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2. & (Scott Meyers)
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3. ¥ (jjhouw)

CH+ &2 IR S !

CHt MM, AMUAEILT B, DUAGEEERIIER, DAGEEERIRE Y, DURZE R4S 1%
PEBERL s CH+ [FME 2, IBRAE A S A T DUFRAS[R] AR AR AH O I RE 20 B T 4R procedural-based, object-based,
object-oriented, generic paradigm.

H ERA AR, ERNER, NG, NERE R, SERWAA, ERRA R
fitf, 27 SJAER AR AEAN AT BEOK ] 5

TEMIEE R HLEIS, T T E AT MLzl . — B2k, WY . CH+ MXBEEz 2, ZE8:t
Hy WK B, wndvrz . JnpuE4A i #EH 2 (The C++ Programming Language C++ Primer), yRMLUIEE
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Jpf—RE 452 (DesignPatterns , Large Scale C++ Software Design, C++ FAQs), FE=NJE K2 (The C++
Standard Library), WEHZEREH 2 (Generic Programming and the STL), T4 BRI 2 (Effective C+t,
More Effective C++, Exceptional C++),

I, [T SR e H G+ ARSIERI R RN F, A& S mRs 1 50 M. Scott
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classes HffifH] virtual destructor]. [4 operator= f[F[*this [f] reference], RJfAELE AR C++ 55 PEEP
IRERERE AL, (R RS IR FEIR R I T 20, AR AT T il U AR K BRSO, DL A T e Ak
FNRFEE B, Wil smart pointers, reference counting, proxy classes, double dispatching, FEAC i
J& design patterns /=% !
K BEHR AL 2256 1) B AR L PR 25 s o
WAL EDOK DL T AR, IR AR5, DO R4
1. Effective C++ 2/e, by Scott Meyers, AW 1998
2. More Effective C++, by Scott Meyers, AW 1996
3. Exceptional C++, by Herb Sutter, AW 1999
ARAMREN 2, TPICR BSOS AN S o AR FAMBLR B R SCA RG] (ARG 1E 123D, JEn
R P, BRE. BELSNSEE 1] sesusing E 2], wE RSs 3],
KA AR BT AEE, Al R E R Y. BIER B R AR R . AT GRS BAER
VLA I AT [ R 0015
4 2000/11/15 F8iMT. 6
jjhou@ccca. nctu. edu. tw
http://www. jjhou. com
http://jjhou. readme. com. tw
vE 1: Effective C++ 2/e fllMore Effective C++ 2", 3L [JELL Scott Meyers 55— i Effective C++
CD A, AFERLERr, [FIIREE CD Wb 2 A8 XNSHRE ok XA A By R S5 U [N R S K
2 B2 B Bk se e By RE, JFAE Visual C++, C++Builder, GNU C++ LM, 1544
FEME Chttp://www. jjhou. com) F#.
W3 WM A A T A ) e e, B N A BT R R R AR IE . SRAG T R E R T

(jjhou@ccca. nctu. edu. tw),

4., RBREITE C++ WwHERERE (Generic Programming and the C++ Standard Library)

—FFUG, LEFRATTZE Fe vz AUFE 2 -4 L Sk HE R AR JL AN R H o X M i 850 1) 5 R B WnAn] 5 250 fi H templates,
iterators, algorithms, LUK UM H] Y e bnEFE U BEit . SRS, IXLEANESEZH S 5 N, o
TS exception—safe templates HFTIEMIFH %4 (exception safety).

£ 1: GotW#18 Iterators

WIERE: 7

B LT IR AR A RS i, A AURIE DL N IX LW W (AN IR AT UL 1 iterator FiRiEH .
PRy AR LA R 2

DU B /DEHDUAY iterator AR L. FRATPAFRH JLAN?
int main()
{
vector<Date> e;
copy ( istream_iterator<Date>(cin),
istream_iterator<Date>(),
back inserter( e ) );
vector<Date>::iterator first =
find( e.begin(), e.end(), 701/01/95” );
vector<Date>::iterator last =
find( e.begin(), e.end(), ”12/31/95” );
*last = 712/30/95”;
copy ( first,
last,
ostream_iterator<Date>( cout, “\n” ) );
e. insert( —e. end(), TodaysDate() ):
copy ( first,




last,
ostream_iterator( cout, “\n” ) );
}
R
int main()
{
vector<Date> e;
copy ( istream_iterator<Date>(cin),
istream_iterator<Date>(),
back inserter( e ) );

H oy ohbik— V) IE #f . Date class MJAE & &4 7 — > ZZ U R 30 Cextractor function), T A 4
operator>> ( istream&, Date& ), LI istream iterator<Date> fBLAHKM cin stream #ZHY Dates %kl ik
] copy WAL Dates BEIEF] vector W

vector<Date>::iterator first =

find( e.begin(), e.end(), 701/01/95” );
vector<Date>::iterator last =
find( e.begin(), e.end(), ”12/31/95” );

*last = 712/30/95”;

B b—AT Rl ReE AETERT, ROA last AlfESE e. end O, RITIAS &N AT $E4i(dereferenceable) [f) iterator.

WERHARIH bR, find O BETESE I =580 (Wate H UFRRVe I R im ) 421l Ap] 2 Fan 7 12/31/95”
AE e Z W, B4 last (5T e, end O, AL ZTR 1) container Hf&—NICHEM T —ALE, ARG iterator,

copy ( first, last, ostream_iterator<Date>( cout, “\n” ) );

B XReAGIER, BN [first, last] ATREAE MNERGER; KA first A HELE last 2%,

AT, WR701/01/95” ALE e Z WM 12/31/95” 4 e Z W, W4 iterator last KHRMFFA"12/31/95”
(A Date object, TMHALE KA iterator first ZHf; M first 8 e MIRBILEMN T E. R0,
copy VHEFVEER first WAFRIN last Z 0, Wateii[first, last] W& PNEHIEE (valid range). FRIE
PRI & — A E R R ks ERESCZE, ] U GO RE I ), AR T REZE copy O SIS IR Bz 5
2%, HIL—HELLZWIY core dump CiFyE: PRIREAET N O — MRS ED .

e. insert( —e. end(), TodaysDate() ):

HikZ—: —e.end() WRERAGBIEMN .

PR AR &, (A - TR e O bR fE R PR SE B B AR S B A Datex Sk SEAE
vector<Date>::iterator, I C++ W5 IEA VMG A @ TR 4. Bl MRS FEAGE:

Datex £(); // A& []—A Datex

p=—"0; // #&k. HUWEERH"TO - 17 ®rTlh,

SEBRE, FA1400E vector<Date>: :iterator ;& MBENIAEEL (random access) HJ iterator, JtLAMEHMUSIXE:
SRR

e.insert( e.end() - 1, TodaysDate() );
HiRe W e &0, B ASEEA Te.end) ZAT—AMLEMW iterator), AEEHM—e. end() Y
EEW e.end ()1, #AEAR iterators

copy ( first,
last,
ostream_iterator( cout, “\n” ) );
}
% first Ml last AJHEAEH RN iterators.
vector MK R EHOR (chunks) Bk, FTLUE AT BEAERBRR ZAGHT o 2 N AL E 2 of X o AR A I
vector EIHECIRAS, XEMEFIAHCE S 2, (S fioC IR T E .
Azt e, insert ) ZA4%, vector RIREMCKW I REXR ALK, EMRHICIZA TR SIB T RERE 8. Bk
XFPAH e, BATLIIRA AT iterators #IAFAR. Az Rl BB a 7, B4 copy ) &
TR A2 HELLZ W core dump.

| BN AW AR (dereference) — AR iterator.

2L ATH iterators I, 25 2E LT DY A
1. ARAIEAE: XA iterator R LAFEAING 2 G1RYR S*e. end (), X &M%
2. HRMFFAr: XA iterator A IEA AL ? B8R E DAy HLeE /E AR LR T .
3. AMMEH: —XF iterators &AL MERIEMH? & first ILHAE last ZHT (BAHEE) ? EEWETR
i) [d]—~> container?
4. AEENBEAET N B2 S A EBE SN B NP, B—e. end) XHE? (RIS S IEAEH e
FPEXAPE . B [958 class B GAERNERLGD B iterator, X FEEFEES RFZIMHEERLE, B
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43K 2~3: GotWH#29 AX4rK/NEH) string (Case-Insensitive Strings)

MERE: 7/10
| R AR KNG IR R R A, NAEDN BRI R e, BREACE .
i 7R

AN KNG FRFRRM, SRS MEE T “string” M, FUEERNERX 5 B (R
Friv), B8 Z AT C pREL striemp () :
ci_string s( “AbCdE” );
// case insensitive
assert( s == “abcde” );
assert( s == “ABCDE” )
// still case—preserving, of course
assert( stremp( s.c_str(), “AbCdE” ) == 0 );
assert( stremp( s.c_str(), “abcde” ) =0 );
fRR TR
BN KNG FRFREM, SRS MEE T “string” MM, FEfER/NERX 5 B (R
Frfv), B8 Z AT C pREL striemp () :
;é%%%*4$%ﬁ¢5%?ﬁ$%i”ﬁﬁﬁ@%m%ﬁﬂyuﬁ?E%E*%?ﬁWFM——%HﬁE
GotW FHiHi8 e .
R 1 striemp O XN KNG R B PR R B2 C brvE—305r, (e NIRZ C dmikand e,
R 2: “AXO KNG BsLbnd g B F R P ERES . G, RE2ESWEAREE KNG, H
RO, ORAT5OR 35 2 e dfe BB P AR B 7 5 S A5, i tntkk.
. FHGEFRABHEIAB| P HER: A GotW #5517 WA AARUE string ST “AX 5 KNG 7, TCRAIRAAEA A TEEE

ci_string s( “AbCdE” );
// case insensitive
assert( s == “abcde” );
assert( s == “ABCDE” ) ;
// still case—preserving, of course
assert( stremp( s.c_str(), “AbCdE” ) == 0 );
assert( stremp( s.c_str(), “abcde” ) !=0 );
KB RS “string R FEARME CHHH RS2 T4 . WHERIRE T string Bk, 1RBEE U R AR DE:
typedef basic_string<char> string;
FrLL, string FEAGE—ADNEIEMZE, Eat AR CFFL) typedef. F#M K, basic_string< AR H1HH
wr, XA
template<class charT,
class traits = char_ traits<charT>,
class Allocator = allocator<charT> >
class basic_string;
LA, “string” SEfr_EJE “basic_string<char, char traits<char>, allocator<char> >”. FAIALELrH
fiies Callocator) ¥4y, KEEMSJE char traits ¥4y, BWYE T AP EAEHMLEEE (1185,
basic string $24t 7 # H M L BB LA IAS string WG IEAHSE, si— NN T-5—A, 2526 IX8 string
KIELR RBOEEAE char_traits BARPEUE AT LR R EEERE LY. HAK— 45, char_traits BARFEME TR
HIFRFEL R eq() (FHZE). ne () (AZE). 1t () (M), compare() (HUERFERIFFD. find() GEERFEFFFHD.
WERARATEEAE (string ) IXEEAE EAAFIMAT N, ATV EMIR S OEFEE—NATFP char_traits B
X m AT Mk
struct ci_char traits : public char traits<char>

{ /] AR T A3 BN BATA L B bR £

static bool eq( char cl, char c2 )
{ return toupper(cl) == toupper(c2); }
static bool ne( char cl, char c2 )
{ return toupper(cl) != toupper(c2); }
static bool 1t( char cl, char c2 )
{ return toupper(cl) < toupper(c2); }
static int compare( const char* sl,
const charx s2,
size t n ) {
return memicmp( sl, s2, n );



// WERARI g i as P4t T8,
} /) ABRIRHAE 1 CSEI—A
static const char
find( const char* s, int n, char a ) {
while( n— > 0 && toupper (*s) != toupper(a) ) {
++s;
}

return s;
}
'
B e Gk
typedef basic_string<char, ci_char traits> ci_string;

TATEE LT —A “ci_string”, THRAEAETE ZARUER “string”, HEZEM ci_char_traits U T
char_traits<char> UAF IR BT LB o BATTHRAILHRS ci_char_traits PILNSEILY “ANRX KNG, wififs
ci_string KEFWREIN “NEARADG" T —— QIREB, RIGARAH basic_string A7 T “ Al
3 R/AINE” ) string!

XK GotW 4857 T basic_string B ) TAE R EE LA SEIAE b 1 R 36 % o an AR AR A H _E I memicmp ()
iﬂ t%lpp?r() SCILI X L LG pR 2, R B AR S X 5 ANREL, Bai R A AP, e
Q5L JthT 1o

)i
1. XFEM char traits<char>#@k&H ci char traits Z4W5? A8 AN D 4?
2. NAA TR ACH gn i AN I it ?
(WQ v, T CHickdt, e & Ligwmitilid, JFIEws1TD
ci_string s = “abc”;
cout << s << endl;
FER 1: B0 GotW #19,
PR 2: M HE 21.3.7.9 [1ib. string. io], basic_string [ operator<<¥AEHBHII TN CEMmEML):
template<class charT, class traits, class Allocator>
basic_ostream<charT, traits>&
operator<<(basic_ostream<charT, traits>& os
const basic_string<charT, traits, Allocator>& str);
WQ ¥E, CHiadEfER, BAE O “basic_ostream<charT, traits>& os” A “ostream&”, FRUAE M T .)
ANSWER: Notice first that cout is actually a basic_ostream<char, char traits<char> >. Then we see
the problem: operator<< for basic_string is templated and all, but it’ s only specified for insertion into
a basic_ostream with the same ' char type’ and ’traits type as the string. That is, the standard operator<<
will let you output a ci_string to a basic_ostream<char, ci_char traits>, which isn’t what cout is even
though ci_char traits inherits from char_ traits<char> in the above solution.
(T 28R, A%
HWAMARI ML 2 X ci_strings H AN/ REL SH “. c_str(
cout << s.c_str() << endl;
3. ULEARHE string XA ci_string MR ILEEAE i+, +=. =) B, KAEMFA? Fln:

string a = "aaa”;
ci_string b = “bbb”;
string c =a+tb;
F: b, B ci_string HERXEeEAE, i “. c_str()”:
string c=a+bcstr(;

43K 4~5: GotWile EF B AR EHMNEM Containers (Maximally Reusable Generic Containers)

MERE: 8 /10

(PREELEIXAME LK) container class B2 KIYATENIE (Flexibility) ? Filih: EARZGT, fRR 22 HIH5C
TSRO T AR AU AR )

() & ]

KRR E R (fixed-length) vector class SZILHE DI (copy construction) #AEFIEE VIIKIE (copy
assignment) #AF, DIRMLE A ATHYE: (usability). $#7n: iEH MY (client code) M fELHIEITLL
H1

template<typename T, size t size>
class fixed vector {
public:




typedef T iterator;
typedef const T* const_iterator;
iterator begin() { return v_; }
iterator end () { return v_+size; }
const_iterator begin() const { return v_; }
const_iterator end()  const { return v_+size; }
private:
T v _[sizel:
} .

[EE]

(D) AEESARE I E 2. 45 HIXAS container [ H AR EL LGN STL——& 2/DH —/N " E 1A
s e HE T, FRATREAE— AR T IS TE T Ui B — L8 B )

(2) XHE PSRRI &I H Kevlin Henney &5 HHIHIF w1k, Jon Jagger B/t British C++ user
magazine Overload £ HZE 12 F1 20 W L oA i AN S I+ (e EE = T FEAR W GotW HTes
255 British C++ user magazine Overload 5 20 M MfFEF I AAHR] . S50 b, FEA8—HIrp g o e A
{%ﬁﬂt’;ﬁ%ﬁ?ﬁﬁﬁﬂ%éﬁﬂj 1 GotW i AN
FER: XEBEF GotW [RIGEEFE—L bug, (HELTE Exceptional CHRIBHRRPMRT ]

TEARM GotW A, FAT 4Pl okt T hPoke B H TR, 1 /RIS ACIS 84T ff Ut .
B IR LIRS IR 7 It A i ETE? AT MAR I Cconstructor) AUE A
(operator) #EVEULI
template<typename T, size t size>
class fixed vector {
public:
typedef T iterator;
typedef const T* const_iterator;
fixed vector() { }
template<typename O, size_t osize>
fixed vector( const fixed vector<0, osize>& other ) {
copy ( other. begin(),
other. begin() +min(size, osize),
begin() );
}
template<typename 0, size t osize>
fixed vector<T, size>&
operator=( const fixed vector<0, osize>& other ) {
copy ( other. begin(),
other. begin() +min(size, osize),

begin() );
return *this;
}
iterator begin() { return v_; }
iterator end () { return v_+size; }

const_iterator begin() const { return v_; }
const_iterator end()  const { return v_+size; }
private:

T v _[sizel;
I

WAE, BATHR A ATIXBACKS, 6 E 2K B 330 1 A2 A I GotW n) 8,
(¥ 11#9i& (Copy Contruction) #EAEFNEE NMA(E (Copy Assignment) #g{E]

B NAZIE R A, ASHASR 0 ) A 5 A Al AR v (a red herring) MOBREE——5 UG M) b 25 HH A RES
AEOZH A TA/ERIFIHE NG K% (copy constructor) FIHE NIR(EIZ AT (copy assignment operator). I
FRAT TR R e 7 S B ARG I — AN AL ) R 38 BR % (templated constructor) Fl—AMEMALKIRAEIZ H AT (templated
assignment operator), AFAGHIE A A # A L nT i@ ik

PEARB Valentin Bonnard PAR HA—28 N, RABA VR FE H, PR b B985 DAY IE R 2L (copy constructor)
HSEHMR LA 2 — AN DR aE e g s b, JETIAR A A5 DUREIE AT (copy assignment operator)
SEAR AR LA & — AN DU I 5745

R R S BOE ) DRyt pR £l 3 35 DU 2 S5 6 58 4 A [R) 2 284 F0 ot S it DAAG) s el A 84, - HL, L
W E— BRI, AR S E A A2 5E A AR ] o 51

struct X {

template<typename T>
X( const T& ); /) XA DIRE R AL, DN T AR X



template<typename T>
operator=( const T& ) ;

/AR VIR s 5EAF, PO T A X

I

AR, 7 RUE, “IX PN BERIAR AL T R R B AT HE DIRE (Copy Contruction) #EFI$E VUKAE (Copy
Assignment) HEAERIHERIEANT 17 XA FHVFURIL:  HESEASR MAAZ XA F, RO A SO, T
FIA—E AL Xo FHZEM A CD2[3E: [FIFEMAUA t B ILAE 1998 S5 B kst “CD2” B “Committee Draft 2 (£
RE 2 SHRE)” AR
[12.8/2 note 4]

Because a template constructor is never a copy constructor, the presence of such a template does not
suppress the implicit declaration of a copy constructor.

EH TSR R 32 bR B AN 4 DUR I R A, DRI SRS (0] H B A 2 i R a2 5 DA g ek 3 A5

7E[12.8/9 note T1H A KT8 DI EAE R RUIBOER . anit—k, FAIAEMZ P2 ARUE s br L5 ok )
) SR AR A7 36 AH [R] % DR 38 ek B3R5 DU A5 —— DU S R I A AR e T TR B A o BAT T )
sl FOE R T A IE R E R A E e G N, AR S e T IHA AR . 28R

fixed vector<char, 4> v;

fixed vector<int, 4> w;

fixed vector<int,4> w2(w);

// P B E B DI 1 pR 5K
fixed vector<int, 4> w3(v);
// PIBERAL T ) i Aa) 32 bR £

w=w2; // RS REIEH AT

w=v; // WHABEAT PIREIE H AT

HE AT DU, ARSI a8y SR ) AR B R LS R AR T HA n @ N i) “ WILE fixed _vectors #HATHY
TEFNEE DUERAE”, AR BT nl &G NAER) “ 85 DI IE A E RIS DU EERAE " —— &N i e T .

(H3E BV AR B 3V i mT 4]

PTG BTSN AT W S A B
1. SCRERTARIRAY (R RAE )

JUE fixed vector Ji ) ENVAZIRERAEAH FIZRAY ) container Z [RIFEATH4 DU B4, (BT IsH N 5 — AN
ANFEIFIN G2 fixed_vector SATHIEFIRME AR, 2 ATCE XM HEYEGonT IgIRE2s H %,
VPR PN RSB G 2 R RAE . i, AR n BE S IX A ] fixed _vector:

fixed vector<char, 4> v;

fixed vector<int,4> w(v); // ¥

W= v; // WA

class B { /*...%/ };

class D : public B { /*...%/ };

fixed _vector<D, 4> x;

fixed vector<B, 4> y(x); // ¥

y = X; // WA
2. SCRFRIAR R/

551 2L, AR A ] g A S B A AR R/ fixed_vector SHATHIEERAE . SCHRX AN ERAE R
PR EN=S & IR

fixed vector<char, 6> v;

fixed vector<int, 4> w(v): // $Ul 44 6%

W=V [/ XF A AT G AT IR

class B { /*...%/ };

class D : public B { /*...%/ };

fixed vector<D, 16> x;

fixed vector<B, 42> y (x); // #EIL16 MG

y = x; /] 3F 16 X G IEATIRE
[ — PR TR FrUERE RS AR E ]

PAREZ UL E R B e AL S LA I ] 2, ARSI 2 A B Sl . Tk, RATE S —F B Aks

T2 XK PRI AR5
1. #Ul (Copying)
template<Iter>

fixed vector( Iter first, Iter last ) {
copy ( first,
firsttmin(size, last—first),
begin() );
}
T, BT DEER, RAIAH:

fixed vector<char, 6> v;

10



fixed vector<int,4> w(); // N 44 W%
T2
fixed vector<char, 6> v;
fixed vector<int,4> w(v.begin(), v.end());
/) FEIAADRTHR
W F—AMIEEAE S, WE—Fh 7 R UFNe: eI AR %8, I8 X AR RS 177 %62 H— AT B
KoL, WE—NMRRENERE L CEhne v P IR EE B E O ] L E MR H container #E4T#5 D
PRA] DLEREAT —Fh s T e & e mde 2 o
2. T{H (Assignment)
XE N RS, BT operator=() Hagl— N8, LA TCEEREEAE i terator VG EEN 75—
N — AT, AL DR A KEL (named function):
template<Iter>
fixed vector<T, size>&
assign( Iter first, Iter last ) {
copy ( first,
firsttmin(size, last—first),
begin() ) ;
return *this;

}

T, MEHATIREERER, FRATAH:

W= v /) X AN G IATIRAE
T2

w. assign (v. begin(), v.end());

/) X AN G IATIRAE

MEEAR LM, assign Q) HSZHARDLT R, #A AR DUE B [FREEE I vl & N, (HIXAE—k, 3T
IRAEEAE R SR A RCE, DA HRAIE:

w = fixed vector<int, 4> (v.begin(), v.end());

[/ X AN G IATIRAE

KF—NREEEAET S, B Z e JEACRT AR %, IR AR UEE KA 17 7 X [m3RA Tk
ANBETFAZER 1 AU SR L n 3 S MR Al B AR T RN P T AR 2 5 1 9w 5 45 DLERAE AR GXPEEE i
HHEAENYE . H PR ASH:

w. assign(v.begin(), v.end());

e HEH:

copy ( v.begin(), v.end(), w.begin() );

EXPE LT, SEELERS assign() T o IR SE R AR )7 eV SE 4F —48, X FEny LAk P AR AE
e BN AN P P Gt AT AR B (R i EL A copy O o
A A5 T84 R E (default constructor) ? ]

T Ja (P 1)E: BE AR B —Fh PARL 7 8 Hh R 28 RS 2 A 3 BR B 2 Dh g5 Y i 2 1 VAR IR 48 A 34 bR 2 Dhre AR T
WA A B BAEARBAS S e ke ? ey, —HARE X T MERERPIRIE RS, st Aieh
PRAEILEAERRAR T o BAR, G LIRHSEE H AR 3l 75 2L X AL
[/NGE: R AR (Member Function Templates) FIREARE? ]

T AW GotW 4k CEMARAATE, B AR IR 2 . Si4b, FRIEA BAMI S KGR AR I A A4 B
PREAR S 32 FARAEE A o G RARIEXT B FVEA R AR, T AN B Ak 4 FEAS I DA R 2 PR 710
SCRER AR, RN IX A CHARUEIIILE , T A gt e IR LA SR FE . (FEEEE ARSI, Microsoft Visual
%£+ 5L%ﬁEi%éﬁTElﬁﬁﬁﬁﬁﬁfi{ffﬁﬁtﬁ?ﬂiﬁﬁfﬁﬁ%7’7 (EAE RS PR R, LR PR as il JEANREXT osize ST
ERE T )

FEARBIEE A 1 classes WS AR ABHR, AT CLRCEE R F, i B P e Sk, 1488 5 A S
LeAl 5y 52 AR

22K 6: GotWH2 IKiET*f 5 (Temporary Objects)

MERE: 5/ 10

HEARFOLZAF CRERIRIORE S ZPEREAE ) b Rl th &AM AR, AR SR B I I X 5 )

[ ) 7]

TRARIEAE BT 132 55— MR B IR RS Can ), iXAN R HIE 22 /0 = ANy 31 T AN 05 21 Il I X6
%o WA, REERIMILH LA ? R 02 Xz a8 e g e ?
string FindAddr( list<Employee> 1, string name )
{
for( list<Employee>::iterator i = 1.begin();
i !'=1.end();
i++ )
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{

if ( #i == name )
{ return (¥i).addr;
) | »o
return ””;
[ﬁ%ﬂ}

fEAME AR, XA 1 UAT AR Hh e A — A7 B2 A T A BRI X %, b A L,
AN E— T FERR VL (red herring).

* string FindAddr( list<Employee> 1, string name )

— LA — 2N —

11 2: WADNSHEN I H RS (const reference). ffIHAL{E (pass—by-value) 77 HK4 FERENT
list fl string ZEATH U, HAERRAN R .

[FU]: & const&MARAEERE .

* for( list<Employee>::iterator i = 1.begin():
i !'=1.end();
i++ )
- 34 -
3: X AESEFE N . S (preincrement) #EELLGHY (postincrement) FEAEMCET &, X &R NAERE
1T)E 1 (postincrement) FRVEMS, X GAMHLAZN H CLiBHy, iy Hid B8 [\ — AN 7 il B H 2 AR G N 0 5. B3,
OE int IXAE IR AR S dnk !

[2#3%F]: BN (preincrement) $AE, WA )G (postincrement) ¥tk
* if ( *i == name )
I % 4 ﬁ\ J—
4: IXHKARIL Enployee 2K, (EUEAIE TR, WA KNSR string (FRfE, MM
FJi& %L (constructor) KAGFE|I—AS string. SRR T VEA S =BG XS %, TS E string 863 Employee
] operator=2 1. O

[(F1RT]: BRI R FE A S 1T =4 R B IR A X 5 — N e i ImE R R TR B (explicit)
{3 G B %L (constructor).

* return 77
— 5L —
5: XHLFAT MG (1)) string X% BUFMMEERE, FHH—ANRE string X ZOREAFIRIEME, R
Jri B —AN return 1EAJIR XA string. iX 134 1545 il DAZE LSS LR (LB, JE4n “string a = FindAddr (1,
“Harold” );” MARAS) JaH “IRIFMEDCAL” AbFERAE W a5 S0 G o

[%ﬂgﬂ] SEEIERTIER A O/BH O” (single—entry/single—exit AN AAEE —NRBEEEH L/ return
Eh).

ﬂTj[z{’E%‘;E:]%iﬁﬁTiﬁ—ﬁﬂ‘Jﬁﬁ%?ﬂﬂﬁZ}ﬁ, BAF AR LHEMILEIN. RELE (Exceptional CH) H&

* string FindAddr( list<Employee> 1, string name )

__ ;:g * ﬁ __

* o XAE - TFEIRYE (red herring). & _LZe, WHGARAT DR R FA (1l R IR A A string&ifi A At
string, K GAE A AT GEMTIR [A] ) @b = AR I I 0 G XIS 2 B T an SRR AR T R R AR K A 51
(reference) MIMMEATG CRAIAS I FR 19 R0 S OOAAEAE), ISR EEI T ! W RARAEIZ 11,
WE"J&@%EL?&M?%%E%IW, HINFASES (I A RO L T VRN ANE PR 7 i i R v gt — A
NAMEB KA.

| ] Zaxdsant (1) RERERFHARIEIHE (reference).

[(fE&Id: A —EEFIERPIEE, RIS H—AMERERN A REBIFMERSRSR, MMSEIAEARA S R H0E X
%Eﬁrﬁ@—ﬁ\glﬁﬁ (reference). FEIRIXMEKE, FIREIFIH (reference) HIRHRE, FRNTERN R
iﬁii&ﬁ?ﬁ%ﬂuﬁt%%f@ﬁ, W @Rt end O BT ZRIGHH” F% . B RATLL (BN A
const_iterator. YMIFIXLEAER, FAIVIA] LIS B0 B9 EAAAS
string FindAddr( const list<Employee>& 1, const string& name )
{
string addr;
for( list<Employee>::const_iterator i = l.begin();
i !'=1.end();
++i )
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if( (*i).name == name )

addr = (*i).addr;

break;
}
}
return addr;
}
[kingofark JE:

red herring: Something that draws attention away from the central issue.

a red herring: MEHRV:; R E I RIE]
ZEK T: GotWH3 fFHIRHERE (Using the Standard Library)

MERE: 3/ 10

A FHAR 2 (R SR B LA ] A CAE T 905 B RVA SIS 2 o X BLIRAPIE A GotW 2&3Kk 02 ]+, fELA
?%%Jﬁﬁﬁﬁﬁﬁﬁﬂﬂ (reuse) HSLCHRUEE B AT FIZRDE, W ovit 2 DRRAT) ) 2D
i) 72
— HREy Al AR PE R A S90S B QBRI B /et n] LB G GotW 453K 02 HHH 2 /bANE G 2 (7
e FECRE, ANREBUR BB TE X, BT DL R R A 5 o)
ChR A< &% ] -
LR BRI RRA «
string FindAddr( list<Employee> 1, string name )
{
for( list<Employee>::iterator i = 1l.begin();
i 1= 1.end();
it+ )

{
if ( *i == name )
{
return (*i).addr;
}
}

return 77

}
BIEIRRA (D3R AFAERT 1. end O Z &R D
string FindAddr ( const list<Employee>& 1,
const string& name )
{

string addr;
for( list<Employee>::const_iterator i = l.begin();
i 1= 1.end();
++i )
{
if ( (*i).name == name )
{
addr = (%i). addr;
break;
}
}
return addr;
}
(R ]
ANTFEAT 2 As, HER AR find O nr DL 5= A2 AN I B 6 SR IR G A LT 1. end O 7
KIIL
string FindAddr( list<Employee> 1, string name )
{
list<Employee>::iterator i =
find( 1.begin(), 1.end(), name );
if (i != 1.end() )
{

13




return (*i).addr;

}

return 77

}
AT e s, 53
string FindAddr ( const list<Employee>& 1,
const string& name )
{

string addr;
list<Employee>::const_iterator i =
find( 1.begin(), 1.end(), name );
if(i!=1.end() )
{
addr = (%i).addr;
}

return addr;

}
| (%35 BEARRENEE, TAERE BCHEERE. SHEMER. FAH. F12!

5. Exception-Safety HEBEHKXHAR (Exception-Safety Issues and Techniques)

43K 8~17: GotWH8 Hhiim——R ¥ %2 (Challenge Edition — Exception Safety)

MEEE: 9 /10

TR A PR 2 A e e i) 1y ke, (HRI S WE I T VU2 B s hlmes; A, ZIEmeiRm e
CIHAR S . AP E DS — A ) container (X2 —Fhn] LU HEAT push F pop #/ERIH), BHHELE
FHE-ZAH (exception—safe) FISEH T (exception—neutral) fHHLF, FJELKAENFEEEHFE D

[ a) & ]
1. SEELI R B -1 (exception—neutral ) container. ZE3K: Stack X% RS AR £ — 2k
(consistent); BIMFA HNFHEA/EIE RE, Stack X R W IE M (destructible); T [5H DAMRES L 12
IR F I
template <class T>
/)T B A TR 3 bR BRI B U1 s bR 2K
class Stack
{
public:
Stack () ;
“Stack() ;
Stack (const Stack&) ;
Stack& operator=(const Stack&) ;
unsigned Count();  // IR[\I T fekkHL %k H
void Push(const T&) ;

T Pop() ; /) nHoN A, MR AR R i R T
private:
T v_; /) Fgm— T vsize D T XA

[/ JRRE ORI N A7 ]
unsigned vsize ; // 7V AR/
} unsigned vused_; /)7 v ] RS SERRE I T M H

B o 7 -

2. MRPEYHETH CHAriE, FRUEFE I container J& W - &AM (exception—safe) & 7% —H 37 )
(exception—neutral) ?

3. MWiZibk container BA T H -] (exception—neutral) "&? NftAa? HHAFE T L2

4. Container MNIZAFHRHERNIG? Lhin, FRATEIRN AN ZAERE W “Stack: :Stack () throw (bad_alloc) ;”
(7 Y ?

PR 0 R 147 ) 2

5. HTAEHTVFZ Mgt as h @ try A catch S URIFE T R —LLBANE fitar, JiT ALE FRAT TIX PR 2R ¥y mf
2 H (reusable) Container ', IgUf#E e i EAT. MRAEEEAMEH try Al catch FIELL T, &M ERSEIL Stack
FITAT (R 1 O e e 2

14



. FEIX PN 7 IS % GERE WA 7 IHA— 2 /7 & L@ | h sk, (WE2%, DMETIR T T
)
template<class T>
Stack<T>::Stack()
2 v_(0),
vsize (10),
vused_(0)

v_ = new Tlvsize_l; // WIGEHINAETE (BTG

{

1
template<class T>

T Stack<T>::Pop()

{
T result; //WH M=%, WERAISE R G H ORI T
if( vused_ > 0)
{
result = v_[-—vused_];
}
return result;
}

(2]

[EHE: XEMBRTRHEATEEH. AXSEIEREBRA, RATLAZE C++Report 1997 R 9 A5, 11
ASM12 A5 LHRE; Hoh, HELARAERD (Exceptional C++) HBH. ]

FE N FI: TR S ANBRAE T ] AR R R 58 i A2 T RSB SR o SEBr b FRIE RE 0% 1 A g PR IX LEA RS
A T ARANE] ! X, e T A LA R e B AEH s A EEH NS AE B, Eh'E 7
W24 (exception—safe) AL T EAE AP N Lo

WAL, Tom Cargill W —isdEH R L ZE (Exception Handling:A False Sense of Security) (C++Report,
vol. 9 no. 6, Nov-Dec 1994) . AilihIXfE SCHF KU, F AAFENBT M/ NMEH, BotEEs s, (HhIEARZ
%éﬁﬁ@iﬁﬁ?&ﬁﬂﬂﬁﬁﬂ‘ﬁ, T2 BN IAELL A3 (A5 i b PR . B BIIX — 55, A I /Nt — st ]
LLT

[MEEEIL: BERR— K. I THEHLKBRIR, BRREAEITRHARMBHRAE-LL (exception—safe) HiF
ZHB B EEBAR (base class technique). FAEIE Dave Abrahams (EREHHALAN) k4kskitie, MERXA
FEEERHHEAR. ]

IRAESE I — N AT 8. T O W R

template <class T>
// T DA A I KA I bR SORN 5 DR i bR

class Stack

{
public:
Stack () ;
“Stack() ;
Stack (const Stack&) ;
Stack& operator=(const Stack&);
unsigned Count();  //iR[F| T fEARH % H
void Push(const T&) ;
T Pop () ; J/USEA A, IR R R4 R R T
private:
T v_; J/FRR AT vsize " T X4
/) RS R IR N A7 ]
unsigned vsize ; /)7 v IR RN
} unsigned vused_; /77 RSB AE R T B H

MMAERATRE G LI AT TH AR, Wi TR EE (destructor) ARt 75 . XIEBy,
KAV T FIHTHIRREL (destructor) JOH R, ABFRATHARME L2 2 A AT BEAE PR UEACAD LA PR R RT3 R AT SEIL T .
[/ DEFAULT CTOR
template<class T>
Stack<T>: :Stack()
o v_(new T[10]), // AN CRIEEXTS
vsize (10),
vused_ (0) /) AR A BT H

[/ WERRR P RIAIX L, U IR IS R BT L, okay !
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}
/= 5 VU IS R £
template<class T>
Stack<T>::Stack( const Stack<T>& other )
:v_(0), /) BTN, WA R
vsize (other. vsize ),
vused_(other. vused )

v_ = NewCopy ( other.v_, other.vsize , other.vsize );

[/ARRE P RNEIXHL, Y WIPE DR IS R AT ), okay !
}

Y 5 DU AE
template<class T>

Stack<T>& Stack<T>::operator=( const Stack<T>& other )
{

if( this != &other )

{
T* v_new = NewCopy ( other.v_, other.vsize , other.vsize );
//ilﬂ%ﬁ)??ﬂiiizi, BN A7 TR DU REAR AT )8, okay !
deletel] v_;
/) X EAREN R, O T R R BOAS B LB 2
// ::operator deletel[] #¥/= A% throw()
V_ = V_new;
vsize = other.vsize_;
vused_ = other. vused_;
}

return *this; // {R%4, WAHEE IR

}
Y DR R
template<class T>
Stack<T>:: Stack ()
{

deletel] v_; // AL, X EAASREY

/) W
template<class T>

unsigned Stack<T>::Count ()
{

return vused_; // XHZ&PNNEET, ASHE

[/ push #1E
template<class T>

void Stack<T>::Push( const T& t )

{
if ( vused_ == vsize_ ) // WIVIBESE T2 MK
{
unsigned vsize new = (vsize +1)%2; // WKKFT
T* v_new = NewCopy( v_, vsize , vsize new );
//UERRE P BRIX 5L, U B N AE o ORI $E DLt FR AR ), okay !
deletel] v_; //1E L, IR B AR
V_ = V_new;
vsize = vsize_new,
}
v_[vused_] = t; // WRZEIH 75, $EINEENASHAT,
++vused._; [/ ORESWAS A
}
)/ pop #AE

template<class T>
T Stack<T>::Pop()
{

T result;

if( vused_ > 0)
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{
result = v_[vused —1]; //W5X BT, HWEAENASHAT,
—vused_: [/ RS WAS AR

}

return result;
}
//
/)RR A0 EEE Wil Evers H—MEH,
/) CIEAE R @ e SUIBAE,  Pop O sRIEAE H # 4n 5 JE 5 - AU,
/) IXE S T AN RN, CHRE A ] pop HH—ANTTER ;s
// R, XA S R R e R CLE R R [RME $ D1 2R T H 3 1 H b
/) WE LD
//
// TR IR, IR MRS 7 — 22 A AR I AN R Rt A2 N
[/ EAE AR [P SEIES 4y, i Had 2 s iz
// HEEEEET CRLUnX BLAIE—AN) ANATREAE SE A PRIE 7 — L A I O N 3 S
//
/[ R ) — AN 04T 5 3 8 bR BB AL 3
// “void Stack<T>::Pop( T& result)”
/] IXFE, BRATTE T AAEAR FPIR A AR 2 B9 N 2 45 R 185 DUR A BRIl T .
[/ AR,
// XA A 7R - A Pop ()
//
template<class T>
void Stack<T>::Pop( T& result )

{
if( vused_ > 0)
{
result = v_[vused —-11; //#nHX B IH 5,
—vused_: /) MR E WA & T,
} /) RS WAS AR
}
//

/) IEIATIE R LIAE Pop O &M void, SRJEHHRBE—A Front () il BEL,
// FHRA 18] T s R 0] 5

[/ L IEER Ay
[/ HIRATTEAE T NGt X #5 LB — SRR S X
[/ A R A B FOR SR T X, AT RS Dk
/) WERAEIX R AR T R, A ek B BB FHAS BT A 1 I B U,
[/ FHERA SRR L, RUIEA R AN AR .
//
template<class T>
T* NewCopy ( const T* src, unsigned srcsize, unsigned destsize )
{

destsize = max( srcsize, destsize ); // BEARKIZEK A

T* dest = new T[destsize];

// UERRE P RIEIX AL, U W] A A B AR 3 R BSCRRBOA T,  okay !

try

{ copy ( src, srctsrcsize, dest );
iatch(...)

{ delete[] dest;

} throw; // Il IR

/) WERRR IR RNX AL, U IFE DR B L, okay !

return dest;

}
ot B A P AR ‘
B2 8 MIEMETT CHbrdfE, FRYEPEH Y container -4 (exception—safe) IE& R -1
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(exception—neutral) ?

KFIXA M, HErERA UL SR RS WEIT T2 HE, W MBI NAZSE AL I ORE 59 55
Ak (B “container B & 0] LB TATHIERAE ™) 108 Nzt Rk 7o 2 vk (B “Frf ) container #4E
WEMNE X FEHE CEAPAITEARE (commit-or-rollback)” HI4EYE”). 1EUI Dave Abrahams £F 23 b 4> 1) — K
e LR B S5 i W WS EAT e e T R B B ISAE . WSS TS 99 3 e A E I ARE, A s AR
AR B G RIRIE T o FRATAE L P 2 1 LA AR 1E /S X FE .

33/, Wi%ik container N RE - L) (exception—neutral) ? N4 ? B AITEITEE?

HIHE, N TRERLE container T -H I (exception—neutrality), o i3S E 1 2 AT 8 5 1 47
S A . AT LR -2 (exception—neutrality) ARG IFEAVET, (H2 2 SEHm R 2 Pk T 24 i s
(i) B AR 8 32 K T SIS S e A PR AT H I, SIS - 7P (exception—neutrality) BRI
To B ANWREFMPTEITE, A SCRNCR N T A RV 55 EAE, SR 5 I 10 <7 1 SRS R kA
WFESEE-F P (exception—neutrality).

% 4 @ Container Nz Ad H & MU 2 bt , FRAT 2 AN iZAE# Wi“ Stack : : Stack () throw (bad_alloc) ;”

fo 7 2
SRR, TATRAEKPENL, BB THUC AR T A2 50, AR A A & ER
R
RV, 4 container MSAEHRIE (I, Count () VUM SIGEI N Ecl, BTLLTRATAT LA 28
REIH SR . BARTRATEI ERTLUT throw O KA BEKHBRAE, (1 RIHIEAZIX A M EREHA: B R
PRBCRER T, 5 S S AR A LT LA R 38 I I, s R A A R 56—, i

S AR, 5% A (exception specification) #RE W KAANITERE T4 . RIL, XTI 25 Y 145
1, HBIFAEAERH A (exception specification) LAREGIXFHMERETFEY
of 9k e R R A ) e
5. HTEHRFZ g try Al catch SEVRIORE A Sk — S BaME) gy, BT AAEFRAT TIX I
HKn] A (reusable) Container W, EUf#Ef il e, IRAEEAMH try Il catch FITEOLT, FZHE RS
Stack T I 01 pAEL I ?
RN, AT, PO BAMAC T E Sk <. 7 s QLN —i, JEu
try { TryCode(); } catch(...) { CatchCode(parms); throw; }
FIARHISER AT A S A IXAE -
struct Janitor {
Janitor (Parms p) : pa(p) {}
“Janitor() { if uncaught exception() CatchCode (pa): }
Parms pa;

Janitor j(parms); // j is destroyed both if TryCode ()
// succeeds and if it throws
TryCode () ;
}
FATTHALE NewCopy BRELHEH] T try Al catche RN AL S 1) NewCopy BRIZL, H CAATIL b HIUE 1) 05 B
template<class T>
T* NewCopy ( const T* src, unsigned srcsize, unsigned destsize )

{
destsize = max( srcsize, destsize ); // basic parm check
struct Janitor {
Janitor( T« p ) : pa(p) {}
“Janitor() { if( uncaught exception() ) deletel] pa; }
T* pa;
4
T* dest = new T[destsize];
// if we got here, the allocation/ctors were okay
Janitor j(dest);
copy( src, srctsrcsize, dest );
// if we got here, the copy was okay... otherwise, j
// was destroyed during stack unwinding and will handle
// the cleanup of dest to avoid leaking memory
return dest;
}

Fogvid, WG 5ILMERELRARIAT NN N e Bl . 450 3T W R BRI DL,
try Al catch fEAEE WILE ARG 2, W HAJFE T feA8 3 k. (IS, X R R try A catch 4%
AR H ), ORI Rl 2 TS SR . HUECA S YE A SRR R A 2
Eiﬁi%E&tii try Ml catch MU, JoIRAE W MR OL IR AEA A5 BRSO R, #a AR R R Y
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42K 18: GotW#20 ARREEHIEZH (Code Complexity) (—)

MEEE: 9 /10

(ﬁ%ﬁ%ﬁT*¢ﬁ@%%%ﬁ:E*ﬁﬁﬁ%ﬂﬁzﬁﬁ@%@ﬁiﬂuﬁ%¢%ﬂﬁ%%?E%%R?%ﬁ
JE L RIZ R

(A ]
XA e G SR, R D 2 /0 4 PUTIRE ?
String EvaluateSalaryAndReturnName ( Employee e )
{
if( e.Title() == "CE0” || e.Salary() > 100000 )
{
cout << e.First() << 7 7 << e.Last()
<< ” is overpaid” << endl;
}

return e.First() + 7 7 + e.Last();
}
(2]
e
a) ZMEXT bR B S ERAE I (AN [ LA K BT A R4 (destructor) S5 . [V 1]
T TP 0] R 2 G T BRI B o
WR AV R B 75, AL SH 2D AHITHE e ?
b) P BRI A . FEse b, #lin” e Title O ” XA S AT E T4 ) LA R BN % (Lb
an, e HOAG AR SR B W ATREER T T ARESR IR LR 0 5 — N R BT I S ] e R B
B HEKH return by value (FRMEIRIFD) 5 0TI I I % G A AA0 33 bR £5 T REL LB S Do X BLFRAT M B4 - B
Hom s, FOGERAT e. Title OHAERILE R, WIS OXAE G 2B T 5% .
fifts: 23 (fUNAE 4 ATAUS D

WRARERE T Y5 O SE g

3 SRS (Average)

4-14 AEME NN (Exception—Aware)
15-23 R T (Guru Material)

X 23 A HAT RS ELTS:

—3 % 5% % I*<H (non-exceptional) 1%
—20 MG ERAT, #EREA K
LIRS 3 A5k AR, DRI LS EEANE C/CH+If “J i RMEHIN] (Short—Circuit Evaluation Rule)”:
L. W e Title()==" CE0”, MAMATHEEXHE AKARMET (Lbln, e. Salary O BASHIHAD, 1H cout
WIS PHATI . [ 2]
2. W e. Title()!=" CE0” {H e. Salary () >100000, ABAPIALLAHSHRE, cout WaMHAT.
3. Wi e. Title() !=” CEO” H. e.Salary()<=100000, IFA cout FFALHIHAT.
IR R G AT A
String EvaluateSalaryAndReturnName ( Employee e )
e "4
4. 51%0CKH pass by value (fHALE) J7:, iXFMud Employee copy constructor. iX™ copy #:AEn] Befl H
FH
*. FEKE R AL I AR [B1E 5 D121 e 250 22 17 X ki), String i) copy constructor ARl 7% . SRIMAEIX
HIRAT) 2 WX P mT Ged, PRA HOEAE R BN R AL R AT H AT IS TER TS, A AT D@ AT 7 O
if(e.Title() == "CE0” || e.Salary() > 100000 )
"5 760 11 "8 100 797
5. A PREL Title O ARGk vl gedl it 5 i R return by value J7UR[F| class type HIXSL, MM
FEEE VIR E R eI H o
6. AT HAMM operator==AHULHC, FHFERARVFTRER LN class type (8F5 e. Title O) BRI 5 AH
A AR XS, I AN 4 G2 ) ) i ol FE AT BE Pl HE 2 o
7. W% operator==7& LT RERALI RS, B4 e AT Redl 5 .
8. H#5 KL, Salary O ASS nl REdl S, B H -1 LR [P IS 0F 52 10 3 R I s 06 S (R R i ik R b i

9. 56 L, AIRETF EAE IR S, XA A AT e R .
10. 587 280, XEVFE AT REAE R AL, A e T Re
11, 587 FI#10 200, X iRy et s g, A el gl b 0 .
cout << e.First() << 7 7 < e.Last()
17 "18”
<7 is overpaid” << endl;
12-16. 41 CHARHEREITIR, IXHL AN operator<<fP i &Sl el 59

H
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17-18. 5#5 Ffl. First O F/8% Last O n]Redlh o, 838 b2 Al i %o 5 i i e 0 S () p i ik R o

TR
return e.First() + + e.Last(;
"197 2277217 "237 "20°

ézggo. 545 K. First O Ff/8% Last O vl Aedl Fh,  B%3E B2 Al B X 5 1m0 i e 0 S () #a ad asd e o
g S

21. 546 KL, nTREFFEMIE RN XS, XM E IR AT R R

22-23. SR7 KL, XERVF A AR DR A, A e ] Redil R

” 7

A GotW Z5ak i) H B0 [N Suvrse FHLEIATE 5, il S AR 1 T DU 2 /D ZR R AT 42 o
SR R 14 52 2% PR 2 5 ) o 5P ) SEEATRTIUAPE NS 2 5AE R —30] GotW Hh RIS IR AU 2 56

(A 1] ARV 5 AT B8 B B3 oK o W SR VFIZ AR, AR JE VL IE s TAE . 15 H FRAE CH+Report
Nov/Dec 1997 "5 2 {718: Destructors That Throw and Why They re Evil.

[ 2] fiis==. || F>FLLUEMIE 4 ER (overload), FBALE if M, ||sRiFRE—ANEEOHH. WiE
HE— N, A “REESREMN” S8, XFE 0 B ITE & B e g Rk (E.

42K 19: GotWH21 RESHIB Z (Code Complexity) (=)

MERE: 7 /10

CRPEL: B GotWi20 AN A AT R, AL 5 57 %2421 (strongly exception—safe). XA
AT E T TS 2%74e M (exception—safety) HIEZE—E,)

() & ]
EFRATTRE & GotWa20 HLF BN B4 . XA BR B 579 22 4510 Cexception—safe) (FFH IR BABGEE® T/
B SEEPALR) (exception—neutral) (FE¥PTE B &S HAE) 2
String EvaluateSalaryAndReturnName ( Employee e )
{
if(e.Title() == "CE0” || e.Salary() > 100000 )
{
cout << e.First() << 7 7 << e.Last()
<< ” is overpaid” << endl;
}

return e.First() +
}

TEXTURI 12 g R o W B e i e 4, A8 & SCFF basic guarantee i /& 3 HF strong guarantee? [
V: basic guarantee, FEALRIE; strong guarantee, 5EJJPRUE] WIREAETH 240, IZuf 3 HIH 7155
DI EL Y $F basic guarantee BY strong guarantee?

ﬁiﬁmﬁ&%ﬁWﬁﬁ%@ﬁ%%ﬁﬁﬂéw(@ﬂ%Wﬁﬁﬁ,@EW&E%W&%E@@W%Lﬁﬂﬁ
BT AT A % CRLRE IR B S AE D B2 50 22 4 ) (BRI 20 SE X G gl s B, G o HH B el R s #D .
(&5 4niH: Basic Guarantee 1 Strong Guarantee]

*F basic guarantee fll strong guarantee FJTE4NIEIA, 1iEFAE C++ Report Sep/Nov/Dec 1997 Hif i,
fAi ki, basic guarantee {fiF nJ4EME (destructibility) H¥EMHR; 1M strong guarantee [tz #MAfi
WESEA T commit-or—rollback (¥fE: B “ELAPAT, ZEAAPAT” HEFHND 7 L.

[ ]
EIRAIAKT FE GotWH20 HLI AN BRI EL . IXAN RS 70 22 42 1F) (Cexception—safe) (FFHHILST 68 EH L4E)
B PALR) (exception—neutral) (FE¥PTE B &S HAE) 2

String EvaluateSalaryAndReturnName ( Employee e )
{

if(e.Title() == "CEO” || e.Salary() > 100000 )

{

cout << e.First() << 7 7 << e.Last()
<< ” is overpaid” << endl;
}

return e.First() +

}
R — i8]
W pTIA,  FAT MR BT 1R FH 16 R AL AFER A EL (stream function) FEN—7HBE w240 (IR #E
P S, AEAEP R N TR EIE D, I BAR B H B a3 % ALFHIG IR GAE N —— WA 7 2 A
CRP Y s el i iy, L H 1 s Pt A e s £
SR (stream) M 25 BEAEAN 1L X HAREr" 4 /) “un—rollbackable CANEIRIED” FIVER .
Blan, EBEGCTRESAEH (emitting) T string {2 JFIH— AN, Lk 22 H A 0 2 00

20

” 7

+ e.Last();

” 7

+ e.Last();




g (un—emitted)” s [FIFE, U (stream) MIESBORSWSTEMMBRE (PR RIF=4 TS OIRE
AR ). FEREBIEOL T, RATERAMGIXLLE T, RIS A A [ R BCEA A AR H T EIE RN,
frl e R R R N S AT
[Basic Guarantee vs. Strong Guarantee]

AT, % EREOM L basic guarantee: 4HVELSEHE IR, BREUNS A R IR MR

RN AL strong guarantee. strong guarantee &CRI: G0 5L pR &k b 7 B TS ORI, B BRARAS DA Z5A)5 O
FEAAR . SRTMIX B R A AN TR R EIE R CIE a0 e 50 2RI s ISR «

1. —> “--overpaid-” HEWILH cout;

2. —DAMATFRPER M,

RPN 2 5, HSREUN T LA AL strong guarantee [, KUY AN, (EBASHIRM] . % ER|H
1AL, BREUOUR AR 5 20, TR A

L. W SRAERK S I B SR 815 B cout Z J5 FEANH B AI5 3 cout ZHTIIN A s (b
ar, AR EE 4 AN TR, AR Caf o sk 7. [ 1)

2. WS BB s, (BRI 2 R R BT AR O, WARXAHEE WM ES COoikikanr) #
ER] cout T, UEZERELR N — AN F i e M

FW AL strong guarantee, PREUAT MNAZAE: BAWMSE G W 2 cout FAEAEIRIA)D #1530 5¢ 5
BB BNZ R A T, PSRN

PATT] DUIE BOXFE BRI 2 RS — PRI RE & 220 7 30 ORGIRREN 85— IR 0

String EvaluateSalaryAndReturnName ( Employee e )
{
String result = e.First() + + e.Last();
if( e.Title() == "CE0” || e.Salary() > 100000 )

7 7

” 7

String message = e.First() + + e.Last()
+ 7 is overpaid\n”;
cout << message;
1
return result;
}

XBACHIESFTAIN . N E R R, N TikEEAS string HAFH—/NKRA, BATHIATRAAUE T endl (AW
FHHATERERD . CHR, XML [EZE T RGA G ASLEXH Bt LS BAE I 0, i i ik
ANTERE i | HBAAEXFE R R 2R O T I Re & %507
[— MR SO R R

FIIAE, FRAMIRE — AN NI, EW P S (client code) Pvn:

String theName;
theName = EvaluateSalaryAndReturnName( bob )

T REI A R T return by value (FEEIR[HD 77 3R B, PRI String #%5 VIR IE %L (copy constructor)
et 2 DIRMEIZ ST (copy assignment operator) MM, HIREF4E K42 113 theName. W1HIXHENFE DL
BAE PRI T, IBAREEIER O AN (R B Ok e, RFEME R O e sy 1),
g5 R ek M E T (RER D,

T me B A s ar—2e? wf DLk [ 8 s DIRAE | Rk SaX AN ) @i 2 GX R 30, FRATTik R Hode sz — A
non—const ] String Z5|HZ4L, KR PMEIRAEX NS0

void EvaluateSalaryAndReturnName ( Employee e, String& 1 );
{

String result = e.First() + + e.Last();

if(e.Title() == "CE0” || e.Salary() > 100000 )

” 7

” 7

String message = e.First() + + e.Last()
+ 7 is overpaid\n”;
cout << message;

1
r = result;
1
%&ﬁﬁﬂ<§éﬁﬁ%%, A r PIRAELATI AR n] BE 2RI, IR je L v — AN R F e 58 BT o) — /N R 58 B B3 DB ) ) it
T, R KRR AR TR E KA. o
TrRBAMI Re S 2l M auto_ptr RIR[FIZEH CAGTHEIX —IRFRN 28— IR 22360
auto_ptr<String>
EvaluateSalaryAndReturnName ( Employee e ) ;
{
auto_ptr<String> result
= new String( e.First() + + e.Last() );
if(e.Title() == "CEO” || e.Salary() > 100000 )

” 7

21



{
String message = e.First() + 7 7 + e.Last()
+ 7 is overpaid\n”;
cout << message;
}
return result; // rely on transfer of ownership
}

IXE AE AR B e Es 2 T E——TRAM A R Bk T 7= 2E 58 —ANEMER GRIFMED B#ElE, RINEARUE T [7E58—
ANEWER GTEIEED #seis, JAEHATE 551 (nonthrowing) #eEIESE 22 1R MIA R BOM & 1. TP
DIXFEREARANWE 2 IETNAE S B 2 224t (strong exception safety) B KAERIIREE, X FPom 24tk LAk
FNARM——FRAE ] T BN BN A -

(REZEMMEZERER]

MARGHE AT AR B, 158 =R EAP A AT RELLIEA R commit-or-rollback 1 SCR5ERIBMHAEIEH (S5RE
KETHBANBRIN o TR, JE DR IX AN EIE F G K N % v] DA I R B AT 4% 19 30 58 le——IX B2 ud, A
il AE H B A A8« BOE R TAEREfE LUX e —Fh oy Xt se e B nT DL 1 @1 A RE 6% L i A4l S = 1
(nonthrowing) #AFER5EM.

REIX—IRBANIEF IS, (A BRI A R R Yo i R, HibzR B & ek
AR A B SERs EAHRIIEIER (o, MAEIER- S —AN8) cout IEHE, SN cerr IBHE, IS
SREAFER? ) ——IXEAAHRER), AN strong guarantee ZESRAEHILFH I “FEF HRRSIRIFAZE ", #ea)uhiid,
R B RIS R RIE R AR 0 S ARIE B AN BIVE SR8 B 358 ORI U, BSR4
P AT — 7 vt A A B B 03 AN BE 191 30 58 BRI E FH I eR 2

A GotW s AEHIR 3 AN HE fii

1. B eV ORE, &% (HIFARE) FF AR LU 5BaE e A,

2. WMR—ERBESHZENRIEMN, AL R IEON T 5 LA N BO, ME— kUK R A
JUANBREL, DI RN 43 B R i Rl BIVE F REBE I 8 5E i

3. IHARITE RIS E ARG R e . ALK E LA R — R 22 AR T A R A2 basic
guarantee J . EFZIHEOLT, 8- RERPMULSE L S0, GEWKRIE HIAE W 500 AR AT REPEIRE] i
AN, AT EAG R = R AR Rk — e PR RE
(X K: HARIVEA]

IEWMARSRKR, BAD [ B R ARIERH | 2 AR IEA TSSO . Feali, BATRA TG
PRAE TER s R FEASRRKM . XEREE, RATICIEE AT I 5 0 R 20 s2 I 5 OE
commit—or-rollback i& X B/DIEIX AR UER e AT RERT . JIAMNER —AUE, WERmREHRIN T, WPRER
BoUUR . HrdRAIA AT XA o, WA T UK {HIRATI AT LA BRI TIE K, DT LS 4
REHFR G5, T A E I 5 Z BT cout 1) error flags.

[ 1) WERARHERT [4HO— ZH ER MRS B e LA cout A | IXFEI G 2 /DA mid 022 9 gwRiE, i
A DAUAR AR I A . AEIXHL, TR NS IR A o AR AR 1 1 58 1 P A A T £ R o AT A )
R Jit BE——3 gl 2 A BATT R SRR AT S A

6. Class HI¥it54k#& (Class Design and Inheritance)

42 20: GotWH4 CLASS AR (Class Mechanics)

MESE: 7

PRI classes (EESATIHIES D ? ARG AMNETEREHHER, WAL N TR A7)
AR BETE H B i i R A 5 4E9 1 classes.

BRARIEAERG RIS, AR AE FXEE—4 class, HAH LR IFHEE XK, B 48R, /Rl
LR 2 DA FREMEIE e ?
class Complex
{
public:
Complex ( double real, double imaginary = 0 )
: real(real), _imaginary(imaginary)
{}
void operator+ ( Complex other )
{
_real = _real + other. real;
_imaginary = _imaginary + other. imaginary;

}
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void operator<<( ostream os )

{
os < 7(” << real << 7,7 < _imaginary << 7)”;
}
Complex operator++()
{
++ real;
return *this;
1
Complex operator++( int )
{
Complex temp = *this;
++ real;
return temp;
}
private:
double _real, _imaginary;
b
fRZ

XA class HFZ M G— HERTKHASIFRERMEZ . L8 E S EEERE class FREERR (B2
[operator<< BIFRUERIASEATA? | BLK [operatort NiZmh— member W2 | Z EAJMIE, AL L
NI EZATEZ.

AT B A B DL — ANV FH VR G T P4 BESR AR ERE U D& A7AE— complex class, FRATIA
5 Complex class? AREREZUZE AN RATEA N LR & BT, Bt Tl A TR (1) N e 58 B0 AE 5¢
R o AEARERE A I AU R RO, R EEEIEHZ .

&g‘z/ﬁ)ﬂéﬂ REEREMHBEAN— FHRFHERERE— MAZZEE QTR IEMELER, BHRAS,
TE,

B VF,  SEIE FIR Complex M EAEIMEM SR AT HIX class , MU std::complex templates
TERIX AU, RN E LT class IHMEIEETESRIE. 562 constructor:
1. PAFIXA constructor SR RAERFLHe (implicit conversion),
Complex( double real, double imaginary = 0 )
: real (real), _imaginary(imaginary)
{}

A SE —ANSEE TRAE, LR T g B 80%) constructor, FFEBIIEAR LA LVF—A double B4k —A>
Complex. EABIFIXWFIEUFH), H—RATESK 6 T, XFEMERTEEIFAERERKZ T — 85 bR
] constructors A explicit ;e MFFE, FRIEIRE EHLP E RVFRaUEH . (5K 19 MIARUE A H 2 U0t
(iR

BETHHEN]: MO EST A REBRRE N4 . BRXRARN—NFHERARTRELL constructors B
explicit, }HB4EEHEREZHT.

2. operatort EXVFRHTHAT AR .
void operator+ ( Complex other )
{
_real = _real + other. real;
_imaginary = _imaginary + other. imaginary;
}
HTEER, SHEN %L by reference to const B RALIH.

| BNl REL by const& (Tidk by value) HIZRRMEEDE.

AN, LR WAT, “azath” NAZEHT S kN at=b" . X AMIFASTEEIRNERIBCRIET (EAREIT), KA
FATHREXT doubles ATV C . WA EXT class BYFBEATING:, AR FINEERT§E 10 B i .

igggﬂgﬂig”a op= b;” MIAEEM "a = a op b;” (HH op AFAMEHT). KHEMELLEFE, BE

FAt A operatort= LWERERCE? K'E EALAEHIAZEMYAE L, I BALRI R &> reference, ANJg—
NE . 2T operator+ WAZIAL [F]—ANET I WA o BEANIE A AT A, 1525 RS LA R FRHERL 1) operator+= Fl operatort,
BAE

XTI T:

T& T::operator+=( const T& other )

{

/..
return *this;
}

const T operator+( const T& a, const T& b )

23



T temp( a );
temp += b;
return temp;
}
HEBHE A+ Flt= BOCR. AT MAX MBS AR ok, XFEAME ] DUfRif TAF (RS LA 5 ),
] AR — 30 CROH [R]85 13X P A R XA 25 FLAS RT3 2 T )

B A RARIRPE T RN BH T HIARHERR (BN operator+), TEFRIM A ERM—4 assignment W (Bl
%)e?rz;toﬁ:) I BUMEE R EEMREAERTE . RN RiESRRAE op M op= ZHEKBERKR (HH op KERAEMEZ

3. operator+ ANWiZ#Z/> member function.
void operator+( Complex other )
{
“real = real + other. real;
_imaginary = _imaginary + other. imaginary;

}

Wi operator+ &/ member function, —UIAFIFZR, WA MRy VAR B X4 A Complex B,
operator+ R HEJCVELIR HARIIEA TA/E. BARRLGE, 44R%%6) Complex objects M EEE, HEEE"a=b + 1.07
MIEES R a = 1.0 + b7, KA member operator+ ZELKLL—A Complex (IMIE— const double) Mk Z=5]
Bo WRARAS SR A8 T 4 BERE IR J7 {14 Complex objects M I doubles, #2234k K =: operator+ (const
Complex&, double) F1 operator+(double, const Complex&) +&&FE[KIAHM:,

BN FHUTHENSRRE—NMEE FMNiZ%RE nember function BV i%fE4 nonmember function:
® - JLIH TViZiE members.
= (O [1 F1-> 20 members.

HAb T —Jcia 7 #8 N 1% /& nonmembers.

[
® assigmment WRIJIBH T (4= —= /= %= Z5&E) #LJ0JE members.
[
4

. operatort ANIZEN this WE. ERO% L RSP0, WS A IS A .
void operator+ ( Complex other )
{
_real = _real + other. real;
_imaginary = _imaginary + other. imaginary;

}

VE R A AL [R5 N 1% 2" const Complex” (I AEA & " Complex”), LAkt GiX AR H] “ath=c”,
5. WIRARE S op, WNAZE X op=o A ZHIRNIZE S operator+=, BKEARE LT operator+, JfMNi%LART#
R SAE AR o
6. operator<< AMiZ A — member function.

void operator<<( ostream os )

{

}

WA K operator+ KRNI, BEAh, SHNiZIE” (ostreamk, const Complex&)”. {1/, nonmember
operator<< N i%ZLL— member function (fEfEiE virtuad ASEAE JEAt, & MTTHIEM L/E, WA N
Print () .

BEAE, R ANLUIER) operator<<, JRRIZMIECLSTINE, GILKA strean [ H AR bR (current format
flags) LA WHIE. JRIX—EB0y, 15 & P URE E AR A DA FRERE L iostreams fH5E.

7. ¥R JZ, operator<< ERITAIN 1Z L ostream&” F Wi LM~ reference, 0K stream, PMEUEVFHHE
A\ (chaining) firthahfE. @A IT 0, AR ] AR b LUK BAR DT U8 cout << a << by IXFEHBAEH]
YRI¥) operator<<,

0os < 7(” << real << 7,7 << _imaginary << 7)”;

| B MEN: BETE operator<< Fl operator>> EizH4%[H stream references.

8. HIE N BMIE 1 1AL R A R
Complex operator++()
{
++ real;
return *this;
}
e S B IE 7 Wi —A reference to non—const — A1) 75 M i% A& Complex&. X AJ DAL AL (1) 45
YESE B, IFEE oA B SCRFES
9. BE X BMIEH 1L R AR
Complex operator++( int )
{
Complex temp = *this;
++ real;
24



return temp;
1
12 B IEH A% &R —A const {H— AHIT F Ni%s2 const Complexo — HASSRVFRAE [RIH A4 I LAk
AR, BAUEATBHIEB at+++7 IXFAT B S, DA SRR BIBIAE 45 AN an—AN R EL AL 5 P AR .
10. ZEXBNEEFNZUIrEXBNeF AR £ 6 AN s s E s,

BAEN: AT 8, FRRUMEXARNEETAR, SEHNREXRNEET. BURKEHESRRTHR
GR, HEEAFEX.

11, RO B 44 PR
private:

double real, _imaginary;

210, T X455 Design Patterns (Gamma95) E@@%%E§E§ﬁ§§$k§%J:bﬂj’ﬁﬁﬁ?ﬁiéﬁ, ERIERAE X 4
Wﬁﬁﬁﬁ@ﬂ%ﬁWﬁ%Tﬁgu(%@E%Jﬁ%%ﬁ%ﬁ%%%%%@ﬁ,E$%ﬂmﬁuﬁﬁ—ﬁmu&
SRS A S, TR ERIF 2B R S 3 1] IREEB =R 4y 2215528 member 28502850 _F—4>
AR

GE1: 27, SR IRE AR, BOR EIU) nonmember ZAKIM R . AR AN E5KB class member ]
RN AT IR A SIE 8. S LIS AN E, RO R g PR DL SR 2610 5 e S (Rdefine) B
£, MEEIFATEMWHTIER scope. FTLLEMTATUAEXT IR nonmember ZFK—4f, 5 HakfAd/R¥) member #HK.
ANEAE AT SR 2, B m DAIRE G ik S 4% i 15 1 5% . )

KR ETTTE . DU & B ER A,  Horp 3 R385 S0 a0 A B 8 B e v AR 2Rk
class Complex
{
public:

explicit Complex( double real, double imaginary = 0 )

: real (real), imaginary (imaginary)

{}

Complex& operator+=( const Complex& other )

{

real += other.real ;
imaginary += other. imaginary_;
return *this;

}

Complex& operator++()

{

+treal ;
return *this;
}
const Complex operator++( int )
{
Complex temp( *this );
++kthis;
return temp;

}

ostream& Print( ostream& os ) const

{
}

private:
double real , imaginary ;
b

return os << 7(” <K real << 7,” << imaginary_ << 7)7:

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

{
Complex ret( lhs );
ret += rhs;
return ret;

}

ostream& operator<<( ostream& os, const Complex& c )

{
}

return c.Print (os);
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£ E 21: GotWHs B EHIEA, (Overriding Virtual Functions)

MESE: 6

MR A N A PR, (R EA B /RSHGRALC, AR IRE AR E 2 b o WERIRRERS A2 T XA
e, 82T A AT 2 LS 1% TR pA it U IR SR OIS TR AEAR SS BB R B LT

XF 5 T F AT K AR IR SR I KB 248, ARE 2 P XN AFE S R B S AL
TR CH+ IR A AR B4, XAFE R A AT A 25 W ? SRR &5 2R X an Wi ?
#include <iostream>
#tinclude <complex>
using namespace std;
class Base
{
public:

virtual void f( int );

virtual void f( double );

virtual void g( int i = 10);

b
void Base::f( int )

{

I
void Base::f( double )
{

I
void Base::g( int i )

{
}

class Derived : public Base

{

public:
void f( complex<double> );
void g( int i = 20 );

cout << “Base::f(int)” << endl;

cout << “Base::f(double)” << endl;

cout << i << endl;

b
void Derived::f( complex<double> )
{

}
void Derived::g( int i )

{
}

void main()

{

cout << “Derived::f (complex)” << endl;

cout << “Derived::g() 7 << i << endl;

Base b;
Derived d;
Base* pb = new Derived;
b. £(1.0);
d. £(1.0);
pb—>f(1.0) ;
b.g();
d.g0;
pb—>g();
delete pb;
s
TG, RFRATE ISR XU ), DA IR R
1. “void main()” A@ARUETTE, BILKA KZ B,
void main()
Wfrey, AR, FENEXFERSEEIAVF 2 b FUEF SR F5K void main O "I I RIbRHE. A, A
XA, BMEAE 1970s AR, fEMIRA Crt FRAUERAE AR, XA ULEHAAIEMK . BAR " void main()” A
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main [J—NEVEES, AT 2RmiIEaExe. AEERIIg a5 T void main()”, FHFABACR R AT LK
tﬁﬂ‘ﬁ?ﬂ% A%H:%%J: R AR e 4 ST A LU AR B vz —

int main()

int main( int argc, char* argv[] )

PRt ] e R 2, iX/I\ﬁfoF‘&ﬁ?f main ZHEH return &), BEARFRER main () FW%E A~ int, fH
WA'E return HASE S, PFEWME nain ) 218 return @4y, 2K return 0;7, (H2EFREZELR:
R T ERZ, l_ﬂz%iﬁF§§J%%F%§Cz¥§:kTFEBIX/\iL}ﬂ PR LG A A AR B b A main () ilquﬁzﬁﬁ /N return @A),
bﬂ]Aﬂi — AL THE AR
2. "delete pb;” EALEN.
delete pb;

RERKE. FW EWIEH, Arftie Base 98— MERMAEM . AR Z— pointer—to-base, TMi%
base class WHEIFHZ, & —MEFIT N IR N S 45 R e 2 m FUtie, B e 11 g f4) =X
HAIER, 1 H operator delete ) S#iMuld, FESZETRIIVMERAD.

BWH#EN: ik base class HIfFMINEA virtual (BRIERFAEASE ALEZET—/ pointer-to-base FMEE—

/™ derived object).

7:@ RARTEEEE, HRX A=A WA TE
Jiri overload (Z#fb) — Mz £0, BERER— scope WAL —A RS (HEARIMSEI )
FIpgX. 2 £0 #rgny, ﬁw%%/\ﬂilﬁ%ﬁﬁfﬂﬁ’ﬁl%@é%ﬂ BEIERRWVIE I —
® i override (5 MR £, EEZEL derived class Wit MNEFRAHF, S HBAH
[F] iy R X
® 11§ hide G — P £, BERZAE—FMH scope (Ul base class B{ outer class &Y, namespace)
N JZ scope (Ul derived class X nested class 3% namespace) THEAL—A R R B4 scope
AR [R) 44 o 2 F. (A ANTT WD,
3. Derived::f A&k Z#E A (overload).
void Derived::f( complex<double> )

Derived I AW Base::f Z#ifh, iMelRERZEE . LR EE, FOYIXEIK Base: f(lnt) *ﬂ
Base::f(double) 7E Derived [ scope THEANAI UL (A NAFA AL, JE bt 7 F6F Jt vey 1) G 5 2 T 6 L 254 T4
NSRS, I UMRS e 5 5 O T/

W Derived M1EE B KR Base HIRR €O, IatblnELME A 2] SRIME S XA AT N S AS K
FNEAT xeé? NRHZ B o W AR R RF LA kA7 1 Derived scope W, 7Ei%2S > using declaration “using
Base::f;’

(JE 2: QD%@E@EE@QWﬁA&??ﬂEﬂE?@ base class WIIHEMNAHK, WRWISFIITEL R NIZAFRE —A private using

declaration.)

B AEN: SARERU—ANRN, HARSUATRERAF LR, WRIRAEF HERE T 4ATRK RN, FL

using declaration M.

4. Derived::g ™5 T Base::g, {HWHIA T ik ZS%.
void g( int i = 20 )

XY — A RGE R SV BRARRE AR SN, A ELEAR S F ek X O Tk 2 80 . — i
5 R RSHE] AN ER TR, HHEHRSEEREWIRNNTE. &M, REEIEE CH+ &A1E1;
R, HERA RGeS B, WA, iEAEIX M. 55— FERAVE T LUE 21 e e W s L A T %

| BN SREENRERUMRR O ETREHRSH.

ﬂlﬁ%ﬁ(jﬂﬁTﬁ%K%‘u%E@i&i, AL A B RS, FEF AT BT A IR .
void main

{

Base b;

Derived d;

Base* pb = new Derived;

b. £(1.0);

DL FR )8, 55— R RERY i (1 2 Base: : £ ( double ). —Unfhilyi.
d. £(1.0);

XKW & Derived: : £ ( complex<double> ) . AfTAWg? W, 131, Derived A E 2 "using Base: : f;”
LAt Base e 72k scope W, PTLAREAR Base: (£ (int ) AlBase::f( double ) ANHEHEZIFAY. bﬂ]ﬂ-JF
ANFEAETA Derived: : £ ( complex<double> ) FTLERIIEA scope W, HWMTHESE%2% (overloading) HLil.

PRATBES LAY ))& Base::f( double ), FHSJfdEwitt. ER WAL IR IR, FARFEIE (B
) Hb, complex<double> $EfL T — AR FHHA, ¥ —4 double F—4> complex, FrLAZmifas X AN
Y ShAERERE A

Derived: :f( complex<double>(1.0) ).

pb—>f(1.0) ;

HBE, BME Basex pb SZPr¥g[H— Derived object, _L—4TFENY[KIEIE Base::f( double ), R AZ#E
R Coverload resolution) fE ARG ERATL S (static type, A4 K Base) 58/, MA e ARG 51 A5 (dynamic
type, A4 Derived) FE/K.

FL AR A A ELE,  anSRARIFAY pb—>1 (complex<double> (1.0)) ; ¥ Hizalil Zmide, KIHFE Base 4\ [ A ACA Wl A2
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S I R X

b.g();

XEIH 7107, BN SR Al HimtE Base: g (int), MR SECH 10, fiH!

d.gQ;

X2EHIH "Derived: :g() 207, BIAEIRFAihii Derived: :g( int ), 1MIHFKSECY 20, fHH!
pb—>g () ;

XL EIH "Derived: :g() 107,

[5555 ], RpudtE, TRAETHAF? | XA G508 AL IR AR, SRR A — AN 800 LIRS,
HEWRZIA T ffdm it as RO g i v 3. idfE—fF95, Ml overload (Z#AM) —FF, Frilmikz$, %
HURFHO# AT (static type, ABIh Base) Ko, PUHILMIGTBZAECY 10, A gO LA R
2, LRt i ph 2R PR sh AT ) (dynamic type, A5k Derived) KikiE.

(VE3 SR, IR, Derived BB IZBAGRI 452 KA IBE.)

WERARECIE TR T Bk OCIA [ AFRUEHRE ] LS [T Al ST, AT i shas B | msus, R4 H 2
IEAREEHL T if TIX AN H o AR

delete pb;
}

BA%, W Rr BRI,  EIRMEREES S R iz, 32 REBmMaR.
EHSCRT EPUEM S (virtual destructor) FIi1ig.

%K 22: GotWH#14 Classes Z[B]HJ5<& (Class Relationships) (—)

MEE: 5
‘ PRI 00 B0l 2 Ak 280 ] — class Wil A& WA R, as iR 22 218K 6 F 22 75 2 0 ) )l e B ‘
HAMEEN R, IHEWMETIT A, M7 AE E CIHETNE . PN E 2R - SeAi el ik
BE. )R EAED, PR RS R, K E e AR 34 BasicProtocol class Wo

class BasicProtocol /* : possible base classes */

{
public:
BasicProtocol () ;
virtual “BasicProtocol();
bool BasicMsgA( /*...%/ ):
bool BasicMsgB( /*...%/ ):
bool BasicMsgC( /*...%/ ):
I
class Protocoll : public BasicProtocol
{
public:
Protocoll();
“Protocoll();
bool DoMsgl ( /*...%/ );
bool DoMsg2( /*...%/ );
bool DoMsg3( /*...%/ );
bool DoMsgd ( /*...%/ );
I
class Protocol2 : public BasicProtocol
{
public:
Protocol2() ;
“Protocol2() ;
bool DoMsgl ( /*...%/ );
bool DoMsg2( /*...%/ );
bool DoMsg3 ( /*...%/ );
bool DoMsg4 ( /*...%/ );
bool DoMsgb ( /*...%/ );
I

A —> DoMsg*+* () member function #FPFENY BasicProtocol::Basice () $ATILFEIM TAE, 4K1% DoMsg- ()
9F§ifﬂ?f§i?§ﬁ%f§ﬁ§:ﬂffo A~ class #BIE ] LA HARK) members, (HART] LUBARFTE F 21K members #5222
Hks
ﬁxiﬁiﬂ?i@ﬁt*ﬁﬁo BALA RV T g 2 i, AfhAa?

nﬁﬁ%ﬁﬂi%ﬁ%*ﬁTﬁﬁﬂ%OOd%%sﬁE%gimﬁﬁﬁﬁotﬁﬁﬁ*ﬁﬁﬁ,d%%s
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Protocoll F1 Protocol? LA public Jya4ks& T —/ N [F ) base class BasicProtocol, 18& W ATILEILF A TAE.

I 00 (1) S BHEAE A DA I BRI =

#— DoMsg-+- () member function #BFEAY BasicProtocol::Basics-() $UTILFRIFITAE, SR1% DoMsg-- () 5
AN HAT LS BRI AR TAE .

RS T XIRIERAERE A [ RV N RERESER | (is implemented in terms of ) MICHR, XFICHR
1F C++ 1 Ni%ZLL private inheritance B membership H5¢/.

REWRIFZ NF4ER A public inheritance, AM# implementation inheritance (SEZ/E4£/K) F11 interface
inheritance (JIHIZkK) VRIEE L. PIE IFIEAHRI A, 1T Ak i PR VeV LA S Ak 1 PR R

IR AAEMH public inheritance, BRIFREARMERREIER Liskov IS-A F1 WORKS-LIKE-A BJKFR. BT
F#XME (overridden) [f) member functions FEEERTE LW ABEAKETE D,

Bfs 42, FEaQ O ) RGP HE R (L) public inheritance J7 sUORIEATSEVEGRZKIMAEA 4k KD, R
2 FHOREMI AR R o G RAS B RIRRE, RIS Inded B, JFBMEEH #2272 classes Jrii
— YAEAATI AT R s SR AE B BEANREE K derived class 1 Eho IXFPES A AT REXTCUZ AR 1A A FH AR 2 10 8o
b, BUNAEDELR) viables LKAELEN [classes [#eME | #RHEIN T o WUERARAIN E CUR 77 A R B 4k 7R
AR, A% IR BT WS, BRE G L TIXANA B R BRI RIRAAT IR ZE, iy H LA A AR
WERARA R TE, WERIRA [TBARZARK K 00, AN 001, AR RAAR CHt bt fe 0%

BrHHEN: 28X ANE DL public inheritance ] (reuse) base class WHIFERAY; public inheritance AT
BEHA (reused) — AL [LLEL A base objects| MIFERBEH 1 4.

(7 4: FM Marshall Cline SREFIXNTFHEN, JFAIREGE o Cline AEZELAE N CH+ FAQs II1E#H 2 — (Cline 95).)
FHZBETEA UL, AR T B IRA R L.

1. BasicProtocol % #&HAEM ERIAZS (BAJ destructor, MARIBETIL) (F 5). IXEMEE IAE K LLZ K

J73 (polymorphically) #ifffH. iXX} public inheritance f&— 3R HI R FHE 7S o
(V£ 5: 9#f BasicProtocol A8 RATAEA YA class, AN EHE, FAEEEATEEATM [H ]

MR . WIERE ) base class MSEERAL T EHIR, B EURIXAS Bz ) base class (JANJE BasicProtocol H

2D BEZ R B . bl W s gE, RATNOZ AN S 5 1K) base class BAZATA FK.)

2. BasicProtocol #WHAEA protected members o IXEMKEAEMATAESH (derivation interface), XKL
AT (A8 public BE private), e MNRFIITHE 7N,

3. asicProtocol #ZET LM LAE, (H2& - WIOEHTFTIR, BIHAE derived classes AFEHAT B CIAEREENME
IX =k BasicProtocol Wiz fEE KIFAE 15— (WORK-LIKE-A) | fiT4:ff) protocol Wff, o ifdE [ K
AIALA—A> (USABLE-AS-A) ] fiTA: 1) protocol #f4. Public inheritance MVi% R G8F A SHME— -2 .
—ANEIEM TIS-A AR ER ], 247 [Liskov )5l | (Liskov Substitution Principle). KT ik3CE I
W, FH BRI 5 0 J5 0 & WORKS-LIKE-A % USABLE-AS-A[VF: 6]

(G 6: 21, AmHE, MIREL public J7algkA& T —/ M, FLesfEAn T SR — I k—W R base class A

EIRERFERA I, A E CWEENH FE: BiIEHAEH data members) M. AR LUE L IXFE

IR (IR 480, (HARBEYE X 2408 [ class —noifE ], WALFEHAESA LI

4, FRERTAF 1 classes H A% BasicProtocol [ public M. XEMREAIFFEA KN B C & derived classes
Mmaza; EAI TAER 85 L—AN 5104 BasicProtocol [HEIM K 5E
REEE, BAEE I A 7L B8 E M. &8, A BasicProtocol 1R HbIFAEME v H kil Hith

classes 4£7k, FrLLH: virtual destructor ¥ W (WRAAAERMEIRT), Mizkkk. K, BasicProtocol BY

VENZE iy 4 ()40 MessageCreator i}, MessageHelper), LAEfiR<s,

— HIRAT5E X B 2R, 432 R N e DA —Fh 7775k 85%8 7 is implemented in terms of” J¢ & ff ] private
inheritance B{ membership? ZZRIEE FidlE.

B ER]: LRI EEBEH"is implemented in terms of” MIKZE, 1Hi%+E membership/aggregation MAE(E
A inheritance. KA LEKIEIN FA M private inheritance — Wik R i 4R EFFE protected
members BT ENE BRI, ANAER N T EREHBEREMAF A public inheritance,

W SATH membership, W LLIEFEE LWREFIIX 7, BT (class) 2R client %, HAEHUH
WA (R class) BIATFAH. KH'E, RS RIREREIE L1, R A S i, W ES 4.
faj e, R AR IS AR PR T o

43X 23: GotWH#15 Classes Z[AJHJ5<& (Class Relationships) (=)

MESE: 6

Design patterns s& MNEZEN L HE, FREESTHEMH . FRa] LHFR A S K FTHE K patterns M52 415802,
PRAT DA AT T 2

PR N RARAE A T B AN AR A N R 2Bl (record) B & —BEREIE K% (selected
records) fHELEHE; BATH H S EPAT - IRMERSIE, KA RROE D, JIOEECEEE (cache) Hr, DU
RAF [WRL SR T g A B | g, AR FREANGE RS, MMOEEBR A S .

X AAAE - ELET X I Z 8, 72 E 7 LN g 28000 b $ it — A3z i o] &2 i1 AE 42
(generic reusable framework). FLAVEA:, 156, MGRMNZEER TSI K, WEETEEIEM ALK
17 (table rows); HKk, FEXEF—ATPATLEMENE. AT AT HAR e AT A I 407
//
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// File gta.h

//
class GenericTableAlgorithm
{
public:
GenericTableAlgorithm( const string& table );
virtual ~GenericTableAlgorithm() ;
// Process() JAINIALF] true.
/) RN TITA LE: a) SEFRElURM P Id 3 (records),
/) B SEEY Filter O DAY E & 15 NV AZ ML E 7
/) TRPEACER) rows ] 25 b) 4 [REAGERRY rows ]
// PP 1ist 220568e4%, 8F—A> row FFIY ProcessRow ()
//
bool Process();
private:
/) WERESRIE % (record) NAZBIE [ R ALEERT rows | 21,
// Filter O #if&A true. TRAT M 2fEM] true CUESHEITAM rows).
//
virtual bool Filter( const Record& ) ;
// MLk (record) #EEHE LM B 3E— D AL PRI,
// ProcessRow() SHEIPNY, Xt H G IRIHET HAR 2
/) TAERIM T o GERL: XA R row
/) BRI, AH R IRATUR X R R, AR
/) LRI ED
//
virtual bool ProcessRow( const PrimaryKey& ) =0;
class GenericTableAlgorithmImpl* pimpl : // MYOB
I

28N, client ATAE T —ANHEH class, HfEmain() Z PIXFEAE S
class MyAlgorithm : public GenericTableAlgorithm

{
// ... B (override) Filter() Al ProcessRow() MATAH
} /] SEAE R EAE. .
irY1t main ()
{
MyAlgorithm a( ”“Customer” );
a. Process () ;
}

R ] A
Lo IXIEANEREH, SEEH AN M AHNN design pattern. WA pattern? AAFATIEMANE H?
2E.I FXFE/KE&%‘E%&H&VFE’JT%RT, WIS L — WU HAT e IR RES AT AR IAEL? pimpl_ member [ H
T A?
3. XA FAAkES . A4 & GenericTableAlgorithm FAT45? G HAT 48 —A, ST Al LA
%gf@ﬂﬂ PLEp2E 2 AU AR IO R U2 IX AN class E A, JCHE LY 7wk,

AT —A— K.
Lo KRN, SRR —A W AZIK) design pattern. WEAN pattern? ftAE{rlbib A HI?

1XJ& Template Method (Gamma95) pattern (IEANEEL C++ templates HWE T). BZTLLA M, FANIEANIAFH
AP ER,  wen] DR WARYE — Rt I aniyism nl se A, msbim vl ATty £ H, —4
AR ] RELE B X i4T Template Method — W& e il LK RERIRLE (override) A Y HEFLEA
A MM (wrapper) — JAEANFE PP AT LABHIEN class By ZAARRIAFEZ S .
(3% : Pimpl F¥ERM LXK Bridge, HILAMN R ARIERE class BOHIE/EAT, 1EHRMGRFRAENE
(compgitition dependency) HIBi k3, ARARUM—ANEERTY RH bridge. TKESRK 26730 IWE ST
Pimpl FiE).

| BN RESBSEA public BIIER; BIFLL Template Method pattern AR . |

| B HEM: T R4 design patterns, JHEMZ. |
2. 4EKE&§§%&H&L+E’JT%L%T, WP WP IT . IRTRES B AANFEIIAEE? pimpl_ member [ H 1
A A?
XAV LL bools tOALRIRY, WAREA HAh J77% CEEAUPIRAISEL, exceptions) A HISRic 3R, 75K E,
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X, (AR FHET . B pinpl  member AR% X5 W0 MK SEAE 407 Bl it — N ANIB TR R Z 15 .
pimpl  FRIA ISR NS private member functions il member variables, AF£FEATHIAEAT AR FAS 28 5 3 1k
client Wi DB FHmiF. X&— i Lakos (Lakos96) M HA AFRH A EER AR, & BRI SR T — SN
e, EREME T [CH+ B2 B4 RS (module system) | [FJinif.

W HEN: A T 212k classes, BIFEA [401% 2885 k3% | F¥£ (compiler—firewall idiom, BiFRA Pimpl Idiom)
RIEHSLAEA T . FH—ANRBRHER (WERTER— N EESEMARE XM class), ¥ZEH N struct XxxxImpl*
pimpl_;”, FRFFM private members (f3#F state variables 1 member functions). #lf”class Map { private:
struct MapImpl#* pimpl ; }:”.

3. XN IFESE FAES . 42 GenericTableAlgorithm [{ESS? W R HATSEd—AS, BATUn{T 1k 55 1
Hohn CAdsb 2 U AR I 2 S W] S maiX /s class IR HYE, JCHZRHY k.
AT LS 3% GenericTableAlgorithm, R e [ A4 TAE. MR T4, R,
R R S B HAT 45 2 TR A GeA M 3e 4. XA class & —FF, T LA S H AR SN AZRES 117 KA 76
TEJE AT, GenericTableAlgorithm ARKFHPANANE H AT HALS, 7 DA R0RE 2, TR IX P 31T
SRR AR o T B X PR P A
® client ¥, ] (L@ UERAIBI) 12 B HEE,
® GenericTableAlgorithm, ¥ FEFZRIIZEN] concrete “details” class LA XF 3 e i vl o P 3 1 e ek A0 G
T M

BN REFERAR (cohesion). BER it —BHE— B MRA. KA. I RA— FH W
BRI ST o

WA, EIRATTE B O R AR P R
//
// File gta.h
//
/) AESHL: AT, HREBEILFPLAE,

/) A2 i — template method. X 54kEAIRITR,

/) TR B, ARG O AN ESER TR I class.
// B HFRE GenericTableAlgorithm [RIZME I »

//

class GTAClient;

class GenericTableAlgorithm

{

public:
// Constructor WIAH5z—/NH% M implementation object.
//

GenericTableAlgorithm( const string& table

GTAClient& worker ) ;

// A BRAT L DR A I R Pl ok,

// destructor AEFEN virtual,

//

“GenericTableAlgorithm() :

bool Process(); // WATAE AL
private:

class GenericTableAlgorithmImpl* pimpl : // MYOB
I

//
// File gtaclient.h
//
/) ATEH2: PN, IR R

// XJE GenericTableAlgorithm H—ANSEZ/EgEs, S

// AN clients 4E8RTCK, WIS Hudh & ok — A

/) BT A JIH] abstract protocol class.

// ) HERE concrete “implementation detail” classes
// WEEEE, MAMER OF &) GenericTableAlgorithm.

//
class GTAClient
{
public:
virtual “GTAClient() =0;
virtual bool Filter( const Record& );
virtual bool ProcessRow( const PrimaryKey& ) =0;
b
//
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// File gtaclient.cpp

//
bool GTAClient::Filter( const Record& )
{
return true;
}

— PR, XA classes WAZHIEARIZR A . A T XEMAR, IIE client dA il RN %W ? &
Zot: MUAFTEE Ll
class MyWorker : public GTAClient

{
// ... BE (override) Filter() #1 ProcessRow() AT M
/] SAEHREE BIE. . .
I
int main()
{
GenericTableAlgorithm a( “Customer”, MyWorker() );
a. Process() ;
}

HARE R AKAEF AL, A TEE R A,

1. W3 GenericTableAlgorithm FJAILATFATAE T (FIWMAN—"Fif) public member), ZxUifa]? {EJ5 KM
Wi, T H% 00 worker classes # L EBigmid, KN EA1#74 H GenericTableAlgorithm. £EF A H,
GenericTableAlgorithm 2 FFAr [H FRATAR] SR A AL 5 Wb e 25, — fBA S A %11 worker classes.

2. W GenericTableAlgorithm FIA]H 7@ T (W Filter ) B% ProcessRow () 30T ——LE&i4 i 5
B0, axtnf? fEESKRIA T, GenericTableAlgorithm fFT A AR clients #B AN EF gw e RIS A IT A1 IF
AREAS), ONAEL class @ XX H ] WLBIRTAEA . (HIEEBAH, GenericTableAlgorithm [JH 7t 2/
I I Mk B, HAT A AR FAS 25 52 M A5 HH

3. ATAT H % 1 worker classes 14 n] DL AE A AT o] v 57 3k A gl A — L% 5 vk R % 4
Filter() /ProcessRow() kit fTiaF— A ZW GenericTableAlgorithm A H M. 52 EIRNIEAZ T
1345 FARF AL Strategy pattern.

WAV HURFE RS . RSB WA AT LS i [ 22— 2 ek | SRAgmi . 98k, DAB-RUEA] ] (Occam’ s
Razor, RAFHOREREAL IS RN A TSI e ARSI ISR . P R (11 ] LAE se e
FCE U R A v, AR D AR B AN TR AT AT AR — IR 25 7 1 5 A A — AT S

ERATZ A RIS TR TR Z AL (genericity) o IRAIAECATTE RS, GenericTableAlgorithm HSAJ LA
RN, A—EGE class. F b, FLLATRES 2R, ¥ Process() EHidn# k) operator () O, P4
IAEXA class [RBH R IHSz HEA functor (iFyF: B function object) M. & A LIEEAC K —A ek 20 J5 A
o, HF SRR R E W FHFEESA Process () MEIZ M {RFRIRE (state) A Z3AMIF, e AT 2
FEMEE 2 TH R FRIRAS,  FRATT AT LK & 2k «

bool GenericTableAlgorithm(

const string& table,

GTAClient& method
)

{

{/ ... Process() HIJRANZE. ..

int main()

{

}

XERAMEIESRER, ENMZ8K I (generic function), A LLAEDABERGIHETe @ Bk AbAT b o W AR 5niE
method objects MANTFEMEAAIRE (W UL A SEAR AL RE RS AR [F) f HOL SR AL ERIR 0O, /- mT DUSEORS St LA
A THEZEAI template 2245 ] HUK method.
template<typename GTACworker>
bool GenericTableAlgorithm( const string& table )

GenericTableAlgorithm( “Customer”, MyWorker () );

{
// ... Process() MIRANE...
}
int main()
{
GenericTableAlgorithmMyWorker> ( “Customer” );
}

BT client ¥ifGLlA M xi, FIFANNIKSMIAGEIRANBGER. Prodzh— A sUE RBSER . 1i1E
2 KR B CA S i 5 SRR A B
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T, AERCHIEA T, SO R class, B IRAEA B2 Bbs: A, #5280
bR VR BB A 25

ik 24: fHH/IFHYk#& (Uses and Abuses of Inheritance)

MESE: 6

FAt AT 4k ?

PoREA M BEIE ], B R A0 FE T A N R SJEX R R . 1510E, MG R (coupling) FERLE
Jlbo W class 5 class Z IR ZAT LAZ Ry ARk, EMHILHCRESSH—Fr. 2K JLF2 CH+ Frpek
IS BRI R (RIAI A RR), RAZETS [N R RERSS | RO, A @&,

LT EESAEA private inheritance. —PEIE ({HA[REMHA) ) protected inheritance ia S|, LI
WEZIZH public inheritance MUELNEIR, AYMLEKRZR, FRATEEXT T4k&MIEH | M — 018 29 m sc 2 L8, %)
R WLAITAN LR EE .

LN template $#&4E T 1ist CHRFD WAFEEDhRE, QIEEREM 1ist fLE FAABEITEMEET] .
// Example 1
//
template <class T>
class MyList

{
public:
bool Insert( const T& size t index );
T Access( size t index ) const;
size t Size() const;
private:
T* buf_;
size_t bufsize_ ;
I
ZpE AR, HA B TR MyList AZEAE, SEEH — MySet class| PIAFET: . REITA EEICEAD
2.
// 1 (a)
//

template <class T>
class MySetl : private MyList<T> // ¥&JF: private inheritance

{
public:
bool Add( const T& ); // calls Insert()
T Get( size t index ) const;
// calls Access()
using MyList<T>::Size; // ¥iE: {ERIXA using declaration
//. ..
I
// 1 1(b)
//

template <class T>
class MySet2

{

public:
bool Add( const T& ); // calls impl_. Insert()
T Get( size t index ) const;
// calls impl . Access()
size_t Size() const; // calls impl_.Size();
//. ..

private:
MyList<T> impl_; // ¥J¥: containment

b

T2 DU [
1. MySetl Al MySet2 2 [a)45{FA] 250 2
2. W)y HbiM, nonpublic inheritance fl containment fHHAMRIE? RARFTRESSR — M43, Uil M AfRK
i inheritance MANKM containment.
3. IRECEC AR AS ? MySet1 2 MySet2?
4. RARPTRESER — 413, BN A A URIESE public inheritance.
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fRE
XA S B 1A B A R Ak AR AL A FH L ) RS R, R0 /2 47T 7E nonpublicinheritance fil containment
2 IR
AN [MySetl FlMySet2 Z[RIEATAZERNG? | ZEA430HH: WEZRAREGLRE L EREN. ©
fIIIpLEESE A AH I
AN 0] A FRATTIT UG i b B SR AL . i, nonpublic inheritance F1 containment fHATAA
[A]? JARFTRESE A3 F3R, BB AT 448K inheritance TMANK A containment.
® Nonpublic inheritance NiZ S &R [HHE Y SA/EH (IS-IMPLEMENTED-IN-TERMS-O0F) | [ S (ifE—%
WA AN FEE B . Bl using class 5 LMK used class [f) public/protected ifs o
® Containment M & XK IMH [TH — 4 (HSA) | MR X, EwHE [ W95 EYELAHFEB
(TS—IMPLEMENTED-IN-TERMS-OF) | #J& . ‘&f# using class HAEMKH used class A public Hifs.
WS E K, inheritance J& single containment M—ANEEEE, WwhZin, #AMTAZTATATLUH D
MyList<T> member 5¢mMIMEITCIELL [4fA H MyList<T> | 5¢MHI. 28R, inheritance [¥)is Hi&pIRATTH AEHH
H- 1 MyList<T> (i} base subobject ) 5  WHRTATFEEIHAE 240> MyList<T> 54K, b containment.

Wit HEN . REXHF aggregation ( X 4 “composition”, “layering”, “HAS-A”,”delegation”) 3 EHUA
inheritance. 43R ATIYE4& #5 ¥ IS-IMPLEMENTED-IN-TERMS-OF X &K, KRB X aggregation i/ EffH

inheritance,

A EFATIAR SN, SR inheritance, B LR AZAMNAHER? W% KM containment, 1748414 ZF2H,
TUSARN? WA —ANAEEDL, 4B nonpublic inheritance We? N —LePEr, K& N EHR
BEW. R, e B HINEY protected inheritance I—NHEME (2 HINH.

o ULMIFEMNE (override) MR, iXJ& inheritance MBS P H [ 7], 3% T4 12 Br LS B ik
5, Je N T using class WAT M. SR B CHAIER: . WR used class B, Wil
H 2D Aol AR S, BATIGIS AN EE, RN B e R,

®  YIRAIF AL protected member — —MXIM 75 42 protected member functions[¥E 8], f5 I )&+ protected
constructors.

® MIATTELL A base subobject ZHiEHIM used object, HYFEAE— base subobject ZABHEE used
object. WA WL Ay 22 e R SN B A, BATTBR TAFH inheritance, HJG'E . 24 used class $&
LI E (Lock) HLHI, Flln— NS4 X1 (critical section) BN 2B RIEEAS Y, A1 7
—> base subobject [JHENIFdr, BN EARKZET .
GFET7: MW Meyers98 Z 5| f]"French, gratuitous use of”.)
(V£ 8: ki member functions, K NRAALES— class JF4E 4 public BY protected member variable,
RIA? OB R QR R 911 ))
o HIAIFIEQ) HZEFHAILFEN virtual base class 3% (2) MEHFA virtual base class MEMER. W
R using class WAk AAM AT virtual bases 22—k used class, (1) #H4 AT LLUER . WRAZIXHFE,
2) FAPBRIEH . FTERE IR (nost—derived) [ class AT MITA N virtual base classes,
B AU SR AT T B X —A virtual base i FHANFIP constructor BUAIHF) constructor 4L, WATA]
WAd ] inheritance.
® YIRATIM empty base class MIHAEMIRIG LA T A, 7R3 LLSEAEIIEAS class AT REFH-BA LA data
members — PAJiEULE B2 IAE . XFEM FLL inheritance BUL containment, 7J[X empty base
class IfEfLZ MO SRIG A LA . i, Zwikds 0> empty base subobject ([ HZ=(0]; B,
—> empty member object W4 HAEF A F— BMEEA G TR
class B { /* ... HAKA, WHHEEL. .. =/ };
// Containment: FHICA = H] &4k 5140
//

class D

{
B b_; // b_ W5 ZE/>—A byte,
bo /7 BMEB 22— class
// Inheritance: AN&yka3 ] L&A 4
//
class D : private B
{ // B base subobject AT7E
boo /7 o HHAEAT A ]
KN empty base FAEALMITELTiE, Nathan Myers f—falf &, &K #FJA Dr.Dobb’ s Journal (Myers97).
LB IR B RO AT AN AN s AT g R A AR RS 5 K empty baseclass MIfEAL. HUHEAT
HIXANGES), WITPFEANRAEEA—EA RN, BRIRMIERN RSP ETZ (BT L) XN B
e M A R R I N R 2R B, g HARENTE VR I 9 e Be e 4k, S0, BUR SR ZIH inheritance 56
AP ES M containment KR, SFEELMAE (couple), MIEAF %5,
HABH — AR, FATWE AT L AF M nonpublic inheritance . IX S ME — — A~ Jf JF B ¥
1S—IMPLEMENTED-IN-TERMS—OF k&% :
o HIRfIFEIE [ 28 (controlled polymorphism) |, Wik & LSP ISA, {HRZEH LD & |, Liskov
SubstitutionPrinciple (LSP) [i¥ 915 1fFkAJ, public inheritance K& izxH KB 1S-A FIK R,
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Nonpublic inheritance AJLAIFRIL-—/NZRIRMN) IS-A LR, IR, K AR LLpublic inheritance
PR IS-A.
(E9: A www. oma. com, HHAADEIT LSP I 3L )

%A class Derived : private Base, MAMHHEE, Derived MfEAE—A> (IS-NOT-A) Base. JrLL'E4
SRV Z A7 ol 444> Base, X124 private inheritance 75 RAEHL F A4, SR1M, £F Derived H Y member
functions M friends Py, —> Derived object EHMJA]LALLZ BRI Ty b &K 24— Base (RAJLILETFEE Base
object HIATA[HSHEAE—A [FR19) Derived object] HJ pointer B{ reference. X&) members Hl friends
SR IAFIRR . WS AKH] private inheritance M} protected inheritance, HB4 IS-A HISCERNT EH LR
derived classes 2xHHHJELL, ZK subclasses WA LME £ (polymorphism)s.

X RIS RES B 513, TE# nonpublic inheritance WffHH ., Hsz FIVEIE N — A A1
public inheritance DAZRIL IS-A, XMFILFAHATTFIZEZ inheritance WA THAIMELH. W84 XJibe
AHE LS. AL RTHERA B E 3: FRECB I WySet [MRAMARA? MySet1 JEJE MySet2? iEFATSHT
Bl 1 R, BEES LA — N FRAERE H

® \MyList & protected members, Jff LAFRATIANTT 24k & LLRAFHCEATT

® \MylList BHEMERK (s), IrAIRMIATFTEG A S LIRSS EAT.

® \MySet WA IHAMIELEN base classes, Pl MyList YMHEANTEEAE 5 —A basesubobject Z BB 153
5%

® \yList JERAHIEAT virtual base classes s (1) MySet Afigfi 2L, =((2) I} construction AJfE; %
ST

® MyList ANEZM, Frld lempty base class &iEAL] BIZIHIIEAE A

® MySet AzE—A> (IS-NOT-A) MyList, & {FE MySet [f) member functions F friends WHEAE ., HE— &

IRAEER, K ATIEH inheritance [—H NG A BIAE AR VERT & H iR e — AN 2 B, AR T2 At
inheritance, FRATIEEFE/NCy, AikMySet [ members il friends H Tl DL A 7 0% — > MySet #1
;57[?/'; MyList — BRVFIXIURANEZ AT RE, (HUI R B, HUEAH M, a2 n R RE = i R K
o NE
A i, MySet AR ZE7K MyList. f£F containment [FIFER RCRMIT ML N#H inheritance, R4S ATIER
WA LAELE AR, BEARNF TR, AERE, EESitdih, REESFIALKFE rREH
inheritance [¥)J5 ZRSEAE MySet.
WU s — =3 7, [inheritance fit] A MySet LG [containment fiit] #2fL 7T —AS (A JEIImIE
M) . {4 inheritance, A F5E — usingdeclaration LRI LAKFAR S ENK Size BRTUEEG. WnHAEH
containment, PRI AS A2 AR (forwarding function) PLIRAGFAH R R AL
28K, W% inheritance & HCBAER) . Bl
// % 2: Sometimes you need to inherit
//
class Base
{
public:
virtual int FunclQ);
protected:
bool Func2();
private:
bool Func3(); // uses Funcl

b
MR FERE PR Funel, iAFE—/ protected member 1 Func2, #tdEf4KH inheritance A
o 1 2 B AT A RMEIEAE S T 28 (polymorphism), o5 REFLRA 2 T BEJE LB . fEIX B, Base & MR#E Funcl

SAEHSK (Funed 7EILSAE 8T Func 1), Jir DAME—HUS IEAAT 4 7 &S Funcl. ZRTMENE inheritance /&
DALY, R IHE BRI RN 2

// Bl 2(a)

//

class Derived : private Base // 4 WhHEng?

{

public:

int Funcl1();
/) oo R, L REEH] Base: :Func2 (),
[/ FIANEEEEIEAE . .

b
XS R Derived 5 Base::Funcl, HIRIF. ANFERZ, Bt ARVFiEFT A K Derived members HUH
Base::Func2. i HH 4 (2% —) Derived member functions ELIEFFZLHELM] Base::Func2. {HEIEW I
T IRFER AL, FeAT 1201 T I Derived members fi#fi Base ff] protected interface, HBJEANDAEEN],
REAE, inheritance Je I, (HZEMAEW N S ANTRAHIE T ZRR G LT T e ?

// il 2(b)
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//

class DerivedImpl : private Base

{

public:

int Funcl();

// oo IXHE R UEF LA Func2 ...
b
class Derived

{

/) XK EATF A Fune2 ...
private:

DerivedImpl impl_;

A2 T, FOb'E R BRIE35¢ T X Base [MKAFEPE. Derived H EEAKH Base [¥) public FrILA
K DerivedImpl [f] public /M1l AT AXFEM BT E S IIWE? FEEFR N BEIEIET [ class —/ME%] 1
FEARBTHEN] . 7661 2(a) ', Derived WIMTLZ &1 Base JfLA Base AEMESIAEH (Lo 7EH 2(b) H, FuE
FRBE R UF Mo BT T .

WMAETRAIEE containment {15 DL. Containment H'E H A RLLAL A, 2, B ARTFRANIIAE £ used class
SEAR, IXXF inheritance T HIEASH, HEATHE.,

W SRR B 75 BT AR B A SR, AT 2 (b) PR R R — NSRS (Wl DerivedImpl) 5%
AL, SRR AR F R N 2 ANk

F, ‘B4 used class A data member, XKL, HSS member W LAZE—N Pimpl10 2 H k&
N 1P A b K BRAZ T (AR1M base class [ UL E 7] UL, T H W G BB PAT IR AR 11, e
DLER G MU 45— N Fabr . RS GRARMR R S ER S I IE R gm BRI 2 1)

NS =AM, EEH 1(h) i MySet2, LU 215 Aok containment.
// #1(c): Generic containment
//
template <class T, class Impl = MyList<T> >
class MySet3

{

public:
bool Add( const T& ); // calls impl_. Insert()
T Get( size t index ) const;
// calls impl . Access()
size_t Size() const; // calls impl_.Size();
/]

private:
Impl impl_;

b

BAVIAEA T HZ 00, AR IELL MyList<T> NIERESEREAE, B LL4 MySet DMEAT class AJEAH5E K
SEE— HEBVEAIS PR FIRET Add, Get DA HARTE ZH IR Cr AnifiRe =X 2 it 2 Al X IR Ak 58 i stack
F1 queue P templates, PHELETRAE L T IELA— deque NFEAE, (HENIE RV DMEAHADL class K Eal— W
BIHRLE classes HEftAEARSS .

AN A FH 38 0T RE S MR PR AN [R] R RCR B Pk v i@ MySet aife] WAL . 284N 1, an SR B 4l Bokr 3E4T 1 insert
FIEILZ A search B11E, ISR insert SIMERAEALIIEEASIE S o TRATIEBAE R EATM S HTE. £6] 1(h) H,
client PRI LUR MRS MySet2<int>, HBLE—A ints ZRHIES, 6 1(c) JRATLLXEE, K4 MySet3<int>
HARIL /& MySet3<int, MyList<int> > IR ST E— X EAFKMFTIER default template parameter.

X R LA fE LL#E I inheritance 1A%, EZE[KICY inheritance il [n) 46 B BB 2B & k. &0 Al fe
Pl 1(c) SONGkZR 1 Tmpl W, (HE KSR S R R AMEAGEE, W H RN % .

KJA public inheritance, FRATTPTCAMIAE 4 (2 Grh 22 3] B RGNS . W4 W RYURITRESE e — 1
W32, B A AR public inheritance.

JJA public inheritance, I GRH—NE . WRARETH— B, ES S5 RE R w0 S
io4¥, 7K A public inheritance FSREEMELIFR) IS-A X%, —Ul Liskov Substitution Principle JTii [¥E
117, Wt EUHEMR R, HEALEH] base class object, BiMWiZ A LAEFH publicly derived class objects
ERE, £R3E DTS EEERH S DN,

(JF 11: 15%E www. oma. com, HHEADERES LSP [HIF L E )

BEIAAA G, T DL RS T DAEE G DL R — 2 B AU R R
® {1 nonpublic inheritance H{H], MiZXIAE S public inheritance. Public inheritance ZiANiZ{E

B BOE IS-A KRBT NSk TSIMPLEMENTED-IN-TERMS-OF 5 & . XTS5 W, {H &3yt &3

TR D1 AR ST E H public inheritance. HSANRUFSI0 . X — SAIF 5 — A S BOR —FE: 24

U HIIHIY) containment/membership HEHIIT, ZAZAFH] inheritance. WIHRANTEFEESNMAE I GE ) Bl ¥

MRS, T2 Ad e e ?
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® Ui class AHH KR AZ A7 ORI, EM AP RIS —FCR.  4XAELL public inheritance K
SEAE”IS-ALMOST-A” R R A BT LA L, B2 288N FE e, Bl public Jy X gk& 1 base,
FELL [{RFF base class MBI ] BI77 5 KESO B R =0 ARTAESE TS0, HELeif % LA Derived object fi
A —A> Base object, HATHIFATESE I Base [ client T, Robert Martin 51— M7, M Rectangle
class & [R5 T2k Square class. 1E AR, XAELF LA E, {H7E classes B A A2 N EH,
fihn, i Rectangle class AA— MK SetWidth(int) . Square € 8 B I WAZAR H AR HAR € = B
{ETEARICE R FFIETT « (HEREA AT — 280, eATLAZ T3 (polymorphically) iz ] Rectangle objects,
EATIEA T 58 B 1 A 25 e = B, BRSO IR R S AR L. IXJ2 [public inheritance /& LSP)
H—NMFE T, R4 derived class JEARBEIAR S base class fHRIMER . ‘B T public inheritance )
KRB [AEKREZ, WARWRE D],

MBEAE BN X R almost 1S-A”, Pl H S0 & RbAT], AR 13E A CarEpRm 2 [H . Besw, RSt At
SR E UL T AR derived objects, TH/REIRGAEMIARIZ R, A2 [MEEERARE], H NXFE
mZ, [EHEdE S aAHERET, "AANSUERI T RIX A H Base-family objectsl. W&, FFif [— sl
AME ] HRSEWV, e, REEFEEWREXA RS AW EMYE, g2 g iR RE 2P AR
AT A IXAMER I 2257 T o AR IRA I EE AR S, JEm R S AL iy TREND, AT S — Sk b
%i?ﬁiﬁ&%ﬂi XA ) AT, FFAE PRI 3 BT A 43X class A UL ZEZ W TE, R FAETE 2RIV
[ ZEIEE
ANEPHE, R no g T . WHRHAT HAE Base, EiAE—4 (NOT-A) Base, HS@tAZELL [{HEHK
KA Base] B ACkFTAE S

BWHHEN): SR public inheritance FIUAMEYE IS-A F1 WORKS-LIKE-A [36ZR, HFF4E Liskov Substitution
Principle. FiE# 5] member functions P [ANEREFEL, WAKEELD],

WIHEN: ZaXFAER TEHFH base class FHIFEMAEA public inheritance. Public inheritance HJH #2
AT HEERELLEZE SR (polymorphically) EHIZH base objects.

i

B HIE ] inheritance. WIRVRAEN LA containment/delegation #ILH A class AHE KRR, RV IZIE
I WRARTFE inheritance HAVEBIEH 1S-A FIXR, 15 H nonpublic inheritance. WHIRIRATFIEL E
#k& (multiple inheritance) ISy, H FE—4kK (single inheritance). —RIME, KIMEEHILEEAERE
AAMECAERAR, MLt LL4EY . Inheritance s&—AN&UVHARI R E, WAiE L2 AT #ME .

HAe N DA, BRAEAE QAL SUAEDE S A S BN R H v A 80E VR 1 fE 2 By s —
A, WAAREVTFILA 1] e 2 5252 JUAERS 8 T 25 5 44 T

42K 25: GotWH13 MM RFERB T (Object-Oriented Programming)

MEFE: 4

CH e MR IIEFWE? e, AR, M BETSA AR 4 7oA S EE OF HAERE ARG R
PR AR, R B SRR )

CH+ BN KIES, M2 SRR 3 M 588,  AFGE5E Cencapsulation), 79 4L PE (exception
handling). 4%7K (inheritance). yiA (templates). £ (polymorphism). sHFIAYHIKIE: (strong typing),
PR — A58 IR 240 (module system)s

Wi,
fRE

XA BT H &R TR AR B2 F ) (R astie i) C+ k. JFRHEE M. RIS, &
i SBARK LA M 82, A3 DL 2o A 1, DA UG = 1k E 2
L AR 00 R . BRI T rme? BEES R, WiRRA 10 SN, KBS5A 15 A
[P A1 OAEE AR @t e] 10 AP i 2 b))

JUTREN NAR RN R AR 2 T 00 M. i NiE & hn bdstds . 2 N nTREIn b b 2R, (H KM
HNIAN templates . XA Z 00 FrtEmAtaAE, NG5k, B W aAE RZI iy .

2. CH JE— LA (multiparadigm) MIES. CH FFARE—AN001ES, ©XHFEFZL 00 Kk, H
FeAmE R A e, T LS 5E %A 00 K C++ £, F2 NIE &k,

Ct+ bt % o Fe b B B A okt s ik C++ BEsm AU M S P o Hd O M % (abstraction) DARRAIREX

R ZEE (Martin9s) [ 12]. CH+ ARZE—AUHEFHIES . B3RP e X, SRS W g0 e

(object-oriented programming) FlVZZY4RFE (generic programming). XEEXAEH HFEEM:, Ko EATEGRAL T

VR TV, A I RE I A R A SR RS . DT I EEAL B TR — MRS (states) FIALER
HBLCR A PR AL — D . B FNGRARLL FRAT T B S M I R v M s A S . 2 (generic) ik
PLAe e i XK, BRI LA S 4% functions H1 classes, FEAEHAN & [ RSN AR CEER) . RN
5] ) functions Al objects. JZARYEIARPEMMER Tk, FARFER A RS A PERRAEPE . LA T0Ah FEdeih 5
ARZ M (genericity), {HIEEH —/MEEWAL C++ A UIILBRZISCEE . R, Bz Mg Sk A C++ fh—Jo
] templates WA #4LLSEIL.

AR, Cr+ T2 s KR kR I gk, T pr B8 s bE e CHbrvEAb 1 e B B R .
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(VE 12:  Martin9s XABHNA M e, S A2 mfe st s E A S 2 —2, Zdx
TR FE S BE,  LETRATT PR AR R A4 D
3. WHALT—/ME SR A IR —5 . SR C++ Moy FERATE S, RS L
ML H . A2, C++ JFEEMY RS (module system), tHERZ ki i#E (garbage collection) Azt d Bk
Jii; ‘B static typing, {HA—EMIG L strong typing. &), &— MBS EA VARG, IRNVAZE RRE T
VEEREIERAM TR, 5oy — ARG R 1 54 1.

7. SRiEZBh k35 &% Pimpl Idiom (Compiler Firewalls and the Pimpl Idiom)

258K 26~28: GotWH7 ZikHAR#k#fitt (Minimizing Compile—time Dependencies)

MEFE: 7 /10
| CKZHR Rl Tginc lude B85 B SCAFRBELSEBR il B 2 o R IX PRI ? RHATIE IS, WA SR
[ a) & ]

DER: XMRBHESEERE! TEEFTROEERRERERK. |

K2 B A #inc Tude 0085 (R SKSCAFARLESE PR TR 210 22 o IX 20 (R W FAE AL (1 A7 I 8] (bui 1d
time), R — ML AL S TR FUE RSSO IR, ) ™

B, FE NSk, A include WA AFEAK R AR VR FH AR Ol B R w2 Ok, ik
HWELettine lude 15 A) 0] AEXTRE P TE MM S e 8 o3 ? BEPRBaiiz e ?  (IRANREEAR X A1 Y 2RI a3t
P v, RN SK SO IV AT AT S CERAS B2 e i FH & AR D .

// gotw007.h (implementation file is gotw007. cpp)

//

#tinclude

#tinclude

#tinclude

#tinclude

7 // class
7 // class
7 // class
7 // class
(EE: R AMCHEMKE (virtual functions) )
#tinclude <iostream>

#tinclude <ostream>

#tinclude <sstream>

#tinclude <list>

#tinclude <string>

class X : public A {

public:

po o
A
~RoN--I=

>~
~

X ( const C& );
D Functionl ( int, char* );
D Functionl ( int, C );
B& Function2( B );
void Function3( std::wostringstream& ) ;
std::ostream& print( std::ostream& ) const;
private:
std::string name_;
std::1ist<C> clist_;
D d_;
I
std::ostream& operator<<( std::ostream& os, const X& x )
{ return x.print(os); }
class Y : private B {

public:
C Functiond( A );
private:
std::list<{std::wostringstream*> alist_;
b
[RE]
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ﬁjz’ﬁj% FAFE Ly DL H e L ) finc lude 4] (B YL A TETESE, RATHCIERA D
1P :

// gotw007. h (LI A A gotw007. cpp)
//

#tinclude
#tinclude
#tinclude
#tinclude

7 // class
// class
// class
// class
/) GER: HAAMCAHBEREE (virtual functions) )
#tinclude <iostream>

#tinclude <ostream>

#tinclude <sstream>

#tinclude <list>

#tinclude <string>

class X : public A {

public:

X

X

¥ OY Y Y
o0 oo

NSNS
O O ™=

X ( const C& );
D Functionl ( int, char* );
D Functionl ( int, C );
B& Function2( B );
void Function3( std::wostringstream& ) ;
std::ostream& print( std::ostream& ) const;
private:
std::string name_;
std::1ist<C> clist_;
D d_;
I
std::ostream& operator<<( std::ostream& os, const X& x )
{ return x.print(os); }
class Y : private B {
public:
C Functiond( A );
private:
std::list<{std::wostringstream*> alist_;
}

1. AT PAEE LRk S

® iostream, PRUNFERFHREHB] T, HIFEAEHE] iostream HEFE ) RV,

® ostream fll sstream, K NFEFHIISEAGRPIERIBHIE I (forward-declared) &R LA, P PAILSE
W2 fostwd ¥iths T CEVER, WA S iostwd AHXS N FEW stringfwd B0 1istfwd 2 FEIARAESL SO
iosfwd JEHRER| M FIEANME N ), EATAF LARTAS LA SZ R IR T R G AR AT5 8% ] FH i A 75 22
BREFEEE .

TAIABE HE LAk

® ah, KNAZXHESE,

® Db.h, KNB2Y MR,

® c. h, DUNBIHIIVFZ Hiitds i 2 1ist<COREWHE WX C 1 X OX L% P85 NAZAEA K RRA B X —
Mo

® d. h, list fl string, RN X F52411E D 1 string BIR/D, XY #EFEZL401E 1ist BIRD.
VR, FRATTHR A AT m] DU I Bk X A1 Y 1S 15 kg 2 it ine lude W5 (EEUe Sk 3CF) -

2. FAIAreL@E L X A Y A pimpl 5k doh, list A string (LR, HAG IS0 DNEEAR
B, XNREHR AT E A ] (forward—-declared) HUSEAANT %), DMIXE, X 1Y #EASF TS50 1ist.
D 5 string BN IXWAFIRATTAT LA T4 c. h, POMIXINAE X celist WP C 65 HAE b S 3k 3R R H B

EENEM: B ostream WHBE X, WK operator<<thAJBETRIRFFIL BRI AL ostream S !
XRE R AR R BB MRS RIERBEMNEE N ARRREK IR, FREXIR—NMERE
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| RO R S EAE AL E MO FER, RIFRFERRBE X

e, BAPRAE - MRS n] DU e I I8 S 254 0 Sk S0 F

3. FRAFEERBIBZY M private IS, 1M H B RAEEKEL (virtual function), I b. h M2 I REME L4
Bl H— (WHA—A FEEBEIERANIEIRAE R private k7&K, gt £ E4, (override)
MEURREL (virtual function). WIMLEK, EXHSHALY 47K 0 B, &AWL Y A RAN B FIHR .
B b h, TATNAZAE Y BRI B B A ET Y BT pimpl 843 .

| [¥0469]: A pimpl IBAFIHI % 5 RS H SO MBS TR .

K B GotW HIgriSiruE:
® H3: (encapsulation) FIFEE (insulation):
o ZEFH—AREIER, NMEAREHEAERR:

° %?ﬁ}ﬁ—/ﬁl‘éﬁﬂ “struct Xxxxlmpl* pimpl_” HIAEH TR RE#EMBERA (BIRREZEMAG RED,
f:

class Map {private: struct Maplmpl* pimpl ;};

(Lakos96: 398-405: Meyers92: 111-116:; Murray93: 72-74)

4. FETFLUR UK, FATH ATIEARE X a. h 2T ABFHAE public 225 A S HEW K £ (virtual function),
PRI 1S-A KR AT RES AR P HE T o SRMIRA TS|, X FY AR MBETM LR, B
/T DS X R Y 12 S5l i B AN AN R Sk SO A TR 25 O TAS B FARRS , FRATTIE NAZAE I A 13k 5
PEEN— AR (stub), ik H#include 5 x. h fl y. h)o gk Plok, AT /bar Ll y. h ANH#include £
Frach, FOYIET R A FAERESEU0RA, AFRE A e X

sr LA, A TIAE AT LIS AN IS T

//
// A x h: RS W Minclude!
//
#include “a.h” // class A
#tinclude <iosfwd>
class C;
class D;
class X : public A {
public:
X ( const C& );
D Functionl ( int, char* );
D Functionl ( int, C );
B& Function2( B );
void Function3( std::wostringstream& ) ;
std::ostream& print( std::ostream& ) const;
private:
class XImpl* pimpl_;
I
inline std::ostream& operator<<( std::ostream& os, const X& x )
{ return x.print(os); }
/) R XHEATEE ostream [E X!

//
// By h: Bfittinelude!
//
class A;
class C;
class Y {
public:

C Functiond4( A );
private:
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class YImpl* pimpl_;
b
//
// gotw007. h VENFFHAL &M M include, SGEIT x. h [t T 5 4P Minclude)
//
#include “x.h”
tinclude “y.h”
//
// gotw007. cpp HEGHT &M, .. TER: impl XZNAZAE X Y R sk
// H new KB, FHAE XA Y TR R ET ] delete Kk R
// XY [P pR A L@ pimpl_ FREF KT R HHE

//
struct XImpl — // &M, FATATEAH struct” ,  EARHTE B 1) i
{ // FATH T "class”
std::string name_;
std::1ist<C> clist_;
D d ;
}
struct YImpl
{
std::list<{std::wostringstream*> alist_;
Bb_;
}

A la): BIEE, X A RS #include BLF a. h Fl iosfwd LAl LT o 10 Y A A &t UG AL
a.h fl iosfwd, RMEJEKN T RIS T T2 v, h L gotw007. h, WA ZE—1T#include #AHZ . 5
IR FIFR AL, 3 2 A K et g !

2K 29: GotWH24 ZRiFZLPh k% (Compilation Firewalls)

MERE: 6/ 10

T pimpl 452 m] LUK BRARACRS 2 18] A ELARO M, 38 mT B D RE e R S I [A] o fELIR) LS, AT IR L 2R
PEBON pimpl X5 B ? dnfif 4 R 2 A i eme? D

) 7 ]

15 CHHt, RS E SCH AR A0 % T (R AAT L), IS A TXAN ST AT IR A 5 A L 48 0 2 o
zL%Tﬁ%TﬁEﬁfl‘Wiﬂiﬁﬁ, A8 AR — M WA AR 2R — DM ANE W] R EE (opaque pointer) SRERJE— &7y L3
a1 H e

class X {

public:

VA T/ €547 B V4
protected:

[k ARTUR? LLL x/
private:

/R0 FAERA? L %/
class XImpl* pimpl_; // $&F-—/MEETE A TH (forward-declared) 28
/) ZANIEHFRE
b

[$& 1]
1. ABEEEE 7 Az N Ximpl 2 A PUFRE WL, e
o K AIMAMAE (HEAERED KN Xinpl;
® KAV N (PRE: BIUIERED N Ximpl;
® CELAERFAA A AR B 5 RN Ximpl s
® fifi Ximpl 58N ECKI X, # X da'B AN — e HE R ETE K2 (forwarding functions) (— MU/ A
RIARARD A A tde .
EMIFH 25?2 fRan e N IR AIE I ?
2. Ximpl FTFE—NMEH X X Z W7 kW $8%EF (back pointer) “H5?
[ ]
AR MAE XL
® LK (visible class): &FRERT WLHFEA IR (FEX HELE X0,
® pimpl: WU RRGEAE—NMEIFRE (WA pimpl ) FRZESEHL (FEiX HLEPJE XTmpl).
7E Cr+H, G R SUH AT B e T CHIME S RAE A 02D, A IXAN SR 1A FH 5 A - W A 06 20 2 5 2
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E;jﬂT%ﬁﬁﬁF@Uﬁﬁ@: AR —Fe WL AR E R — N AIEHFREL (opaque pointer) KRzl iR 4 SL I
an [

X2 AR/ AR WUV (handle/body idiom) —FhA84A, Ui Coplien[yE 11 ricdk, XMk B Tt
FEARM PO N IEAT I I (reference counting).

1EW Lakos [V 21 g B IBEE, AR/ AR L CGRIUCIIRFTFR ) "pimpl WEHHVE” 2 a0 IXFER Ik
ZAG R R Sk pimpl _“HREFE 3D X TFI B gm i A A M R R A I . AR IIRE
VIR IV, SLrh A g B R R I ANE T AR/ AR 5 7%

A5 XA VA AR e P fE -

1. B PHEERAEA DI NAE. B EHIFaE2s (custom allocator) BRI LAl N AL EAMHEAE, H
IKIEAIEVS S BITE 2 10 TAE .

2. BF AN BRI L AR B AN M ) FE 2K T LIS LU 1] o Cnm SR A 05 100 7R Bk sk o A B XA 21 17— A
I $REr (back pointer) "R AT WARHH I BREL, B4t & S R D

(1) FBEEER A A% N Ximpl 2 A VUFRE WL, e
o K AIMAAEI (EAERED KN Xinpl;

T AEANANEE I T o, DR IR FRAT A5 OSHAEAr] A0 i i3 (P28 AT 0 & 5 B (forward—declare) (TfiANi&
ff F#tinc lude 5 AR A5 I SLIE 75 B ——IX A 2 RS HE B . 48R, FRAT1IE B nT LABAS BE 47
o KIS (PR BIAFSERRED N Ximpl;

X L) 2EEFRHE. AEEAU, 78 G, TR B RAZ W IFA GO IX L i ks " A

(private) 7, TFAE BIZR VG WS sl oK (FE—S844 507 H B 9 K7 2 VA B R K BL S DL R AN .

XA MRS, H s — MR IR A _E— B B almost” [ R AL«

1. B Bl R B AT IR, AR AN BEHE UL O3 PR BN SEBRAE pimpl 2Rrp . an SRARE B ULk 508 ‘5 2L P (1) [R) 44
REFURREL, I8 AZ% 5 P R B0 6 20 H IAE B E YR AE 2R . i SR B LR AN e 4k ARk 1), B4k TikZ RIEH
IRAERGWE ST, HIE &I W,

2. Wik pimpl AR ECEAT A e A, LT RETREL— MR W] WA I n FREE (back pointer) "——1X X
BT — R . XA I FRE I L e AR SRR self .
® LA ALY A A ORI Ximp] 5

S AR L S A R ) . (P (protected members) ZEANNAZMBGH pimpl, KX REAGEE T
W HFEZ A .. Listnf, R4 (protected members) IF &4 T iFIRAEZEHE RIFEAE FH MAELER), Pt tn 5
IRAERTLEEISAEH EIINE, et LeTcHA T .
® i Ximpl SEANECKM X, ¥ X g5 — A58 R AT E KA (forwarding functions) (— MR/ A

PRI A A4t 0.

XA DEIUAABRMES NAH, el & v] DU S i 4ast s BROA I IR 25 AR LE pimpl 2Kz rh
AT o B AUE, IXE R S S T W TR AR S A To AL, IR A A SR SR IR AR .

(2) Ximpl TR X X107 a1 #8%r (back pointer) “H4?

IRANE, WIEIEE N7 Jowelif], AR — XG50 R 52— HL R oA T Bk e rp — 353

Y n] W R O R B, 28 T A I RRRKER 4y CGFEE: B pimpl 050 R — LR R, DUE
SERGE W A K. XHELF, WARAHE. ARM T REA K EMTEIE: 76 pimpl H IR E 28 DA 2000 Y T L2
PR R BT R DR kg T U H I eR O A R B HUL R

[7£ 1]: James 0. Coplien. Advanced C++ Programming Styles and Idioms (Addison-Wesley, 1992)

[7£ 2]: J. Lakos. Large-Scale C++ Software Design (Addison-Wesley, 1996).

(v 3] UATEHEHILEE inpl_o SHEANM pimpl S RA RPN Jeft Sumner $EH; Jeff
Sumner [RIF—FEX HFFREF R BT R p Ak (FE: WH oA BR8N RFFERRE; Eizdonikd, 8
AR A L p" Ik, EE pointer”) WML, SRR M I RUOSTEA A MBI UK (FE: pimpl KE 5
M "pimple CERIEEME. EIZ. M. JZ235. Rl “HED.

£ 5 30: GotW #28 “Fast Pimpl” FiA (The “Fast Pimpl” Idiom)

MERE: 6/ 10

R8O “ARMBUL” B0 “2GRE” 7 isEse, ERZINEBHE AR ), HeEABRH . X)L MUY
(R 2 I B A I IR 22 A S — %

i)
Eﬁggfﬂiﬁﬁ malloc O Fl new O) Wi H I TFES S ZIR K. 76 RIS, F2)7 REVIAE class Y Frisih 7— R
X B 5
// file y.h
#include “x.h”
class Y {
/*. .. %/
X x_;
b
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// file y.cpp

Y::YO {}

XA class Y B FE 2 class X FHIHCZL T W O x. h H). BERFGRIX N EE, B A ECIEXAE:
// file y.h

class X;

class Y {

/... %/

X* px_;

I
// file y.cpp

#include “x.h”

Y::YO) : px_( new X ) {}

Y::"Y() { delete px_; px_=0; }

XARUFH BRI T X, (HEIER T 2 Y # AN, ShaSWAE B LIRS R T e B, AT R
FIRE T BUBRARIB RN T “5838” M7 & BEATTEAE v.h HEE x. h, BAFENESNAESE GEEE—AHIM)
FH BN AT 22 1D

// file y.h

class Y {

/... %/
static const size t sizeofx = /%some value*/;
char x_[sizeofx];

I
// file y.cpp
#include “x.h”

Y:: YO |
assert ( sizeofx >= sizeof(X) );
new (&x_[0]) X;

}

Y::"YO) |

(reinterpret_cast<X*> (&x_[0]))—>"X(;
}

wig
R
HEAER
AT, R CHAHE LA EZA (opaque types), XK TX—HR ERGEIS sk (Fee A&
2RCA “hack” [V 1),
" TP ORI e e e — 28RV, BEHRRN “Fast Pimpl” J7vk, TREAE “ a2 3 ARFER” —Fid
M
A AR 3 RN
B, RN TFERE— N 4 R 2R 3 2 FREn, ML R 71
1. X5%. A% M ::operator new ) S RHIBIANAE, XA x PR buffer FEAHH LR AL T X XS 2K . 1K

ik x_TAFMS S5, R RFEEH—A “max_align” B, ERISEELWIR:
union max_align {

short dummyO;
long dummyl;
double dummy?2 ;
long double dummy3;
void* dummy4 ;

/*...and pointers to functions, pointers to
member functions, pointers to member data
pointers to classes, eye of newt, ...%/

I
B ELIX AL
union {

max_align m;

char x_[sizeofx];

}s
" EAHIR TR R, (HAESEpr I, CeEewsest T, JREWPRRS (Wnlfeka) b, eARuE T
oﬁﬂﬁﬁ%ﬁ?%ﬂ%@%ﬁﬁﬁﬁﬁoﬁﬂﬁ,ﬁﬁ%%Zﬁm&,#ﬁﬂ&ﬁﬁo
2. ME55 o Y MOVES DAL /oAb B Y (S0 Yl R 8. BN, Y ZEANREAT BRI (R, 22k e ek B Ceft
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— MR
B4R Y:ioperator= () AR, FRIUTHA AN B ICFAEX AN EAER YY) PR @
TR MRERUGE, BA, VRS RIRIXAN 5 v BRI L &y K 1R U Az ok e
3. EP M. 2 sizeof (X) ¥ KFEHIL sizeofx, FEFF A K sizeofx. Xig—PNEAEGIEFEREY i, %
F—MRKW sizeofx fH 0] LAJRFRIX AN T14H, (HR T 20HET7 I (HH4).
4 ARBLRE . R E sizeofx KT sizeof (X), ZEMPHIRDE T o XA AT LRI/, B GE  T 44 i (3D,
5. EIAMY . BRI E ARG, BEASRE: Wmse, WHE, Bl e “S50A8H” BFEE. UL, 7F
T, “S50AE” I “hack” JLT &R . Jow i, HEILEIXFRD “H8iE 7 170 — — WARH I 7E 2174
AP le %, 82 GotWa23 HR 2 H WSt placement new SREZHURAE — —, RES—EE U “No”s
T e XA R, AR,
EIF IR R “Fast Pimpl”
K, X BB Y I B s (T2 i) Xo CHALIXHR, O T BRI A s IARm:, 1 4
“pimpl” J7vk (20, Wt RIRATX AT IR BT 2310 7% .
ME— ¥ ) U, “pimpl” 5 T4 X X GAE B B2 M 0 Be N A7 T2 Re R R %, STRRREI N A7
%E%ﬁ@%%ﬁﬁﬁﬁﬁ*IWMMme%Eﬁmﬁmﬁ%,ﬁﬁﬂﬁﬁﬁ%Wﬁ%m%ﬂu%ﬁmWﬁﬁm
PERERITS 2 .
AR, RWEWE Y FIEF B E X IEE W, XL BAE IR AN &R0 Pimpl,
k2, A HDM)E operator new [ pimpl 3.
// file y.h
class YImpl;
class Y {
/*. .. %/
YImpl* pimpl_;
b
// file y.cpp
#include “x.h”
struct YImpl { // yes, ’struct’ is allowed :-)
/*...private stuff here...*/
void* operator new( size t ) { /% ..%/ }
void operator delete( void* ) { /*...%/ }
I
Y::YO) : pimpl ( new YImpl ) {}
Y::"Y(O) { delete pimpl_; pimpl_ = 0; }
“prr” o pRnyiE, “IRATIE] T M ——Fast Pimpl!”. 4F, &M, (HAESEF, SEM--NELAU T/ER, JF
HeEmARM 24
PRITSCIT) C++5 B e 7 T o] SIZEE — AN s 1 1T e RO A7 B/ R TR 45, DA 2 DR T . 3k
BSOS AT AN, BeE RN [ RSE A BC AR AR A T, W R
template<size t S>
class FixedAllocator {
public:
voidk Allocate( /*requested size is always S*/ );
void Deallocate( void* );
private:
/%...implemented using statics?...*/
} .

UG B FAR AT IR v e static SRSEHE, T2, J8E Deallocate () JE 154k —> static XJ 4 HIATHY K 4L
P4 (Because the private details are likely to use statics, however, there could be problems if Deallocate ()
is ever called from a static object’s dtor). WVFH AR single B, BBk A R 1
F—MMOrEERR, HH—AME— X SORE H A IR S 28 (a3, R Endnh, AR RSP “R” A —A
i, — /MR EOR/NME 0~8 MINAFER, 51— /MEERRE R NE 9~16 A ArER, 4555.):

class FixedAllocator {

public:

static FixedAllocator* Instance();
void* Allocate( size t );
void Deallocate( void* );

private:

/*...singleton implementation, typically
with easier—to—manage statics than
the templated alternative above...*/

b

EFRATTH — AN Al B S ke B X S i A

struct FastPimpl {
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void* operator new( size t s ) {
return FixedAllocator::Instance()—>Allocate(s);
}

void operator delete( voidk p ) {
FixedAllocator: :Instance () —>Deallocate (p) ;
}
b
WAE, R LURZ 2 1S B AR(E R 1) Fast Pimpl:
// Want this one to be a Fast Pimpl?
// Easy, then just inherit...
struct YImpl : FastPimpl {
/*...private stuff here...*/
} .

'fE.’ /J\‘I:A‘ !

X ESRRGLE, (HELH Fast Pimple R152] T HBAAERIWAZ A BLESE, (HPEEE TAAY: didrax sepisr )4 0k
FECE R AR B, A X PGl S SUILSCE 2 ) W AFIE )7 (Managing separate free lists for objects of
specific sizes usually means incurring a space efficiency penalty because any free space is fragmented
(more than usual) across several lists).

IR T R, R T profiler FIATHEREIIE IR e LiL G, AMEHIXAN T

GE 1. AREPZ— =)
(JE 2. Z ], GotW #24.)

8. AWHWR. M4LFA. EOEN (Name Lookup, Namespaces, and the Interface Principle)

43K 31: GotWH30 ZFR#EZE (Name Lookup)

MERE: 9.5 / 10
|Gk BB, BRI USRI T AR, R S R IR A A
i 7R

FE R AR, RN R E? A T — R R,
namespace A {
struct X;
struct Y;
void f( int );
void g( X );
}
namespace B {
void f( int i ) {
£Ci); // which £0°?
}

void g( A::X x ) {
} g(x); // which g(?

void h( A::Y v ) {
h(Cy); // which h()?
}

ﬁ¢€$}

FE R A, A AN R E? A A
PN CLEE IR, (HER = AN FF 2R CH R A2 BRI R M — — JE 2 Koenig 1ookupe
namespace A {

struct X;

struct Y;

void f( int );

void g( X );
}
namespace B {

void f( int i) {
£Ci); // which £0°?
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}
EATOWHMAEBES, HHATHIBH.
¥ namespace A PHAT A £ (int) FIEAE. W B 'S T “using namespace A; ”2i“using A: : f; 7, ;4 A::f (int)
P 4K £ (int) b B ik s e —, A “0) 7 PSR Az f (int) A1 B: o f (int) A& XPE. B2 B %
AR A nt) NS ETEE, T2 RA B (int) #55E,  PrLli HBRA B
void g( A::X x ) {
| g(x); // which g()?

AN FHAE Az g (X) R B2 g (X) AT = SCVE . R B2 200 ity 4 22 i 4 4 5 Al PR TR WA g O
RBVFITH RS TR AR EX 2. 3, MO —#F, B BAH] “using” #5404 A:g (X) i NE R HE
Hl, Pl ARPTREIA N A B: ig (X) ATk, WUREIE? SFnE, JX@Agi8, FEA4PRIYZRIN 1) —Z kb sE K-

Koenig Lookup (fRi4LAR)
RRERBIRME—A class REIKES (AR A: X BHK x), HBAELHBEN, RiFSEAICETE
SRR iy 25 25 6] ) TR 4% R B PR RR 3

IR A L, HSEFUE A IXEHE CHFRAEIH] 1
namespace NS {
class T { };
void £(T);
}
NS::T parm;
int main() {
f (parm) ; // OK, calls NS::f
}

LT IR Koenig lookup FRIAEEYE CELGEARVRG BILERI TS, K “NS” F “std” /08, K “T” A “string”
RF, I “f” ] “operator<<” AU, RIGHHERIE) . ERJGH “HEMiE” 34k Koenig lookup 15 £ 40
W, DARCE A 44 FR B B A0 A 8 TR AL G 5% . A Z AN Koenig lookup SEfm FJE MR PE, VRS T fiRe 2
] TAER, RO e AR AR S AR S S AR .

void h( A::Y v ) {
h(y); // which h(?
}
}

BAEHEEM hA: ) RE, BTl fORHE RS, WEtssisl.

HAR B h O JRALEAFH T namespace A WP —ANRAY, (HIXA M AFIERIEE R, KA namespace A Hi
FHRA (A Y) BRRI R
DAis- AL

FLZ, namespace B HRARHE 1S A 5E A MAL Y] namespace A FHHTBII RGN T, HAR B AETR LA A T
—NE A TR BRI IAL, WA git, HAIE “using” #BKA !

EEMWE, MR ARG NTENA G AT TR . ST a4 S 0 Ay 44 25 8 2 8] 1 EA
HOUE R SE RN, eI A TR R . AWM GotW JUR A SR XA — /MR, bR, drfa A
%ﬁﬁ%ﬂﬁ’]ﬁﬂ SERR b, ERXFMENR, 4 S AR NAZ IS NS X, Y7 R — A
FEAHE

473015 Koenig lookup 2 [A]FRI 52 MG LU FR BT e /s IR «  AEAS 410414 Koenig lookup AN 44 25 A L
Wi, LB BRI M class Z MK R, S KAE March 1998 1 C++ Report L ARAICE (What’ s

In a Class — The Interface Principle).
43K 32~34: #EOJEN (the Interface Principle)

KA A7 —F O JE N
This article appeared in C++ Report, 10(3), March 1998.

FITURT A1 Hf 1 4 A 2 il 7L
o HAEIA? WL, fFAdin T2 MR
SR 1 i LA
IS REAT C XK PRI THT 17 X 5 2 RE I AR AE K 2
TSR C+1) Koenig lookup BRRELK? FIFKN Myers Example (Il 7 3AH2ABR?  (BAaitid.)
EEREEITA BT class [ H RO R LSBT X SR 2
M4, “class HAZEfTA? 7
B, BB F—A class (40 s
Class (&)
A class $iid T LIEURE SR SR I o6 5
FEIF GATR R TR R TIXAE L, BO: “ML, —A class, W HIRAEILSE SCHAH AR T — — 1 53 e
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FIR R R, ” TRFERR T, FAElE “mE” g “Bnmil”. HiXA:
//%%% Example 1 (a)
class X { /*...%/ };
[*. %/
void f( const X& );
FEUE: £ X g2 —2e NS 2RI “No”, PRIA £ 2 — /N ERUA AL (B “HBHBRE") . Hoh—LA
IR B RBEVER AR PG : 4R Example 1 (a) BARHES HHERAE — Sk 30 b, ke
//*%% Example 1 (b)
class X { /*...%/
public:
void f() const;
'

MEE—T. AFERBIR (F 1), &SR, B52— R0 X iR g H. AAEIERAN S50
. T, Wi Example 1 (a) A IAE R —3L SO, FRATE AL, AR £ AJE X BB sk, (HomZH
AT Xo FRIGAE T — TR KOS R IE S L.

Wy, W X R AN IAER 3k Se R, A £ R AR EAAER P BREG A E X B—E#4 CHD
ff £ FE—AXERMES) . AT ROITAFRE T AR, HIESEAK A TR, R, AT
H O R B & e RO 2R —3 57

The Interface Principle

Bz 5N (Interface Principle)

MEEIAMEN -, PR 2 1 5] .

2 11 J )

XF—ANEX, IrARRE, B E B R, R 2
(a) “&3” X, JFH
(b) 5 X “lAAEHL”

M2 X A 7, RO EMTER T X i,

M X, B R b BRI XK “ AR oy s
(a) BRI RGBT “$2 2”7 X (JE static MR BREE — MG SH, RAE Xx (WQ: CHirHERlE )5, K
b i, MViZ2 Xk const) BY const X* (WQ: const X* const); static HIAGH BAEHELE X BI/EFTER A ED;
JFH.

(b) FFASR A BREAT S X “IRIBHERAE” CFE X 15 SUERH,

FHE ORISR M7 Example 1 (a), HEWRMIBATHAINGEAMNE: R, £ 9207 Xo W £ X “FHi
%ﬁﬁéﬁﬁéEﬂ?ﬁ?ﬁﬁ%%ﬂﬁ%Wﬁﬁ@?@*K@ZB,ﬁ%%ﬂﬁwyf%X%E%ﬁﬁ%Ayﬁﬁ?
= X B —E

2 OV JgUNAE AW AT 22— class LGRS, BN EH RS A . 88 BHREHE N —A class AL
g7, REREWS? A, HIXAEF P INLERERY, K s R L L,

//#k% Example 1 (c)
class X { /*...%/ };
/%%
ostream& operator<<( ostream& const X& );
WA, BRI SEART SRS T, RO IRATEE AR 1 B R EUE B Al d: Wik operator<<h X
IR (B, AR T AR R S SR/ s 4 25 D, A, operator<<Si: X [ AR5, BAE
A& X .
P, iEFAIINIR class BfESG e X b

Class (X))
—A class #IR T —H IR KRB IX L3R 1) R B

XA SRR I, PO ERAE U R ZAh iR,
XA EGE 00 R, 382 M8 CHRFA IR JE ) 2
FH T CHIFARIE M “namespace” ki “H. .. [FHIERAUL” 5 S, BFril, BOgE CHRra M2 182
A& 00 [lAT ), HEHFHEES?
RS R IR, N —MEE (SE2ks L, 2ANEE 00 IES)D: Co
/*xk Example 2 (a) sk%/
struct _iobuf { /*...data goes here...*/ };
typedef struct _iobuf FILE;
FILE* fopen ( const char* filename,
const char* mode ) ;
int  fclose( FILE* stream );
int  fseek ( FILE* stream,
long offset,
int origin );
long ftell ( FILE* stream ):
/% etc. */
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XIEEHA class IS 00 ARSI “ AbERH 157 $efi— R A S8, et ——
H € e AE A ) — — 52 1R PR [ X AN SR FR EF . 1X88 3 R ERiE (fopen), M1 (fclose) FIEEAE (fseek.
ftell Z5&k...... ) IXELEH
EAF A EOS (En, e T P R AMEAN HEHELEAE SR, (B “HRIsE” & 00 AR — — R,
—A> class s B MR S EHE TR . BARIX L R B E AR 1, ABEAT MR FILE B 1847 o
WAE, HIE— FEAH Example 2 (a) H—MF class B HES:
//#%% Example 2 (b)
class FILE {
public:
FILE( const char* filename,
const char* mode ) ;
“FILEQ) ;
int fseek( long offset, int origin );
long ftell();
/% etc. */
private:
/*...data goes here...%*/
} .

A FILEXIIZSHA8 18 B S50, BUERIHG T, fseek J& FILE [)—#B%>, Hl Example 2 (a) e A2
TR —HF o FRATTEE 2 AT LIS R BT Ny — B0 A A BRI, — SR R R D R A

//#k% Example 2 (c)
class FILE {
public:

FILE( const char* filename,

const char* mode ) ;

“FILEQ) ;

long ftell();

/% etc. */

private:

/*...data goes here...%*/
} .

int fseek( FILE* stream,
long offset
int origin );

IRIEAE, AN ISR BRI AS I ) DG . HEEAT “$2 )7 T FILE Jf H5 FILE “ [A 44”7, &4 15t & FILE
LRy« fE Example 2 (a) 1, AW REEGZEIERS R gL, BOVAE CiESH, eI ek, BfEE C+,
—~ class MO R, FE (BUNI%) SRR REL: operator<ANREIE R BT, PRIA &SR —AN 0t
GAENLEEAESEL, operator+ ANZ e A R LA RVF A E SR A (AB)) SR,

448 Koenig Lookup

B O R R i X, WSRARINRE] S F1 Koenig Lookup T TAHREIB S IE [(F 4). teib, FBFHHEA
f-f A B A 5 X Koenig Lookupe F—715, FFEH] Myers Example KB/ e AT 545 M R UG EALE R .

X AETRATTHE Koenig lookup WG, kBT CHhnif 4] 7

//#%k% Example 3 (a)
namespace NS {
class T { };
void f(T);
}
NS::T parm;
int main() {
f (parm) ; // OK: calls NS::f
}

RIS, AZENG? “BIE”, 27 RATEMBHLE A NS: : f (parm) , 4 £ (parm) “ B ” ZAFE NS: : f (parm) ,
XIE 2 AH, S FRATTIE 10 2 DL AR V5 G s sk IR AN B R B 2 WL, JUHOE B RNEA K A FR £y AR a1
“using” #SWH . Koenig lookup ib4miFasfS LA oe i E fa K S .

TARAIXATAER: il “HARIER” HE4IRE F—A “f (parm) ” WHHIE, ga e a0 2008 vk 0 HY /R AR A~ Y
£ RS CH T EEFEASR R, nTRESA LA £ %) Koenig lookup ZIX A UL, RARfELRE—
A class KIS (MLAbE parm, ZRANNS: T, K T EHRX DRI, dnias i ER A EHE 2 a0 J5 5B 48
XL RST8], B R GLSRME a2 (A NS) (3 5). TJ&, Example 3 (a) HIRIXFER): R4
fSEERAA T, T LT namespace NS, Zii¥#s 2% I8 namespace NS H1[1) £ —— AERBUMET .

AH BB E AT, KOIXFERA TR A 2 B e R T -

//#*k% Example 3 (b)
#tinclude <iostream>
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ttinclude <string> // this header
//  declares the free function
//  std::operator<< for strings
int main() {
std::string hello = "Hello, world”;
std::cout << hello; // OK: calls
} //  std::operator<<

EAMEDLT, B Koenig lookup MK, guifas i ILiEFE] operator<<, FAFRATHTHAEEN operator<JEAH
HHER L, FRAT G E 2 string B—350 . G RFRT D3B8 g 20 B e XA B B4 1R, SARAEE, oG
—ATHANREIR AR AT IS AT T o BUmARZ 1, FRATTL S k) “std: operator<<( std: :cout, hello);” 8 “using
namespace std;”. WIHLXFMEHUALE T IRIUG, R B E I A AT 1772 Koenig lookup T o

Mgk WRARAER -y A 2 B Pt —A class Al “$E 127 It class I H HeREL [ 60, ZmiEas e 1a)
AT —ANEEOCEE [ 7). PRk FRATIEIREE 5] F, 2 I8IXAS Myers Example:

H L1 Koenig Lookup: Myers Example
ZIBH N (W) e+

//#*k% Example 4 (a)

namespace NS { // typically from some
class T { }; // header T.h

}

void f( NS::T );

int main() {
NS::T parm;
f (parm) ; // OK: calls global f

}

Namespace NS $Ef T —ANRI T, WAEEIMNIFEME T — NS % £, MR —A T 1134, RIT,
RAEFWE, WA, —UIERR LT

WP LERM . AR, NS EEIETH 2N T — AR 2

//#*k% Example 4 (b)
namespace NS { // typically from some
class T { }; // header T.h
void f( T ); // <{— new function
}
void f( NS::T );
int main() {
NS::T parm;
f (parm) ; // ambiguous: NS::f
} //  or global f?

FEAT 4 23 (B R BE I — AN R EAT I “BE3R 7 T dn A S M AR, BRI P AR A ) “using” F NS HY
YRR A EREHE L EE TR, S AU T — —Nathan Myers [(37F 8) 5 H T 7Efr 4 2% [0] 5 Koenig lookup
Z I[P AT N -

//#%% The Myers Example: “Before”
namespace A {

class X { };
}
namespace B {

void £( A::X );

void g( A::X parm ) {

f(parm); // OK: calls B::f

} }

RGP, RIBE -=e-- o R, ABMEHRETFHFEIEINT 54— R4k
//#%% The Myers Example: “After”
namespace A {

class X { };
void f( X ); // <{— new function
}
namespace B {
void £( A::X );
void g( A::X parm ) {
f(parm); // ambiguous: A::f or B::f?
}
}
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“Upl? T ARaTRE S i) o4 R AL RUE BT 1AL RS, ARG ? (], RN A A ) TR 0 R A ks
IR T AN e b i 4 A A R AR . 7 2K, namespace B ARG REIR T, AR SRR T 4R A
TokRBET namespace A WAL, B AU EA EATL A LT S H “using namespace; A”, HEHSH “using
A X7

XA, B AR BEIR7. FS b, KO NAZRAEMIEMAT A [ 9). WSAE X Frab iy 4 25 ) A N i%
PR £ (X)), WA, WRIFEORN], 02 X O R—H5. & H HREURAA Z IR, AN e IR 2 X 1
EBIA SRy, HEGE TN T

//#*k% Restating the Myers Example: “After”
namespace A {

class X { };

ostream& operator<<( ostream& const X& );
}
namespace B {

ostream& operator<<( ostream& const A::X& );

void g( A::X parm ) {

cout << parm; // ambiguous:

} //  A::operator<< or
} // B::operator<<?

WU AR T —A “3 A7 X s, eSS X i 2 25 3R gt A s 4 m o, MAES
ééch%ﬁ%%%%EﬁﬁmW4®ﬁ,EEE%E%EX“@%%&”%QﬁE%ﬁW%%%DEW@@%&

BEORu
SF—AMERX, AR, BFEdRE, RERNHL
(@) “4RF” X, #H
(b) 55X “FHEARE”
WA X FOZEA RIS, FAEMIART X KED.

" tﬁiﬁ:ggéz, RS Koenig lookup (AT MAHIFFFAE RSl Koenig lookup FAT A IE A& G N AEFZ R U )
_—I;ﬁ Yo
CRT “RPA Zm? 7 XA T AR R AL class Z TSR LU AR RY 53 BRI 5 (1 ORI DG 2D
“HRERS” HIRBRA 258
FRARFE 11 U 50 B kg b3 FAE J 53 PR BGER AE class W R “ A4 7, AH e FF38 10 i b AR Bl B2 A P45 1 . 3
B R A B 2] class BRI E0T M BLPR , 10 E Rl 02 ek AT 70 e AT 14 B B R AT A 1S 2 AH R AR o (7]
g,E%%ﬁ%(@EMWMIWMWFhCﬁ%§%%$%Wﬁ@ﬁ5Ch%Z@ﬁ%%mﬁ@ﬁEﬁ%%ﬁ%
//*%%% NOT the Myers Example
namespace A {
class X { };
void f( X );
}
class B {
// class, not namespace
void £( A::X );
void g( A::X parm ) {
f(parm); // OK: B::f,
// not ambiguous
}

b
A TIAETHR 2 class B MAE namespace B, FrLLXBCAH =X MHPedsdks] Dl ¢ 18 sy, &
AL H R H] Koenig lookup KRIHZR H i A%
FrLh, AEPRAS 2 ZE 0] E — — Ul [l AR AN A4 BRI 2 R — — BSR4 1 ), 44— eRBoe— > class
IR Iy, 8 A BRI class Z a4 L AR Rl B2 pR B s R R BER 2R .
—A> class KT A2
“class HAETA” FEASE AR @ o AMRIENE 8, RO, SR IER R, JATHA
AEME LS HT class MBS R o
M TUEIX— 5, B FREAMPAAH KRB W BASLI—A class [] operator<<? M EET7%, (HHA
ﬁmﬁoﬁﬁﬁﬁ%ﬁ,%Eﬁm%EMﬁMREﬁT%DEML,EEE%%MW%N%&TEE%%%EMO
EE'—‘ [l:
//*%%% Example 5 (a) —— nonvirtual streaming
class X {
/*...ostream is never mentioned here...%*/
b

ostream& operator<<( ostream& o, const X& x ) {
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/% code to output an X to a stream ¥/

return o;
}
IR A
//#k% Example 5 (b) —— virtual streaming
class X { /*...%/
public:

virtual ostream& print( ostream& o ) {
/% code to output an X to a stream */
return o;

}

'

ostream& operator<<( ostream& o, const X& x ) {
return x.print();

}

TRBEPIFIEHL T, class FTpR ECAR HH ILAEAR [R) (1) Sk SCAERN /sl 42 25 (Rl R o ARIERIR-— A2 s et t4? ik,
CH T IRFE T 3 X P 5 o B 7 X ek I -

® EFE (a) NUFALE X B EARAIMHIE . N X A A R “$E 7 T “W (ostream)”, X CHRAZHK) A

BT EFE (a) IR S T —ANEAH 1 i o8 B0 FH I T8

®  IEFE(b) MUFAbE T X MIRAEZRARGE LM print, RMEL45 operator<<[fJ &> X&.

EADHEE R B R, FRATRE A4 — — %5 () INIFE AR S, RN

® RN, HE operator<< “PR&7 T X (WAMEIL NELZ W) HHS X “FHRAL” (PIRMEHLT

FRAEWIE), et X FEE AR )

® FMELL T, operator<<#f “#&MK” T, JTLL operator<HHiii.

® [N LLT operator<<H#Pik X (B A AR 4y AR T3, Frik, PIFE oL T X AR -

FIrLL, BATZRAN A BIIEFE (a) B B BUF AR A SRAALAE — — WFRE AL X #AO8 T9 ! idl GEs i)
operator<{<fl X HILLEARFI X. h o, PIRREHOLCT X PISEHAAFER T X BRI B sg o, I 2/ b s
JRETHT 1) HY B DL SE e 156 o

Bl 55— KIF AL Z I B K, 6+ (a) 5t F8) T B 1 BRI TR L AL T o AN B T8 U s, 3AT)
S W2 Sy AR X AR WL B AT RO g (LA RS IR .

&k : XA B D e R AR A AR R S OUHEAE A BT PRI D, T 1E & 422 11 U P 2 e G 14
—EHER (RE2RER) FNER

TWHE, W AR B #RJE clss, JEH £(A B) & —HH KA

® IR ALf AL, WA £ e A AL, H A KA B,

® U BL f AL, A & B MALEGH Yy, I H B A.

® U AL B, [ ECERIWIHLALR, B4 £ RIS A R B B4 eEB sy, 3 H A 5 B RIEI R, X HAMRAN

IR — — R — AN EREE T T A class K RIBWE N —F ERE, A XN AR A B 2 Ay 2520
[F2PAE . A, B XX AME IS T — AN I IE I o

B, BB T —DEIRAEBRERA. 5, W98 AR BAE class, JFH A::g(B) & A F— N b s

® AN A::gB) MAELE, RIHE, A B B, BAE L,

® UL A KN B[RRI, A Ai:g(B) S B MR RIS HE . T, KA A: g (B) [RIIFWEL “FE

B Al B “[A AL, MRIsF O EN (RUpELEs): A :g(B) s& B BI4LB5r, M XA A::g(B)fHH
T (BEHD A5, Frll B Ao R4 A BAKH B, IXEMRAE A FII B EIAKHS .

B, eEEKIUE B class MR ERECA E AW E T A class BIALEGT ST ES, (HIX HAE A il
B2 R R AL A B . FRAR—F: Wil A R0 B2 R (st g ut, fER—3k 3, JEH A E—AN R R
Bhe LT B, “HR” WEVFRATA R B BNUEIE M . EAT A S AR S I, e AT R AR AR T AR A
Pt () eMIRA%FEPAE A,  (b) Hil— M5 5 —A.

Hﬁﬂé;%%ﬂﬁ%uqégﬁtElﬁﬁ, BT “HES” ARMEFSCYIER A 5 B [ IR . IIAE, X MIGEOE T DL EE 1 )
VRHEFUERT T .
HE: 5 class A, namespace ATFE—IRHIBHSEEE, XA “[FAIHARAL” BT namespace 41 AI WLH53
//#*k% Example 6 (a)
//——file a.h—-
namespace N { class B; } // forward decl
namespace N { class A; } // forward decl
class N::A { public: void g¢B); };
//—file b.h—
namespace N { class B { /*...%/ }; }
%&%%mﬁﬁﬁTam,?%,AﬁB%ﬁ%%ﬁ%#%ﬁ%W%%oB%%F@ﬁTbh,?%AﬁBK%W%
B
FA B R] 3 MR
® R XIT class X, FraE MR, B BEE, HEFRMNHL (@) “4E” X, (b) 5 X “[FRiaL”,
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WA EHE X RIZRA IRy, e X % — 50
° JH:, J5 BRI B A B — A class HIZARZL R o AN Al 57 o 5 EE AL ol 04 bR B B iR ) SR IR R
o (EBELIEMT, “TRIPIBR AL AT AR “ I BLAEAR RSk SO/ sl 44 22 )b 7o Ui R e s
class HBEMIFIAISL SO, AERIE AT, EIEIE class MILLAER o A b Kty S BLAEAT ) 1)
A, AR GSI IR FIE RIS, gt class 4R

LB £ — NG, TR IR

2. BATEAR S G M R IE - PR e dy 24 2B R 2 IR R, BB T #0 5N SEFR A1 Koenig
lLookup AT K231

V3. A A RE R O3 eR B ] I ARARLE , E S AL n] AR R E AT LRIV R TR A, i, MIRE R “atb”
W, PRA LU a. operator+ (b) 7] LLZ operator+(a, b), iXHL¥RT a f1 b 2874,

4. VL Andrew Koenig iy & 10, IR Bl FAth B i) T XA & X, A2 AT&T s C++ team Al C++ standards committee
K4 5. 2L A. Koenig 1 B. Moo 5 {Ruminations on C++)» (Addison—Wesley, 1997).

M 5. A E ey, (HA U IX A

VE 6. AR AR5 e, sidie iy,

7B RON, HOCHOCREL class HHE G M CH S R BG4 — i JEXH “RIEAZ5m” X4,

7 8. Nathan /& C++ standards committee K HI<: 5, JFH EbrHET R locale facility HIFZEAEH .

9. IXAME 5] T BRAE November 1997 FA Morristown <3 b, Bt IR 1l bl o8 RAMK IS R . Myers
?X;I_(nlﬂ)le E/E%fz%\ﬁﬁﬁﬁ: i 2 B ARG AT ARSI AIE I, AR EAIERR = M O 28858 IS i e
AR T AR

9. WHEEM (Memory Management)

442k 35: GotWH9 WIEEH (Memory Management) (—)

MEEE: 3/ 10
| ORGAN R CH LA 1 B A IR ARSI 58K 10 K2 AR AR e SRR I, VR AN RS 4245 BRI D |
(A ]

CHATH LA N AR, FHERAAAERN S e e R (PE . AN DX A L& 1 1 A
T S TTREZ I NAE X IR A FR,  FFo BT R — AN DS P BERR AR, IR A7 it 0 b iR oeE S 1) AR A7 e
254 HEFRIX (stack) 77Mif H3hAE & (automatic variables), ALFG P SRBFIZENT % 45,

(]
THREEH T CHEEF TR N X, FE, L2 (L heap) FIRES CHARUE IVEA—FF.
® [WiEEIE (const data) [X: |

R DX A A R A5 S PR () R R A8 TR o 2 BN BRAE A T 1A DA o ZEFR e (R A A A
D3l (1 K A1 R ) I o

DSk A BT RO B A2 LB, AT AT i BB SO DX (47 D 8 e it R TIORHI J R Z BTEA st 2
DU AESE BRI SEIL v, BT B i) (K 3 A A fi s st B2 1) 3 P se LR s (AL AR s 5. Bl —Fhgieas e 4
A DUE 75 B A AR ) LA B O S L i —— R S B 1

® [k (stack) X: ]

X f7fi A 828 & (automatic variables). —MCKUL, X BLEAE LA EMEIX (e (heap) 5k
FHHEAEX (free store)) RAFZ, XZF AR B LB — AN FREFEENY, 13186 X B & 2|
BRI TN . BRI, WA — BRI, MG aiar BN i& ar 17 % — B, o le i W AE a7 Bk
Welml (B XHEAEFEH T “XLlE (deallocate)” —ii], @b A—FEBHEE N “HI”). Hik, EFXH, BPREAE
IPEH YN B FAH IR % B #E W) aa A A 25 fa) (4R, ARl i 5K Cexplicit) My pki%l
(destructor) Fl new 1&FFF 1M MU X A MU A EAEN D .

® [HMfEIX (free store): |
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HHEAFEX (free store) & CHMNBIANAXEZ —, {#H new fil delete KT LI ELAIFN (freed). 1F
HHAEfEX (free store) 1, XSH AL A CLELAF BUE A X I A A B A IXae Ui, AT LIRS
— WA A D EX I TR [FIN, EXREEES G, WARHS BRI A . X
ST L ) A DX AR [P ik B s Tl py - FRATT AT Bl voi 2R (Rt 15 )3 i X3, (2 L s an vt 5 ) e
PRS0 DL S R o e CRIAETRAT T 0 T AT R -l ) #BASREHE U7 in) 555 4

® [H#E (heap) X: |

HE (heap) XJ&5 s SEMEXEL, £/ malloc. free PLL S8R KA T /0 OBl . B3, AR
TERF € 2 PR v BL R AE TR 4 RIS 54 new Al delete BIF& %M malloc Ml free M7 KM SN, (H2HE (heap) 5
HHAAHIX (free store) AN ——7E R AN DI 853 BE ) I AE AN AT REAE Iy — AN X 4 22 4 ) el . M
(heap) " BE N AF— B TAEEATH new A& REP AR Cexplicit) MIATHIIEREE S BRI S o
HerP TR AR IS B AAEIX (free store) HHIZEAL,

® [&f5/HA&K (Global/Static): ]

4 Jo ) R AR A AN B B o P K A A7 DOAERE I R 8l (startup) AU A 20 BE, 1o B AT e ELRIRE 140
PATIINHEA AT ah 0. b, pRECH AR AR R AU AR 20— IR AT B S35 (ARSI A T aa AL K.
HRLEES L 7 BP0 (translation unit) R4 AR EHEATWIAR AL ERAT AONRU o VAT 4 A A s SCIKD, - DRI i 2531
TR NG (ORFETHERNS) ZHIKBOCR. &fa, MR-, 2R/#EX (Global/Static)
H B AT IS GAFA X ST LI voi dsoR s R AR, (HUZ R SRR SR E R EAF 2 4h, ARSRaS
ol D3 A 53 R RO IO B 5 T

[T “HE (heap) vs. HHFMEX (free store)” J: ARLEHTIRATEHE Cheap) FIEHBAMEX (free store) X
FIFH, RERITE CHERMER ST, ST IX AP X 2 A A e R 1Y ) @ — AR R %A T LA i . Lh a4 m
ARl IS delete IS HATHAT I, 18. 4. 1. 1 Fhjdia:

It is unspecified under what conditions part or all of such reclaimed storage is allocated by a subsequent
call to operator new or any of calloc, malloc, or realloc, declared in <cstdlib>.
[ TFAEAE LT, Xl N AE DX IR 58 408X 430 4 2 T8 1 5 22105 new (B JEfE<cstdlib> LAY calloc,
malloc, realloc "IAEAT—AN) MU KRB EE 8, ZESCAMETEAI A E, A TTHEd. ]

[FFE, 78— MEFEEMREIHT, 2K new Ml delete £F% M malloc fl free SKSZILN), BEE itk malloc il free
JEFE M new Al delete RSCILM, XAEAE . BB, XA PN LEX S 1E 7 XA—FE, Uiy XA —FF
— T LA, MR A RPN AR PR A T !

43K 36: GotW#10 WHFEEF (Memory Management) ()

MERE: 6/ 10

CIRAEZ RS TS B B CURp € I A B 0 7 FEalG AR gt CH+ 4 R AEAT new Al delete? 2
I T A ) P D

[ ]

N ARE S BN, XA R EAT B AR WNAAE T . TERATREMIER S AR DRI R,
F A1 HLRE P 1 B
// A4 B I delete iI&F 25 —ANSH0?
[/ HAFA D ) delete ZIVEH S —ASH?
//
class B {
public:
virtual "BQ) ;
void operator delete ( void*, size t ) throw();
void operator delete[]( void*, size t ) throw();
void f( void*, size t ) throw();
b
class D : public B {
public:
void operator delete ( void* ) throw();
void operator delete[]( void* ) throw();
b
void ()
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/) FHAAER)H, BB delete A T2 MfHA?
/) WHNMZSER A2

//

D* pdl = new D;

delete pdl;

B* pbl = new D;

delete pbl;

D% pd2 = new D[10];

delete[] pd2;

B% pb2 = new D[10];

delete[] pb2;

[/ NP A A A ?

//

B b;

typedef void (B::*PMF) (void¥, size t);
PMF pl = &B::f;

PMF p2 = &B::operator delete;

}
class X {
public:
void* operator new( size t s, int )
throw( bad_alloc ) {
return ::operator new( s );
}
I
class SharedMemory {
public:
static void* Allocate( size t s ) {
return OsSpecificSharedMemAllocation( s );
}
static void Deallocate( void* p, int i ) {
OsSpecificSharedMemDeallocation( p, i );
}
I
class Y {
public:
void* operator new( size t s,
SharedMemory& m ) throw( bad alloc ) {
return m. Allocate( s );
}
void operator delete( void* p,
SharedMemory& m,
int i ) throw() {
m. Deallocate( p, 1 );
}
I

void operator delete( void* p ) throw() {
SharedMemory: :Deallocate( p );
}

void operator delete( void* p,
std: :nothrow t& ) throw() {
SharedMemory: :Deallocate( p );

}
(%]

// M4 B delete i 5B AN 412
/] N4 DI delete HIBEH 5 A5 50?
//
class B {
public:

virtual "BQ);



void operator delete ( void*, size t ) throw();
void operator deletel[]( void¥, size t ) throw();
void f( void¥, size t ) throw();

I
class D : public B {
public:
void operator delete ( void* ) throw();
void operator delete[]( void* ) throw();
} .

BNAEE % XA TN AN (preference). PIAPEREIER MR (B EEAEXHEM T “deallocation
(RS 7], m— R EREE N Bl 7 B, AN placement deletes(iFW:: 5T placement delete fl placement
new, AJLLHYEE Stanley Lippman ) {Inside The C++ Object Model GREHRZR C+XIHARAD)Y —PHHHH 6.2 F5:
Placement Operator New [FJiEE).

AN, XA T delete Al deletel[], HIVAFEALANT NI new Al new([ ], IXZIEHERMT. RAT LA
ML YN ERIRAERIEUE TS A A new I new [ &k A4
void ()

{
[/ RHESAEA T, BIRWEA delete LM T2 A7
[/ NS EEA A

//
D* pdl = new D;
delete pdl;

XHEIMT D::operator delete (void*) .

B* pbl = new D;
delete pbl;
IXE M D: :operator delete(void*) . Kk B HIM#pR%L (destructor) #¢A B virtual, BTLL D HIATHYER
0 (destructor) HEFTMARSHEH A, HIENXWEKE, BIMi B::operator delete O AFEHHEY virtual
D::operator delete () W&o Ki#k i .

D% pd2 = new D[10];
delete[] pd2;
XH D::operator deletel[] (void=) #¢IHH .
B* pb2 = new D[10];
delete[] pb2;

X AT R IEA AT . CHE = ER, fLihsy delete HIFREF 2 AR 5 H 2 SRR —FE, L TXA
MR 2R e, nJLASE Scott Meyers £F {Effective C++) 8% (More Effective C++) HH K “Never Treat
ArraysP olymorphically” (&5 (FE: XEIFMINIZE (More Effective CHp IR 3: 4NALLIZE
J7 A FEE LD .

[/ R TRPANRE TR A ik ?

//
B b;
typedef void (B::*PMF) (void*, size t);
PMF pl = &B::f;
PMF p2 = &B::operator delete;
}
AR E R B, HR S AN RAEVEN, Bh “void operator

delete (voidk, size_t) throw() ” JFANE B MO R, BIEE 4S8 EIAEILE ERREBR. KB — M
FSEERE, B new Ml delete BERfAN, BIEEAIAPRAIIANN statico L EMNTAEYIN static R MREF
(K125, AT AR BT A T AR AR R ST B IR IR ENZ - s

class X {
public:

void* operator new( size t s, int )

throw( bad_alloc ) {
return ::operator new( s );

}
b
R WNAE, OB AN placement delete f7-7E. NI AR & —FF:
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class SharedMemory {
public:
static voidk Allocate( size t s ) {
return OsSpecificSharedMemAllocation( s );
}

static void Deallocate( void* p, int i ) {
OsSpecificSharedMemDeallocation( p, i );
}
b

class Y {
public:
void* operator new( size t s,
SharedMemory& m ) throw( bad alloc ) {
return m. Allocate( s );

}

ﬁ%&#i%ﬁﬁﬁ UM BEA XTI delete. UIHAE XA MG EL S FL 1K N A7 B TBCE 0 S IR g I AR e T
S, WAFERA S BOE R R .

SharedMemory shared;

new (shared) T; // if T::T() throws, memory is leaked

(EIXHL, WARR T 2 mmbs, BOSRPRAARAEIER Y operator delete. XA, HREHIRAEZEM
operator delete (ERHEIANJRIN delete) B A FXAMIWEAE (XL T HE 2RI, BRAEVRE Hcfs 4
R R T R delete XS B BRI ).

void operator delete( void* p,
SharedMemory& m,
int i ) throw() {

m. Deallocate( p, i );

b
X B XA delete AL, BB MNASHE .

void operator delete( void* p ) throw() {
SharedMemory: :Deallocate( p );
}

X AN R, R ek N B IS £ gk B4 ) - operator new 43T HE SR IO AE S I AN G2 B
SharedMemory: :Allocate O) 73 ECHINAE . RT1Z KBRSk — N IE ) core dump. H DEEE'

void operator delete( void* p,
std: :nothrow t& ) throw() {
SharedMemory: :Deallocate( p );

}

ﬁ%&ﬂiﬁﬁé’ /\EEjj%%ﬁ EE‘AE/J delete /\Z‘%E “neW(HOthrOW)T” %Wﬂ’]ﬂj"ffj %Bziﬂﬂq .jj T E/J*/ji_
PR%L (constructor) 'ﬁ%*ﬁ%ﬁ% & 0F, AR A IR 3 SharedMemory: :Allocate ) M EHI A AE. iX
FLE SOAR SCB R !

bf, GRARIEIE T LRI R, ISR E A A O A B K e GE B T .

42K 37: GotW#25 auto_ptr

Mg 8/10
ie]
ISP : LU, PR, PSR AVER, B ARLm ?
auto_ptr<T> source() { return new T(1); }
void sink( auto ptr<T> pt ) { }
void £() {
auto_ptr<T> a( source() );
sink ( source() );
sink ( auto _ptr<T>( new T(1) ) );
vector< auto_ptr<T> > v;
v. push_back( new T(3) );
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.push_back( new T(4) );

.push_back ( new T(1) );

.push_back( a );

.push_back( new T(2) );
sort( v.begin(), v.end() );
cout << a—>Value();

}

class C {

public: /% %/

protected: /*...%/

private:

auto_ptr<CImpl> pimpl_;
%?;s}y
ZIE NI e U, APL R Ay, PSR ATER,  REEEAELM?

FRAESEHT: X [GX G GotW KA MIB—), 7 W621/J16 T Morristown NJ USA U<l b, C++if 5 A AL
FRER . RATIFAE PRSI E (Nice, March 1998) '& 215 il Il —A> 10 1E R bsvE.

7E Jersey M L, auto_ptr $REAL LA AE 23 A I EER . XL T B &R ) auto_ptr, UL TG
%Dﬁb;fgi@%ﬂ%ﬂﬁ%%?ﬁfﬁéé%ﬂ1@5%fﬁ, DL ERE R A M e

L
L X auto_ptr BIEVEAEH TAEMSRILAET—FF, BR TORAREAEH (SRR 5IH)D 4 auto_ptr.
2. %F auto_ptr [FFERE M A ARV .

. JEG Bill Gibbons. Greg Colvin. Steve Rumsby FIEABNECMEDEL auto ptr BIA TG . TLEHZ Greg £4F
%%EM%wij&ﬁ%%%@ﬁi%ﬂ%ﬂ%ﬁﬁ%%ﬂﬁgiy#@@%ﬁ@ﬁﬁﬁiﬁmﬁéc
auto_ptr WIEAIZIHLZ A1 T A ARS T2 4

void f() {

T pt( new T );
/*...more code. .. %/
delete pt;

}

W £ O NEHPAT delete 1R (KA FH return B0E 7 REAR N TIE T 555, 3D RI6TS08 %
B delete, — AT A7

ﬁﬁiﬁfﬁ?;E?‘*ﬁ\ﬁﬁfﬁj?%gf%fﬁ‘*4\ CRIG” PIRIRE R G ARXATRE, AT B S ER IC R

void f

auto ptr<T> pt( new T );
/*...more code. .. %/
} // cool: pt’s dtor is called as it goes out of
// scope, and the allocated object is deleted

WAE, XA AR T X%, ToiR & BREUE W 45 a8 SR 55, A pt BIHTHY R R AE IR AR I RE Hh
W R, auto_ptr WA H Sk 2 e A FREN (G R RTZeW-— AN EEM T REERXRIEL, BT GotW
#62 F1 {Exceptional C++)J:

// file c.h

class C {

public:

CO;
/*. .. %/
private:
auto_ptr<CImpl> pimpl_;

b

// file c.cpp

C::CO : pimpl ( new CImpl ) {}
ﬁ$%§’ﬁmﬁﬁ$ﬁ%gW@MMLﬁﬁ:ﬁﬁwijﬁﬁﬁﬁﬂﬁcﬁ“%ﬁ%ﬁﬁﬁﬁﬁ%ﬁﬁ%?c
BN

Xt e A S, HETIEEL. 3T Greg Colvin ) TAEFZL:, AMTFERWIRE X T auto_ptr )4 UL
PREL, AR BRI T (E S EEE IR IPME) B A H .

XA ES F (Dec 1996) i) auto_ptr WISERR TAE 3, auto_ptr FJFE UAT Ak I A AUNIEFEAC 2 H
bro ¥V, WA H auto_ptr “HH7 XARE HAEE Y IRHEMER S, I auto_ptr JPREAFRIFEIXTS
HIEA “HH7 BT REAMRE GEUSAE ZRMER R D . FRA5ER AT LAE A X AN FRE [H s e oA e
1) atuo_ptr X%,

i n

void £() {

< < < <
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auto ptr<T> ptl( new T );
auto_ptr<T> pt2;
pt2 = ptl; // now pt2 owns the pointer, and
// ptl does not
pt1->DoSomething () ; // ok (before last week)
pt2->DoSomething () ; // ok
} // as we go out of scope, pt2’ s dtor deletes the
// pointer, but ptl’s does nothing
ERATE L A0S GF D
auto_ptr<T> source() { return new T(1); }
void sink( auto ptr<T> pt ) { }

g
\ Before NJ  After NJ
| Legal? Yes Yes
| Safe? Yes Yes

X IESEAE Taligent AMITFT R
® source() L T — /NN G I H— AN e L AR T E RIS, L E RIS TIRE AR BT
S F 2N TIRIFEUE CY3R, IRMAE ZBEIR BME AR, XFIE? D, 2HCHIX S AR 8 22 4 IR .
72;)1 GOtWé#lejg AR T 4K e ANEE P I, BB auto_ptr A B MR FIAE IN A& ME— 11k A%
L S o e s R
® sink )% AMEALEEN auto_ptr, FFEFEMAR . 21 sink O g5, MERSMERPIT (K sink O %
ﬁﬂ%ﬁfﬁﬁ%ﬁéﬁ%ﬂ/\)c R4 sink O BB pREUR A T 3, A “sink(a);” MM TE5 R
“a.release();”s
TSR T source ) il sink O BIAT 4 :
void () {
auto_ptr<T> a( source() );

g

\ Before NJ  After NJ
| Legal? Yes Yes

| Safe? Yes Yes

BeAk, £OH% T M source O R [BIFREFRIFTAERL T C2NE £ O IS TR — L8R D 75 B 32 a kb
EAFE N BB . ARG, JFR7R T auto_ptr MIE AL AT AT AR

sink ( source() );

g

\ Before NJ  After NJ
| Legal? Yes Yes

| Safe? Yes Yes

i 773X )L source () Fl sink O Be SGk T8 Cbbln, 7)), XHA R TIER “delete new T(1) ;7. Jir
PL, EEAEHE? i, i source AEANIEEMIT RGN sink O 2N AESMTH AR, A, 21, EHRK
HI R ISR A A HH B AE B St SR e

sink ( auto _ptr<T>( new T(1) ) );

g

\ Before NJ  After NJ
| Legal? Yes Yes

| Safe? Yes Yes

PR, —ARIER) “delete new T(1) 7, JFH sink O @ANEZ I R BOT A T Irde s G i A ALUs
e MI SIS,
ANEEMEI R, AR AREEM

M, ” YRUEIE, “XNIFT, ISR auto_ptr MIF5 DURAMFS.” JEf), HERMERIRAE R A S 1
IEFENIKIR KA, XAk A A A SO 5 2 W) auto_ptr (B MIRD . X BT AMRA 8, R SR

H kK
X} auto_ptr, ¥ IUARRXER .
IR TR auto_ptr B EZ N 2] F145 VU AAHSER . il
vector< auto_ptr<T> > v;

g

\ Before NJ  After NJ
| Legal? Yes No

| Safe? No No

RO, BRERSBIENF L . sz, Mg a2 B8 warning, K auto_ptr X
AR WRA LA M RO BRATBCA ML E S ARA: #1 auto_ptr RIEERAFTFH (638 TIraR, FFods
T AT BIPRZED o 928 b, SEERBTRI L K7 G B8 A0S 13X MU, JEELR A0 7 IR EAT TR SR
R, Bk ERAZ AR OF B, SHEREAGTIERD.
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H) U auto_ptr ANl AR TN R8s 0 G AESR T [REK, R4 auto_ptr BI85 DIIFAAHSE . B 58, JFEAH Ui vector
MU TR IR Gt —A “HAN” 145 DL 248K, TR vector NEMEXANEE DL (R EAEWBIR, JFH
AR, I HIE TS, S2i AR — AN BRI, HIXIEA—E ik, ARG E .

ke, ROATFUG R AR

v. push_back( new T(3) );
v.push back( new T(4) ):
v. push_back( new T(1) );
v. push_back( a );
fi—h): FEFE I a Bl vector BKE &’ MEMNESA IR . &)L HE D
v. push_back( new T(2) ):
sort( v.begin(), v.end() );

g

\ Before NJ  After NJ
| Legal? Yes No

| Safe? No No

IXSEAE A, IR R S B RAG S Sy A AR L% 2 W1 auto_ptr BB BER ¥ No B EZ R A,
MR PR DGRV L Can sort O) B, IXE R EUL AU 585 VURAHSERT . B, sort AR/ DB —
AN CCMETT JCENEE DL, AR AR E R TAE T auto_ptr I, ELOAIAE /N4 T auto_ptr XTHAEE DL (R
BT EWITEROGEAE—MEE auto_ptr XFZ ), FH4RE52a Fr TAE (G345 2 M ILEAS B BT A AL
1) auto_ptr XJ G5 ULUAE N S5 {E), MHET5C T, I S a8, T2 mEisk 7 pyh 20—/ auto_ptr

CVE N M ATE R VLIS ARIE B AEMFRE M IraAL S8br L, XANFRETCEH delete 1!

T 2 P auto_ptr P ) RS B ERCA AR — — % warning, fHA#BA — — LUNAT X ACIS . &
AER auto_ptr B AN A 59 (1985 DIVE SCEE Ad A e fa B IR AR Jovkdm 12e, DUE Sm e 2 B BH 1L AR fE 8 1
FH WA E—A auto_ptr [ vector BLR K EHHTHEF .

A HHA AN auto_ptr
// (after having copied a to another auto ptr)
cout << a—>Value();

}
g
\ Before NJ  After NJ
| Legal? Yes No
| Safe? (Yes) No

(BAMEVE a BT, BHIHLIBE A B vector B sort JHER.) EHE 2 K, BIRIEW, K EARATH
ng%,wmjwm%%ﬁ*%%m:Rxﬁxﬁﬁaﬁﬁiﬁﬁﬁﬁﬁﬁﬁﬁ%bw,ﬁﬁﬁﬂﬁﬁxﬁﬁﬁ
YULR
SR, IAE, ¥ U1/~ auto_ptr MEALIBFTA R, I HICKJE auto_ptr & NULL. IX4EHBH 1L T AR A %
HIARE) auto_ptr MUTAIFHEE . MIEHELRN, XFEMOEAEER, g R L (FERH D RS Rl 2 Wi
dump. )
AT 5 2
void f() {
auto ptr<T> ptl( new T );
auto_ptr<T> pt2( ptl );
pt1->Value() ; // using a non-owning auto_ptr..
// this used to be legal, but is
// now an error
pt2—>Value(); // ok
}
IXIEXT auto_ptr B WL P B ERRA
HEEIRET LA
class C {
public: /% %/
protected: /*...%/
private:
auto_ptr<CImpl> pimpl_;

}s
Kgﬁ:%?ié%-¢§%ﬂ%&ﬁﬁ$&%&,EE$MW#&ﬁ«hwmmM1GWﬂ
LHe
\ Before NJ  After NJ
| Legal? Yes Yes
| Safe? Yes Yes
auto_ptr LLATSE, IR EXFRET R A B2 . B TAEBAEE S AT T GAAR “B 57 —Bop#bER
B, FOEHANTEEAE C MR pR B A AT B LA BRI 3 T AN 7 B AE pR A &5 ORI A 737 E A TR RR T
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X UAA — ANV, U8Rt [RARAT AR A FH A l FR Rl 03—, AR 20 AL BE 45 DUAA I bR AIORGAE pR 50 (IR
P2 H B AT FAR AN E SCEATI TR EE I EATD, P BRARRA AT A 28R 1 o
BJGHI#E: “cont auto_ptr” HIJRAE
MAEBATREAN—AN R Z IR, R I — N8 7 e e i ib 2 A1, KB 5 1 auto_ptr 4545 UL const
auto_ptr JEvk. #iln:
const auto ptr<T> ptl( new T );
// making ptl const guarantees that ptl can
// never be copied to another auto ptr, and
// so is guaranteed to never lose ownership
auto _ptr<T> pt2( ptl ); // illegal
auto_ptr<T> pt3;
pt3 = ptl; // illegal
XA “const auto_ptr” [ LR GO BT 2 —, TIRAEAR AT AR EIE & T .

FAS BAREXOX I E T, DAERES CH+hrvfEf) IS0 A [(November 1997 ).

E{L FERAIRIRE A, S T A T3] auto_ptr<T>HIFHR %, FOYMIEREUL “explicit” M. Ja ML
MEIE 171X

10. FABE. BIRHHEMR HE: (Traps, Pitfalls, and Anti-Idioms)

43K 38: GotWH1l XZR %R WM (Object Identity)

MERE: 5/ 10
| CRRBURAEUE? 7 IXA 1) FZ £ W s MR 75 BRI 1) [ — A% 5B 1 8D
[ 1a) ]

MERER] “this !=&other” & PBHIEEHMR{E (self-assingment) W% Wmid Tk, M4, HERPEIXAS “Bi
1EARME (self-assingment)” HE, A KIEMES 2 LB/ IS HINe? A ? 8 M aA? mREE
ST ER, RN A3 TE R ? 11 BE X 4> “protecting against Murphy vs. protecting against Machiavelli”,

Gk PR ILARSHK )
T& T::operator=( const T& other ) {
if ( this != &other ) { // the test in question
/] ...
}

return *this;
}
(2]

—/MERE RS NER KR, CHARDERBAET M. ESCEYH, & TAEA U EEA ] fELE C++
PRy R B
® L. FH-%4 (Murphy)

W operator=() /&7 % 4H) (exception—safe), HSAPRIFATT LM A HIME (self-assignment). iXH
HWANCE LA RIRZE: a) GRS T BIR{E (self-assignment) Fr&ri)uG, HSmk vl LLUEA T A4 AT
AIEEIREERLE: b)) WHEAREH B T 72420 (exception—safe), AR HAESACBHIK T 0 FR (X
W Z U “paranoia has a price principle”, ERI “fmPIE A B ACHT I 7D o
o AEWAMIB A ZELkK

LA NE 2 FER ARG AR RS IR B R A, (HEEER XA ) s 2 QR AT R BATAT
WA K 3] CHARUEEAELL R LU AN FRET O AR 1) 8
® i BHMNHE (Machiavelli)

BAR R TT RS IR EATT H A operator& (), {HZ B AT FK(E (self-assignment) KA HIR 1] HEAS
WR AT R RIS A, R — 258 AR F . ] “protecting against Machiavelli” Rl @ IX i &
KA, BATHAEHENS S operator= () I AW VF RREATE M SZILFZE A S W HFEL T operator& () .

FERE, MR E SR T:operator!=0, (HiX5 A 1] 8 JE K——"8& A 0 TATX B HAH

(self-assignment) ML, JEKDE: HT— M ERWEHEN 2 DHE—ANSEIETBIE “K (class)” K,
ﬁﬁff]ﬁﬂﬁ%éﬁ§*¢@ﬁﬁﬁ4 T+ SH ) T: :operator!=() .
5ic 1

R —ANITIEN “EIEARMS (code joke)”s fFAME IR, TEAREA —LIf IR R ICEE 28R T T A g

5 R A B XA AR
T::T( const T& other ) {
if( this !'= &other ) {
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/]
}

}
EARE? URAESE I B Bk g 2
(WQ ¥¥: 7E C++ Primer H2Z8id “class A a = a;” BT, B LT, BAT A LR, BrolE NWEREARN
DT D
Jaid 2
HARERR S, EF S-S50, XIS, R A R ZEO) O Bt fE % A2 1. b

James Kanze f8H, R LR R AT WA & X LR (Fab R WA NG k) J& CHRrUERA AR
SE: POV B A R -1 A7 A TS R N A7 DX Ik U Sk — s ek 7 2

® —fkiUl, BARMGEIC, <=, DHD=25NE (built-in) BEFIEE LS RESTREHBN T (thn, [/—A
BT PN TR S SR E) WA RAR e X, ABURIE 2 AN e IX 28128 H AT = R Er AT LR . bt
JE A P A IR AP BRI e, Hoo e s 1ess<O LR ILE PERR B 2045 H &6 5T IR T (ordering), LAEFS
TATATCAAEE, ETTUE, A key AFEEFZEANK) map, B map<Tk, U, less<T#>>. (P¥&d: ALK map & STL ()
B4y, A map B35 key Al value W93y, A IE T Etinclude <map>)

Cx PEVE: OCT Murphy F Machiavelli, fR4ESGAERYIFVRR (C++/00P KR Y HHEH]: “phIRA SRR 5,
[Sutter99] (B1¢{Exceptional C++)) i RAH [Meyers96] (Bl{More Effective C++))Fl [Meyers98] (Bl{Effective
C++2/e)) M, JE e TR 2 . iR, #2801+, Morphy law JEATEF, KEHEM? (3L
JEE . SHER, —E Sl ) Machiavelli MACER TATEREE? (BRABUARK, PLVEREL.)”

X H, KRR MPEH kingofark HEEWIMEMIUE kingofark [ OV 582 PR A A8 ] Murphy A
Machiavelli PR A &
Machiavelli: LhIEHE4ER], JEFi/R 1469-1527 i KRIBUABE K, MWEME B3k (1513 ) A T E &R e
(G836 5 AN A 2 T 2 R Rl S RAF IR ORFF LR ) s B EREIR A, SRR X% = JUB AR BUA K, %K)

n:
[ ]

4K 39: GotW#19 H3h##: (Automatic Conversions)

MR 4 /10

CON— TP 530 1) 5 — b 28 51 ) 1 S e A I S 2 T () o ASHY] GotW 3 e — A Y 9] 5~ d W Dy A1 4 18 Sl e ) e
WL IER )

(A &R
FrUER) string AN HEATIA] const chars T ASVERIIGE S . BNV IZA S ?
% % sk ok %
[(HR]:

& string fE K C X% IH) const chars BT U5 M), &0 2R A I SEFr b, string WliE — MU BREL c_str ()
LIRS MIE AT 55——1% PR EUR [F] const chark. R H A CAD AR H P 3 ) X 50 -

string s1("hello”), s2("world”);

stremp( sl, s2 ); // #1 (%)

stremp( sl.c_str(), s2.c_str() ) // #2 (ok)

R BEMEIRL AL T, R HUEEHRW, B stremp FTFERZWANFRER, M string A const charkZ
gﬂfﬂﬁﬁﬁ Hahfedie . #2 2 IERR, HERYE S AW e str O Mg K. AT #1 EEA LT
(2]

FRUERT string ANEA 1) const charsiH 4T A 2L GE ST . BN %A 12

AN, BHITAZ. EEadmE B3 LT Bt AN INE, A DU s 9 5L £ Ll single—argument
non-explicit constructor (HL5IEEAERAMIERED W5, [ 1]

PR e RN A, AW Z R A

a) U EEENT (overload resolution); JfH.
b) Bl CHRRT AR BN AN 1F g e e .

WRAFAE— M string B const char*[P) [ s, AKX FEHVERE S AEAT M G PEds A K 75 22 00 30 5 1 1
o IXATRERA, AR 1B B 5P S AF 1) e e ) it 5 RAERH non—explicit # b id el 5] BT 21 1) 1) @& —FF
Mo PRIG IR 2 1S WA L 2B SLbr EAS I AR, IX AR J5 ) [ NAZ 8RR, BEHIATRE T Rk
PRI T4 T A G PRl i I 58 B T 5 PO 58 A AN [R) R4 o

FARZIXFEMIE o & — A& i 1

string sl, s2, s3;

sl =s2 - s3; // BRWR, BRVFJACRARE"+7

At TR X, Nz 2adinm. /M, WERAFAEM string #| const charx[Ba e, LA IXBACIL T
SHmIEIEE, FOAHRIESSAE A string ¥4 const chark, SRJE X AN FRE it DAAH AT

B GotW 4miSbruE, 1ER/NG:
— BHEREEIIZES (Meyers96: 24-31: Murray93: 38, 41-43: Lakos96: 646-650)
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[ 1] X BRI O A2 B A 4 0 ) s LSOOG T [ A4 string class ANIZHEAT M const charx[f#%
e | XA R, A e 2R . X LE LN PRI BRI S
Koenig97: 290-292
Stroustrup94 (D&E): 83
(a3 5%]
Koenig97 Andrew Koenig
“Ruminations on C++”
Addison—Wesley, 1997
Lakos96 John Lakos
“Large—Scale C++ Software Design”
Addison—Wesley, 1996
Meyers96 Scott Meyers
"More Effective C++”
Addison—-Wesley, 1996
Murray93 Robert Murray.
”C++ Strategies and Tactics”
Addison—Wesley, 1993
Stroustrup94 Bjarne Stroustrup.
(or D&E) "The Design and Evolution of C++”
Addison—Wesley, 1994

43K 40: GotWH22 MR AR (Object Lifetimes) (—)

MERE: 5/ 10

CEIEA7, A RT v [VEE: BT LI % (RBHEAR) MBI ARG A SR A e ? X
A DR Ak AT Al e 2 AT

(A &R ]
‘ﬂ‘i&??ﬁ)ﬁﬁ?ﬁﬁzﬁio H2 AL ARHE AL 22 A1/ B AN 2 U AR (1) [ B A L AR
void f
T t();
T& rt = t;
// #1: At B rt e
t. " TO;
new (&t) T(2);
// #2: At B rt L
b/t BRI

(%]
K, #2 AR S 2 HAAVER (R % B AR AR 115D, {H.:
a) PR — AR, B AN A, i H.
b) RS — AR

Chtt 42 B2 24r (MRRFZRBXFMULHE) ?2 ]

CHARERL RN E ,, VXSS L. BT F A B35 (in—place destruction and reconstruction)
A vt EAGIHRR . YR, RAEELE t. "T() 5 placement new Z A t 8¢ rt, RNAEAREC I AN AR
AT X G o AT T soperator& O) B M ER, BIAA B R TR R 2 btk | DAY EF . D
BT LUt A X AR s, #2 e A, B fO/E N —ANMEIRTT S, nTREA R R LA
1 C(exception—safe) :

ChA 4 RBRARZER? ]

WERAET T (2) %, T Bk R A H I mTEE, A €O A S H 4. BB Wil T(2)
WS, AR 0 B ER N AE X I A S B I S s, TAE R EUCR R T: T O R Ew WA (A
Kt HBAEE [automatic variable]) , T HIFEWARIE R TE,  “t B REE” o XEIEDE, 7t
SWERIE— IR, HIBEES SR (SIERE) o X S ECE S AR TCE UL EITE R, Bl core dumps.

A AXRANR IR ? ]

Q15 2R i e AR ) R, AR AR AR RE I e 8 NS AP Re e 1R W TAE, X DR RE 7 B3 S s 0 4 )it
FES 82 G H HART S o KRR UE, 20 FE—A T, AN T Rl s S5 A S )it

FESEBRIACES R, PR (RME RS 55D JLPASHAEH, IF X P & 35 R S5 R 2
QR I A s B AR, A S il I E DU fak

void T::f( int i ) {

this—>"T();
new (this) T(@i);
}
AR X ARG T 2402 FeAR PR, A4, ZRE N .
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class U : /#...%/ public T { /* ... */ };
void O {
/*AAA%/ (1) ;
/*BBB*/& rt = t;
// #1: At B rt L
t. £(2);
[/ 82 ATH] B rt L
b/t BRI R
7%ﬁﬂﬁ” JRAAAR/” JE7 T, AR as2 AEEARR AR TAT, BIAE” /«BBBx/” AE” T” (7 /*BBBx/” TfgE T 1
I .
WR” /xAAAK/” SE7 U7 (B A" T7 ), IBATw” /*BBB*/” Eft4, Hea=lad& T . KR
FIT BE 145 ) s e 4 SRt e — AN eI core dump, DRI t. £ O BB “V1#E] (slices) ” T . IXHULH “4)
#” 2R t O HBET 5 — AR BN G5 e T JEUR IS IXRIE U B T T A Us B 2R
AT FREAERARND, JRTCIERNE [ 24950k U FAE B AE X 38m T X5z Bk ai LG, SLa/Eoh U 25k n]
2 ] o FSRIE AT MAAERNLE, (HRIEAZE R Hi - IXLEAIE— IR R AT ISR
AW GotW A5 17— S8R, R A ER) (in-place destruction and reconstruction) M4tk
) RN ) . X AR “GotW 45K 23: X EAF I (58 38843 7 A Mai#A,

%K 41: GotW #23 X ZMAFH (Object Lifetimes) (=)

MERE: 6/ 10
| GEESK 22, AWEAREIE MR F AT CHBTE——E 2% U fal AR )
[a) ]

PR R G WA T XA W RO
T& T::operator=( const T& other ) {
if( this != &other ) {
this—>"T();
new (this) T(other);
}
return *this;
}
1. ARG EA BT AR G7E B IR ? A8 IE LA i 1 gm b B .
2. RWHEE T T s b, XA A 2 SR R BAH fRe . WA A, BRI 0 Xz
fR] 3K B FIAR IR H Frle ?
(B, GotW 453k 22, LK October 1997 C++ Report.)
(R ]
PR R CHE WA T X ERE W )
T& T::operator=( const T& other ) {
if ( this != &other ) {
this—>"T();
new (this) T(other);
}
return *this;
}
[/NEET A 1]
EAMERVEE W R, HAE CrbruE R — M BB, [ 2ME B AEARIES, mH——
T AT E—R R R T E L. TEAEIXFEML
L. AR EE B AFERAVE B R ?
AL LIS DIRiE (copy construction) #AERSCHLFE VIAE (copy assignment) #4F. XBEIZ, %
g%ﬁ@[ﬁiﬁ [T (145 VIR 3 S5 48 DURRAE SEIL IR S AR R 34 1, DUBE SR DL A8 W AN s 5 AN B2 1 B R AR R 1)
XA EWI E AR Joie e, EAEgmEE R N, RUOMARAITE - BAES g 5K, 1 HY T #i0cE (f
an, gy T AN TR R AR ) I, RSB UARTHIREAE R T R — AN e sl R A
R BRI AE E s il b, A R e BB B, RO EAME R S 70008, B0 Bl 03 7E e a1
U S WERAE AR, TSR IR 50 D)2 0t AAS IEAf IR e A o Xl ke fif:, (HSEPs _EHIF 62 KR AL,
R A RE AU SR LSS AN AZ I S i A 1. [ 3] 546, BEAREBRISETS, I RRE 2SN T T4k
T ——IX RS . QEWIRANTELE A BIIEE) BATAREMEH XA, RS e KB ERKE,
B IE_ERARS BT I dmig EbE .
AR AL S — AN T DB IE B EE,  DUACE TN TGRS IE R BB
[HE#1: ERIBNNS]
WRT RN HE BN EE (virtual destructor) HIFESE, A7 this—> T ;7 X—AJmtHAT THRK
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PAE . WX ANIRAER S HAT XN TS, XA PATH S SORAE RIS I A T X5 848,
XA s B LT 15 7 R 16 5% i J5 ST AR B IX AR S s . (REZ 0T “PI%l (slicing)” 1))
W, B GotW 43k 22.)

FEA BRI, IXFRIRGURE & 40 5 IR AE SR M Gatd & AT B AN T HBSR A 1) ARG (st e — 2o R4
KIFELERPE, W RHAGA) . [FIAR-—F, JRAE AR S BT S I T 3R R e 2 5 1 :

Derived&

Derived: :operator=( const Derived& other ) {

Base: :operator=( other );
/) IRAESTYRAR B A AT
return *this;

}

XA A 22
class U : /% ... %/ T { /x ... %/ };
U& U::operator=( const U& other ) {
T::operator=( other );
/) IRAEXT U B A TIRAE. .. R RRERE
return *this; / /N I

}

IEWARTE BT 7R, X T: :operator= () BIYA - A ma ek 25 Br A ARRS CRLFS U 3% 53 A 484 DL AGR [R1iE))D
FEAE TR PE R RE . W U AT R R B A A R e R B e e DL O S S G BT DA itas AT ),
X BRI — N AER ) MR A s AT IR

H T BOEXA AR, AT this—>T::"TO ; MERFAR, KT PMRIE [T —MIRESS S, HAELPH T
subobject #{EFH# (HIAEFENIRAE NI G VI BT AR A T X5 o XA S AN b i1
FER s T — AN RIS RS, T AN T ZAMA S IR AR WS # CIL R TR AR .
2. RUHEIE T A SR, XPrE VS A ?

AN, AN4A, BFRE: WRANBEGEEAG VRS, YT A n) @UAS TGRS 2 Rk .
[HEH2: EARFERER]

‘new’ IEAPEEMEE T (145 DIMIIE KL . W S MR 3 R 20 o] AP S 1l (JLSVr 2 FE 3 e 4 KR IR
FR A Tk Pl S R R W BRI R, B A IR BRSO AS T e A, RN JLAE R R A e S S 2
[BY5% T A X S R o 55 e bk | s TE.

591%] (slicing) W-—FE, XA S 5 S TR B X AN S A 7= AR P g . SRR
S, XV REFEC [ RS R — /NS S ik | s D AR, DR A AR TG v S0 I 3 AN 5 5 I BT 40 66 2K
EHELWIEITIEE T« (B GotW 45k 22 W Z R T EENHAITIE.)

(i) ds3: e RERETF/EK]

XA VAR, RO B R (A 3 4 E L o 2w A Bt E S HUE S E 2 1) TAE . i R E M fE— i
HEAT R &8 T TAE & .

(i) dis4: EZ T IEH IR AEFR]

TXAMG F VAR R 5 ) T S L6 A0 T 10 B S AE A I 2 AR o R SRR B T T A A UL <A
AL B YEFREL (initialization is resource acquisition)” {5 AVERIZE,

W, # T EME R IREL T AN F8 (mutext lock) BEHIFE T HIREESH S5 (database transaction),
SNAENTRI R B LR BOX AN B 45 A B, IS R AEAT AW ? X ANBE B 545 A BOKE 25 LIS IE R 1) 7 s B IO AE
IR (44 rh 3 IR — X — Bk U SR PR 2 & - A (client code) FIXANEAL . BT T AT ML
PAAR, Wi T FYRARMARHE T T 15 B AE A VE SO, e A AR IR 1R 2 M X SR AR 2R

BHANEUL, “BREARIASRT—ANAER 1 R BRI AT RE) R B0 SR EORURE i L e S R A X AL T 17 IR
AR “ LN 2 PREAFIE RS 00 CE ARl H) HERANKFEAE ? 7 HARUL, IREH & TCIERBEIX A
THOLET, AR LA AL AL LE T A AAT 1 H A H 5 0 S A A D Ae #7362 .

TXAMG FVE AR A R 8UAE T E Bk T A & e R AT RV E I &5 S RIS B A BT R B4 43 T YRR RO 5 T X 5
AP AR NS R, X G005 43 A IR P AN I ISR BRSSOt Y o M) B A AT A A AN S FH SR 58 5 B A 1
1B CEFR BN LA S S S HME, AR 8 S EUR I S5 e L — AN E ok —FE . 1R aE iUl
IR, JLSXASHT I 2R 78 5 SRR R SRR A AN & — [l LD o
(R R#5: B AR AE 27 AL B R 2 m ]

7 this=>T::"TO ; "fE AR T MERL 2 )5, XABHEACE iR AT L1 T subobject.
VFZIRAEISARnT LLAn b i A, eI 3E2E subobject # e N, (HAGYE)RA:EEI ] HEAAT o

FEA BRI, A LEYRAE S SR PRE T LA, WERAEAS 0 o5 B s Ol R R IR LE YR A SR 3Lk
subobject AT H HES CRAANTT WL Ty U SR EE A — NG MRS AE A B 0, A X ESYRAE Rl fg T
oKW — HIREERAE TGS T “IEWEN” REIEFE I NAZ M #AE | 2 BaMEE, 1XAME
B At 2 IR HE K o
(i) @s6: EHH T AT REATEE L BHERAE]

WL SE BT this = &other” MR . CATRARXS B BE M 116, 5% BWRMAENTEE D

Hp ST XADNNRR ARG BRI G . CHARAELRAIE [ X8 1] [J]— AN B 2N EF I L 2 45
R AE “FHEE Cequal)” |, HEIFEAGRAE [ X485 AN [0 G 10 2 AR E 1 B2 45 R b 20 “ AN A (unequal )7 ],
W RIXFE A, AR B E S TCE R 5E k. (KT this = &other” PRI ZE, S UL GotW 453K 11.)
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WERAH NN RIXKE AR TS WESFH GotW 4K 11 P RITREIS A : Jra “ 07 K 2 AR (self-assignment)
188 DIRAE SR E A S R 22 4. [ 4] A E: 15 Exceptional C++ R DI BB . ]
FANER - LERERE N R AL AN/ BR AR SR VAR SE R Gl W i FUURR 18 S 45 11 155 T X B & AE S - )
LN IR S 2 D R, HEIH AT IR CE A RN 2 1N A R B AR )™ ) J T
[FRIRAETRATINE % 76 4 5V ]
WERHIEAZ AN, R 53 A% WHarak B AR ) H FRwe 2
FHTRl A5 03 BRI BRI DU (3% DURDIE FNEE DURED v B R IR U1 XA RATH SR E— Ny
G B R EPPERAVEARID o ANk n) @ R 5 R ORI AR e B T A R I R R A . sk E.
sz, WUHTERNOZ IS SO ARSI . $5 VIR &R N % LAES DURAE VR R ST, AN S ke sicit . 91l 4 -
T::T( const T& other ) {
/% T:: %/ operator=( other );
}
T& T::operator=( const T& other ) {
// B TAEEIX BT
/[ CRME ] ALE 5 e AR R g ik, (HERAE
// HRTUIOH e, ISR ISR AL = A A 24 R s

return *this;

}
XBACSINA U ARE R P A 23 4k, SIAEAEAEAT sV E R A AE R . [ 5] O TACRS I SEM,  IReliFid

B 'S — A WINAAE R R 2, R I E R TR (HIX 2 —FEm, JoEE Xl
T::T( const T& other ) {
do_copy ( other ) ;

T& T::operator=( const T& other ) {
do_copy ( other ) ;
return *this;
}
T& T::do_copy( const T& other ) {
// B TAEEIX BT
/[ CRME ] CALE 8 e AR R e, (HERAE
} /) HRTUIOH e, ISR ISR AL = A A 2 A R 5
[45it]
JRGRFE A 786 T Bk, HEW SENRAN, CEIRARMN G S & bR R AR . FRINH AEAMEAR
XA UG VeI A S S B, JE: “AREEE.”

1 B GotW nhStniE:
o WMREFTEMIE, HRE—HEREBORME NB/EME NRELZRE; TAHAAERNH [FHEXMTRE

H HEER— placement new] HIJFERIEE] [ LA#E MMIE#RAE LIS IUR(E#RAE ] XM E R, BMEX/NBT
BRIBGSEREAAREFTEASHILKR. B2, RAZY S ~RE:)
T& T::operator=( const T& other )
{
if( this !'= &other)
{
this—>"T(); /] AE!
new (this) T( other ); // HF!
}

return *this;

}

[7F 1] XERZAN—AARKKIEE (Hhn, EE T::operator& (), FIHAHIRA] this IAMIZHIE ). GotW 455K 11
PR L R .
[V 2]: 7E CHhpfE B o AN 1 AR RN S AR A SR, T AN AR B — N P IS YL CEAIREE D,
7;Fﬂ%%ﬂj§£§§ 3. 8/T WA (AT B 25 &AL T T/ NRAE D DU IR B P
(-
struct C {
int 1;
void () ;
const C& operator=( const C& );
}s
const C& C::operator=( const C& other)

{
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if ( this != &other )
{
this=>"CQO ; // 7 *this’ A IALE R
new (this) C(other);
// BT C TR T G4 ek
} £0; // BEAbE LR AT
return *this;
}
C cl;
C c2;
cl = c2; //sbhbe LR
cl. £O;  //sbibE LR cl FrifE
/) BT C BRI 5
—plF 58]
FEAHELE S b F AL R 33— 25 B 7E T2 C::operator=() iR [F] T — const C&M A4 JE C&, XA
[PRE O T IX LN G AR T E 2 2548 (container) R BAE L.
#% B GotW e hriE:
o K NR(EERIESBA"TE T: :operator=(const T&)”
® AEIR[F const T&, REFXHMEESE TEW” (a=b)=c"FIHE; XHEMEW®RE: REEHTBESEFSEE T
X RN P E 2 R —F o R EREERIER Bl — AN R4 T& (Cline95: 212; Murray93: 32-33)
[7F 3]: L Scott Meyers (] (Effective C++)
4] RERARER T this 1= &other” K, (HWTRARN T 10O AL PEHERR E 501 15 AR T T2 i R
MR W ERAER W, REERT LA P — DR EAE. U8R, WReARER U, (RIS 557N 1%
53R ECL TR AR F e ] 2 sk S . ST X AN AL F- B, A AR A A ROt ZEl
XEH T A GotW e YE H .
(7 51: M, CARTEE DA IRIE R, I T REIRAN A e s AW (HZESNIE, RMER R PIia 1 51 2
(initializer lists) A fefdBIE LI RRNE (R WG RIZER 3 SRR T R IR AR A Rk A AR i, — ] e
A NSk, FIRAE R TED . 28R, XFEMOCEEARIS 1A M Ccommonality), fix b (AU thkd
H T AR GotW ey il .

11. ZTHE (Miscellaneous Topics)

%K 42: GotWHl ZEMHIEM (Variable Initialization)

MefE: 4/ 10
| GHAE, H2OMEEREYIRN L THEEEIE F LIRS “BRYGh M4
Cia) &
AN SRAE A AT A X g2

SomeType t = u;
SomeType t(u);
SomeType t();
SomeType t;
(A2 ]
FATHZ NN AE LRI B 50 5615 5«
® SomeType t;
ASE L 4 Ky it R A SomeType: : SomeType ) HI6 1L «

® SomeType t();
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KA, RNIXAENE LRGN w0, msLhs BEE—DNREGE I, XK« BA S E0F
HiR[A28% %5 SomeType.

® SomeType t(u);
XJE HEYIMA . A5 t MRS R 2L SomeType: : SomeType (u) # ¥ LA o
® SomeType t = u;

RIEH VIR, A2kt ¢ JHId SomeType [+ DI4iE b %k (Copy Constructor) #edldfth. GER, X4 HA
Tl “=7, BRI EAE, AN MREERE, PUNFEXH, RVHER = HE N T CIES M
W1, operator=Je AN )

[EX#S%E]: R u G2 SomeType KA, HAIXSEE “SomeType t (u) ;7 245 A1, H4H SomeType
1 % UL K i& #% 50 (Copy Constructor) « M5 u +& SomeType PAAM & 2BM, B A X 4iER] S “SomeType
t (SomeType (w)) ” Z%5F. LG R], 7E1WEA] “SomeType t (SomeType (w)) ” B, u B4 ple— MG ¥ SomeType
WE%, Tt N e DS R .

ER]: AARXFEOLN, ZiPeasil il LI (EAR W AE) X HIEATI, 1&g AL PEPE DI 3G (Copy
g/;)nsgtrléction) Bl B M3 P DRI R ) o WUEREEAT T 0L, W52 BEORIESS DAL 8 2L (Copy Constructor)
GRTIATE

[ F]: BEEMA “SomeType t(u)” WX, —RKEFRIRERLUA “SomeType t = u” K7 thFEIFE
A ZREFABES SRR, XN SEE.

43K 43: GotW#6 IEFAfEH] const (Const—Correctness)

MEEE: 6/ 10

CRIERATRERIAE ] const, EHAEAIGRIE 73 ihrid i ] o WIRLEsh A% H] const, WREEH; ARAZH] ? IX L3R
528 L8] e sl AN ] 1)

[t ]

Const sE4i ™5 “ 247 AU I — A 5iAT ) I TR, IEATA 9 i s I PEALAL B . ARZR AT REMIAT T E oo oo ELIE
CRATRER)” BT AR

EANEVPN XN AR, AR E IR E5H s IXANRET S0 T U6 AR 4 3K 14 1) A0 ok O e v o R
BAEIE 4 (P 6 s el MR “ const” CRILAR 2P AR AR FIAH OC I OCHE ) T LT o (BRIt : WELEHh 7 1) const
FHVEIE R T P A ik ok 45 R 8l ok gm Pl i A 1R 2 )

class Polygon {

public:

Polygon() : area (-1) {}
void AddPoint ( const Point pt ) {
InvalidateArea() ;
points_. push_back (pt) ;
}
Point GetPoint( const int i ) {
return points [i];
}
int GetNumPoints() {
return points_.size();
}
double GetArea() {
if(area_ < 0 ) // WEIEEKEW T FLRAT,
CalcArea() ; /] I AIRAET TR -
return area_;
}
private:
void InvalidateArea() { area_ = -1; }
void CalcArea() {
area_ = 0;
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vector<Point>::iterator i,
for( i = points_.begin(); i != points_.end(); ++i )
area_ += /% some work */;

}
vector<Point> points_;
double area_;

I
Polygon operator+( Polygon& lhs, Polygon& rhs ) {
Polygon ret = lhs;
int last = rhs. GetNumPoints() ;
for( int i = 0; i < last; ++i ) // &g
ret. AddPoint ( rhs. GetPoint (i) );
return ret;
}
void f( const Polygon& poly ) {
const_cast<Polygon&> (poly).AddPoint ( Point(0,0) );
}
void g( Polygon& const rPoly ) {
rPoly. AddPoint ( Point (1, 1) );
}
void h( Polygon* const pPoly ) {
pPoly—>AddPoint ( Point(2,2) );
}
int main() {
Polygon poly;
const Polygon cpoly;
f(poly) ;
f(cpoly) ;
g(poly) ;
h (&poly) ;
}

(]

class Polygon {
public:
Polygon() : area (-1) {}
void AddPoint( const Point pt ) {
InvalidateArea() ;
points_. push _back (pt);
}

. B Point X EERHIMRALAETT 3, FrbMEE AU const JLFBATHAMKATH;, A2 PEREA B2 50 .

Point GetPoint( const int i ) {
return points_[i];

}
. 1, const AEAEMBA 2 KR, KA o 51 Nz

XA RN ZE U const SR UTEREL B AN B RS .

ORI WRZ R AR PR A E— AN (built—in) ZRAPLE, 0% N iR HaR [F]
KW conste XA R T ZeRE T, RA & ATA5 S BE 4 BB 10 R 0 FH 28 A P8 50 s P ()
= — ARG R, NMEEMRY HI (Bltn,  “Poly. GetPoint (i) = Point (2, 2);”, 2%, sk, i
HAMEE S ER &, 45 LN iZil GetPoint ) Iz [Fl 5| ] (return-by-reference) 1fij A 42 iR [F]{H

(return-by-value). SRIMLEEIHIIEEA P IEHATEE R, EH T operator+ () H11¥] const Polygon XJ %, ik
GetPoint () iR [F] const fHEL#H const 51 N ZEEH AR ).

[#E#12: Lakos(pg. 618) X}i&[A] const {HIRH AN filK, XFHE (built-in) HKEIWIRFE] const EAME

BEMAEREXE, REESEmEERMSEELEFRE (instantiation). ]

[#2168%]: ERBAXNIENE (non-built-in) KIRERAMEIRE (return-by-value) WITiERt, BIFikek

BUR[E]—A const {H.

int GetNumPoints() {
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return points_.size();

}

5. MR, HEAS NAZBII Y const.

(FEAEXEANZIRA] const int, B4 int AG & —/NAEER, 1L const PUJE S 23 52 AR AR 1Y 5
AL FE (instantiation), fEARKSARIGA G il NRMIER, SINGEM, HE2RiEAWHUARBATEE.

double GetArea() {

if (area_ < 0 ) //WSIEEA B FHARAL,
CalcArea(); /| L IRAEFRITUR -

return area_;

}

6. REFIXAREESN TR N TIRES, (H'EIE RN %85 B8 const, FUABAESON SR A WL (observable) Ak
BEA KA CGRATIA R S — B3 . AnT s NEE, (H2— Sl pggn -y, REIXN % EE
YA const). IXEMRE, area NiZAY S K mutable. WISARMIZIFERE H BTE AL E: mutable JSBEFA M5,
A LA area_KH const_cast #AELIMEN TR (BIFEREEIXEE MR, DUMEER LUMEH nutable X
B I XA cast BAE R o), (HICAE @ EALREUR S8 A const.

private:
void InvalidateArea() { area = -1; }
7. IR 2, Tk AN, B e 25 18, Wl A Az T IX A pR 0 I N
consto CHSRIBAIGAAIN, IWIESCAMME LF, XA REULSHAE const FIRREOAR, Ry EETEH H i H g
AELE NG PR A SR IR LR AF ) area {HTERL.)

void CalcArea() f{

area_ = 0;
vector<Point>::iterator 1i;
for( i = points_.begin(); i != points .end(); ++i )

area_ += /% some work */;

}
8. IXAN I B AT NAZAE const AKX . AEBEAU, BRI H I const 1 EERD GetArea () .
9. WEAR iterator NEMAE points BEFPIRA, PFTLAX WV iZ &> const_iterator.
vector<Point> points_;

double area_;
} .

Polygon operator+( Polygon& lhs, Polygon& rhs ) {
10. BAR, XHEMNiZHET const 51 (reference) #HFAT/EiH .

1L 3R], IRIEME %S const 1.

Polygon ret = lhs;
int last = rhs. GetNumPoints() ;

12. BESR “last” WMNASHNAE, WAWMNIZA “const int” HY,

ANE IR RS const {HIE A& const 5]

(X 42E GetPoint () WM™ const J% 53 BREUR R IR )

return ret;

I
void f( const Polygon& poly ) {

const_cast<Polygon&> (poly).AddPoint ( Point (0, 0) );
BB E S WRBEIHRXNSBAEA const, MAXEKLERBRREXK (AFETHEHEHK f(cpoly)
—FE). BHLR, HBBHAEER const i), FIATHAEEEFEHA const !

}
void g( Polygon& const rPoly ) {

rPoly. AddPoint ( Point(1,1) );
}

13. XBE const Z2TAEH, BT — 5 (reference) AR REM AL, AFIIG M S — A HH .

void h( Polygon* const pPoly ) {
pPoly->AddPoint ( Point(2,2) );
I
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14.

X HF) const AN, BHIRF S 13 RRASFE: X RGE R R e AL 7, X5 s nie
i#—/> const int ZE—FZLE L.
CUT SRARAE NS B st e i 25 3 210X B 1 e B2 7= AR G R B IR IO UG - AU RE, e BER Cro . B
PRIEZE FEILHE const AR B E* IR 203, AH I I S pR BUA AR S AR A CH L)
int main() {

Polygon poly;
const Polygon cpoly;

£ (poly) ;
X JURLE, EA AR,
f(cpoly);

EIXH, 2 £ O RKEET const JBEMNTME SIS E %, Sr= A g K.
g(poly);
X TE B
h(&poly) ;
XA B )
}
T, 15T BAES R T IEFIPARREIRA (488, HBOE T K const MR, 1AVE AN R G 050 XE D -
class Polygon {

public:
Polygon() : area (-1) {}
void AddPoint( Point pt ) { InvalidateArea() ;

points_. push back(pt); }
const Point GetPoint( int i ) const { return points [i]; }
int GetNumPoints() const { return points .size(); }
double GetArea() const {
if(area_ < 0) // WHRIEHKA T FHFLRLE,
CalcArea() ; /) L IRAE TR T4
return area_;

}

private:
void InvalidateArea() const { area = -1; }
void CalcArea() const {
area_ = 0;
vector<Point>::const_iterator i;
for( i = points_.begin(); i != points_.end(); ++i )

area_ += /% some work */:
}
vector<Point> points_;
mutable double area_;
}s
const Polygon operator+( const Polygon& lhs,
const Polygon& rhs ) {
Polygon ret = lhs;
const int last = rhs.GetNumPoints() ;
for( int i = 0; i < last; ++i ) // &
ret. AddPoint ( rhs. GetPoint (i) );
return ret;
}
void f( Polygon& poly ) {
poly. AddPoint ( Point (0,0) );
}

void g( Polygon& rPoly ) { rPoly.AddPoint( Point(1,1) ); }
void h( Polygon* pPoly ) { pPoly->AddPoint( Point(2,2) ); }
int main() {
Polygon poly;
f(poly) ;
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g(poly) ;
h (&poly) ;

22K 44: GotWH17 KH%:H (Casts)

M 6/ 10
| U5 CHEE R T 2 /02 3@ M e ] DIWOR IR m AR R T S ko)

i & ]

Bl CHHFr RS IR B 5 TH XS (1) C FRUAHEE, HAA SRR DIRe Ik A0 TR 2 /b7 ARl
H R A4 JR A

class A { /*x...%/ };

class B : virtual A { /% ..%/ };

struct C : A { /*x...%/ };

struct D : B, C { /% ..%/ };

A al; B bl; Ccl; Ddl;

const A a2;

const A& ral = al;

const A& ra2 = a2;

char c;
1 T B KUk R A USRS C Pl R A R AT 2
® const_cast
® dynamic_cast
® reinterpret_cast
® static_cast
2

X R AUERE—AS C R RTE R, 5 AT RHT XUk e BT 1) o LRI — AN TR A A RN LT IR G 5 PR 3 gt

A% pa; B* pb; C* pc;
(A%)&ral;
(A%) &a2;
(Bx) &c1;
(Cx) &d1;

3. VPAIF A5k CHE BEA) I 9n S WS FIIEAf T .
void g() {
unsigned char* puc = static_cast<unsigned char*> (&c);
signed char* psc = static_cast<signed char*> (&c);
void* pv = static_cast<{void*> (&bl);

B% pbl = static_cast<B> (pv);
Bk pb2 = static_cast<B*>(&bl) ;
A% pal = const_cast<A*> (&ral) ;
A% pa2 = const_cast<A*> (&ra2) ;
B* pb3 = dynamic_cast<B*>(&cl) ;
A% pa3 = dynamic_cast<A*> (&bl) ;
B% pb4 = static_cast<B*>(&dl) ;

D% pd = static_cast<D*> (pb4) ;
pal = dynamic_cast<A*> (pb2) ;
pal = dynamic_cast<A*> (pb4) ;
C*k pcl = dynamic_cast<C*> (pb4) ;
C& rcl = dynamic_cast<C&> (kpb2) ;

}
(R ]
Lo R AR KUk R L USRS C P R R AH G 2
HAE dynamic_cast ANRES C M TUARXS N o HoE I8 XS S U AR RE S C HR R TH XURS 6 R ARG Y.
%; ﬁ%%g:7iﬁﬂﬁi‘*4‘(lq“ﬁ@??ﬂﬁﬁgfﬂy 55 HA A R )T RS A A o AR R — AN A G SRS LB AR G 5 15 Al
~FE A ?
void £ {
A% pa; B* pb; C* pc;
pa = (A%)&ral;
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MNiZAf# ] const_cast: const_cast<A%> (&ral) ;
pa = (A%)&a2;
X — 1TV LU AU R e TR IA . el 7 S22 const_cast, {H a2 J&—> const object, WHJHATH
ghi R L.
pb = (Bk)&cl;
N iZAf# A reinterpret_cast: pb=reinterpret_cast<B*>(&cl);
pc = (Ck)&dl;

X FERIE C HOERNRAN . TAE CHH, FEATFEEEAY: pe=tdl;
3. VPAIF A5k CHEE BB I 9m S WS FIIEAf 1

BB R RAEARIEAL R P A e A B LG W RyP S B ARSI M40 bR 2K
M2 FRITEXT dynamic_cast WA FH#EZE5 R 76 N FHE, RAUR BT A RSREIE ERRE, AT
A1) dynamic_cast HI¥E#BE .

void g() {

unsigned char* puc = static_cast<unsigned char*> (&c);
signed char* psc = static_cast<signed char*> (&c);

R N EIE D) IRATTER DL AUE ] reinterpret_casto IX—JFURELVF SRS RINZ B, IXFEARUT R A&, char.
signed char DA unsigned char j& =/NHEAMIE. XATFREAEN . REEM 2 BAAEERE S, e n
TCHRRN, TR m eI Fe o2 T e R .

void* pv = static_cast<{void*> (&bl) ;
B% pbl = static_cast<B> (pv);
XA EIAET, HEE— AR IR BRI, U ASKA N— X G55 2 void* [ B BB EAA (L .
Bk pb2 = static_cast<B*>(&bl) ;
XA, (BT AR, A ES[$L (argument) OV —A> B,
A% pal = const_cast<A*> (&ral) ;

X R EEVER, (H2 TR 248 const—ness CHEME) EEAERIA B XS FIAIL . 2EIB G 00T, B
R R B 2% b i AR D 45 2 55 | Y const—ness Ci D) B, iXERWD J B HE 62K % 51, 185 28 H mutable
FRETFRTE N . TESFH GotWHE T 5 25T const—correctness HJitit.

A% pa2 = const_cast<A*x> (&ra2) ;

R WIHSZIREN RN S AT B H#AE, Mamiar=Ak e AT ;s A a2 &—4 const object. A
HILIRA, wTPaRAR I R — AN it ds T3] “a2 &1E N const object M#GIEIA)” X/MEM, FHH T AR E
TR LA R X, S RAEA A S . RIHE, MUEIFE R L HIXEE SN const JB A TEREIT
R BRI 2R U T/ const_cast #2—4> non—const $EEHEET ) — const fiEt. PUAXFEHUE 2 th—
285 J—> non—const FREMRIES —A> const $8EF, XASKWE VLR . BATVATFEALH const_cast MHUAH & 1A

B% pb3 = dynamic_cast<B*> (&cl) ;

B CHIRAREIE pb3 A4 )2kt pb3 WHE N null, KK cl AZ—A (IS-NOT-A) B (24 C A
&Ll public J7aCIRAE B BIF), HALhr b AR J LA ZIRAE B B 1) o X FLME-— Ak ] FH B B3k /& reinterpret_cast,
A E WL T SRR BRI .

A% pa3 = dynamic_cast<A*> (&bl) ;
B X — AR AEVE, DDA b1 AN —AS (TIS-NOT-A) A (IR K B AN/ LA public J7sRURAEH A (1, M2 LA private
EL
B% pb4 = static_cast<B*>(&dl) ;
XA, B NEMEER, [N derived—to-base (HYRAZERNILZS) MFREM LI mT LLRE a2 ) 58 il
D% pd = static_cast<D*> (pb4) ;

XA o WRAARIE S IA N IX A dynamic_cast HIiE, XElFS RSN, HEFE, Y HRD
FAMII g, ) REEY (downcast) W DIEERASHT, DUINZER: (RIXFEE T2 URgmieay, IRANIE “#idgsl infs
(R IESEAAN B XA WERRES T, IR AN ALK ok S AR Ca HELE M) R (dynamic_cast 7R3 2RI
;ﬁ?ﬁtﬁ?jé@*/]\ null pointer PLi5SAIRIMEL T M @), T 2RIk 2222t BefS 2SR AN F IR s A7 A 158 DL A/ sl
BT o

pal = dynamic_cast<A*> (pb2) ;
pal = dynamic_cast<A*>(pb4) ;
%mﬁﬂﬁmﬁﬁ%ﬁ*ﬁ@c PR ER R B dynamic_cast SKHE BREEHN A%, SRTT, SH—ASEETIRITEE A2 IE

JRRE: WEWETH TR, FRAGEAE A dynamic_cast fE—AM R B X% (X HL pb2 X4 bl) MFRE N
eI A X $aEr, R4 B A& R private Jr s A BEATERA& R, AELL public J5 2. SRTMES ) A 4L B & e D 1,
IXJER D pbd FRIFX S d1, 1D Gl O ¥ A FEA—ANAEH public base class, Milk dynamic_cast A LAHY
H Bk——Dk——>Cx— > NP A AE AR K JZ IR GE R P AT 86 8Y ,

C*k pcl = dynamic_cast<C*> (pb4) ;

XA A, HIRKE B —#F#F: dynamic_cast 0] PLZEER R JZ RS TAS XA (cross—cast), KIIHIX
— AR AL T USRI HAT

C& rcl = dynamic_cast<C&> (kpb2) ;

B JrIX — T SR e e K Ay#pb2 FEAE R E— C, dynamic_cast &x#lliH—> bad_cast F9 K R
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JAFA? K dynamic_cast A LLZEFREN#ETY (pointer cast) RIUIR[F] null, {HH ¥4 null reference —ik,
BRI — A5 Y (reference cast) RIGINAEICIEIR M null reference. B T4l —N 54 LA, B MEITT
PRARAEHER T —FsUER) bad_cast S RS Rk i) .

22K 45: GotWH26 Bool

MERE: 7/10
| oA AR bool KN, BUAFIONE 5 W HF AR AU EUE, AU A RS %,
i 7«

B M ARM. [1] KA LAK, B& T wchar t Z4b (wehar t 76 C 2] typedef SEELI) , bool S&ME—¥singl C++
HIRFEARBHE R, WERAGR XA SEARRTY, GEH EA M ERERILA B F R S 2 Wik ae, 54— S2,
WIRAGE, TR H ST BE R SEI T VA AR W LS G 2

RS TTI%:

B M ARM. [1]&RAGLLH, BT wechar t 24 (wehar t £F C L2 typedef SZHLHI) , bool ZME—¥INg] C++
PSRBT, WIRARINIXANEASLEAY, GEH O MBS A B A R R 2 il ge, 1h4 A2,
WRAEE, TEFR SRR AT BE STy VA #S A MR LS G 2

[F1Z 2 ANfE, bool BIHAHLN INE] CHAENFEASE (GHRE true 5 false KEETF), KU EAT (ool TR true,
false) ¥kl LA ITE S FrEMER ST .

URANTE R4 )R] S5 SEBLREASSR AL (1) J LA E 1R i A
4 EBK LRI

FE—Fp: Typedef (¥FH1:8.5/10)

XFh 51 typedef <something> bool;”, HLA&IYy,

typedef int bool;

const bool true = 1;

const bool false = 0;
KPR TTEAE, AHIEA RVFEEZE bool, #1U1:

// file f.h

void f( int ); // ok

void f( bool ): // ok, a7 B AH 1 R %L

// file T.cpp

void f(int ) { /%x...%/} // ok

void f( bool ) { /*...%/ } // error, HEX
T3 A ) s BRI A [R] R AR AL <

void f( bool b ) {

assert( b != true && b !'= false );
}
TE R UG H 2R — R SR A I 4 |

B/ Mk #define GBHY: 0/10)

XRP i #define bool <something>”, BL7IYM.

#tdefine bool int

ftidefine true 1

ttdefine false 0

KRN T T, XA 02— R 7 A AH R ), i HOE IR T #defines, #il4n: ‘&= A
X, HAA A N HIXANEN D&y T AR T false’ ; IR T DLNIEARAE 211 2% R

SR H PUAC R FR 7 R A X PP R AR IR ) R

B=FH¥E: Enum GEHr: 9/10)

X R T7 727725 enum bool”, #LAYL .

enum bool { false, true };

KPR LSS —Fh ik aF LAY, AERXM v, B VB G — Rl vkp) B @) | (HAE S AR I A e A 3)
FRAVELA B PP 2T AR -

bool b;
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b=0(1i==j);
ROEHER I, DY int ANGERS S MU AL enums

FEPUFh . Class GEMr: 9/10)
OB RIES, A2, RO ARG, .

class bool {

public:
bool () ;
bool ( int ); /] AEFARIE A AV R

operator=( int ); //
//operator int(); // HJL!
//operator voidx(); // A7 #i!
private:
unsigned char b_;
I

const bool true (1 );
const bool false( 0 );
B T R R AR T DA AR T, G e R JE A
o T HINRAELE, TREMULT bool MIMSE, CUHEFEARIEHI k)
o WHHMTH AZIRA L, bool RMIEE s B A A, WG AT T — AN R R iE s O (80 |
BRI OUHJE AR R4
® AREEAY int BY voidAHRAIIZREY, bool LESIFHAREIENK, -
® BN A ShREE e, FBA bool ZREVETCIIAL HIAE S I
bool b;
/% %/
%f( b ) // ER, AREEHY int 5L void* ALY
//
/%, %/
}

XFOFEIME T 22 BB BATLAUERE — AN HE W, R R B TRA ]
Kot NI PTIR Y Catch—22 WG : JoAT 20 R REIEREILH 19—, (HAAT— B D0 mT LA A JRA 0 7 22
XN RER G AIEAI bool —FF.

lagi![::

typedef ... bool A AVFEH.

#define bool A FLVFHE L HIEH WA T #define

enum bool RVFFE AL LARIENXANGEIAT H B RMEH G "D = (G = j);7).

gﬂiﬁggﬁﬁﬁﬁtMMﬁﬁﬁ%#WﬁWﬁ,@#E%%%E@%ﬁﬁ%ﬁ%ﬂ,ﬂﬁﬁﬁuﬁ%T
HHE .

W T, BRATEL IR T BRI bool 28, f)a, B I (REZAG XM , §id, XTI
B TAEZB VUM T R AR RS T TEC SR AN SR AW 8 & — A bool 2B, (FRAMEFH LA 1S EE,

KT E R bool M7, FRATTHSCIEAE bool MAE—Ph L iE = X ERHER R, FRA e R E LR AL, 58X FT
P : func (i == j); 1EMCUVESEE FHRILECHI R BT, PRARANTCTE MUAR IXA S W 2R 8 =0 S 45 SR 1)

M, HASLFAAF T SRAE T T DA VHHRIE 2 T, ANFniE A A ZFRME one more thing)

BE:
7 1: M. Ellis M and B. Stroustrup. The Annotated C++ Reference Manual (Addison—Wesley, 1990).

252K 46: GotWH27 ¥%MRNYpRi%( (Forwarding Functions)

MEEE: 3/ 10
| BRI R RS AR RS AR, (MR ANE A IR R T M AR L.
i) 7R

IR Y R SO0 TR 55 A5 1 25 F0 sRBEON S RA H . DU A I T IR s R
PRE— F NIOXAFEIFIY £ RSEE e ? i e mig, Bak?
// file f.cpp
#include “f.h”
/%, %/
bool f( X x ) {
return g( x );
}

(UL AU GotW Y H 12— 2 BI7E July [1997]F London MR CHHB = il — AN it i s 1t s 5 )
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i%ﬁ%ﬁ@g%ﬁ%@ﬁ%ﬁ?@ﬁﬁﬁ%ﬁ@ﬁﬁ:ﬁﬁ%ﬁmﬁﬁﬁ%@%ﬁﬁo
Re: RF.
PFE— F NI PEIY £ RREIE e S ? S e g, Eak?
// file f.cpp
#include “f.h”
/%, %/
bool f( X x ) {
return g( x );
}

B F BTSN R ECE &3 B NAZR R, 5 AN T AT .
L AL A% const BY51 AR AR

CRXASIERIRELS? 7 AR RES . A, EAS, BROERXMEL T . BRI, CHHES AT B
] DU IRSH x B T #iAt b g O AMRA B e, gmikds vl LK x se e fiiibdst. flan, XA

X my_x;

f(my x );

Nz D
a) e AE— A my_x B9 DM £ O Gt £0 BB IES x), SRR DIfEY ¢ () B
b) HEH my_x &4 g O MIAAEREE DL, POy e B BXANANHE VIR T1E g O FISEIMRABATH .

JEE @R, AEE? X gL B EL e, A

M), 2R, HHEZF] July 1997 ) London 2xill. fEMSRZ b, PRI Gm BEd VR X PO A A% DI ” 1)
?%%ﬁ;%%@%goMEm%%%%*ﬂumﬁﬁ%%ﬂmﬁ%ﬂﬁ%“ﬁ@@%%”%WWN%%ﬁ¢ﬁﬂ
JHFTNED FI “IEIs 57,

XERA, BT IXFEMRE R s, Smitas k= AR5 DL BEARTRATT (FEN £ PR FIiE X AN BT
5 DUAIE I, FRATIN 1% 4% WGl 5 TR MK x B const X&U IS 4L.

ERE: WRBAT—EH X AW, A ST 5008 G Ve g TV A, A, XN AR AN 2
Xﬁ%ﬁggﬁigi{ffﬂf%ﬂﬁo XA TSR Bl — — R RIS S AIER T, AN )
2. BRI

XANTFEN . B2, BRUCKE T BRSO ST A A, A 126 B KA S 75 L PN J0C LA /5 8GR 1) BRI K N G o
YRR R A RIS, AR T AR G T £ R TR A A TR

AR NEC € 282 7 £ IUSEEL, JRETSH - ARSI OB T BE S, 24 € BB my, B R P AR &R L 2w
EPE. HIEE NS, H P AREIRAE R /D FEERE R ¢ O MR, X UKL, BV P IRARBRAE B R g,
JAA T DARAR AT ZAE E R (20, WNRATPH 7 L, BXFERD. T2, Wk e BakAE T2, 8%
He R ESH, 7 AR AR 73t 75 B X Le SR T (g FR A

PERAEE NIRRT DL o AZAEA B s I AT LA, B T € IR 2 BRI I DA A FH V2 RE R, ke
] REAR Ny B I DA R RS

GotW 45 H FIARFS RIS :
o (Ent, F4E const BT FRABMEME

o BAERHAEL ERIEprofiler HIFFRERXMUNE (FBE/F RS NAMBEMI - T7 HRRAHER)

1 XA AR, el T R R A SRV I DRI IN R ) AL, UL 88 DU IEAT | I . AR
IR, AU T BTN SR DUECH .

43K 4T7: GotWH12 #H#I¥ (Control Flow)

MEFE: 6 / 10
| CURBUE CHHARIBII BTG T2 />0 TR T B 1] SR 2 1R ) 27 TR D
[ a) & ]

Bl “@RiE 40 (The devil is in the details. ).”, FUZEWUIE/RMN FEN (/bR A g
HH R REZ B A= IR (control flow) FIEIH .

#tinclude <cassert>

#tinclude <iostream>
#tinclude <typeinfo>
#tinclude <string>
using namespace std;
// R LA)R A e 1Sk S
char* itoa(int value, char* workArea, int radix );
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extern int fileldCounter;
/] AR KA B A0 5 B ek 4L
template<class T>
inline void AAssert( T& p ) {

static int localFileld = ++fileldCounter;

if( !'p. Invariant() ) {

cerr << “Invariant failed: file ” << localFileld
<77 <KL typeid(p). name ()

<7 at 7 << static_cast<void*> (&p) << endl;

assert( false );
}
}
template<class T>
class Alnvariant {

public:
Alnvariant( T& p ) : p_(p) { AAssert(p_); }
“Alnvariant () { Mssert(p_): }
private:
T& p_;
b

#tdefine AINVARIANT GUARD Alnvariant<AIType> \
invariantChecker ( *this )
//
class Array : private ArrayBase, public Container {
typedef Array AlType;
public:
Array( size t startingSize = 10 )
: Container ( startingSize ),
ArrayBase ( Container: :GetType() ),
used_(0),
size (startingSize),
buffer (new char[size ])

{
}

void Resize( size t newSize ) {
AINVARIANT GUARD;
char* oldBuffer = buffer_;

AINVARTANT_GUARD;

buffer = new char[newSize]:

memset ( buffer , > ’, newSize );

copy ( oldBuffer, oldBuffer+min(size_, newSize),
buffer );

delete[] oldBuffer;

size_ = newSize;

}
string PrintSizes() {
AINVARIANT GUARD;
char buf[30];
return string(“size = ”) + itoa(size_, buf, 10) +
7 used =7 + itoa(used_, buf, 10) ;
}
bool Invariant() {
if( used_ > 0.9%size_ ) Resize( 2%size );
return used <= size_;
}
private:
char* buffer_;
size_t used , size_;
I
int f( int& x, int y = x ) { return x += y; }
int g( int& x ) { return x /= 2; }
int main( int, char*[] ) {
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int i = 42;

cout < 7f(7 K< i K)
K 7g(P K iKY

Array a(20);

cout << a.PrintSizes() << endl;

T ) K7,
7 << g(i) << endl;

[ “TREGRER, Wiv. BREFRE!” BRFEME. ]

#tinclude <cassert>

#tinclude <iostream>

#tinclude <typeinfo>

#tinclude <string>

using namespace std;

// NI UARR A e RSk stk

char* itoa(int value, char* workArea, int radix );
extern int fileldCounter;

A Ja AR P VA L T T FRATTI s, A FRAT IR ) B RIS e A B E S ) dn b 2 At Al e AR . R
BHPERIG (translation units) Z[AAARLE A R Ar i CRLFSRIHASDE) MAILHALINT I A8 Lo

/) AERBIAARRARA F S A 4B R AL
template<class T>
inline void AAssert( T& p ) {

static int localFileld = ++fileldCounter;

Wng, XE AT . RGP e 1T R eI A AT AT Aassert<T>::localFileld Z §i*} fileldCounter 4T T
Vitatk, IS AREE . SN, X RE(EE S fileldCounter LE#EHIEAA 2 BT AT 5 B AR R N 25

if ( !'p. Invariant() ) {
cerr << ”Invariant failed: file ” << localFileld
K77 <KL typeid(p). name ()
7 at 7 << static_cast<void*> (&p) << endl;
assert( false );
}
}
template<class T>
class Alnvariant {

public:
Alnvariant( T& p ) : p_(p) { AAssert( p_); }
“Alnvariant () { Assert(p_); }
private:
T& p_;

b
#tdefine AINVARIANT GUARD Alnvariant<AlIType> \
invariantChecker ( *this )

A I SE Al B P pR BUR MR BB 325, IXRE AT DIME—ANEAE R B0 R0 5 E sh i T A Sk Ay . B
Ty B sk —AS ATType [ typedef, #RJ5 PR “AINVARTANT GUARD:;” 1Ak R BRI — BRI LA T o A
F S, EREFRATE AL,

SRIMAE NIRRT ARAS SE R AR AT AT T . BRI Ainvariant B T X} assert () [
WH, 1 4FRFAE non—debug B F RN (build) HIBHE, ikds<s AZIMIMIE assert O . B9S FIIXFER
AR FRRE P AR AT e A R BRI S7 (build) BRI A ™ A IR AR R PR AN [F] 5 2R

//
class Array : private ArrayBase, public Container {
typedef Array AlType;
public:
Array( size t startingSize = 10 )
: Container ( startingSize ),
ArrayBase ( Container: :GetType() ),

X MIE RS (constructor) R ERA WA ERET R S MERBOFA LR ERR, HEiEHE
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BEAEARH BLH S 2s TE R MMM RR B EIRVE (a red herring)o FATTSr P AU XA 1R

L. Wik GetType O /2 MR REL, B2 MEAEH] “this” 85T (RIAMETAETEE & 2D XA
ﬁ%g%@%ﬁ(%M%@%ﬁ%ﬁﬁ>%%%&ﬁ@ﬁ,%Zﬁiﬁﬁﬁﬂ%ﬁ%ﬁﬁ%%@ﬂ%ﬁaymﬁ
REIE TR AT -

2. BTG CBORBGZSR GetType O A& Wl KIARER S B R BII G D0, FATHATIRI T - AF virtual AJEER
2 NI BAHZ IS AT WA a64E . RIEAEIX L, ArrayBase 23ELAE Container Z i Je#eWIantb. A
SEME, IR RRE A BT — A R BT A ALK Container subobject Z &5 .

used_(0),
size (startingSize),
buffer (new char[size 1)
X AN TR E A, R S BAR B A DB A TR e SO T H B A AT a4k«
buffer (new char[size 1)
used_(0),
size (startingSize),

BXFEE, BAREIRHE T o X newl I H A buffer #5210 Eyk 70 i K/ — A 0 BEEIR K, X
T 9w e s A0 U HMIE PR 2L (constructor) ZHIE M WK X S WAF X W ea o 2 (nul ). Jowe ], #iga
A B 2 8] OIS LA B8N startingSize.

{
AINVARIANT GUARD;
}
R EI /M. AEIXH, Invariant () BREAA DE W E FHE K
A3 ) e AE VAT I 6 5 R i e R R R I R D o 28R L /N ] R

ANZe G .
void Resize( size t newSize ) {
AINVARIANT GUARD;
char* oldBuffer = buffer_;

buffer = new char[newSize];

memset ( buffer , > 7, newSize );

copy ( oldBuffer, oldBuffer+min(size_, newSize),
buffer );

delete[] oldBuffer;

size_ = newSize;

}

XHEARLE A ERE B (control flow) Ji i il e FEMAR W NSG LK 0 CUERARE R L A3, 8
ABIHMIEHO, 1 IHIIE TMOE B, ARG BB ATk,

FERGRIX — 2, AR A — 0, BE A CRRAEARAILX A RS (Perr: HSOE B 5 WD,

k %k ok ok ok ok ok ok ok ok ok ok ok

T, B AR H -4 (exception—safe). WA new [ 1M SEIH — AW 11, BAR
TEY TR G2 M AE— N TEREIRIR A, 17 FLBEOR ) buf fer I8 4 HY IR Y AAEI I 0l R A BT 968 17 B PR PR 8 25 2k
TN EA R SO R 4

XA PRE IR T, 124 1k, JLT AT IR T 9 'S 7 - 22421 (excepton—safe) {3 Hi—
— U R LERT AN A GotW ek i S 224 (exception safety) 1ET ) ZHIITIEZ )G !

string PrintSizes() {

AINVARIANT GUARD;
char buf[30];
return string(“size = ”) + itoa(size_, buf, 10) +
7 used = 7 + itoa(used_, buf, 10) ;
}

Hrr, itoa Q) JRBRREAEH buf /F A R (PR AKX — O HZ R BN &8 &5 LR R 3
B BT B 1 buf FINZS, IS 1S T EAE IR ) 80 o X BACHS ABAFAEE ¥ H (control flow) J7 [HIHY A) @l .
BT B Ja AN IR [RITE A o 6 R IR S SRAEIT - PR A X6 eR S BB 7 2 A IR R e 1), L 5e 4
PFREER LI T . GXBREEAFE, W (built-in) [ operatortANFAEIXF ], ARi— HARERMGE T H AR
operator+iiiAs, AR IRA G2k R ECR )
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}}\Eﬁ?@%gﬁﬁ\ﬁlﬁl%mﬁﬁéfﬂﬂjﬂ%% [F) L S APEAE R X AME AR AR 2 T S A1 7R GRS operator+J i il
IVENNDE

return

operator+(
operator+(
operator+( string(“size = 7),
itoa(size_, buf, 10) ) ,
“,oused = 7)), //EEE: REESGR, oy =7 ) MIZABET
itoa(used_, buf, 10) );

X BIA MK size fH4 10, used fEA 5o WHREAMAIN operator+ () 5 — NS EEHRMERITE, 4451
SAEIEM) “size = 10, used =57, B —A itoa () BREUF AL buf HIWEERAAEE A itoa ) BREE A buf
AT AT o (B AR AN operatort O B2 —ANSESEHRMEMTE (BIWfE MSVC 4. X bt 2ixFe) , b
LEEFR SRR “size = 10, used = 107, BEAAMNZHIIEA itoa () BEEHERAE, (HILEER G BIERF

57 ) SAERAT 2 A XA N Z TR itoa O BB PE T (BFA: buf BIMASK T ‘107 ) .

bool Invariant() {
if( used_ > 0.9%size ) Resize( 2%size );
return used <= size_;
X Resize () [P FAAAE AN n) 8-

L. EMEN, FEPEEURASIESR T/, BUN WA AIRA L, B4 Resize O S, X XA FEOL
BIFFXIEH Tnvarient O 5 &AFAIWSR SN, ARG TR Resize O, 1% X2 S8 BRI PR H
Invarient (); & -+ PR AR AT A @ T GFEFE: XN EZ AR .

2. WIR AAssert O 19495 35 B T2CET7 0 1075 REFEAS 1R/ (error reporting) A4 H-HM AL 2 LA
“assert (p—>Invarient () ;” , Aol ? FHgh R H o fux B AR T3, KO HAE assert O 1 H]
O T 2 A RIE R BARIS . IX =R EFEPAE debug mode Fil release mode PFIANIR] R4 1A 28T 77 A ) ] 4
ATARISALERAT I 2 A ANFRIIAT Mo B T 28 1 AR e B A ) /8, X R ARANIF 1K), RO It =K Array
X E KPR AL (build mode) FIANEIIT Resize AN[AJIREL,  FHAFKAFMARN 2 Wbk b N Ta) sk % 1) A=
e AR AE— AN LA debug mode FE NIRRT EIUR BRI RE (BRE: 48R, B =R
releas;gg%deﬁiiiﬁ?ji?ﬁﬂg) 5, B RIEIT N AEE 2 S5 4E S release mode Nz 4T Wi N A% 2 B
TAFE
[ﬁ%§§1: YHANELEXT assert O s A INANGEIVEH B0, I B2 s R e a4k,

private:
charx buffer ;
size t used , size ;
b
int f( int& x, int y = x ) { return x += y; }
TBEH AN E HAE R S EOC I i #ANRE 2 — /N Avk Ry CHHIVE, E*/I\ff!iﬁﬁ"]%ﬁi%%g‘-T@iZ?ﬁi%xiﬁiﬁ
(@%fﬂiWﬁ%%ﬁ%&ﬂﬂxﬂ%ﬁ\éﬁﬁ?ﬁﬁ)o VXA HVEAN I3 52 DR Ry G 196 25 1T DR AT =R U7 K 6] pR B0 5ok
{H, v "] REEELE x Z AT CHWIUEAL
int g( int& x ) { return x /= 2; }
int main( int, char*[] ) {
int 1 = 42;
cout < (7 K i K7) ="K rE) KT
K 7g(P i KK7) =7 K g(i) << endl;
‘ X BUASERT S HCRAERIUT R @, BT EE e ) g () BERER A E T CEEEOEPN X 1 AR B 1SR A
17D, P B R R A4 T BE BRI . MSVC Hggh e “f(22)=22, g (21)=21"; XMW ul, HgmieasizlEm
AR 2E P 5 bR B0 S B A T SR AR
fHIE, PREUE, XS RA S ? SURIRIE, g5 REE (D, nitasthBhgl .- mH, S48 —Agwmitas ]
Eﬁé\ﬂjfﬂﬁéxﬁ%%%, PRI SEAREVTIAE T gmif sy, RO SLEE AR T ANAE CH L BEE 8 A e L EaAE
Eo
Array a(20):
cout << a.PrintSizes() << endl;

}
WVFHE IR P AEA ST Sk Ut AR T EANSE A 1A -+ -+« T 3 MR B $30 FA «

[ “RERE, 8. 2RTELHERELIE” PARHEERET P CHREZFME., ]
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12. &

WRAR IR EAT A AERR A 18, IS ATAT I DB SRR Guru of the Week#30 JEAZE NG5, ®IF
AewmfE ks GotW, FRMWIFAEATT Ay EBEE .

A, HH GotW L& A M M AE I B A B4 ST e TBE4H. comp. 1ang. c++. moderated A3, AT A RIZEIFICER GotW
B 7 M5k www. PeerDirect. com/resources. fEFK FEILZ, Wt/e 1999 FNH, BAMCEHATEMS MT. AT
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