap object FE@AHANZH— R,
SR BEER? TR B8 LA XA S
class ABCD { ... };

ABCD *p = new ABCD;

ik = ABCD object B FEU T —/N R4 . WA ESCA AR, W R K H ABCD
#HX, operator delete ¥ HANREMLE, B operator new JlCHE Fidizifk. (Han R
operator new #ZHA, THHAWT? WERAREAR) operator new LAAN[A K77 AL E
WA, THHSCK T ? operator delete WHA%IIE % /BB MA B IEMIREBOLIZ K2 HhAb,
A ABCD object &L placement new F=AEHISKR (fE NHIXA , MiZund:
void *objectBuffer = getPointerToStaticBuffer();

ABCD *p = new (objectBuffer) ABCD; // fF—NERASZEMX 24—/ ABCD object



http://www.aristeia.com/

LIRHBAS placement new FEABLEATATICILAR. & IEAERI— MR, Fa A E T
B HEZNX . WH, ATFERERENE,

IRWAR, operator delete FrRKHNATZ) (HEAMIEHXTN 2 operator new MIATA)
WAL B AL AZ AR I TR FH ) operator new JRUASTAE o
H TR RAVSTRER T [a AR 2 operator new AT ], C++ hnifEZR
WEP T C++, SUF operator delete HAEM MY ZHifb . 24 heap object [ constructor
FH— R, BANIERMESOE 7 — 48, IPIYEEFIRIE operator delete WUAS, It—hi
KA BN HON G, XL R N A SR Ml 2 operator new fRAS,

MREGEA—PIRASH placement delete FIZRANEEFEME XN [ #nadd 2
placement new IZNANEET ], IREE, Wi AT T operator delete #MaEd, i /&, operator
new AT A BT K I R M JCVERE SRR o X IR HIBLE [placement i) [f) operator new, iX
W, A AT IERCE IS AR AR, — M 5, WERAR™= A —AN A 1 [ placement
] 1Y) operator new, RN IZPAE—N NI HEEN [placement Jix | operator deletes
MR, ﬁ%ﬁﬁ%%%ﬁ%ﬁﬁ&ﬁfi% placement delete, iiﬁ%%%%ﬁﬁiﬁ%ﬂ@ﬁﬁﬁ%,
iR JLF A3 52 52— ORI (memory leak) o HWIRAE heap object ZEMIMIRIAG —A>
S EL, BOAANSHTA NER I constructor #M 2 BB EC & IS 1244

B MRIEFRMMIER, GNU C++ 2.9, Borland C++Builder 40, Microsoft Visual C++
6.0 —HKYIEBRA LA YTIE placement AN operator delete. HALPL Visual C++ A
R, 2 [WHEA—PNRASH] placement delete FERANEEURENE TN AR Mt 2
placement new [RIZHANEE] B, Visual Ct+ S45R— A1 :
no matching operator delete found; memory will not be freed if initialization throws
an exception.

9.4 NEREIEWRLEAE operator—>* (Implementing operator—>*% for Smart Pointers) #%
#: BRB

AT ASCHRAERT (BEFP L) 24 2001/09 HISCE. PR, BORWIH. A&KiEH
BRisEE S CRFP i) S T N IE B AL, Fedoit i, DUR BT, AR, K
RO A SR AE N, AR TS ZPR S A 2

B BUR ARSI R AT I LA il B R AR

client : B

type: RO o Sk G R AR AARTE VR, AN TR ] mdkE [R5
instantiated: HBUL. [#X A template, HARSKUH —frscik] mEid.
instance: SEAR, [ SRR IR

parameter: 28, B EY, BE,

argument: I BFRS AR, SEE,

user—defined: fff#& HE

ZJA class, object, data member, member function, constructor, destructor,

template FEAIE, BEOREAE.

HIRBEE More Effective C++: 35 Ways to Improve Your Programs and Designs
(Addison-Wesley, 1995) If, FRAEILHHIT T — T8 FEEdEFr (smart pointers) o
i3, RN Z M, P AR — AN REEKE H Andrei Alexandrescu, R E]: [—
NHEIFRA B RERE RETabR, %A% operator—>% SEE 2 3ALIE? TRM KRB H A
Ml o W, FAMAKRE LA NIBEEM, il Zgoeilil. IR a R AR kX,
I TSI operator—>* | %, byl KA BAA HK templates iz Jy .
® Ry% operator->*

W RARFI LK 2 BP0 —FF, ARRBEAN R HIid operator—>. DAL, 7EFRAFRE QnqrT &t
X REFRAR SAEIXAS operator ZHT, FRAFIEHRELN — FERNEIT N,



R fH— class C, —Mabr pmf , HLRI C IEEEL member function, LLA—A
fabr pe, PRI C object. PAFiEfs:

(pc—>*pmf) () ;  // 1F *pc B LMl member function *pmf,

216 [pe FHfaIAEAS object ] & bWl pmf PRI/ member function. —UIfE
AFER 7R, —AM48H member functions WIFEFR, HAT AR — KN FEES, R
FEEM R e O B M AR S, %8 pe—ospmf  [R/NESZAEEN, KA
kg Lo

pc—>*pmf () ;  // EEiR!

A :
pe—>* (pmf () ; // HiiR!
o AR —
class Wombat { // wombats JEMYNEE 1 —Pa 854,
public: /) R S
int dig(; // %[l depth dug
int sleep(); // A&l time slept

I

typedef int (Wombat::*PWMF) (); // PWMF: —MEI7 Wombat member function FKIF&#5.
Wombat *pw = new Wombat;

PWF pmf = &Wombat::dig; // % pmf 351 Wombat::dig

(pw—>*pmf) () ; // IXF pw—>dig(): AHFE
pmf = &Wombat::sleep: // % pmf 5[ Wombat::sleep
(pw—>%pmf) () : // XA pw—>sleep () ; AHIA .

® 33748 operator->* A

WMAGVT 285 F—FF, operator—> g —Iul: BERZHATIE. HIAVE XS R aEfR
FRSAE operator—>x*if, LRSI HUB AN RefRbR, TRIN—DRGN T Mt A SIER
NS, $8I class T [ member function. FFAY operator—>*2 1%, FAIXFIL[EfL
fHME— R FE e s e — 250, ey —A gy | o rLl, operator— >
(P[4 B A 202 B [operator ) (JIFiH function call operator) #3LAMEFT A ] 1Y
RV . operator—>% [P [EEA AR — AN a1 B 1) L R 58 B ek XEIY, BT LAFRAE operator—>
ALY SRR 8 PMEC, 2B & —1 “Pending Member Function Call.”
XL Sk, AT PR Z RS (pseudocode) -

L A% — (pseudocode)

class PMFC { // “Pending Member Function Call”
public:
return type operator () ( parameters ) const; // BEE (1)
&
template<typename T> // template, HIJA T #gefgbr, FILLZ$E operator—>.
class SP {
public:

const PMFC operator—>*( return type (T::*pmf) ( parameters ) ) const;
// PEE(2)

¥
// BEE: B (D)) return type Hl parameters @AZIAN (2) HHX N TE A —FF.



HATE—/> PMEC object #RARRAG — A ARIFEMAIFENY: FEIY operator—>% FrE EI
member function, At member function Al PMFC: :operator () A BIEEH 5¢ 240 A .
KT i, B T F) member functions ANESZAEM 514 (FE SR R TR ED
X B RAR ] LR R A 38 —F08 e O 3R

L TR =
class PMFC {
public:

return type operator() () const;

I

template<typename T>
class SP {

public:

const PMFC operator—>%( return type (T::*pmf)() ) const;

I

& [pmf  FrfmZ member function] [WEMERIGIFTTEa 2 EEE? HIEEE int,
double, tHHJHE/E const Wombat&. JEIF), ‘&RIRERALMIALN . VRV AZKFXFIICTT AT BEMI 4
&L template SRFI., AJE, operator—>% IAEZEN T —4 member function templates
IEAh, PMFC AR/ T —A template, R[] [operator—>% HIAK | A& [RAN [ 51
ff] PMFC objects. £/~ PMFC object {FE: operator ()  HiMEERM;, HIS 0520 &0 0] 4% 71 51
AT

— BB (templatization) ZA%, PRV LAY (pseudocode) , Hih
FLIEf PMFC FI SP::operator—>%, WifEzzZ .

o TP

template<typename ReturnType> // template, FHR—/ [[EMLEHYH]A ReturnType] 1]
class PMFC { // RI5EHH] member function call,
public:

ReturnType operator() () const;

b

template<typename T>
class SP {

public:

template<typename ReturnType>
const PMFC<ReturnType>
operator—>*( ReturnType (T::*pmf) () ) const;

I
® L fT&% M Member Functions
G H—NRFEHI member function call, PMFC FFEEHIEMFEARPY, A RESL/EIL

operator (): (1) "B ZEIFAIYWEEA member function, (2) FZEME object & Mejdi%
member function. PMFC constructor Wi e RHUXLES [ E ) — Gt ai. HAh, K Bk
PAFEZR PH IR — AR HER pair object WL EAMNF & RRIRABRARELTIE 1.

o PR L
template<typename ObjectType, // Bt mem func B4 class.



typename ReturnType, // mem func M)EHETLH],
typename MemFuncPtrType> // mem func FJ5EEEFRIC .
class PMFC {
public:

typedef std::pair<ObjectType*, MemFuncPtrType> CallInfo;

PMFC (const CallInfo& info): calllnfo(info) {}

ReturnType operator() () const

{ return (calllnfo. first—>%callInfo. second) (); }
private:

CalllInfo calllnfo;

I

EIZ T EARITRE 2, S YR R, 9 — PMEC, fR2AZ0FE Y ELIFnL i
—Fl member function(PEF: IXHLE iR MemFuncPtrType BIVEF), I8 HAEME—Fh object
5 b (A Xk FiR ObjectType IITERD o R84 PRMeEE PMFC f¥) operator ()
R, AR PTMGE (XA TR Ok st f7 (i) Rk 1Y member functions

R BRI operator ) RARYETE T W operator—>* SEAEHK. ZHniE, KA
MR ReFR bR [ H 22 operator—>%] #EIFNY, A &p=4:H—A~ PMFC objects, X
i [ HE 2 operator—>%] NiZAMRHE [15F NN operator—>%] SLAEH K. XA
BATT ARG LR FSE— /MBI FR: [fEHE A2 operator—>] AT A, 1 [
HWHEZ operator—> | UILIKIE, KA C++ X [MEM#F HEZ operator—>] H&F—4
RERY, f AT (KoMt FERYE) [5 5 AR operator—>] o WIILAIRFRILG S N 2D,
Lo BB BB 7 ) b

PRATEE AT RS T, ObjectType, ReturnType, Fl MemFuncPtrType  — template
parameters LTA SBER. KO WA I MemFuncPtrType, FRATHLAE M HEE
ObjectType il ReturnType. HE#ANIE ObjectType o ReturnType, #Ff% MemFuncPtrType
(). R, AR THMUWEL]  (partial template specialization) $
AR, M MemFuncPtrType #FHH ObjectType H ReturnType, {HHIASHE [kt ] HoR
Z RIS IEAT 0 N A Bn Visual C+ 6 A 088D, FTDARRBA LR
PR RARTEN [mFr AR ] SR AT Bk, AHSCHTiE B MR [Partial Template
Specialization 5 operator—>%] J7E 3,

4 TRRHNE I PUFC SEEAZ, SPKT [ operator—>% JLFE&5EM. & ik
[ PMFC object FFEE—4> object pointer fl—4> member function pointer CHHFIMH .
—WREATIRANFIR, Haefatr W ESH - data member HIKAF/ object pointer;
A JA member function pointer, JSZHLJE operator—>% FrERMITIH. Kk, FEFHIEE
LA N %] LA ROEE . DAIRITIRA N dm gy (Visual C++ 6 Fl eges 1.1.2)
5, Bfiint.

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

#tinclude <iostream>



#include <utility>
using namespace std;
template<typename ObjectType, typename ReturnType, typename MemFuncPtrType>
class PMFC { ... }; // —nbAE
template <typename T> // —nbAtE
class SP { ... };
class Wombat {
public:
int dig()
{
cout << "Digging...” << endl;
return 1;
}
int sleep()
{
cout << “Sleeping...” << endl;
return 5;

}

int main()

// —tLE, PWME ZAMER,
typedef int (Wombat: :*PWMF) O ; // f8m— Wombat member function
SP<Wombat> pw = new Wombat;

PWF pmf = &Wombat::dig; // %4 pmf F§[n Wombat::dig

(pw—>%pmf) () ; // WA operator—>%;
// EIH “Digging...”
pmf = &Wombat: :sleep; // % pmf ¥ Wombat::sleep
(pw—>#pmf) () ; // MR FRATINY operator—>%;
} // ElH “Sleeping...”

RN, WERIT, XOREAES IR (resource leak) , [KIA# new k[
Wombat MAEHE delete. IAb, XMFEXILMH T —4 using directive (HFkZ using
namespace std;) , M FH using declarations Wik T . FilEHAE LU
SP: :operator—>% Fl PMFC I H.Z) b, ABRIPEa /Ny a8 7 (pw—> *pmf) () 1)
AT MK, 2T BRI 52 ) 0 nl 8 Gy A5 IE A DG TA G A XUk b i 2k

A —42, BN operator—>% member functions FfFH ) PMFC member functions #
A& inline PR (HARIFLWEE S » Bk, /0] LR, & LU R a) B 7= A ok 16 -

(pw—>#pmf) () ;
HAIZH SP A1 PMRC & DL, KRN LA R 25 A A B s 28 H R S 3 A Wik -
(pw. ptr—>%pmf) () ;

Hh B HRANEEESIME. Bk, HH SP’s 112 %#ik operator—>% F1 PMFC' s A%
itk operator (), AT HARATT DL 2 FEADGBAPAN ) 2, TERHBIAM AW 2,
MR, SEBR AR AR 1 2 B s IR B A AL BE T ARIOARERE X FEXT TR pair FI make  pair 1)
SR E o AR PTG B as (R ILP iy bsERE X e W55, 47T T et Abig
1%, A— NSRS PATIIEBAR) operator—>% SAEM, 5H—MA%,
® Jii Xt const Member Functions H373%

HFAETE SP<T> 1) operator—>% B HIEREEL: ReturnType (T::*pmf) (. ik
IR RAR, EAE ReturnType (T::#pmf) () const. XEM, BWHTM—A 151
const member function] M¥8HFRA] LLHEAL#E4S operator—>%, IXMELEME operator—>% A
X% const member functions. UHHLEEE AR RS A BAT RGBT EAA R G



S TCHALIN . SIS, FRAVRA SRR Sl HEh SP il B —A operator—>*
template, #EMBUFHATIEHA (R const member functions | HFEFR; WHEXHIE .
AR L, PMFC W BEANT AL, KA E4 MenFuncPtrType 23 R 45 2I4EAT
— member function pointer HUHIE I, ANLHA member function ;£G4 consts

o FEAZIFE/N
template <typename T>
class SP {
public:

// WY
template <typename ReturnType>
const PMFC<T, ReturnType, ReturnType (T::%) () const> // M.l const
operator—>% (ReturnType (T::*pmf) () const) const // Wi_E const
{ return std::make pair(ptr, pmf); }
// Gy

I
® i [HHEEEM Member Functions ]

HTEZBHNERAT, T T RRIEE [—/ ek, 51 member function, 1%
member function A —"NEE] o BA IR T EORIHO TR L, DA AR ME— T LA 2 1E
o operator—>% TS MEHINY], RIZFEIL PMFC ALRFX A, FsL b, fRfE—75 2%
2 A operator—>% HAII—ANEI template &4k, HLAURINAZEHFR T member
function g (T HZHIEEAN . RS OLARE—FF 7 22 5 IR FF— BRI ZR 78 .
HeAh, AN SPLT> Wiz FEN 3% (#2250 1) member functions I [4:%—
24| 1) member functions, FTRMENAZ A EESINI—AHiF] operator—>% template. fEFE
AR P, THERIIA nonconst member functions 3742, FH5Z EXF const member
functions MISZH M NAZIA N 58

o HAFIFEIL
template <typename ObjectType, typename ReturnType, typename MemFuncPtrType>
class PMFC {
public:

typedef pair<ObjectType%*, MemFuncPtrType> Calllnfo;

PMFC (const CallInfo& info)

: callInfo(info) {}

/] X¥E 0 NEH

ReturnType operator () () const

{ return (callInfo. first—>%callInfo. second) (); }

/] A% 1 AEH

template<{typename ParamlType>

ReturnType operator () (ParamlType pl) const

{ return (calllnfo. first—>%calllInfo. second) (pl); }

private:

CallInfo calllnfo;
I

template <typename T>

class SP {

public:
SP(T #p): ptr(p) {}
/) XE% 0 NEH

template <typename ReturnType>
const PMFCLT, ReturnType, ReturnType (T::%) (>
operator—>% (ReturnType (T::*pmf) ()) const



{ return std::make pair (ptr, pmf); }
/) X1 ABH
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 PR AN BER — AN B4, AR A D A BAE S A 280 Ak J A,
NTHETEE nNM25] ) member functions, iG4E SP P ES P member template
operator—>%, — KL IE nonconst member functions, —PMHFKLEE const i, &
—A> operator—>* template #NIZIRTF ntl NRGIEE, Hh n MECH kXS HATH,
TR H K5 e s UL R ). B2 Rk, (6 PMFC A EXF M) operator () template,
RINE LT -
® KFTEX operator->* KSR TAEALAERK

VFZ2 N BAAXT R RefRbn Z MR AR, an FARAT T 20t 0 R — PPN, R
IR TAE, AT — A % N RARARE B R e daAn AR N, AR R F— MRS C++
B, & KevinS. Van Horn [ http:// www. xmission. com/ ~ksvsoft/code/smart
ptrs. html. SEiE )&, % operator—>* [T 8% T1E, LA aEE N —4 base class %Y
X, WFEASIE A

o FEAFR A

template <{typename T> // IXJ&—" base class, HIREIEEREFRFR
class SmartPtrBase { // %t operator—>% I IE.
public:

SmartPtrBase (T *initVal): ptr(initVal) {}

/] X0 ANEH.

template <typename ReturnType>

const PMFCLT, ReturnType, ReturnType (T::%) ()>
operator—>% (ReturnType (T::*pmf) ()) const
{ return std::make pair (ptr, pmf); }
/] ¥R 1 AEH
template <  typename ReturnType, typename ParamlType>
const PMFC<T, ReturnType, ReturnType (T::*) (ParamlType)>
operator—>% (ReturnType (T::*pmf) (ParamlType)) const
{ return make pair (ptr, pmf); }

protected:

T* ptr;
I

NRA B operator—>+ 3R AE IR REFabs, H T4k SmartPtrBase BIn] . (H/E,
HA Y [ Resabs & — A —Medabs, LS IER e mshE] i, EiRwit A @i . [TH
T RedEbs ] R W — A Re e bR v T 2, RIS SAAN R B T, XSRS
e E AN FRTA B AL BT i i 7 20, B operator—>% HLEE R R K. ey ity 20 Ek
VEMH private 2kA&MLE], KOV WSAEH public 4kA&NLH, (I L4 2, SmartPtrBase
E—A virtual destructor, INIMHEINFARN (BLEILHHAT derived classes [FR/N) o
Private gkAMLHIPT LB G X FEARY, B8R, BT E—A using declaration (JLFE
KA F+—) LUELE [P private Ty gk KKK operator—>* templates] &4 public.



QIR EA IR 4F, LUK SmartPtrBase A1 PMFC template #JiE—-Nw 44 2% 0]
(namespace) Hi,

o FEAyFEt—
template <typename T>
class SP: private SmartPtrBase<T> {
public:

SP(T *p ): SmartPtrBase<T>(p) {}

using SmartPtrBase<T)::operator—>%; // ik [private 4k kM

// operator—>* templates] %A publics

// FReFRAR ) — M e URAEIX L. operator—>% HLHE NI #E 4k AN LHIZRAS o
I
o IR

TEFRGEER X R REFRAR MARLTY) operator—>s SCHE TAEAR, FACIMIMHE AR Usenet
VS B4 comp. lang. c++. moderated, HEHH TR T B, Bt Esa Pulkkinen i
T NE®R:

PRICTTTVE 22 DA A )«

1. RIGHEAER pointers to data members (HARIXIRZE TR o

2. WRICEER [ffE HE (user—defined) | [ pointers—to—members. U AL
T operator—>%, 2B [17NFAL member pointers] fIHLE objects, FRAIHESAH
FLEURIY) smart pointer class W WIMLIK “smart pointers to members” o ANZEM) &,
RTGEE traits classes A REIRAFIXPIZHALIZIN operator—>* [F[AIfE R,

Smart pointers to members! WEKK, Esa J&WfH). (FHZ ELWIREVIFT T ERIEE E
o AR S A SRR Z AR AR BLI TRI Y, BRI — AN R BB TN )i, i [ @i ] LA
ffiH smart pointers to members HARMiFE ., RBREF. ) FiEHE, AXCEW
K7, TP BEAE R, Y Bsa BTFSH TAERGTEE . o iX B,

o fHE

WRARE H b oe ZALUR A e FRAR (smart pointers) AT AR HEA AW (A
fabr, IRNIZSZHE operator—>%, FUAZINEFRRNIE N —FE. IEH class templates il
member templates, FAIITHFLLELAEAA M S AL SO iR e ) o X LSRR e o — A
base class, WJCAMEINH A MM, 7@ HALR geFabriise it 4 .

o Zif

Andrei Alexandrescu [& T 5N operator—>% )24, IR G T Foxt
PMFC [F)5EAE o« Andrei JEFSF A S ISR RG AL T & URZI S S DL, FEBE R UGS . Esa
Pulkkinen Al Mark Rodgers it 7 AHFIKIDTRR. ARATDO A SCER AL Y, RZER 2.
o f{Ek

Scott J& A4V C++ JHijn], thiE Effective C++ CD-ROM, Effective C++, Fll More
Effective C++ HIVEE . #RuILLE http://www. aristeia. com/ FILEEZE .

o X¥

MRk, AR A, L C++/Java/00P/GP/DP.
® sidebar : Partial Template Specialization 5 operator->*

PR S A SO, Esa Pulkkinen F1 Mark Rodgers %5 1f3%, Bl LA (partial
template specialization) RJHKM—/ [ pointer to member function] Yy ZEHLH
1% member function JTJ&¥) class B4, PLACRR UG R0 o E— 5 K 21T traits 4%
Ky WRE—Fi) ZIis IR CH+ PR ERHE A . KA traits HK, 1£% Nathan
Myers [y #: “Traits: A New and Useful Template Technique,” C++ Report, June 1995,
HoC B http://www. cantrip . org/traits. htmls

Mark Rodgers @WFEAFIE A _FrdlILe templates, EANTHREZENSH B —
ANZEP) member functions. EEAY R MERZH L EE, MIRZIC BN HARE T4
HiET M. A 7T1XY templates, PMFC gl A4 A [T —/ R0 2% JRE]



http://www.aristeia.com/

MemFuncPtrType| . IZHEA, AIHADTIHZEE ObjectType Fl ReturnTypecan nJHRHE
MemFuncPtrType #ESH k.

® ObjectType & MemFuncTraits<Mem FuncPtrType>::0bjectType.

® ReturnType #& MemFuncTraits<Mem FuncPtrType>::ReturnType.

o FMAYFE|T
template <{typename T> // traits class
struct MemFuncTraits {};

template <typename R, typename 0> // partial specialization

struct MemFuncTraits<R (0::%) > { // for zero—parameter
typedef R ReturnType; // non—const member
typedef 0 ObjectType; // functions

I

template <typename R, typename 0> // partial specialization

struct MemFuncTraits<R (0::%) () const> { // for zero—parameter
typedef R ReturnType; // const member
typedef 0 ObjectType; // functions

I

template <{typename R, typename O, typename P1> // partial specialization

struct MemFuncTraits<R (0::%) (P1)> { // for one-parameter
typedef R ReturnType; // non—const member
typedef 0 ObjectType; // functions

I

template <typename R, typename 0O, typename P1> // partial specialization

struct MemFuncTraits<R (0::%) (P1) const> { // for one—parameter
typedef R ReturnType; // const member
typedef O ObjectType; // functions

I

IEHIXEE templates, FAMEAIIRIGFEAXSIR A =i PMFC. AT H AL X B & F
R traits BIEEARATT, WAFTHMR A typename YATHILE template P HIAY 4
M2 H. FikiXEe templates A LA RKEPE(IL smart pointer classes [ AR 3 operator—>%]
I T AR, 58 F, Mark Rodgers #EJE 7 3Al], HE— operator—>* template HLFJ
DL FEFT A A BEMY member function pointers, ANEE TR member functions 3%
%% /OAEH, WARIELY member functions Z&TEA const. J&f, HIZDE SP (B
SmartPtrBase) M operator—>% templates AESHUACAFERAIZR UK EIAl, 7Y
WZ% MemFuncPtrType ¥4 RE5 M —FF pointer to member function 5| & F, A
1% member function [JEEANE. UL, WEME (constness) o #EA pointer to
member function TR yifGiEss PMFC, ZEABH, MmerfbLd] (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;

// — WL

I
o FEAFEAIY
template <typename MemFuncPtrType>
const PMFC<{MemFuncPtrType>



operator—>% (MemFuncPtrType pmf) const
{ return std::make pair (ptr, pmf); }
MRikiE 1. sedEfe e, FEMAS NS0
// veblx] cb4[x] gecc2.91.57 on win32[o]
#include <iostream>
#include <utility> // for pair and make pair()
using namespace std;
// partial specialization i ARRF GCC Fil BCB 4%, VC6 2RI,
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 0, typename P1>
struct MemFuncTraits<R (0::%) (P1)> {
typedef R ReturnType;
typedef O ObjectType;
I
template <typename R, typename O, typename P1>
struct MemFuncTraits<R (0::%) (P1) const> {
typedef R ReturnType;
typedef O ObjectType;
I
template <typename MemFuncPtrType>
class PMFC {
public:
typedef typename MemFuncTraits<MemFuncPtrType>::0bjectType ObjectType;
typedef typename MemFuncTraits<MemFuncPtrType>::ReturnType ReturnType;
typedef std::pair<ObjectType%*, MemFuncPtrType> Calllnfo;
PMFC(const CalllInfo& info) : callinfo(info) { }
// support for 0 parameter
ReturnType operator() () const
{ return (_callinfo. first—>% callinfo. second) (); }
// support for 1 parameter
template <typename ParamlType>
ReturnType operator () (ParamlType pl) const
{ return (_callinfo. first—>* callinfo. second) (p1); }
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) JRCKH private 4%, GCC R, T
public:

SP(T *p) : SmartPtrBase<T>(p) { }

using SmartPtrBase<T>::operator—>%; // (2) 7E G++ Ha[4s{HICAEH]

// normal smart pointer functions would go here
I
/%
® i

R (1) FKHF private 4kzk, {H2 GCC A% $E [LL using declaration ZEHY

private inheritance FIFRE] ] (AIEIN AW (2) BE%wEE, B! D, & mainQ 2N
A pw—>k RUHIRW PR % . HUFEISCh public. BESRSKMA public inheritance, (2)
KBTI REE T HiE, {(C++Primer F /Y p. 981 #f [LL using declaration 5
filf private inheritance WJPRI] , FKLL 981. cpp 2, G+ HINRIMEEF. AHER? i
£7%. well-known bug in G++: “Using declarations in classes do not work!”
Frequently Reported Bugs in GCC 2.95 (http://gcc. gnu. org/bugs. html)
*/
class Wombat f{
public:

int dig() { cout << ”Digging...” << endl; return 1; }

int sleep() { cout << ”“Sleeping...” << endl; return 5; }

int eat() const { cout << “Eatting...” << endl; return 7; }

int move(int op) { cout << “Moving...” << endl; return 9; }
I
typedef int (Wombat: :*PWMF) () ;
typedef int (Wombat: :*PWMFC) () const;
typedef int (Wombat: :*PWMF1) (int) ;
void main()
{

SP<Wombat> pw = new Wombat;

PWMF pmf = &Wombat::dig;

(pw—>*pmf) () ; // Digging. .

pmf = &Wombat: :sleep;

(pw—>*pmf) () : // Sleeping. .
PWMFC pmfc = &Wombat::eat;

(pw—>*pmfe) () ; // Batting. .

PWMF1 pmfl = &Wombat: :move;

(pw—>*pmf1) (2) ; // Eatting..

}

WREGE 2: AEBAESCHIRE] wombat & FIBYHEr ™ (11— P A48, Al KA mBH.
EMNE R KEIFAE WL . wombat JERATIESIY), =Xk L, HAXM. FHiE wombat 1
B

VR W VFRR 5 — PRSP dingo, JEEF AR XIS 501, AL, B4
INEAOX TP o
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