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F1E . XTFH&K

MAT CH+HNAEEREM— IR , AFFHNHERUREELHX R,

1.7E CH+HRUEMEASIANRZE , RIEMNS VREMAE ?
template<class Type>
class Point3d{
public:
Point3d(Type x, Type y, Type z) : x (), y (y), z (z) {}
Type x() { return x ; }
private:
Typex ,v ,z;
}
—RRRE , AAEINEMAA, =4 data members EERSTF—4 class object 1 , #if& C
FREY struct —#%, i member functions £A&7E class FABAF , AIARLHIE object A
(ERRELGRZEPHEERL) . B , XNHEREALETREMENINIAAE,
C++ERNFHREURFIA & EHE2EI I8 H virtual 518 , BIF :
o virtual function #1%l : 5/# 7 f&7F vtable i&d vtable X ZIF Lt L ;
o virtual base class #l#l : 518 7 EITHEHRIKXBIELMM R,
C++ a9 AR EFLZ vitrual #1#) , FEvirtual g
C++3&4#E& (The C++ Object Model) :

float _x
__vptr__Poink >
a3 lype_info for Point
Virlual tabla Folnt::~Polnl{ )
for Point .
statle Inl Polnl:print{ostream &)
Pelnt:
_point_sount <ialic int P—
Point::PointCount{ ) Pointifloat )
float Point:zxf }

Nonstatic data members #fc & F&— class object 2 ;
Static data members N#HFHIEFTER class object Z4h ;
Static #1 Nonstatic function members th# B 7EFT B class object Z 4k,



Virtual function #&IM AN TR 2 MM S ERKZF ¢

o fF—4 class =4EH—&RHFEE Virtual function KI¥EE , BIE — M4 virtual
table(vtbl, vtable)M&REH ;

o fg— class object #ARIMNT —/NEH vptr , IEMEN Y vtable, vptr B9iRE R YRi%sE
eNHF , BEAEEXRD,

RTTI : —fgKRi% , &—4 class HHXExf) type_info 3 &R H#8$iEE th{R7Z7E vtable f958

—4slot |4,

SEBRMER—S2

—4 vtable 3 —4* class , —4> vptr A% —4 class object , MK 73 FFIX 2 M,

SIANG RN RIRELRE A

o MRRLBIUE  KNFEERCESEFNRER , XHENRXNRWEFIHE R EFHITH ,
BBETIMNIRA ;

o MRFBEMMR , MRXWNREH—MEFHRIELEK , ZHEMIEN WK EFEMANT —F
B, IEHR—NMEERIAR] , RN T —RIEERIEIIMNE A,

C++AEFIET—MEAAER | HIBESLEX D —MEARFBERRARN , MIEAA—1

BB BRI —— C++A5KEFIRTARSER,

struct # class XBEFHEN :

o EMZEEESEAHLARMNEXE,

o struct FARFRIMAL IELHIEAIES A POD (Plain OI' Data ) . i class M#FALERIAK
&2 ADT ( abstract data type ) #9248 ;

o HFX2ANRBFEAREBELEXZG, AT class HEEMMESIA , BRSIANENHIEES
AFRE , ARARXMESHSIANARLRZIN KRBT , EEEMIHNS RS RNESE ;

o BILAMXHAAK : struct AT HECEFATKEI C+H+HRIAET,

C++RFIERTFRE—1 access section HEIE , —ESURBRXFHIEANFHREEF,

5CHRENAEMRS : AE . MIEsER , AR C M C++ESHE —HM—S[{TMAEE,
REEAEEN , 7EBRIES CIHEHEENARERS  EFRASENNAFHEELAZ C++
Standard FTRIER) (RS 4miZEEHETIT , BRINEREN ! ).
struct C point {...};
class Point{
public:
operator ¢ point() { return c point ; }
private:

C point ¢ point ;



}

CH++Z=fEAR%mIZXIE (SFFESE paradigm ) :

o MEMENIFRAINGE : TR C —# | —RIBEAFE—FEANPITE R ;

o EFWHHKIZ (object-based) (FHMADT) : {UEA T class ptE , BB AEE
EAETHNRIRIEENR U DB CEERE BN RN ;

o MEEW&RMKIE (object-oriented ) : EET class HITEMZBSHNRIEBE (ZSETE
B IFRIEIIFTRAEIFAE ) o

o 4l —fh paradigm 52F , BHTEKITHIIRFIZE,

EB—MEEs RS SNEE

(*point).vi(); //Z point FEENRKELNBEES I RS2, EXRIIE, FMTF point->vi();

—/ reference BE RN —/MEFRLIA , FBA point fl reference H&BAFRIXF,

J% : Lippman X EREUEEIMmIFESTLY , (62 C++ fr/EH K LS FIRIE.

— MR AEFRBEAN CBEH 3 EOEM) :

o Hnonstatic data member F2F1K/ ;

o (REHRTFANTFARAEZMEN ERNZE ;

o NLET RT Sz virtual MiHImE | E2EIERSN 5138,

o XEMIETHIEM—MNEIE | C++ FRIEIN LK IEEEE A F virtual Hl#IAT5 R,

FEEHAYZEEL ¢

o WFAER , AEXEWEHIFLEMHLLRE, ENBRRSAE—word WK/, B8
— M F BN FRRATFRR— /Mt ;

o RIE , MR ERRFRET , WFBMKRN , B ABHEAUNEE ;

o FANRMFHAR —MmIFRNIESL  EXRTHARREIRINHIENFNBREARME !

SARREEH"EH " 3IA KXY , REAREET :

o IEEMEIA GEEUEHEIH ) MANMNBEFR (=4 word) , MNKRMANHREE

B, HERIRHMSIARTUER (X5|1A) F£ , BEREXMMRXTERAERRESR , KB
LHMRATRES R B,

o —4point 5} reference BRR3| R EM" SXMEXNAFEITIRIE | TEIEHARGHN
| ‘ (ImIEsHETR R34 slice , BAHE

1|]7</MEH )
)98 i

AZ | EJUHE, —REBRETESMEFPIEARIEIEHICITREIMEY,
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B2E  HERBBERF

FFITIE T constructor R THE , TTEME— MW RENT FZUARME— MW RETEF T REIRZM,

1. CH+HmNTFEAMEERNRER | BANEERRE r*%mw@mﬁ 2IFTEHR,
REFHERNH AR | R 7 REFNBECRABORE ? e

g = SB| &
’

I : FEREERIIIAIE S 0 1RIE | X MRIEFIBFEEFIIEE , MR IEEIIFE,
2. X% trivial # notrivial :

1. REREBEEZNME (HHTLSFE? GEHRNERER)  SHMIRIEA R notrivial #9 ,
XHRRB A RWEENSHMEX ;

SR LR trivial B, BARETERL
lhﬁﬂNEMIﬂE“XE’JEF FrEA S
R NBREEREEMN, trivial f9EH R FETFES L, SEh FAFEXNEH,

3. LTEMYSRL AEERETENFSTETZRIEVRNE , EARSEETURA2REEE
E"J—fﬁlJ , AERSEBURRTFAEERTENTFMZE LM,

Golbal objects BIAFFRIFRTEFEF A EH9ATE#E 0 ; Local objects ILE FE/FAIEIET ,
Heap objects BEEFEHZIEF , #F—E=#E7 0, ENIHIABS RN 7 LA B EREEITRE

75

4. EFERAAXEGFIURKITFSEXGRES , ERERIAERH. EIMERL. MR,
MREFE DURIERT (4 KR SIRE ) RS EEREMIEE X ?
fRRAER Inline MANTR , MRBHASZAES inline , #ia&mM—4 explicit non-
inline static s2& ( Static BHHII FHRIFET) .

5. %N class A A&—/=kLA_EA member objects , 384 A #9 constructor LR E—4

member class FIERIAM)E RS,

C++ZERA"member objects 7£ class FRIFEERF KiAA &1 construtors, X HH
HIR 7 RTE T MR F (MEREYELs IR — E;&KLAFEIHHIEFEE%M’*%)E’J*EZISI_I'
6. 7% virtual functions FZEMEIAMERENELERO)Z notrivial Y , EERIFERLBEIINY

Fi5 vptr FEMSER P IERIIREF vptr , XRFIFFBMEEZR=TZ—

8 virtual base class FIZEREIAME R R BT ERO)A notrivial , fRiZBEEILHIR
ERXMNEEUNEESILERLNEEEBERITESZYE , XLRERRTRIFLMERSL
HFiE,
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. RiEEEE 4 MBEASESRIZFEREILERN R class £/ nontrivial HEKIAMERL |, X4
i ; 1222MZEZE (1A member objects = base class FI2k
INMIERRIER. 941 virtual function 5§ virutal base class #l#l ) , EEFERA , HE#HS
FRBHKINERL , BRI LRARSHE=EHR (FIEAIEX 5 trivial 1 notrivial ) .
8. C++#FERM 2 MRKX :

1. ERROR: 302 class j8H7E X default constructor i EM—1 ;

BREX T HEHR constructor MIASEMEIANIIEERE , BXEMEREE ISR K
tAR—ERERM default constructor , =TgENINEEELE , BLMF EREMHR,

2. ERROR: %wi%23 & pi HRAVBKIAMDIS R I BAIRIS F B —4 data member F)EXIA(E
BAEA % , X4 7T Global objects, Stack objects, Heap objects #iiE &R T REE
Global E#9objects £#E 0 , HEMNBEREBASRIEHE 0

9. |COpY CONSTRUCIONS FigkiA i — 1% , RAEEMAMIRHES S EHRK , WFRHHH
class ki , #EIMERHVINFESRAENFH T, FE bitwise copy semantics #

SR 2 trivial B9 |, i K F ¥ —+% . 35 nontrivial #

EEMASHETARHHR) .

SRS ESEIRMIEN BT |, T 4HE—4 class REM L bitwise copy semantics I ? 4

FARER, B2 MEER | 52 MEATFHFIEFFVIRIEERLEEVHIME £,

1. Hclass W&— member object M/E&EAEAT (t2e]EHTF nontrivial BB MYmi¥ES
BEIFSRIHRN ) —4 copy constructor A ;

2. 3 class #&BE—/NZESE copy constructor #9 base class ([E#taJaER S ) it ;

3. Zclass BT —/ 2 virtual functions Bf ; (VM TAHES , #HMEBEMNE)

4. Zclass kREB— MRS , HR—/ 524 virtual base classes A,

10.NVR 1t : miFBRIEREEED—NSEERIREA , tbul :

X foo() {...}

SWBMENR (BB S FiXMLKL ) H @ void foo(X & result) { ... }

MEREAEE , Areturn X(...)f’t%E X x; return x; BEMSHENX MALIRIE,

nontrivial B92k1

¥ 15 K| £4 (R . NRIFE ChEER# copy
constructor MEEHMERIFEFAVXNMTH , BIRAEERM THE,
12. B RABILINR : ERRVANIIRE ELFRAHNEE R AR ?
miZRE——BREVBMLIIR , BEPNYECEZEEN member FEER) X F7E constructor
WLIEYIIRIIRIE , F BT explicit user code Z#f,
“A member EEBRAY) ) K"
BERSR—EREEN Bug.
17 GCC ELGTLUERI B RIEFEITLFRIZTTHIIE L LU T X NGB,
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13. 128 7 MR RAPBEERITIIF R LA member FBRERF " SKIRER , FAeT AIRfE—LE1R
MIHIENR T, EEdn -
A() :i(99), j(66), value(foo()) {... }
int i, value, j;
XEARKFFEBRIVAT R RES foo) R T IER]
R foo #k#HT i, BT i FERTE value 28l , FIUARESFTTEHBIR ;
R foo k¥ T j , BT j FEATE value 25 , FirFE T ERRVIA LR RIEIR,

$3IE ; Data BEF
CH+XRERFLET , 18T data members FILLIE,

AE(F15iX 4 class i 2 4 objects EAEREM—FT_H

2. —AINRIAFRBERN CBEH 3 #BH4EM ) CopyBFE 1 & :
1. Hnonstatic data member B92F1K/ ;
2. EFIBTFANFRAEEMNEN EENZE ;
3. MLETARTZHvirtual HlEIMmE|EEIERI 738,
3. ¥ member functions ASMHHSEZIEA class FIFEREBLIL T A F18, Frld class #9
member functions =JUA5 | FAFRERENME , C IBESHMMAREL,
4. % 3 FWtE , FE+HEEN—KRR : class H#Y typedef HAAREZ XM,
% ypedef #4955 IR OS2 00,

typedef int length;

class Point3d{

public:
void fl(length 1){ cout << 1 << endl; }
typedef string length;
void f2(length 1){ cout << 1 << endl; }

b
2 # 1 437%E R length £RZ int ; M £2 48E /9 length 284 & string,
BTL , Xt Ftypedef EE[HHIEAIFEFMIE © 1548/E nested type ZHF ( Bitypedef ) M
class #1544 !

5. 4L , vptr LA E#KIAHERN member MWRIGE , Nt thGLE4RIEEIE vptr MER
FIE (MSVC++m 2L vptr ERFIHE , M GCC i€ vptr REREE ) .

6. EC++/ , EM LR , B—MHREFR— member &ttBH—MEHFE— 1 member &



sunxv
下划线

sunxv
下划线

sunxv
下划线


HRiE, ERNTFEHR—MNGREFNFE—MEERFH—ME850 member kif | Ex2e—
HE , BWRmIZRAT R,

7. BH—MERBIARANERRERESHR , C+HHREERFIZSZVHIIXMNREHITRE , B
RXNREMERH T AL,
foo().static member = 100;
foo()iRE— AN X MUK , 8B — static member , foo()ELATARAREME S
EX MRS R | BR C++HRERIET foo)S#RIE , FTEEMRBY BX
(void) foo();
X::static member = 100;

8. ¥—- nonstatic data member #{TFEURIE , MIFRSHTUNTI R :
origin.,y = 10; TRA=> &origin + (&Point3d::y - 1)
JEBEDH-1 21F : $8@ data member WiEH , H offset ER2MWM L 1, XHEFTUERIZE
RGX o —NMEH data member #9355 , FAMIEE class #95 —/ member” 1" — M &M
data member #9155t , BREGEIEEE member”" ®HER ( HRIEHHEEZFTNER
NULL g975=¢, 0 54 FARZRNULL 7, BERIGEZEN L] 7).

9. Xx; x.x = 0.0;
X *px; px->x = 0.0;
XRAMEEEMF AMEREERMIX IIE ?

K/ H X B 53 XIFYF R A AR S A |, 3X
( ZFER ThIoffset it EA TR , REIEZHT
offset thelAE#EEL) . ERHXWEEZEER , fRiFRrIUEREMSE 8 FPFMARM#HIT

offset /& , (BRWTF pt Kt , AFLEME pt IBEAMWEEXRR |, FCAREEEHR—MNMITER
B]#% RIS 2P 53 B B ARt
10. x4 2KERI Rk RFNE R RAVHESR B R E C++ Standard HagHliEE ; Bie L4miZeErIlR

class ggoh, (—MEME , E—FMN—BHiZ| virtual base class #&#T ) .
11.—Mms , BER4R (BN FELYR ) HAKIGMAEFZE EMHE , siEiREZR : C+
+HEIERSN R A K Z kB TF virtual A1,
12.C++ Standard {Rif : "HIMEREZ R base class subobject EHTZERFMYE !
FEIMWBEXENNTZBAFNZE , BAREMNTEENIFURIE , REMNFZEBFD
HEREN—E57 , 2RI HEIR,
13. 2HSEFHHRN 4 N8
1. SAvirtual table Ak E— virtual functions Fytthit, X4 Table TR EHE—
R = = AERRY virtual functions B BN E—kFEA slots (AUZFHF RTTI) ;
2. 'E®—class object % iE— vptr #5EAERRY vtable ;
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3. 7E constructor AEIGERIBLAERIRE vptir ;
4. 7£ destructor FLEIHRAIEHIRE vptr ;
14 8 —BRASHEREURBEVNERS (EBE—RIE vptr ERESBAIRIT)

Figure 3.3. Data Layout: Single Inheritance with Virtual Inheritance

float _x EPSEE; o float x

float v float _y

__vptr__ Point2d _wplr__Point2d
class Point2d p2d, - _ﬂ; _:

class Point3d:
public Poim2d p3d;
X1 IR ZS [ A

XA vptr _Point2d 89 vptr s]BAix##12#% , B Point2d m5|%&#) vptr , 7 Point2d &Y%
&/, X4 vptr _Point2d FrigmpyR S Point2d At RzfY point2d_vtable , mi7E Point3d
ISR |, X4 vptr Point2d Frig@adElR 5 Point3d Fryd[z#Y point3d vtable,
15. ZEHENNAFMRE (SELARNNEZOMETIRELSIESE 1 EEXZERER)
Figure 3.4. Data Layout: Multiple Inheritance

fioat _x "J"Elr!;ea-(
nzxt
float _y __vptr_ _Vertex
__vptr__Paoint2g Wertex v;

class Point2d pi2d;

o ot
vplr_ _Vertex
Pointzd
Suhi}b]i-?.ﬂ.l_ L _"_
)

__wptr__Paint2d
[ Soatmune

class Viertax2d:
public Vertex,
public Point2d
{ vad;
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ESEMRRNIRERRT , BIRELMBUEIRAE | BERMASRMRZERN , AFEN
it RRRE S NME ; MY FiERPIEE 1 BXRMER , WEENHU#HT—ER offset 12
717,
C++ Standard #BB#f base classes BI4FFEHEFIRF |, (B2 B mif14mi% 2380 2 12 B R
KERE 189, (B—MEE : WRE 1 B REviable MEHEXEE , NETEEEENTA
M™MIE) o
ZEHERTF , FIEESBEZ Vptr i85t , MEBRREBRME : RKEEXD vpIr WHESSTHEE
&£ vptr LB E,
R - R ARIE— N ELEIR 2 §
XNMHEZEFENITLET JRiF s iGN — I8 $H18E virtual base classobject Ria)i&f97FE ,
XEAEBIEMHAR, WTFENRBERTRIMHEAZNEA , ERHERIOME,
—MMERERER—MEHEREREXE .
Figure 3.5(a). Data Layout: Virtual Inheritance with Pointer Strategy

float _x
float _y
vptr__ Point2d
Point2d pt2d;
e VertexZd
float =z Vertex2d®_next subobject _naxt
Point2d Foint2d :
‘pPoint2d *pPoint2d pPoint2d
__vptr__Point3d __vplr__Vertex2d __vplr__Vertex2d
Point2d float _x Point2d float _x Point3d float _z
subobject suboehject subobject
float _y float _y pPoinz2d
__vptr__Point2d _ _wpir__Point2d __vptr__Point3d
class Point3d: class Vertex3d: Anat mumbla
virtual Paint2d virtual Poirt2zd | |
{. . .]' pta‘d: {. . .]' vad; Point2d
subochjact X
. )
__vptr__Point2d
class Vertex3d:
public Vertex2d
public Point3d

{...}w3d;
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—Fhit; 527 vtable A% & virtual base class #9 offset :

Figura 3.5(B). Bata Layout: Virtual Inharitance with Virtual Table Offset Strategy

wirlual base
fioat _z Cas
___________ el — - beginning
vpir__pointad  —— wirtual of virtual
| funelion table
X shols
Polnt2d =" |
subabjec
: ¥
__vwptr__ Peint2d ,_4
class Paintad; virlual Paint2d 1. ..) p1ad;
Verlexdd *_next
vptr_ _Vertgx2d A
Pointed ¢
gnhobjes
¥
__vwptr__Pcint2d o (—
class Werex2d: vidual Paointed {.. .} v2d;
t
Vertexad _ _ _'nfx_ | =
st bobjes __wptr__
Poimzd |
subohjex __vptr__ -
froal mumtile
Foimtzd _ _ _ —°
subohjec -
¥
Rl
class Wfartesdd:
public Vertex2d, public Poinl3ad
[.-.}wdd;
X ot A IFATET - vptr 2B KFERIG vtable 2 class #
objects Fr£EZEMm A, ¥t FE— class object ;55| \MEFIHIERIM A , (V{RFE viable 2

ZfET A slot 5 . fMal—#EXANE—4 object #5| T A EEHEIE AL,

XAEMARASRICEEEANEAFTREGWERT , AREH—EEEYE (#8Hkoffset ) K
1518],

BRI EEME 7 virtual base classes Z/5 , 77 FFRREH LA —mEBTEUERE , GEE
BRI R PR EREGREN T —/EEE R , T ERIFERFL.
17.—f&m= : virtual base classes i
class , ;& 1E{" data members,
18. L BHRASTHREFMITHIMA , HiFHRTTUBRMMAE S B RS RIEFE A,
BE-—BIRIERIUSR , WEMREAERR , 26 1 ENEMSARAEZRT , ZBNIARIRES
I noRiEE , ZBIARINMARERT n &,

# virtual base
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BRRER , CH+HRMEI R AEAREBZ AT virtual HlHI5E/,

19.#8m Data Members #9#5 PEFSEIRRTFAIRIX 4 data member N 33 K2 tattht 1917
@it (offset) (EFEHIMI1 UXRHZ=HEEH , sIEBEHIT) !

20. (=M™ Data Members ffEHHRTBARMERE , MASEZBEFIER, #M&E 18 KAt
By, @GR BEIMRAE | ER2BR E AR ANEPEE.

84 F : FunctioniEB&Z

CH++3&ERAT , 1716 T member functions , £LHE virtual function,

1. C++migitEMNz—#2 : nonstatic member function E/0wF1—f%H# nonmember

SLFR £, nonstatic member function £#4mi¥ER#E TN TR , THR—NEBRH
Typel X::foo(Type2 argl) { ... }
2R DI TRIEBERE :
void foo(X *const this, Typel & result, Type2 argl) { ... }

2. Xfrkt, BEEH ZBRAEH BEMARRIREHEZTHAS C ESHHENNEE
B# , REH EeEE X LN EEBRIEH G LW T ER9H /& , HMEIERIScope EEME .,

3. &FM C++4wi¥eEN man mangling HEIEERLE— , &R T ERMIFBmELM C++K13
NERE., AT, TEASNERESSRONBAERE T,

4. B GEL : ptr->normalize();
SR AWM TRRAER : (* ptr->vptr[1])(ptr);
EIX b, vptr WEMSHI L mangled , BANF—NMERIIRERR |, FlEERE S 4 vptr,
RIESAE T , —MNREERSR vptr FESTFHELN S,

5. BISHGIRBEILMETEHE scope HEBEL , EWEHE this 155 , FILEMMIEERIH R
B MEEMSREHMXXE - N EBRR IR E.
BB R BHELESA — 1 callback AYHEFENTS: , TE2ERTSscope A1, XBEZBHIFHIE L,

6. iR51—1 class REXZWES , B—HNELHEMRBEERAEEMRM virtual function, R
class EEABEEE— virtual function , L EMRZBZEIMNYMITHESR vtable,

7. B—REHIRNEFERR
RIETIEE , WFE—SRNER , ENMERSREE - vptrigtt , HREE—MESE
virtual function FEMEE (EER@ATREN , REVTRIEFENKITEY | #i— T FH
ATEMRAFHRENER ) .
XFRFEHRBET |, virtual function R4 TIERINR ? E iR — R RE ptr->z ()8t :
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(1) : 2RATEEMTE ptr EEIEEAES |, (BEF] UL H ptr X2 ER vtable , M vtable ig
RTFIENKRMEIERR (—ARW%E type info 47E vtable 1958 1 4 slot ) ;

(2) : ERTEEMENIZIFAN z AHMEEMHE , (BERFTUEEER vtable P#EME#H—
slot , FR#ME#EZ vtable MY slot BN B IEAY Rt A,

B4R ANEFEREEN TR

Figure 4.1. Virtual Table Layout: Single Inheritance
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L ITHARDEEE this REHEVIRIE, tbandt FE#M delete #24F : deleta base2; T base?2
SRR BIEmN RAEAI N |, XHEERRRRIERS IR UIOE , FIAEZEN base2 #H1TH
ROIREE A BEIERRRY delete W&k,
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XFEER vVIrtual BRZAFENGEREESRKESEN Interface 7, (B2 : WREHAIEZEF
&% nonstatic data members , FEZFHZE virtual BEETAIE ? ZiBHI S BB BT ATIU
TH ? RiE;RE data members , GIRATNEEXZLEZ AN ?
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B A inline BT REEB T E — AR IBFATERITEINGI7E , thIam1EESIE I TFE/FILIERIEN
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11.81—4" nonstatic member function 9t , GNRZFLHZ nonvirtual , MBRMERRE
EAFPHEES, AMXMERATELHN , ERERHE TEA class object fystiit £,
7 BES BT A ZER L,
fREEE , :X/> nonstatic member function #4wiZESARM T — NS this, MRAREE T
class object #FEiE(E#IX this 55,
(origin.*fptr)(); &#iE#A (fptr)(&origin);

12.7£ GCC#1VC++2010SP1  , MATERM SR EH HENMEUBIHRERERE R 1",
class A{
public:

MEBEYN

= ERE S
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(o]

AL

int a;
int b;
int c;
int d;
b
int main(){
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(GA::
cout << (&A::
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o
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=

)
)
) << "
)

p
a o
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return 0;

}
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BEET , AR fooX Ak virtual FIRGIRE , MEMNERKALR 1", ATAE?
13.#8m@ virtual member functions #y#E%t :

¥f—4 virtual member function ERE it , FRAEFRISHI R 22— vtable FFZE5|{E,
14.inline FHH REFLFSHERE NS HITE , SEEAMSIAIGRNTERKBREES KE,

St FeEE : inline int min(int i, intj) { returni<j:i:j; }

WNRX##AA : minval = min(foo(), bar() + 1);
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mizBRMEBENNEIA IR TEHME t1=foo(), t2=bar() , R T X MRS IKIBA,
RIE , HIEH 1% = B Lt , AR BEUAE CEEE R EFIFI5INIGITEE T,

15.inline A EiEA inline &Y , FTREMEBRE L —MNEERRT AL inline AEZEBIRYS 241

RBMET RFR.
WFBREZ2XEBWENERF | inline BFRHT —MEMENNIAR , &K 5 non-inline &

WELkEsk , eFEEMIDIILIE,

BOE: M5 BA, B EEF

CH++WHRZERIMAT |, WL T class MEAMRE | — M RITEEGEH,

AR F AT AR |, AT
class A{
public:
virtual ~A(){}
virtual void f() = 0;
I
void A::f(){cout << "pure virtual" << endl;} //ZEiEEHNINTE X IELFEIRIIMND
class D : public A{
public:
virtual void f(){ A::f(); } //4fiEE
I
int main() {
D d;
d.f();
return 0;
}
WIS R R pure virtal”,
XEEEZIEMN/LR :
o {HREEREABETERAVAEPREMEIN , REEEERFRIMNRRIZHEIARIKI ;
o EIEMAERMMIBIASIMOAHIKELREXNEKIFRA ;
o IREXFESBENMBEINMNEEARBMEN , MBIREXED REXL) , B84 D kAR —
REH
o iX# pure virtual BFEEIRBITMMARLERTFHRAZRR « BZEEHR T EULITH
1BE LB RIETREZE(E |, BRIFIREZLEBFHRIZLK,
o REEIBXNMERBAMMELNERL. C+HESRIESRARZFPIE— class
object ¥y destructors &3 # 1AM, FTLAGRiIZEE—ESY BIRELRMTWE S EE i



sunxv
下划线


FEZEMITHIRER,
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W,

RZEREL R const HE 1 —MNERERBUZNIZEE X 7 const g ? —MEERHERLPAFEEN

data member HARERERELREEN —EF =€ data member,

FTUABRIEBE +ERVIEIR , —RRRIAFERR const,

Lippman iA BB RS E R A virtual function , AEBERIFENAIIRIFIEIELT

9 virtual invocation £k , HFARRIFIIZTIE, it , Java #1.NET BeJgEE2iX 4 F 89,

WREEM =M F=EEE : Global W7, Local W7, Heap W1z

MEL  wEREAB—NEFEL IR

dafault constructor, destructor, copy constructor, copy assignment operator,

62 , g RIREMZ LAY, trivial BIRHAS W EIFRI=E 1K,

CHC++HIX—1AER , MR 'CIESHIRIHEE X",

& Point global; EHES :

FECHEBMA—NIRRMHENX" |, FINERFPHIRZ IR , IELOREEREERTEME

K, RERBT NI

BERECH+EBMAAL— N EREX" , FIREEHIM—X , XM C —#1iEaEiEE |, C+

+ B ERERA extern , B0 : extern Point global;

Bit £ : A*pal = new A; 1 A *pa2 = new A(); ZBIRBEHN , si—MRZASEAE

INBEERRmE—1ME, B2E GCCFVS2010 MK AI , X2 M MEiERTE/EX N,

FOARMSR BERRIFA T,

SHFaT AR 5 POD #Y class (@B EEMEER . 87 virtual MHISEE ) |, #MaTLAER POD

M5B initialization list #{T¥IHA1L.,

Point p = {2, 3};

C++11 sy initialization list #XE(FH,

5| A virtual function SLAWNRIMIE, EIFITMETIZT R GIBMNT

o constructor W ZiE— LI LAEIE vptr IEMRIHIIAL | XEREEBEER TIBEER
base class constructors #iARZfE , EMAEER user code FIKIBZ AT ;

o &Rk copy constructor 1 copy assignment operator , AAE(IABR trivial 197 ,
e NL BB ERIRE vptr ;

C++ Standard ZkR£3E5R nontrival members MLFREMIREE BEEIEIFBZIEFERF

F=woll R

constructor ¥ miFRLHAENNIG , —MMSHIF[ATMAIT TIRIERANT :




o HIWA{LRLE : {£A member initialization list si&E{ARIKINDEERE ;

o TEBRZAEI, 3R class object & vptr , EN MM IEMHINRE ;

o EIZE , AN E—EM base class construcotrs wZ#iAA , U base classes &
fliFE, £ member initialization list Sy & BAZKIAIEE L , FEINE base class
REEMHERTHIEE 1 B LFZFE this 1855 ;

o FEBRZEI , AR virtual base class constructors W FHIAR , NERA , NREX,
FERRE LT virtual base class FREZERIZFHLE ;

o HENRRIBIMFE : virtual base classes — base class — vptr - member,

IREEEMAPINICRICEHITERRE,

AR, HEELUTHRREZEN class fIERYIIALERE

XRENHRNIETEEN—< , HEELNVREEFLITHRRENERAR , FERRY

| Pverlax

KIRAX N HZELYRMCHIREF W RIFRATEHE,
EENTFU TR ERRE

YR ESU] [ HIFE JEE /= 25X 7 E LAY HTAE (L IR IEIE 2 2812 ¥ Point3d #lVertex AItiE%
HE— NI 92 8 most derived FRERAY,

Point3d* Point3d::Point3d( Point3d *this, bool _ most_derived, float X,
float y, float z ) {

if ( __most derived != false )

this->Point::Point( x, y);

this-> vptr Point3d = vtbl Point3d;

this-> vptr Point3d Point = vtbl Point3d Point;

this-> z = rhs. z;

return this;

}
Vertex3d* Vertex3d::Vertex3d( Vertex3d *this, bool _ most _derived, float
x, float y, float z ) {



if ( __most_derived != false )
this->Point::Point( x, y);

this->Point3d::Point3d( false, x, y, z );

this->Vertex::Vertex( false, X, y );

return this;

}

% Point3d RFhRIEEXFRMER , most derived 2H&#HI&E M true , T2 Point i3

MIERFMSKIFA ; Y Point3d MMISR R Vertex3d (8)#%i8MARY , _ most_derived

SWAWIRE R false , TR Point MiE R AR IEMBEINME T,

E R RIE/EHE R Z A R ERERIFZHMNE — T, (BEXAEHLZRLIE—TFE

IETBRIRHEEDTIE LA 75,

Point3d #iVertex JiF Point A98745 1t ZKR /A , ZATHIHE ? R e Vertex3d 5t PVertex

RIFLIE—FIRE T,

EMERHFIAA virtual function 4B SMMN , BEAEMSERHP , WRERTE |, Ik

EERNBAELEFRMIE , SAREERAENMKRRERR , BUEENNIMKRRBPEIERT

A IERFENRREE,

B FEMERRFREZSEM , FTUELE T —FEERHTE0 , BEH— 1 init() #/TEIE

BRI RIRFIEFZ. 00 0000000000000 00initd 0
ERIEEMERHTEESSMN , EUNGIMUIIE —MARRMERSREB THER K ZF ,

XU SEIRAIIE ?

BEREMEBEMERBPLBABRNRIRIE :

BRE S E S S HEIRARER !
f£{E e User code #1 member initialization #iAB Z &1 , vptr #IEMIVIRE R T HF1kH
A FREAEIFAA virtual function Bf M vtable FrEYH SRHIE S it 7 2 IE#HHY = FiZE AR 5
Fikttht,
— MEEZILHIEHIR
struct A : public Base{

A() : Base(foo()) , valueA(10) {}

int foo() {return valueA;}

int valueA;
}
ERTIREENMMRFEEVBEESE | FTBEEXMHMRIRELRLGEHEME , BRERNKR
FENITREARKRE X !
—/ class #9EK1A copy assignment operator , AR EARSRME bitwise copy iEE :
o HEF /MU LA SE copy assignment operator Ay ;

o HERH copy assignment operator B ;

o ¥ class #% virtual function Bf ( EEZIEMIRE vptr) ;


二段式构造，先调用构造函数，再调用init函数


o ¥ class HydtR Kk R & virtual base class At ;
*  CH++HESHRIEY AR copy a331gnment operator 55 :

12E RAMNIZEER T virtual base class Bt/|vi€38 copy assignment operator EfXg

(UBRHENZRABELENANEEEREIBEEELERUTRRER) .
At , KRETEERNEARF— 1 virtual base class FIFENIRIE , BER AT EZE A virtual
base class H BT,

o CH++RIXEM 4L XMRELY  EAREEZENEATHAEZEECERH,
FAMEZErivial B, XEFR T SWEIFRIS LR ( RFEFRES L) |, SRR FR
BRI T , ZiEMt— trivial #95E R R TR FEMF,

o HMERHFITINE (XBEEIARS i
o YN8 object BFE vpir , LB LEI&IEXM vtable ;

o destructor ARAZUMESKMIT , LRI vptr &

o LARSBRIRF#IME R IRF A members RIMTHIE L ;

o WMMRBEMEEM ( L—/F) nonvirtual base classed #%E destructor , BBLEUE
BRI A9 E R R = 4 1R AR

o YNRHFEM virtual base classes #%E destructor , MHEHTIEHX 4 class RREIR ,
A EAN R AER RIS R IR 5% 1E F.

° HFMAMREPHEIRVpr& : 5 , BEMRIETERERSPHAEES
S, NMARIERFENERR, EHIULATFEERTTE EHRRIERERIFET , M
FERIFRE o] GEZE ZEHX LR R,

o MERPAFTHERHPHAABIEN : IHFCRIESHNGER , MBEMIIERAMEXN (&
FFBIHEEIIT R TZE) .

BOE . WMTHERF

TEHITEAMN RIERLAITH , BFEIENNRMEREBM new, delete EZEMIIITA,

1. C++HhiISMRATHRENBERAARBTEMEFRBELRREAXANERE,

2. C++RiL : 2BTESEFE XA ZEIMEY , 7 main()ER 2RI,

3. C++#ERFHATER Global object & EEZFH data segment #5450 , EREH
constructor ZERZFEEN A S # IR,

4. Li QY & P AR E B (F A ER S Y 141184 global object ( Google C++ 45




5.

2 EANL: DI

I7ER) C++ Standard B238HIE K

X2 Effective C++ & Singleton ;%A% H#Y,

M BETE 7 AR AT 2 4% CARDIS RIAE SR 7 4 HE B
WRIEEER R I iR LA — R BE AR IERSEINRY

void* vec new(void *array, // address of start of array
size t elem size, // size of each class object
int elem count, // number of elements in array
void (*constructor)( void* ), / /HEREBVIE T
void (*destructor)( void*, char )) //ifHJEEAIIEE

{}

void* vec_delete(void *array, // address of start of array
size t elem size, // size of each class object
int elem count, // number of elements in array

void (*destructor)( void*, char ))
{}
BT ERERAERRSER 0 vec_new FIREIARA |, F=ER AR MSR S B IEHARY ,
TXEEREFRSE , BRASERERT,
S FABLEFSER T BN SN MSERR LB TSGR BIIE |, mFFEFE—NMENLTSHEE
BRE , BAEMIER BB EAXNEASERERE, (X, HiFRXRLEER TIEESH
ME BT 2/NEESHIMIERE  ERIENSHIREHRIFEACKER )
X B ZFTUAMEHR TR EMET , RATEMSREMEFERN , IEEEMEFINRETH
¥, XRvec new X AFEFMES

. new MLl :

NERE
2. ARMER,
delete HIF S :
1. AR ;
2. BRATE,
—h&A9 library ¥4 new izE /ISR ¢

extern void* operator new(size t size) {
if (size == 0)
size = 1;
void *last alloc;
while (!(last alloc = malloc(size))) {
if (_new handler)
(* new_handler) ();

else



return 0;

}

return last alloc;

}
B2 ™MEIGZA, F— @ new BEIEFELRKE ] NEFBRIAF ; = : new handler £
FAZ I ERT LU EEIH =

10.2#8 C++ Standard #8HHFE , (EELF LA new ]
delete izEFFthER U C free() FEALH.

11.trivial 89 vec new() :
NREDEIBBIERHGETE XEIANER L , F2IX4 vec new()HIiAMAFR trivial &9 ,
TEURDERFMEILT , new BIEFF ((EEKX 5 new ##ERFH new ZEFF ) BUAK
EXMES. REEEX TERIAMSERHET , vec_new A FEZWRIFAER,

12.delete # delete []
SHEALEL delete IEHEFE

1288 Ak FHMAN

(1) :delete #4Hrt , LBEE 1 NTRSHEMIER ;
(2) :delete [] EANKRE , 1 NTRBARSHEMIR |, REEEFTMERBKHIAR,
13. AN K/NEWRIZFFICREEMMT | FTUGRIFSREB B RSIBHREN AR,
14. BAMBETANXERREMY .
KIEANZIEHANMZS U -k |, RERTFREN., =
delete [] pbase; $&{Eft , ERFAAHIEMAIBERM,
XZHTF delete [13fF E&EM vec delete()EUMRLIRAANRE , M7E vec delete()#y5
HPEZEETTRIA/N , EEvec delete FANERMERE , KERBR—MEH ZEEIETE
[E#anitem size MiE , #1R DerivedClass # size tt BaseClass EXHiE (IBEE 2N
b)Y |, EBHHMELER T — M RMNVXET (MR Derived 5 Base X/\VEE |, BRGISAS &%
iR , delete [[RTCAIERERIRAT) ©
15.placement operator new %5 placement operator delete B {EMR , tha] LATE
placement operator new H3RE9¥ R £ B X1 E MR BESFEROATT X T UK E
RIEF,
—f&= , placement operator new #R%Z# £ , EX Derived Class {Ef£Lt Base
Class X , B&7FERNEE D Base AFHA—EREBE Y Derived KA R,
16. —E§LLARAE 2 2RERIARS

class Base{

public:
virtual ~Base(){}

virtual void f(){ cout << "f in Base" << endl; }



int value;
I
class Derived : public Base{
public:
virtual void f(){cout << "f in Derived" << endl;}
I

int main() {

Base b;

b.f(); / /1ZAEF1REABA

b.~Base();

new (&b) Derived;

b.f(); //ZEBROZIAAWANf()E? ? ?
return 0;

}
XEH ANARXBNiZEE " in Derived” , B32fr £ GCC ##w2"f in Base”,
UIEIERE T HIEIR i 25 01aT 1 [REB B , B4 f in Base” 7 @iEw#Y9, BEAb 2
— IR EIEH HESIFTEBZENE , FTUFIEFSS
#2b.f() E#£4 &5 Baes::f(&b);
Bt , ETLAAES , WRIED #rkZ Base *2£# | M FIEFH L5427 , BTl 718/ Derived
RIf() L :
int main() {
Base *b = new Base();
b->f();
b->~Base();
new (b) Derived;
b->f();
return 0;
}
X%, GCC #it 7" f in Derived”,
17.C++ Standard fiFmiZSENIERENRN=EERENEHE,
18. AT SR A HESR A A HESR I DA A 0. NS Z
tNHER T EBMRIARN |, LIl —EFRMESH—HENES , AEAERENREANREA SRIEXN
RN REEEASBH5I BRI,
19. aNR—MiEEHEN R WYIE T — 1 reference , WHIEHE , ERIHYA{LZ reference 94
R , HEEIERT R4 ERE (Scope ) LR AW —FE R AT,
20. B4 : KAIHETIRIIBE— L1575, —ERELEMT C++I04F, (BRSLENZLTUE
1T RIFRIImtE 145 1% S HIRRIR UL (L TIRE R A2 NG AT X S iR A0 ( ELERABIFEEL ) , AT
LAXT I AT 1EXT SR A2 P BEX BB B NS K BE 1D L,

K
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TiET C++M=1ERY E : template, exception handling, RTTI,

1. GRSTEBEI— MEMREASBEE S 4 R BRIE ? SRR HARIZE A AR | HIEENRMR
REEAFRNLHASRE,
A TIXA , ST hH AERRABEEENELER  FIERERARE , REGEER
X AMEIR Y — B SRR RiE8 T 24 HIRAE,
FEXE E , T GCC it MSVC++EF102, GCC RS SMMRIT , B2k TH
B3 ; T MSVCH+HITHEMERE , AEEAMLNIES ERE,
##5 7 C++ Templates FEHE T , HiFLESTIR LEMINERE , A FIERFITHIE
RI9EMITHE : EREN . TR,

SEFRA =]
3. RBEAEE " member function EIE#ERN , EASKEENRICLHR , XHEMEREH
ELE 2 MNFR

1. =iEF0ad e EAVREE ;
2. IRFEAMNEAHATLZIFAENERLY , ERAFTEAFZAMLEARZFIRL , XHFMES
B {tHmeER BT Rz,

4. int#1long M—2 M4 : int #long EAS KA R LEZEREN , ERMERIFEBINMTE

BR :

Point<int> p1;

Point<long> p2;

BRIMBERIZFRTSRIN 2 DK,

UK |, HmiFsEA—L mangling HFEBERM R 2 ALESFIUMEL :  Point Int,
__Point Long Z£MZ%A.

5. #K Template RAEIRIEEAFE T , template R PLE 5B EZ T XHITEIR , EFAATEEIAAT
SRR , miIFRANEBELT , AEEBENSAHREINMEN , mFFARERE , XZ2EFISE
MR LR — D K[EIE ( ZHEREHITYALER) .

6. Template FHBZFHRINAR : scope of the template definition ( & X iEiR#H75 )
70 scope of the template instantiation ( AMHERFAEBMS ) . R~EWOT :

// scope of the template definition
extern double foo ( double );
template < class type >

class ScopeRules

{



public:

void invariant() { /7B 1

_member = foo( val );

type type_dependent() { / /180 2

return foo( _member );

/]

private:

int val;
type member;

+;

//scope of the template instantiation

extern int foo( int );

ScopeRules< int > sr0;

Template A , 3 F—4 nonmember name FRINLERZIBIEX N name NERRESS" A
MBI Hi% template S HER"BXMAREN,

LRI EXFERINRIER , REHFEFS T C++ Templates Z G REMEIHEE T, XEH
HFIE— 1 EIFXBER ;| MEERIEFEBER , ATUSEERIAYIAITEL ( ZHER
EHmE! ).,

1.
2.
3.

Bl NREFAEARMEX , BRLA scope of template declaration & )®i¥ name ;
B2 MREFERAEEXE , ##L scope of template instantiation 3K;®i¥ name ;
XNEMBRIBFHOAN , SR EREEMEN | XEFT —MEBETUHITEEXHNEA,
ERAVERABEEERIUEERN |, RIFEXIFAREREHR - N EFIRRLIERR (MR
IR, BT AN E2/E Int ZERPRE , FTUMA—NEHFRIER) .

SR8 EXMWIER , MRWEERIZITENAERE , BAMER scope of template
declaration ;

MESHEXMIER , MBMEERERAENRERE , AR scope of the
template instantiation,

TEZFBEIEN—R#E  XBE EA S ERMEXMARENE HE—1 scope , %A
EEEPESEYM name, REIFHINRE , &8 sr0.type dependent();it , B FEF
7 scope of the template instantiation , {5 2 4 foo() R FEE A h &iEEL , BR
HTF foo(int) EIMMFAE , FTUREZRINER foo(int)iX MRS,

9N sr0 & ScopeRules<double>Z£AMiE , RFIERAHIKIAR foo(double)BRNhR A,

YmiFESLESE T 2 4 scope contexts:

1. scope of template declaration : A% ;£ —#&EY template class ;



2. scope of template instantiation : FALA LT T4 EMEIK ;
7. EMEBRUETREEGENER—INET RREW , 2—MEHRFHXER,

7. —FMEILERE | £ARRIEME member function , §#EESE IR MLERBIIE X |
AEBEHAAREZRESICEMNRZNEXEERIFLR , REEIEXLERZIE XFILAF
AR A R BRI ARG FT TGS E B,

8. W vtable # AR , B4 E— virtual function &I 2L,

XMt C++ Standard FEMTHER : "IR—MNERHHEE LR , HEUSER
EH classMBU=ZE", (HFEEZ1 , virtual function 2 —OS#ETH R )

9. —m&mM= , exception handling MHIFE 5w~ ENBIBEM U RAITH—1
exception library =& EMmLHL,

10. miZBAH T ZHEENN] Y&E-ET R AL : ) 1 B
1. BRAEXLEHARRIFRITE , MIIEF SN IZIAE X BIEMIIEE AR B T RE(THAY
A,

11.BMEERMHRS | L‘A%Iﬁﬁ;‘;’_ﬂn_ﬁ}ﬁzx

X 5 X =
BIER UMERELR B THRA R E el IR IZEXBMERELNRE | BR%E catch BAH &
51 & thEl,
12. 3 F8—MEE S exception , FRiZSMTIF=E—NEAIEASE | W exception £E#HITH
B, MEME— derived type , MEBABEUREIELFEG base class LRSS,
13.5—4  exception #E A , exception object st s .

xceptlon iRt M throw imfE 44 catch FAIAZ exception object fyitihr, KA
s Z % ion type BXMEBBARNE) |, UE
Ao At A4 exception ob]ect RItTHER At (WNRERNIE) (PXHBIEFEBR) .
14. 3F5#E—1 catch 7R HREH BHEERSBEL exception 2 /5 , EIEH exception

object A &SR,
15. ZH_RENSNAM | SHEBSIHMEMALR , C++4miF3E2H EH MSIATTHIRN &R,
C++iBE AREN , BHARAZREIERIE,
B—NO : WRRESZHIS T 7E<ts , BRER —EAEHAZFENIRBE , BRI iEST
B TR B FFMmTt Ao ?
16.ZC++ , —MNEESAMREM class , MEFEAS virtual functions #2E ( BRSNS
YRR ) o
17. A TFE&SA5MREM class BIEL2F—1 vptr #5@ vtable 7 , C++1E£8(S 2 H7E viable
#1958 1 4 slot B (—4type info MOFEEIEE—NRRZHRIZEEAY type info W& ) , A/l
EREFHEANISZIET RTTI ( 1byte per class, not 1byte per class object) (#3#H
BiEHEiR , REHRNBM T 1byte per class object ).
BT RTTI FREEME S MMTE viable &, B : RESE vplr 194545 RTTL




18. 87 RTTI M#Ie9ZH5 , #el ASCHERIE L £ EIRME dynamic_cast<>();
19.7 dynamic cast {ERIEH TS| ARXBIE T H LR L MET
EHRARIRE O , EFAESEHITIRE ;
S| AR A ST —1 bad cast exception ( AN REF5/IHH) ;
XFMLE S ERLE , MEKXKMA,
20.type_info A8 copy MiEERENF] operator=1REFF AR AR IFATE |, 1L TIR{EFNFE IURLE,
MARRBHT —MNZRIPHTFE— 4 const char *SHHMEERL , BhREEEESE

21.RTTI REAF 548 (RITI{EE%ET vtable ®WERE ) , EX E type info object hiEH
FIESHEE, typeildERTFIESSREUNMERET | XEHEM type_info object 28&
NS (mZFRERATET) |, MRS LR —HEMTEET vtable sI75ES,
X2 [BIX 718 FTEXANMIFMASERABT
struct A{};
struct B : public A{};
int main() {
A *pa = new B;
cout << typeid(pa).name() << endl;
cout << typeid(*pa).name() << endl;
}
i
Struct A *
Struct A
BEBERNE pa FRiEMEERE |, FEMET typeid iz
EmiZHAEIFRSHT E T,
HIFZEMUT R :
typeid(pa).name() => typeid(A*).name()

typeid(*pa).name() => typeid(A).name()
INREA struct ARII—NEMERL , NEBEI AN B TR S KR |, FR typeidiz&E

At A S= /4= - i( - x —— - 7|= u
N ARy

struct A{
virtual ~A(){}
b
struct B : public A{};
int main() {
A *pa = new B;
cout << typeid(pa).name() << endl;
cout << typeid(*pa).name() << endl;



B
Struct A *
Struct B

22 AN IR LRI F B |
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