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N

F A1 Foundation 2R — 0, 18 LT,
CH AR, BB AT HEA UNIX 2 Smalltalk BE . FET

JZER1

HE AT LLafE & 8

it —

KNHEERHA Grail (EHFPEREEHBRENFAER) , AAZEE HEM
K AFREI !

Grail {#/H—1

Rob Murray &R iK%~ ALF BHEEXTR)

i,

B E
T (HEAN type checking. simplification. code generation) LA

NS

S —PNAKAR. DUEEMEMN RIS, £ Grail B, FE45IF B R

BRI A AT S parser MIAEVEFHN ALF £ . He 68—
CH (2o

browser) ERERFFRY— 1> ALF FRIE E84E GERTEEMUYE) . Simplifier £
YiF Ry — &4, 4T type checking 1 code generation Z[f]. Simplifier X4 %

PR

Bjarne Fr{BXH, EEAER cfront B— M EX (phase) .

£ type checking Fl code generation ZZ{A), Simplifier #f+42ER? =

BRAEKREFEI. A% KRR X R R R 5 E B

1. 5%FEHEEHXHH#H (Implementation-dependent transformations)

XESHERFFBRNFESR. T

“tentative” nodes. H{AN, 4 parser FEX P FiER:

fct ().,

1K ¥

- ALF ZF, XEERERNEFBEAN

EHARERES (a) XE—TRBARBRE, BF (b) XR overloaded call
operator 7£ class object fcr ERI—FW . BRIAESR T, MR FRRAEHRE -
RBEH, BEY ) KMIEABIE, Simplifier REBEEHE#H call subtree.

2. HEE BB ¥H (Language semantics transformations)

X FL§% constructor/destructor B & AP & . memberwise ¥4k . Xt -
memberwise copy HISCRR. ERFILH 4 conversion operators. AT 4
DL KXt constructor/destructor HJiE FF .
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XAFEXT virtual functions. virtual base class F inheritance BJ—#& XH¥. new
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MR ELINE, £ESERLLEEAHRKN—EREARNRER D
EEASADMESEFEEII N (FiFds) KR EXHRERIBAR. 610, virtual
function calls, —f&M T 2#EL — &M (HNEF virtual functions Hik) HIESIT
BRI, —EEMF AWML virtual table 15? K, &RiFHITUBEASI#HFHEIT
fAIAREME: . INEMEA virtual table, HAKME. FRAFE. ARV EEH
THTWELEE TR, MAAAREHHEE ML (4HiFs) BITRE.
A, BARUEIXE, KRBTGS GIFIR, HAErA%iE8RxT viral function
I SCH B AR A1 class /&MY virtual table, K/NEE, H BEBRFEHATRT
BEF T .
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EXAXFHBZABEAR I THBRENXN T C++ B8F (REME R R
XFF) HEMERAR. THO-EETRERKIIN - #1E, REEFEH C++
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B —FA—BIE, i1 EREET (EELABRR) C+ M 00. H
F-NTREIMM 1985 FRFHBE C T, MEIMIAN C++ HXFTEFLE user-type
RFAHA, X server BIFAREA, i RES — MRE T A B R KIEE
S8, NWiZ@H C MaE C++. fiihl C++ X RZ.

C+H IARFARREMBEARIGER, BREAXLUFERN C BFERAH -
HiR. R, KREXAUHABUBEAGR, ARBEXHARIRE C+ 1 ‘RS
N7 o XERHREERIOTAERH & R E K Object facilities (1 inheritance.
virtual functions. #§[8] class members AJFE4f: - - ) B sk BIh sy N 2
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Fw STt C++ R RS. LLT Y s E AR

i ERERNERESHRMEFHRUNEE. TEHAT, ILFEEET
N C++ HEXHAZRRRZTH. RELE, BAN-—HARD, bE—F 1C #)
BRFE, MR CH, Ay EERNTRBEE" . RYeLEEI],
FRAEBEMK THE, C++ B malloc) F free() MALLEFRAN. XX
RABEN. XE-MABHEABSEER, 5IREEUTHROBRENFE -

EMRBEMEREZ R F 8, FEAR, 28, UERFZEE. C+ 1Y
ITmEMHFS 0N, ERRNEREFR, ITRTHRMEHEYLE.

KERCEAFHER BN - HEERGHEAE. B, XFEHE—HE
R E, REBAKXEZRESE C++ MANRESEU.

IR CH++ MR BRBAEEVH A NI S (GRiES) FnHE 82 s A<
[, FKAMTEESE X TAEM @ TR A — B piTigR? AV 1 (Static
initialization) B] b L3 it — 5 8 5 61+ .

EH —1 classX FF constructor, RiXH:

class X

{
friend istreamés&

operator>>( i1istreamé, X& );
public:
X{ int sz = 1024 ) { ptr = new char{ sz 1; }

private:
char *ptr;

i

i —~~ class X [ global object BIEAH, X #E:
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X buf;

malin {}

{
// buf LIRS R

cin >> setw( 1024 ) >> bhuf;

C++ XTRBEIRIE, X constructor YTE main() ZRIETE buf WAL . R
EHEEWRXEIMTHE . EXEMERNESMEEI (static initialization)
SRR N A# T RIRE XN SR T — E4%.

BRI cfront SEMmAERARBREEAREIR, EEREREFHRYE 5
FE. R BRENTEME UNIX REMALY -S4k, RI0\BLZED
AR EFEE UNIX 5L &MEH om 4. CC 4 (—4 UNIX shell
script) A —NAPITICH, RERIHE am BITTFHRELE, EE-1NFK ¢
XA, RIEFEXTH c X, BEHEEE -NTHITXH (XHEFE
) munch solution) . XA R UG IZIFATIE R HFEMEY.

BTREZRE - FERE™ BRZE: HEERIEIFFH COFF-based 2
FREI AT ST X (BRBTIBRY patch solution) , REFEE nm. compile. relink. COFF
J= Common Object File Format HJ48%, & System V pre-Release 4 UNIX RZEFT
ABRHFRHHR. IFHRRTRBBETEFER, WREHE, Mg - 1FE
FSVIIRILRY ¢ XXMF, cfront &7~ st BEL, WITLERVIIRIGERE.
A& patch solution B Z munch solution, #FBSEFHREL st FLWEX, FH
LZHEMNU-MEREE AR FPATER (ZHTEE man) ZRE—TH—
4~ library function _main() $ATZ) GFE: AHE 6 EXTLAIEMEH) .

System V COFF-specific C++ Zgi¥s% 5 cfront B MEAFEITRE. BT
T — T REFSHRFCRIERSE, LM IEHRAMES LIS YT B
g AR PR inisection, BLINEEFERASVBILE objects. FEBEATH
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based solution EIXZ L.

- program-

Z I, fEf[PL cfront program-based solution NIERNAK — L (J2R) #/EH
SARB. WA B o BERNERES, CERBRTEEFELN
environment-based solutions. X< Fun{ef 4 13- H B B EHVE? FKRAFE T - sk

=

EARRY C++ FwmiFsx LA REAKLABARER, KMEDIHEWAEE. B0

B cfront ZEH4ESRLRT L EEOE cfront ERMCHEBAEE, Hanxt

KETA 8wt SE P an L AR FT L

KBHAHER

AR SR, IRABREADEREA. BRUEB "EHEER i, BOE
B Stroustrup WYRIAMAR (RRMFE cfront & L) , BERME—FFZHBERL, 1

— AN
L 7

F1E, XTXR (Object Lessons) , UM R IEMAMNEET R, UE
C+ MR X R P8 7E (paradigm. 1%iF: X F paradigm XPF,

BE2EAH #22 THFE) . 2EEEMN TXHEERA X%, 8B a7
BRI, BERAXN ZEHRAEUMEATRKEEHNE (FL5%E 3 EH

54 ERELIK) .

% 2 B2, WERPIEEF (The Semantics of Constructors) , ¥40iT1
constructor ANl THE. AEiRZE] constructors {JIT ¥ 4RIFRESR, URBIKRKE

11y

FF R R R AT AF

HIE X.

FIEZFE S EEFPRNEESM. EXE, BIFMARITLT C++ MHH#

BRI 4E3T7 . 58 3 B, Data 15 H ¥ (The Semantics of Data) , 71 data members K

. 5 4 F, Function IEE % (The Semantics of Function) , &%

L

FaEA%

——

H) member functions, F%F FUTEMAE IS 0T X+ virtual functions. & 5 2, #
. W, BIEEY (Semantics of Construction, Destruction, and Copy) , i
I SZ R class #E), Hi1i6 %] object WA, 5 —ZEHE DR/ B M
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AR . FRATIXT R 3 ) TR 8 SR A SEFR 4 R L 8L

o B, HATHHIEREY (Runtime Semantics) , KM HITRIN S 46 31 2 4 7Y
T8, BHIEETREOERLEXT, IR new B FH delete B XL

BTE, EXNRERK RN (On the Cusp of the Object Model) , E7F

exception handling. template support. runtime type identification.

PE S

XARFAUHREAXEHMNAL, AEEEMEPRULE C+ BFEA,
maE C++ #HF. MEFREREBHNAE, T ERBHEEMNES C++ ERE (Fln
EFAIKH CH Primer 4 —HLFREER) WAER. HEMNIZER, Y245
BHEH C++ BFER, FE# L TH "KEMEMFLE WA, HhHEss
TEENT CH+ BFERAEARSH, tinmeHEXT £ 8= 4, IR named return
value (NRV) IRERIATHSE. ESEBEMHRNE M FEIZE S, RO
Z UL T X AR R T 1.

ERECHNERT
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2. AL, DAWIE S FPIE S MR A A
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BRI%G), HEIFER N —PESH 3D graphic library L01LL BEHIZER G 73k
RI—1 3D K CRIEREATE [POKOR94] & BAVEE Pokomny BIHHTEIX 4
%) .
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HEFHRRENE. Z BN TEZRXEFHRINNERES, TFE—KEF
BIFREIARMURTIENNE, RERERE DS FEERES. T8 Ct
MBEERE, ERFHTHREESEEURE MR ENERET .
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R ENMERE— T, 8- 00F, BEFEESLRAIAN. £E
i C++ KUMRAY, HEZH5A R THE—FE Ct+ Hikdr, AW RiERH

SRR, RFUTERLE —/NRZE, M,

TEAR A9 BB &1 v

., BESG S/ BRBYOFHFARFELB A& HES.

[58) 158 K 5

EAANAN, 5B 1,3, 4 EREWHEERET LR KN B, XEHELH

TR R LA FE XL E YR A AP RER
MR DA =ZFHhEEFE.

1

SR, XER T ERAE. ERHELRE -

TR, ME-BIFHER. 452 R LR .

(Fxgotwmrad) .

HERETHBRRE & (R , A mamer” .

R LA B B 2R 5

XN R EFIE, RNIREEF OB B, NEREESRIFE, BR8E

132 A R 7E

o]

- KHEEFEINEFLR AL EE TR AE (ETHRAR B

A BEAEMBREMAEZ R Y] . HE, BEAEFHLVMWESE %2 (&
WA, WHNE? ), BB TILIVAS¥ARZ ANERE T LZiESAIE.

MF TR, IAGERMERRMBRITIFN BB LS IR E Wiy .

F 2L H

THAW, NERBR TR & XA RN,

A, ERANINEAGEE, FRA R TR,

F=E, REFELSEE AR NE, 518U BEA. ZIARE XRIEH

TABREEEMZE, KRERBRXBHEXERGREARE. BREEH

11X B



BOE R (FENE)

LR, FEPEFEZBER, WM, EAASHERER

. HEIRHhES &R

E, AARaH T SN ABRE.

THEABHIAWFE X ZE (FFEHF) RHEX:

access level

access section

alighment

bind

chain

class

class hierarchy
composition
concrete inheritance
constructor

data member
declaration, declare
definition, define
derived

destructor
encapsulation
explicit

hierarchy

implement

implementation

i~ e TR S T WA ——— ¥ e R T B W e e e o I T T T e e T B el i o W m nWE 5

| i | ~rhy -
|

lalgk. BJE C++ B public. private. protected =FE

ViR X E . Bl class Y public. private. protected =¥
B

MRFEE, BEEEE bytes EH. HEREUARR BV R
M. #lI0 32 VB ERER 4 HEFH

HE, FEFTFREIMTTSEEME (RiIY) BBt b
o i

K

class KR, class BIRGEW

HE. BEEME (inheritance) —[FitiE

HAEGE (HHXTTHRGR)

‘E w .'--..I '.- i [ L |l: o -|II|
ZElEy, (M) HE W

416 pR 3L
PR (RSN member variable)
j=k:);]

X CEFWHEAFRPE-ILZTH" MTH)
RAE

51 oR 2

3

iR GE¥E C++ EFARTHBHIERN)
k&R, BR&EH

E (Fhid])

SCH . EIY). ZPBEREE C HiES. KIROHE
F:+5 class member function BJPIZA
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REHE C++ XXRBEE (Inside The C++ Object Model)

=S . e La gttt

ot V- 24 1A]

implicit
inheritance
inline
Instance

layout

mangle

member function
members

object

offset

operand

operator
overhead
overload
overloaded function
override

paradigm

pointer
polymorphism
programming
reference
reference

resolve

slot

ey oy e ol — R 1 e, QLSRR TE ——

h X G () REX

AR, BORE) GEMIERIIE Crr BFRTH)

4 7K

MNE (C+ B — P x8ia )

SE (FERHFEENRG” Bks, RAZS)

i, ZHEEHIAXNTF, BEFE object ERFFRIBED
A 1 O

ZFUIFEH (C++ N TERBAFFE—FLEHE B )

AT BRI 3. IRENHEFRCY function member

A, 1Z¥8 data members A1 member functions

MR (R class BB 5E AR — 0 & B A FF R SE 4 )

(L EE A

BRAE Y

12 H A

gsb i (EREMET, TSRBHEAEA)

59
PR3

&% (X virtual function B E i)
g (F2% #22 )

et

Z& (“HRNRT &
BIFiit. BFi
2%, £/ (3hig)
CH K & BRFHAERNEKRE. SELARK

. RBOE A EESHITH - RE, RS S5EH

SEERTAERE. INRREA func) TISHZTEAE func)
SR, M I “unresolved externals” SEEEER

ZHRPH—8 (— 1K) 5 F1: &£H; £

Ll

Ll

kil
Rl

LRH—TMER)




FO0FE FiE (FERRE)

A PYAER (R) KEL

_S_u;;l;;_ e %iﬂ R R Sy e

type KR, K5 (FEHR int. float FHBAERI, 3 C++ classes
FHEERRE)

virtual B

virtual function KB L e &Y

virtual inheritance 2 $oL 408 7K

virtual table Bl (REBBRVLHIMIR TR -, AR virtual
functions BYHtAL)

ARNEERI ETXHWER, OXE—-2HE, EFS5RFEZE, RS
FARBIERE. BI0, WX “pointer”, MLIFHN¥EEH” , BEHTRHEXW reference
FHBE” (SEEARNER) , FRIANRECR “the manipulation of a pointer or
reference in C++---++", JTHENFXFH/IEZN, RALHEEIEIC++ 3t
T 18t F reference HJBEAIEFT R - oo T, BEERNCH PXF pointer
reference BERYEFT Hgeeere- "

Fa
BHRA—-EFE. KHMFE, NRSERE, SHREBRERESZH,
BER. BREFE, WHEREZHEBRTEXENEETE (B, FExR) .

[R5 TER

XA BREFMERE, HEN™EENRER! FR Lippman Bk UTHLL .

BTEERBR" TR, HBEHGKE, ST -4 ; 2, L&
ZT—1 %, JELPT -1} 5, SRET7T -1 ) #E2%%. k™
Hmik, BREFRBERSHRRRBEHN class BRETFHNARAR -, &R
ZERFHXT object ARMEE, SRFREFHHER—B. AFHHEEHEL
FFHEHAERZENLOH.
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QEAHRRANER, HEFERBE. UTEHREESIE.

& R¥l: L5 FRE

mem _—

p.35
p.57
p.61
p.61

p.64
p.78
p.84
p.87
p.87
p.90
p.91
p.92
p.92
p.93

p.92~
p.94

p.97

p.99

p.100
p.100
p.106
p.107
p.108

BR—17
HHEE T
L1

L10

==l Ep gt
& 3.1b LA
L-2

£ E4
3.2a i BA
3.2(b)

B L-7

g L-6

& 3.4 {581

&l 3.5(a)
A 3.5(b)
[-2

L16

L10

L6

e el

s 5 17, L-9 RABEEE 9 7. MEHAARNESHIE.

== L

struct Point3d

virtual... BFEABEERD T —1;
pc2 2 (AFFEaEAEN)

Vptr placement and end of class

__vptr__has_vrts

class Vertex2d

public Point2d
Vertex2d HIXT M [
S 2B, WERBAR

public Point3d, public Vertex

HE5HHEFRIEELARF
55 PP AN EZLARR
7pvid+.. EET 1)

ptid::y

& 3d_point::z;
& 3d point::z;

B AE PR
Bashﬁ_l(i, | F Bashful();
1.32.36 1:32.36
memcpy.. BEFABRE LT —1)

Shape().. BFRW&ia > 7 —

T3

ErfBEREET —1 ;

— RIERNA =

class Point3d

pcl 2 (FFEMBEN)

Vptr placement at end of class
__vptr__has wvirts
class Vertex3d

public Point3d
Vertex3d XTI R &
E2FE R

A& 3.5ab, WIAEKTFHN
public Vertex, public Point3d

B2l
EefEid

pt2d:: vy
&Point3d::z;
&Point3d::z;




£0E i GFERE)

VA D )

e ——— e e ==

int Derived::*dmp, Derived *pd

el vn B

s RXiA
int d::*dmp, d *pd

p.108 L-6
p.109 LI d *pd Derived *pd
p.109 L4 int b2::*bmp = &b2::val2; int Base2::*bmp = &Base2::val2;
p.110 L2 AR E LR £ pt3d B~ Point3d
p.115 LI magnitude() magnitude3d()
p.126 L12 Point2d pt2d = new Point2d; ptr = new Point2d,;
p.136 K&l 4.2 7 F Derived::~close() Derived::close()
p.138 L-12 class Point3d... ®g > —1 {
p.140 ARG BAESXFEHH class B — AR pt3d 2X8 Point3d
p.142 L-7 if ( this ... FFRABRAHAD—
™)
p.143 FEFHE BAHESXFHE class A —H AR pt3d 24 Point3d
p.145 L-6 pointer::z() Point::z()
p.147 L1 pointer::*pm{ Point::*pmf
p.147 LS point::x() Point::x()
p.147 L6 point::z() Point::z()
p.147 B L-1  BEFABERERD-—-T)
p.148 HE LI (ptr->*pmf) R¥EEFE L —1 ;
p.148 " EHY L-1 (*pte->vptr[.. RBEEL—1 )
p.150 FEFAHS BEEXFPH class A —B AR pt3d B~ Pointdd
p.150 L-7 pA. vptr__pt3d.. ®migb—1 ;
p.152 14 point new_pt; Point new_pt;
p.156 L7 { }
p.160 L11,L12 Abstract Base Abstract base

p.162 L-3 Abstract_base BR¥ gL —1 ;
0.166 , 1§ L3

p.166 H, 5 L4

Pointl locall = ... Point locall = ...

Point2 local2; Point local2;
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- —ama Ll ememmsemmmee s mm e s e s —

p.224
p.224
p.225
p.226
p.229
p.232
p.232
p.232
p-232
p.233
p.233

p.233
p.253

T, # L5
£, L2
T, & LI
F, % LI
FF, B L2
P, i L3
T, % L2
T, # L3

Line::Line() & ¥ &

Line::Line() ¥ EE £ T —1 ;
Line::~Line() B8 EREZ—1 ;

Point3d::Point3d()
Point3d::Point3d()

y=0.0 ZHT5R /> float

bﬁ& /b — A~ return
const Point3d &p
ik /b — 4~ return 1;
new Pvertex;

nw(5*sizeof(int));

// new ( ptr_array... 2T

I

b

Point2w ptw = ...

operator new() EREE X Z—1 ;

Point2w ptw = ...
Point2w p2w = ...
c.operator—=(a + b );
X XX;

XYY,

struct X _1xx;

struct x _lyy;

structx 0 QI;

structx 0 Q2;

if FHEANBEET —1 ;
foo() REEmBEEZT —1 ;

ol

PVertex::PVertex()

PVertex::PVertex()

const Point3d &p3d

new PVertex;

__new(5*sizeof(int)),

Point2w *ptw = ...

Point2w *ptw = ...
Point2w *p2w = ...
c.operator=(a+b );
X XX;

X'yy;

struct X _Ixx;
struct X lyy;
struct X 0 QlI;

struct X 0 Q2;
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RMABES RO BE, G FSEMRAEE A DT (R REES 5.
BUMIE) . X AR YT R AR EENES RS, FHhEe
RTTASBEIRENRE . S ERIFNOILHE LGN BE, HMaaY
BEBEREFBANER, FURMAHOEEREOAR ST IME0E A
Lippman (XA HR— 8, TR S G R4 R B AR50 BE, & alies
WEHETEE— 2K (HEXHRBBIFHE DA ET) | EREM A LE T
F kX AT . BRI CF B R 4

[
%
T

RBER? W, R4E C++ BF, EB—5E
g, TRMAER!

Fomi¥as /2 HAY IR

SNEBRBERZEMP AR, XEF“SESTLE. 5EETL. BEREITH
177 A H (software component) IR EH . tHIH, THE CH+ XA
FHBRAAEMG =K% (COM. CORBA. SOM) K& AR

ANERARXT A H 4 (software component) WA MR, C++ Jt2 AR 1 8B 43 (&
VRYTEEFUBR 3. IR . BEIBEOABRBBRTHHFAR, RENTFE/ Cr+ =
AT RAIEFZE B BHZB IR,

KA BEXERE: 2K/ C++ programmer EF iV iZH BixA S

RIS COM BN, RUWBERNHEZRGEEF R —AH: Essential COM.
Don Box #, Addison Wesley 1998 i (COM Z<fFit, tREEI®, HiE 1998) .
XMRB—FRREEFLENEE, £ COM Ml (HHAZE COM. Wi
H COM)LIEFF R 7 AR B EHERZ, RERMELIBEEN -4 COM #=
B 5 -

& Essential COM ZHi, (R H XA Inside The C++ Object Model (R .
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Inside The C++ Object Model

5 X

= (& FRF)

Bl T (Stanley B. Lippman)

L5355 B A )

1.1

FOE J % (FENF)

KT X% (Object Lessons )

5 ill4% (Layout Costs for Adding Encapsulation)

C++ MR (The C++ Object Model )

X R A (A Simple Object Model)
RGBT RMA (A Table-driven Object Model )

C++ XRRE (The C++ Object Model)

%F 2 AL RY 0oy LY (How the Object Model Effects Programs )

1.2 XBIEFAHRHNER (A Keyword Distinction )

B8 1] A

/!

/ 001

/ 005

/ 013

/ 025

00 ]

/ 005

/ 006

/007

/ 008

/ 009

/013

/015

/016



TIRE C++ XTRBA (Inside The C++ Object Model)

i
o

FRGME IERH M struct (The Politically Correct Struct)

1.3 XM ESR (An Object Distinction)
a6 8925/ (The Type of a Pointer)

mt&E&2ZkE (Adding Polymorphism)

F 25T FHEPREPEEZ (The Semantics of Constructors )

2.1 Default Constructor B & #J¥E4E

“HA Default Constructor” ) Member Class Object

“#7AF Default Constructor’ HJ Base Class

“#F — Virtual Function” B Class

“WAH — Virtual Base Class” B Class

ISR 5

2.2 Copy Constructor [F3E#H#4E

Default Memberwise Initialization
Bitwise Copy Semantics (L 2K 1)

A Bitwise Copy Semantics!
HEHZE Virtual Table FIFE4T

4 # Virtual Base Class Subobject
23 EF#E#HIEEY (Program Transformation Semantics)

B A R B0 85 L #-4F  (Explicit Initialization)
28 ¥t (Argument Initialization)

& [B{E R # %34 (Return Value Initialization )

EAEEmMEA (Optimization at the User Level)

E4iEREH MBI (Optimization at the Compiler Level)

Copy Constructor: EiL £ AE?

/019

/022

/028

/ 029

/ 039

/041

/044

/ 044

/ 046

/ 047

/ 048

/ 049

/ 051

/053

/ 054

f 057

/ 060

/061

/062

/ 063

/ 065

/ 066

/072
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2.4

% 3 i
3.1
3.2

3.3

3.4

3.5

3.6

4.1

4.2

H
BRI IEILBAE (Member Initialization List)

Data 15 ® 2% (The Semantics of Data)

Data Member RJ95E (The Binding of a Data Member )

Data Member HJ4i /5 (Data Member Layout )

Data Member W7

Static Data Members
Nonstatic Data Members
“#k&” 5 Data Member
RBBAAEZLZE (Inheritance without Polymorphism )
MmE£Z (Adding Polymorphism)
2 HPK (Multiple Inheritance)
E#I4k& (Virtual Inheritance)
TR A E (Object Member Efficiency)

&8 Data Members BJ#54%F (Pointer to Data Members )

“f8Ia Members BIFEET” 1Y% % [A) i

Function 1 8% (The Semantics of Function)

Member B &#EHF R

Nonstatic Member Functions (JE# 2 5 5 %)

Virtual Member Functions ( LG 51 b8 %)

Static Member Functions (#2558 5 5K #1)
Virtual Member Functions ( ! 5% 7 5 %)
ZEMKE TR Virtual Functions

/074

/074

(183

/ 088

/ 092

/ 094

/ 093

/ 097

/ 099

/ 100

/ 107

/112

/116

/124

/129

/134

F 139

/ 140

/ 141

/ 147

/ 148

/152

/ 159



EEHEE C++ XNREEBY (Inside The C++ Object Model)

4 TR Virtual Functions

4.3 ERBHIREE

4.4 5[4 Member Function HJ¥8%f (Pointer-to-Member Functions )
X #f "¥5M[ Virtual Member Functions” 22 $54t

ELHMYPEAZ T, 81 Member Functions [K$545t

“$818] Member Functions Z 354" &%

4.5 Inline Functions

A B8 (Formal Arguments)

S B & (Local Variables)

.

/ 168

/ 170

/174

/176

/178

/ 180

/ 182

/ 185

/ 186

F o gy wpfe A hp e AN . e ; . ; -
HOFE W, . Bl EFY (Semantics of Construction, Destruction, and Copy )

2 E Lok BB FF 7L (Presence of a Pure Virtual Function )

RE U A% BIFFTE (Presence of a Virtual Specification )
A const MBELE
i:%?i%fé class A 75 B
5.1  Fo#ERIFBL T BT 8 4
R B IR (Abstract Data Type)
Rk R A HE
52 HEER TR S M

4k (Virtual Inheritance)

il

vptr F1EEHIEE ¥ (The Semantics of the vptr Initialization )
5.3 XREHIIEEY (Object Copy Semantics)
54 XTRBIIIEE (Object Efficiency)

5.5 MEHNERE¥ (Semantics of Destruction )

| L I

/ 193

/ 194

/ 195

/ 195

/ 196

/ 198

/202

/ 206

/210

/213

/219

/225

/231



H

‘-"-; ’ :L'u:r-
o O EL

6.1

6.2

6.3

e

7.2

7.3

HATIHIE R 2= ( Runtime Semantics )

XT 8 R E HIRE ) (Object Construction and Destruction )

2 RXT % (Global Objects)

R HRFR ST ZR  (Local Static Objects )

o

TR EH (Array of Objects)
Default Constructors FI¥4H
new F delete 128 %
XA R new BE

Placement Operator new [ 15 &

IEEFEXT SR (Temporary Objects)

WRET R A2 B (MR . i)

VETEXNT R BALA L% (On the Cusp of the Object Model )
Template

Template By “EBL” 174 (Template Instantiation )

Template %512 & (Error Reporting within a Template )

/247

/250

/252

/254

/257

/263

/267

/275

F*370)

—

/ 280

/281

/285

Template HHJ 22 FREIT7 2\ (Name Resolution within a Template) / 289

Member Function FJHIATH (Member Function Instantiation )

FH AL (Exception Handling )
Exception Handling 1R 3 # 5]

%I Exception Handling #Y 37+

PATHAERIIR A (Runtime Type Identification, RTTI)
Type-Safe Downcast ({FiF L2/ [0] FEERI#E)

Type-Safe Dynamic Cast ({RiE% 2K EhA55ER)

/292

/297

/ 298

/303

/ 308

/310

/311
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7.4

References Ff A~J& Pointers
Typeid ZHAF
WMEFT, YW

AL EHE (Dynamic Shared Libraries)

LB RAFF (Shared Memory)

] . ) . —— —

/313

/314

/318

/318

/318
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515 X TXZ% (Object Lessons)

RTXTZR

(Object Lessons)

T CESYT, "HE"H

JER AR RFHER (procedural )

AEHEBERRE (BB T BT REBRH
WEAY, BERSFHEE T "BIEMER ZEKEBHE. RITIBXHE

, 4 i

MR EFTIKE), B4 38 A2

struct Point3d, 1#iXHE.

ipe

EE A LATHEE B S i R B

3

FF

=

LR SN ERRCHE . BB, R BEATAE - A

typedef struct point3d

{
float x;

float vy;
float z;
} Point3d;

WATEN— > Point3d, TJRERRTRE X — MUK RERY R 4K

void

Point3d_print( const Point3d *pd )

{
praintf (" (%g, %gq,
}

¥g )", pd->x, pd->y, pd->z );




¥

FIRE C++ SRR (Inside The C++ Object Model)

-

NE, MREFHAHER-L, BEX—TE:

#define Point3d print( pd ) \
printf (" (%g, %9, %g }", pd->x, pd->y, pd->z );

] HEER R 5 AU B A1E -

vold
my foo ()

{
Point3d *pd = get a point():

/* HEFTEPH point ... */
printf (" (%g, %g, %qg )", pd->x, pd->y, pd->z );

AEEEE, X apRrELbeE v DL E B
Point3d pt;
pt.x = 0.0;

B a] PAzg iy — /1~ B0 B A0 3 K oK 52 A

f#define X( p, xval ) (p.x) = (xval)};

X{ pt, 0.0 };

¥ C++ P, Point3d HRIEERTEAE "B HIEKXA (abstract data type,
ADT) ” 3.

class Point3d

{
public:

Point3d( float x = 0.0, flcocat y = 0.0, float z = 0.0 )
x{x ), ylty), _z{z) {1}

float x() { return x; )}

l—

float y() { return _y; )}
float z() { return z; }




F1E XTX#& (Object Lessons)

Point

Point2d

Point3d

i

void x{ float xval ) { x = xval; }
// ... etc
private:
flocat x:
float y;
float z;

};

inline ostreamé&
operator<<{ ostream &os, const Point3d &pt )

{

0os << "{(" << pt.x{() << ", "
<< ptuy() << ", " K< ptoz() <K< " )",

};

NN —PWNEN=ZZ/ class K RFEN:

class Point {
public:
Point( float x = 0.0 ) : x{( x ) { }

float x() { return x; }
void x( float xval ) { x = xval; }
//
protected:
float x;

}i

class Point2d : public Point {
public:
Point2d( float x = 0.0, float y = 0.0 )
Point( x ), y(vy ) { )}

flocat y() { return y; }
volid y( float yval ) { y = yval; }
//
protected:
float _y;
}:

class Point3d : public Point2d {
public:
Point3d( float x = 0.0, fleocat vy = 0.0, float z = 0.0
Point2d( x, v ), _z( z ) { )
float z() { return =z; }

- .
—— R T e —— B RERS . VERLC IR B e e - ¢ L mmie TR S — © o=+ e e e . bm— e e —
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void z( float zval ) { 2z = zval; }
//

protected:
float =z;

};

Bt — ki, REW—MEX, eNAR LIS, AT RIRABIR IR
3.

template < class type >

class Point3d

{

public:
Point3d( type x = 0.0, type y = 0.0, type z = 0.0 )
' x(x ), yly), z(z) {)

type x() { return x; }

.

void x( type xval ) { x = xval; }
// ... etc
private:
type x;
type _y:
Cype _z;

};

AT DR AR R RIFI AR IR H M E# S 50

template < class type, int dim >
class Point

{

public:
Point () ;
Point ( type coords|[ dim ] ) {
for ( 1int index = 0; index < dim; index++ )

_coords[ index ] = coords|[ index ]:;

type& operator{] ( int index ) {
assert( index < dim && index >= 0 );
return coords{ index ]; }

type operator{}( int index ) const
{ /* same as non—-const instance */ }

PR T e R S S H I S o — T W' B m—n 1 - p— - - L el B gl PES R EREEES . L. —e - WEIE




S1E XTXH (Object Lessons)

il g

// ... etc ...
private:

type coords{ dim ];
} 7

inline
template < class type, int dim >
ostreamé
operator<<{ ostream &os, const Point< type, dim > &pt )
{

0s << "( "

for ( int ix = 0; ix < dim-1; ix++ )

0os << pt{ 1x ] << ", ";
os << pt[ dim-1 };
os << " )"

RHE, FREEFXSE LABANAR, AEFRNEELE LOUEHENER.
AW Z L AERITHEEFEN, ARG TENBKRE, IH 42— ADT &
class hierarchy REIEHE" b "% C EFPEFHHERLEEIE" 7. BE
RESEERIRYE "HERRE L - ABRF LD, FHRITER L ®
NAYR" WEFRZR. 28 C WRSIIRETEHNEENES (M3t T
C+ WiaE) .

F C++ PEB 3D e, WHE C PEER, RHREFH template {1
SF. BXFAER CH RAEEE N, WL (B, NKETHRNIBERE)
Wi, S0, FEROBRENY, WABREFRALHBEERS.

N EREGHNASALZAE (Layout Costs for Adding Encapsulation)

HBfF EE) Poim3d %e#E| Cr+ 25, B A RESHPEIERE: ML T
HEZE, TREEENT £07 BRE class Poin3d HEHRIMBEZE. =4 data
members HIEAEFHEE — 1 class object ZH, ¥ C struct BN —£. T
member functions MM FIE class WEBZ N, MARBIAE object 2. HF—4
non-inline member function R &#EEA — MR ELE . 2 TFH -4 “WBEE 5 — 4




EEIERE C++ WNREA (Inside The C++ Object Model)

EX” B inline function W &SEHE —/MEHE (Bik) & Lr=A

Point3d X RHHEWER, X— R/ RHFEEEMTERPITHRIAREL . R

W&ED, Cr+ AR/ LKFREE EFEEKXPSNHEER virtual

s, .

- — BRI BSER

R

m virtual function #1 %l HUZHF T HREN "$hWiTHHRE’

( runtime binding) .

B virtual base class HUUXH "ZXRHHEH KK ERS

class, A —TH M ILER LA™ .

i fak s base class W™ ZIB]. R, —KEZ, HFEEH
o C+H BF—FHE C MEBKIELE.

4k A B

1.1 C++ Yﬂ%ﬁﬁ (The C++ Object Model)

member functions: static. nonsiatic #l virtval. EEH F H X class Point 7 BH.

class Tolnt

puk:lic:
BFoint i floatv xXval )
virteal ~Point () ;

Tloat x() const;
at2tic int PointCount (};

YL e fr ol e

i e et har ke W

virtual ostreamé
print( ostream &0s ) const;

float x;

static int point count;

};

o, B F - B HEHREKTHMINAHE, ZEFE “—1 derived class FIHF

0 ) base

F C++ 1, BMM cless data members: static 1 nonstatic, DL Z=F class

X class Point EVLSPHSHELBEZIR? B EW, RATanfqiEs

(modeling) Y& % data members F1 function members Wg?

T TE—— R Sfrirn ¢ e———— R (NSt R S gl - w g R v rem mase v sdma m e T 8w - T




F1E X TIHR (Object Lessons)

BEXNRER (A Simple

Object Model)

BB - MBS, BRI T REEMA C++ SEHFRITE
ZEMF AL XRE, BLENUESEMPATHRRR. EXTEHRERES, -1
object f&— RF|H slots, H—> slot & —- members. Members & H 5B X
F, B#IHE—1 slot. — data member 3 function member FHEH K —
> slot. Bl 1.1 AT R XA RY.

Point:.
Point(float)

,
Y

-
Point:;
~Point()

float
Point::x()

int
Point::PointCount()

k)

Point pt;

ostream&
Point:.print(ostream&)

o
float Point::_x I

int Point::_point_count

1.1 FHHREWNRER (Simple Object Model)

X R EBER T, members & FHARKTE object 2. HF “4815 member

HITE %" A BAE object . X AMATLAEES “members BHARMER, AMNEE

e —
) m““l‘-"'_}“ bt T RRELT R o - e ol ey LT R - ST D e ey o - — il = W e e



REBRER CH REE (Inside The C++ Object Model)

ANERIFFEZ R FrBEMIRE. Object F A members L slot WES|ME kKT
ik, FFlZH  x WESIRE 6, point count FIERFIRE 7. — class object K
/MNEBBEEFREHR:  “FEE K/, FELL class PHTEBRE members ¥ H” [FA.

BRXNTRBHEEHNATEEER L, REXTESIK slot BEHEW
&, BIRWAAE CH+ 8 "5 fAIEE”  (pointer-to-member) W42 H1.

RIBWANXNRIER! (A Table-driven Object Model)

N TXEEA classes RIFTHE objects BA —~BHEZR TR, B—FXLER L
A S members XS B3R, A~ data member table FI— 4
member function table Z 9, class object A< 5 M P & 35 @] X B> 2 4% B 35 &1 .

Member function table J&— RFIAY slots, F—4 slot 38 —4 member function:

Data member table NI E#SF data &5, INEH 1.2 Fix.

X
_point_count
Member Data Table
| o (P& SERR SR )
Point ot: | ‘i.‘ .......... ............... ...
1%&: ﬁ@&ﬁﬂ%ﬁ! {g.& b - a »
WANIEZE. FLUEZRZ. —1»
*—|>»

Function Member Table
(A& k¥

# 1.2 Member Table 3 R# 3! (Member Table Object Model)

- s 3 RN O ¢ T e — — Tt



BIE RXTHZE (Object Lessons)

BEAXTHANOIEFELEFENVHTEER C+H 4iFs 5L, {E member
function table XMW EZH M A X FF virtual functions H— 1A AR 1.

C++ XNRIEA! (The C++ Object Model)

Stroustrup S (BB S FILE) B C++ XNRBERE N F 35
RIREMNRE, FHXNE S RHFRET R8T, BRI, Nonstatic data
members #WHECE T8 — class object Z W, static data members W FHENRB
i class object Z#b. Static Fl nonstatic function members tHE N EFTH A class
object Z 4. Virtual functions MR AN BIZ L .

1. 8 — 1 class A& H —H# 45 @ virtual functions M ¥5 4, WM EEK >
. XNEBHEFRY virtue! table (vtbl) .

2. §—1 classobject AR MT — N4, EEMER virtual table. # ¥

XA TEET Ry wpsr. votr WIRAE (setting) FIEE (resetting) # i
B — 1 cizss BY consirucior. destructor Fl copy assignment & B 8 35
SERL (TEHFTESS 5 BEitit) . 6§ 4 class FTREBEM type info object ( F
LA runtime tvpe identification, RTTI) 4 H virtual table #5 3%
*, BERBERBWE —1 slot &b.

1 Z/4%F — CORBAORB SRR AT iXF “WEREE" . SOM X5 4 70,4 b
X CIWERER” [HAMIS].




HEEBER CH+ XRER (Inside The C++ Object Model)

float _x
_vptr__Point ol » =
Point pt; ——-TI type_info for Point
° -
Point::~Point()
Virtual table I
for Point

-
|Point::print(ostream&) I

float Point::x()

sta.tic int static int Point::Point(float)
Point:: Point.:PointCount()
_point_count

1.3 C++ M RIER (C++ Object Model)

H1.3 R C++ MRERNFETNY AT HIHE TR Point class & F. XME

R ERMKRET ERZ RN R R, ETRRIUE, RN ARFA

MAS AWM, EARIAN class objects M nonstatic data members & FF ek

(ATRER M. BEREEY) , AL,

IRFRINREREFRRFE. XTX

R, BRI R A R B4R (1 T B R i,

AACBRMET - 2EEE, i

EHE AT S ZRHPATR R S AR T .

0 k2% (Adding Inheritance)

C++ H 8 — P&

class Library materials { ...

}:

class Book : public Library materials { ... };
class Rental book : public Book { ... };

CH MXFTFEBEYERK.

// AR (FRETHERA) iostream LB HF R

10

——y TR R N I iy . M - Wk - T e el -

s st ot A S o T A A AT —— .



18 KTXE (Object Lessons)

I0S

class i1ostream:
public istream,
public ostream { ... };

Bz, SERCRBIAUEEIEN (virwal, URAERXZERKER) .

class istream : virtual public 10s { ... }:
class ostream : virtual public ios { ... };

ostream istream ERPBARES T, base class NEEMABEPHIRE (derived) /DK,
JKIE RESFE—SEE (FRK subobject) . BUAN iostream Z ¥ RAE virtual ios

jostream I

base class I —~3E4%K.

—~ derived class AMIZERR B base class HJLER? £ “HHEAMR
A" 7, |~ baseclass A LI#gf derived class object WA —™ slot #&, i%
slot A ® base class subobject RyMBhE. X MARHIN F B SR, BB EENS
& R FIAF BT 8] LR BUSH 38, R class object I RK/INREEHE base
classes HJZ A2 I 32 | L0 .

SR, REATLIESR 5 ETIER basetable HMA . X B8 base class
table #j=EHIFKE, RBEPHE - slot AE —MAEXA base class Hbhl, X
B4R virtual table W& 8 — virtual function FJHfit—4#. 8 — class object H
&~ bptr, ERWIMRMK, 9EIH base class table. KFHERE )+ Bk 5 R
- [A] B4 T S B A =5 (BN A7 BUR (6] B BSh fade, B SNIRES —1 class object
DX TYREEE BRI IR 8~ class object BBV ZEXANMBEMB LR
JAL— base table $8%t, 5 base classes I RK/NEBE L E. B MMEEE, &
TEMNAE class objects &, BATLIECK. 48/, s E B base class table.

)

11
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FHERE Ct+ WRER (Inside The C++ Object Model)

A LA —fdEs, THESET EBEREIERNEETSM. Fla0,
— A Rental book WEMKEBEFRARBEENBINKAKE Library_materials 1]
members, T Book RFE—WK. MR derived class WE il — 115§, 504K
A EBEP T —1 baseclass, FEF]LIKRB —PKEZAZERNFEETE. SRX L
AT A, BATESIIZERBEMIMRITEE

C++ B¥IF AN AR 3 Niz AT a8 : base class subobject B data
members ¥ BHIEM B TF derived class object H1.iX#fit T X} base class members
REMERARENFR. RAR? UREE: dase class members KIEMEE,
SR BN R EE, BEHFTE MBI base class I derived class
Z. objects” FH W0 H HwiF.

W

B C++2.0 BAHS AR virtual base class, T2 — 7] 3Y base class FE I
J ¥, Virtual base class B [RIGBERYE T class object F AT —NARBR virtual
base class Ml E— ¢ . REHMABRPERNZEZARAESA — virtual base




FH1E XTXLR (Object Lessons)

class table, I EY TIECFAER virtual table, PI{EA4EIFE — 4 virtual base class 1
(& . 3.4 TEHXTHAIEHTIES.

XNREB WO 00 2% (How the Object Model Effects Programs )

REXTFEFP R A XWE? 1B, AR RER, 29% “HAANRFAR
WLIPEEC LR " MA RIS WAER. TR B, 2P class

X X T —4 copy constructor, —> virtual destructor, Fl—~* virtual function foo:

™ |

X foobar()
{

X XX;
X *pr = new X;

// foo{) B— P virtual function
XxxX.foo();
px->foo(};

delete px;
return xx:;

}:

XA~ BA AT RETE AR R A

// CTRER N EPFE B 45 R
// Bl c++ §Y

void foobar( X & result )

{
// I result
// _result AXREM local xx ...
_result.X::X();

// VB X *px = new X:

px = new( sizeof( X ) );

1f ( px = 0 )
px~>X::X{);

// PR xx.foo() BAMFM virtual 5|

// b _result B xx
foo & result );

/] &,

virtual YLHIY px->foo ()

F .

13
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REHEER C+H NRIRE (Inside The C++ Object Model)

( *px->vtbl[ 2 ] ) { px )

// VB delete px:
if ( px !'= 0 ) |
{ *px->vtbl[ 1
_delete( px );

] Y{ px }; // destructor

// AEM B named return statement

// K%%#%ﬁ local

return;

}

object xx

2, AREREK, TEWE! IR, HZBFFATETHETEHNERLIER

k. REESHETHEBERT

= kF, —AmMFREF L
A= G R .

e

F—HRIEPVAE, PRI TATAH. TER
, =Y TIREK, B, HRT , RNEEARE

A class object

type_info for X

Virtual table
for X




BIE XKTXHZR (Object Lessons)

1.2 %%i@ ﬁﬁ%ﬂ%m%ﬁ (A Keyword Distinction )

INRARN THENHEFE C ZRINFAME, Cr+ mal LALLI7EE At
ENPT, WRBRENAFBYEZEXFNE, overloaded function BRI KX &
MERZ. FFEER, R C++ 8 C WAEMIEE, BT EIEMR & 2
THX —THSRE pf B— B ARYE (invocation) 1A £ H AR .

// AHETFHEHED declaration B invocation

// HEIBHEBERKEE 1024 ARERFE
int { *pf ) ( 1024 );

MAE T XA FHE, & EEAFR “[mETHY (lookahead) ” EZEE AT

// meta-language rule :
// pq B3—4 declaration, MAE invocation
int ( *pg ){ )

SIES RER DR - EHE R~ NRERX (expression) B, HATEE—
TEBES RN, WiZRMak ERRTFHE -4 T .

[FIAEH, WHE C+ HATEILF C FERH struct, A class BIW 6]
g < class XXHF. (HEEXNSRITFNE, KN C FT#E C++, BT
BE, H-TREGEFABRINEERE: A 4aE— M ANEZE C++ BF
R LL struct BUfL class?

WRRE 1986 F, ROERERNGRE K. “BAR" ) ERY C+ Primer
— AR RS GFE: BZRRETF 1998/05 HRR) . X487 struct FFRBILE
BREIES, HEBEMRC, MHECAXITE C 5. EWiHE, X2 4
ANEAARREAZTEHLR — BN ERBRE — 4. RO EEGETE H X[
B, PRA] LR — /NN (—BR2AAFER/DN) MR, BERELS XL .
TR, RAGEN, struct BRAEEIE, HEBHAR-7 L BEREIURSKE
(i%E: Bell Lab., C++ KEM) B (IR BHHETRIE, EMERE/ TS

15
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WERZE C++ MEBA (Inside The C++ Object Model)

MJEEAEATERE. WR- C BFREBEESY C+, S RAFK HH
AHRE struct, —EHIEMN. REAEXTEEI A, "JLIRLES B
RRER, LEFOE EREN DTS, W, B4 %N

XEONEHT

A, iEFKBERE - “Ha8HE - ANIEEH struct B class? 7 &
RZ—R: BT —DANBG R T K £,

BERXNMERFABEERINERAKFE, BENBEET - EENRFY: <
#ia struct 5N A - FEFIEHGHEZFHMAEMAT . FATTLUE F
struct % class, B{3#R& % public. protected. private HZEHERXE, U
R—15342 public B O, LI K& virtual functions, DI R B —4k& ., LEPEK. £
UPREFF. LI, BFE D ABBE—/NTH CH ENHPIEBEE 10 4
REHEEL THERMER:

class cplus plus rxevword |
public:
// mumble ...

struct ¢ keyword |
// tihe same mumble

}:

BB RE] struct B  MNHNEERRE - M EEESE, &H private
data, ¥ F data RUFHRHRIE (3%7F: $5 member function) . FREVAISRAY C M
%. XMAHARNIZA C++ B "HHAEEEXER"  (user-defined type)
k. E C X—ill, XNXRBEOITEABERAEMAELE; WME C++ F—
W, %# struct T class “1E XN XA, FAUSA ADT” WHk, RFE
MBS, JIEEITIE "BHFAFE—MKES , B “EFELATE

X

T Ty W1y By o Lrp— . iy = A = . LT




BI1E XTHL (Object Lessons)

IR BR LIRPHEHT RIE (FI0 IsRight & is_right) * ERBEHBEK.

£ C IXFR struct M C++ FFXFHY class ZH, -1 WE ELHEEE
. BRREARBRE: XBESGHAIREIMER. OREHE, WR-MAH
ATHER C++ HEEEXERA, MLl "8, BRE—1 class” :

o

// struct &% (8 class &) BITHRE

{
public:
operator int{)
virtual void foo()
// ...
protected:
static int object count;
// mumble

};

3L FRATDAG EEAR AT R A struct, WATRURE R class. X Ffh e ag
R e EREXBRTX "FlH” 25085,

2ANF, 7F cfront (iFE: T C++ TS, Lippman 5THY) Z 4,
LB KB TEET 788 (parser) PRULER “AGGR” BB, WE
Foundation IR E 7, Rob Murray ] ALF EIREEHFE TEF RE M Hyxa
7. KMXBEEHREETEANENRERFHEEH, BRETLUYE— “unparser”
LRAXEREFN ASCI HE. W, BE, mRRFZiE “unparser” TE4b
Hidls, TERREREHGCRE, BFA—-F2REE—IERFEERE
T RAEER.

BHE—WEETIEN “X@imEZid” S8, BIEKY 1988 F, Y4BtEA(]
AN EF R — LR AX cfront B —1 "KMk, BIHEE" R BBL.
. cfront AFPRIRBBERGWHEHFEHAS, BRI A (root node) & —MEA
TRMEFERY (subtype) DL struct XBIARERAY, 7ERSBSNLH

(header files) 7, FEYR4E 7R (derived subtypes) BIRTE BB ( forward
declaration) IR {EFXx# i class:

17




HERER C++ WNRERX (Inside The C++ Object Model)

// AREEL? A, AAgREA—-HET

class node;

struct node { ... }:

RN AV XE—THERNEIR, B— cfront TEMHENNAE, H
B e cfront FiIk%wiFEE .

EEMMEHAETHE “FHAEEEX
R, MBETHER class T struct XEBIFERBAIS T “HRHH IS
A" DIEMAE. CHEW, R struct AN ALSH T C MWEIEXR

W2, T class X&inS

ABRA—BH E—MERNIES AE. )
FEMAEIHR static f extern:

// AEaEE? BEK
/7 AT BRI BOF B 85 6f 22 (9]

static int foo;

extern int foo;

XHFEHINTT foo HFFRZRIERTE .

X AN % 62 A 3

RE” B9 AR B LIE AABR

SRR C++ B ADT (Abstract Data Type) WA, i1

TR THE PSR, —1 object #

AT, IRFT ., struct Al class

FACEREXFERNFE. class NEEHRSERBFEH N E &

(declaration body) R®RER) . “"—BHMAE" KATE—MX#E EKEETC .

BRERKBMEXINEIBELE C++ 3.0 fig

L3k, Steve Burof, BB —(UN/RELBER

| ABJ " parameter lists of template”
H, F-REHBRMHILEHIEL

LITERFAIREERSIEE (parser) AR S

// BB BIR R AR BER

template < struct Type >
struct mumble { ... };

PR T

18
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B 1EH KTIHR (Object Lessons)

// AR EHAMERT class k87

template < class Type >
struct mumble { ... }:

it 7 fhin)E.

AR T WEHEBTLIRE, REFEMEY templates FAITES C
HE. HHILIKNTHMIT struct Rk, REBFEFECMHLAE. RERKAHM K
M KA Sun 3/60 laeH DImEBRSEFERF—EXLHBRZET. R Hid
HRAEER T IBEETNEE (parser) , FERNEZWNLBR—HEREFL
A Bjamne FIPLAEER ANSI CH+ BRSWEET. IRXNMES HiEMiE
cX::E

RATEE S FHEUL, IIR S Tin g AR — R, TUARFSEE SRR,
EHREME, R C— BERAFN C BFEARE, ERAERIHE struct. 7
1, MAETEIIATINXEE class 15? AMFEEW? KR! B ATKHIEY
PAWE, HYXTESEH5ARTRER RN, TR EMXFNHEMRK T
F RAG AW —TFES N, AAB SRS — TR base struct (FII1 ZooAnimal
struct EIREH) B, KPHE-PHESL virtual base struct K 1FIE.

EMHENITIEP, RX4T “struct XBIFNER” 1 “—4 struct 70
HEZEE X" . FRETHUERRI TR AEEE— public BOKE
H, MEFRELFFHTERARENREK-H. FEETUTHEEHRARRR
ANTHE C BFREHE C+ FBk.

RISBMIEWBY struct (The Politically Correct Struct)

C BFRNIIIFAMBEHEN C++ BFEARGE. Flinfms — w854
BME—1 struct BN, TR struct objects AT LLHIA T K /M4 .

struct mumble {

19



KRR C++ MNBAHEE (Inside The C++ Object Model)

/* stuff */
char pcl[ 1 1;
} s

// WNERBAGHESG AEBFRRE —FPRHE,
// RIGA struct FFMZTFRENLELEBHRNE

struct mumble *pmumbl = ( struct mumble* )
malloc( sizeof( struct mumble ) + strlen( string ) + 1 )

strcpy( &memble.pc, string );

ﬁu%ﬁﬂ‘]iﬁﬂ i class %)::"?E'ﬁa Trﬁﬁ class E:

B §5E £ accesssections, & ¥IE.

m ME— class JRAE Tk,

B EXNH -1 LA virtual functions

AR 2BV ] LANUH ¥ 4, (B a0 RAT!

C++ AT R~ access section HI¥HE, DERIELUHFHKFLHIE
NEMRYEF. R HBEEZLAN access sections P B ESHIE, HFIXREDR R
—7T. THHAEHRS, Bt C R FTUEIETT, RiFAME, S0
protected data members # B #E private data members WRATHERG T E (iBF: ®
ERIE A AL

class stumble {
public:
// operations ...

protected:
// protected stuff

private:
/* private stuff */
char pc[ 1 1:

[F) 4 Y IE B, base classes #1 derived classes [ data members B B84 18
G R RS E , BB ARIERTRM C £H— A%, Virtual functions

S

S



£BIE XTXNZR (Object Lessons)

FHEELZHERIR MBI AREN T — TS, FURFREENE: AR AH
(%3 BESERMAMITEMRNAFA R ER) !

MR- MRFETHFE - THEE RN C+ class BEILBEE, # M
A C ERMARET, Bl —o & F MBI RE N — D MALE struct A
Bi. % C 5 C++ A{E—EIEEME, WM Cstruct FIRAE C++ 837FI

struct C point { ... }:
class Point : public C point { ... };

TR CH C++ R AR Fr:

extern voild draw line{ Point, Point );
extern "C" voild draw _rect( C point, C point );

draw line( Point( 0O, O ), Point( 100, 100 )):
draw _rect( Point{ 0, 0O ), Point{( 100, 100 ));

XFMAIRARIE A EEEE, HARBHEFS (A0 Microsoft C++) 7EX ¥
virtual function WIPLHEIFXT T class RIPREMG RB T —LEE (FF 3.4 HHit
) . HE (composition) , MM, AR C A C++ HHE—REME—7]
1777 % (conversion BEARMT — M+ ERHEBR L E) -

F .

struct C point { ... };

class Point ({

public:
operator C_point() { return c point; }
[/ ...

private:
C_point _c point;

/7l ..

Cstruct £ C++ FHR—NEHEAE, BUKREELE “— ME M class object
B & EaEr” BIRA C ®mEPE, struct AT LISEESBRY . HEF
WES C RENZEAR. RMXTUREREAS (composition) BIFR T A%

H¥

21
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HKEHER CH XWRBE (Inside The C++ Object Model)

E.IMRE MK MAR HE” , MEFRSHTCRABANIZAFIMY data members
# L5 %] base struct subobject ZH (H—-XiFHFSH 3.4 THITIEULE 3.2a

FE 3.2b) .

1.3 RE[%B’SI%%?F (An Object Distinction )

C++ BRIt B8 X F=F programming paradigms (B Fi&it#iE) -

FiE: paradigm X FHREHIFENMGE. BREVEFAEZEER? TS

T HAULEFHIT paradigm X710 55 09 R B .

A m{}df:] or ﬁ::-.arnpit: of the environment and methodology in which systems and |
snftwarﬂ EI'E: t:fﬂw:lnpcd and operated. For one operational p&rﬂﬂigm there could be
several aitﬂmatwe develnpmﬂnt paradigms. Examples are functional programming, logic

programming, semantic data modeling, aig&bram computing, HUH'IET[EEI computing,

fiﬁ_}p!%}_mct oriented ::h:ﬁzgn, prototyping, and naiural Ia.nguage dmlngue

2 —ﬂﬁﬁﬁﬁﬁﬁ%ﬁmﬁﬂiﬁﬁ ﬁ%ﬁﬁ#ﬂﬂﬁﬁ%ﬁﬁﬁﬂw
f-$ﬂﬁmﬁﬁ?%%ﬁﬁhﬁﬁ$mﬁﬁlﬁ_%?E—ﬂi%wﬁﬁf%i

ﬁﬁﬁﬁﬁﬁ ﬁﬁﬁﬁﬁﬂ&ﬂﬂﬁﬁ B H .

5. @ﬁtﬁ#ﬁﬁ 3
| R g it BRI, HRES

VHI

, C++ HROEZFE.
FRHAERLERE -6 F, BRAOMTUEHEAFBAU R sirr B E

1. XA (procedural model) , W C —H

(ENEWRHERN C H¥ESH) .

char boy[] = "Danny":
char *p son;

p_son = new char([ strlen( boy ) + 1 ];
strcpy( p_son, boy }:;

if ( !strcmp( p son, boy })
take to _disneyland( boy };



B 1E XTHER (Object Lessons)

2. MFREIFEHABIEE (abstract data type model, ADT) . ZHE KT
BR “fie” BRf—4FEARX (public O) —R#EH, MHIEBEET X

AR mMAN. #lTFTHEA String class:

String girl = "Anna'";
String daughter;

// String::operator={();
daughter = girl;

// String::operator=={();
1f ( girl == daughter )
take to disneyland( girl );

3. MEIXRIEE! (object-oriented model) . 7EH BT hAH — B4 1
HEXPER, @ - 1HRED baseclass (AR ERE D) hHEE
¥ . Library materials class 3072 — /" #|F, EIER subtypes #l N Book.
Video. Compact Disc. Puppet. Laptop 5% #B 0] LA BP B IR & 1 3k

void
check in{ Library materials *pmat )

{
1f { pmat->late() )
pmat->fine ()
pmat->check in{();

1f ( Lender *plend = pmat->reserved() )
pmat->notify( plend );

AiFEL —Fh paradigm B, FHTRBAETIVNREHEER. RTWRES
YT ARK paradigms, MATRESWRILABTHE R, SR EREEELBR
MF. BHE AR ARETEXRLL— base class 8 24k sz 1.

Library materials thingl;

MM FEM LS (polymorphism) J§ AT

23



BEEE C++ MNRBEI (Inside The C++ Object Model)

// class Book : public Library materials { ... };

: : Book book;
Library_material
// BEX: thingl A&£—1 Book!

// book #EY (sliced) T.
Book // AT thingl HRH —1 Library materials.
thingl = book;

// BEX: WHBRE Library materials::check in()
thingl.check in{();

mAREIT base class B pointer I reference R FEMEZADHE:

// OK: B thing2 &£#3%| book
Library materials &thing2 = book;

// OK: WIEFIKHIR Book::check in{()
thingZ.check in{();

BIRVR W] DL H B2 Bk 6] B AL B 4 AR R HY — 1> base class object, B R & #iT
pointer B, reference WAL, A XF 00 BFRITHIFHESHER. L4
FHH thing? NEXHZEH, B OO paradigm F— PR IFWFHE. thingl] KE
XHzRAMRE T 00 ¥ ERMAE —1 ADT paradigm BIR Fi78.
thingl WIIT AHRGRESL, MEFANERETE. EHESAY, ENITRIEYET
REARRAREH !

£ OO paradigm Z2H, BRFHNHFELHE —PNRAE, CHRRBREFR
B, PALFIEE. THXREZETHYRER, ATMEZAREL LREBEEM
JTERBRE . L, #3EER object WELRRAET - MEEWITEZR, £
BRI . £ C++ &, HAEMd pointers Fl references BIHRVEA G T AL
MM, £ ADT paradigm PREF ALK E—H B EWE — BRIk,
EERFEMNPNCEZLEENTT. #1MF, TEHXHSH.

24
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B1IE XTXH (Object Lessons)

// R objects : A EAHR

Librar materials *px = retrieve some material ();
Librar materials &rx = *px;

1

// WREAY : FAIERL ARTNER™E

Librar materials dx = *px;

REEITRAIMEREH WL px B o BRIBEMFAPAERAE objects, ¥R EAE
WWERAMIE Library_materials object, BEARFESG H K — N FHE (subtype) .
A, BNMBEFATLHE, dr REER Library materials class B —4 object. 7
THHE, RSN AXHERNT N BRSUFRINRFTE, SEBENITY.

B YT object MIZAEIE" ERIM object MAMA UL —4 pointer 5
reference RFM, R C++ FH pointer & reference AL B AR LA M E
%%- E\EQF} H‘Jﬁﬁi‘,

/! BEZE GFFE: BAIBRENRRE class object)

int *pi;

//ﬁﬁ%gﬁiﬁmgﬁ(ﬁﬁ:E%ﬁ@ﬁﬁ%%chmsdﬂut)

volid *pvi;

// ok : class x A~ base class (IFEF: ATUBBENKE)

X *px;

fE CH, SERFET— MM public class R, 2NMF, px ATRES
MERERBE — object, BIBMLL public RAETRN —1R GERER KA
HIFE R EE BZEN ) . Nonpublic FIIREFTNUURER N void* HIEEH TN
2T, BENFRFERESTHARIR, URREENLFEBERETH
MREMRIEREE (FHEFTURENHRESAINEH—~BEF) .

1Lt

C+ T EXFLE:

1. #£ HRE R HEALBRE. H NI — 1 derived class & EF ¥ 1L o — 115
3 public base type 354t

shape *ps = new circle();

25
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HERE Cr+ XRBA (Inside The C++ Object Model)

L'F-I

Lz

2. 22 virtual function # %

ps->rotate () ;

3. £H dynamic_cast Hl typeid BEHFF:

1f ( circle *pc = dynamic cast< circle* >( ps ) )

LENERERABREZH - TMHFENEORZMERPHE, IMEOEEH
SENTE—TMBRH base class F. AN Library materials class ¥ 5 Book .
Video. Puppet % subtype EX T —T#0O. XMHEEBEORDLL virtual function 41
#l5l &K, B LAEEPATIARYE object K E IEAEMEHT L B JRERHE — /1 e& Bao ik
WA, 2R XFERERE:

Library material->check out{);

KM T A EEE T “BBE —4FE library B materials” T S5 T # .
RARES "HRBAHEMN. Bk IMET, RINVEFRORBHRE ,
m B AR — A0y Library materials subtype N EARFEEHEH 4% &
AFPRIA TR YT HRIRAE.

vord rotate (
A datum,
cons¢ X *pointer,
const X &reference )

// ERATRICRT, TEREFEFAEAT —1 rotate() 34K

(*pointer).rotate():;
reference.rotate () ;

// FHRZETBIELSREAR X::rotate()

datum.rotate () ;

main{) {

TR i T U R



F1E XTWE (Object Lessons)

7 z: // 2 B X W—1FRR

rotate( z, &z, z ).
return 0; ' «
} ] :

S pointer I reference SEMAITIN “ B MR FIBIE" SWRHEZR! 1P
P EANESER Zrotate(). BH datum SEHE) RBVARERAE” NATHE (A8
A) 2@ virtval Pl A, ERELSRBEM Xorotate) MET. GXBERF
B “GRiFEFE” NE:. AELZH daum FFEHAK virtual function R AR E
virtual PLi|, MIEEXRE, SRFEEMERA. 42 WX HAEFEHNITHE)

Il

FELZPNFAGEHE RN - classobject? —BT S BAH

B H nonstatic data members B2 F K/

B N EfEMEAT alignment (FF) WFRMEA (padding) £ X/
(AfHEAFET members 28], WAREFEETESAELR) .

1¥iE: alignment MR M BEARDZERWE/E. £ 32 itEU L, &
H alignment § 4 bytes (32 ) , DIME bus B “BHE" EIBENE.

M MERTZF virtual MBANRIPZEHNFEAHSME (overhead) .

— P eE2, AECHEMB -FHEERY, EHEA5HENANER/)IRB R
B. 2406F, TEAE— Zoodnimal FEHH.

class ZooAnimal ({
public:

ZooAnimal () ;

virtual ~ZooAnimal () ;

2 HB—4 reference. EF L, — reference MW H R — N4 R IBL, M object iE B
WRZHmAEEFE, BFE /M54,

27
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EERE C++ XNRBE (Inside The C++ Object Model)

/] ...

virtual void rotate(});

protected:
int loc;
String name;

}:

ZzooAnimal za( "Zoey™ );
ZooAnimal *pza = &za;

HHH class object za F¥EEt pza BIT]EEAS
B\ %) “datamembers AR~ X7 TH L.

RINE 14~ RBEEIE

o,

BErAN2EAR! (The Type of a Pointer)

B, — 18R ZooAnimal HITEST RANMTH S — e mBE ML R — &

1] template Array (I0F, 55— String

ZOOAnimal *px;
int *pi;
Array< String > *pta:

LRFRRIWSRER, BEAAR

A

FrEg) IR HERARRR?

EN=1T8%EFEENNERER

BE—Yldeta GEHRT word, iFE) . "#HAARIARZ £ ANER,
BEAEREHRREARAR, BAEHAE (RE-1H#l) FE, MEERFZ
HEHORE) object KAAR . HEHMEV, “HE AR SHIMIFH/MTHEERE

FEMIUFHRFATRAXA:

AN AL

i#;¥: Lippman " ARV LE word RA[ZE K/, int MBER 16-bits” |
BEE—-MRER, "ARVFLE v IR/, word BEIEH 16-bits” |,




B 1HE XTIXZR (Object Lessons)

1. — > 35 [4) #

It 1000 WEBEIEE, £ 32 (UL, BB S/ =8

1000~1003 (iFF: HA 32 Ut BF LB BEHEE 4-bytes) .

2. IR String

RKEFRTFHBEENER) , BA—1 Zoodnimal 4B EH I

EERXR 8-bytes (¥ — 1 4-bytes WERILEF — A

1000~1015 (i¥F: 4+8+4, I1E1.4) .

1000:

Int loc

qan

int String::len

Stnng name.‘- ......................................

1016:;

1.4 3P 35

char* String::str
__vptr__ZooAnimal |

ZooAnima! za("Zoey");

143040

5

Zo0Anirnal *pza = &za;

(3Fik4. ) class B9 object HEF pointer H# B

8, FiA, — M 1000 THREY void* BUIEET, Wi E /BRI HHE

FRWE? BH, :

ENIARE! XBR A A—NLEY void* B9F54 REEB &%

— P Hlk, MAREBELERENRIEZ object BIZ%HK.

FrLL, %3

(cast) HILR—FGIENHFIEL. KABIEL T EHRYET M5

HETEMNREESL, EREW “BREZAENNENE” HRBFR.

N EZEZBE (Adding Polymorphism )

RIE, ERNIE N =1 Bear, YEHN—F Zoodnimal. 48R 42 “public 4%

R A RUSE SO 5

class Bear : public ZooAnimal

public:
Bear

():

e L T e I e e "

29



ZooAnimal

| Bear I

30

WEHE Cr+ WRBH (Inside The C++ Object Model)

~Bear ().

/! ...
void rotate();
virtual void dance():;

// ...
protected:
enum Dances { ... }7

Dances dances_known;
int cell block:;

};

Bear b( "Yogi" );
Bear *pb = &Db;
Bear &rb = *pb;

b. pb. rb SHERKNNETER®R? RER pointer X reference FpRTHE—
A word BZE (7F 32 {IH18% LR 4-bytes) . Bearobject THE 24 bytes, th3

B ZooAnimal B 16 bytes MLt Bear FFHFRK 8 bytes. E 1.5 BARAIRENRFF
R .

1000:

b Z00ANIMS

16 bytes <
y : subobject

Bear &rb = *pb;

%] 1.5 Derived class & object ¥ pointer % /&




F1E XTXHK (Object Lessons)

.

i, BiZFKAIRY Bear object W IFEHEHE 1000 Ab, — 4 Bear &5 HF— 1
ZooAnimal 85T B 4ARE]?

Bear b;
ZooAnimal *pz = &b;
Bear *pb = &b;

ENEAEIE M Bear object HHE—1 byte. HEJRIEFNE, pb FrEZHH
¥ Bear object, 11} pz Frig =ttt H A& Bear object ) ZooAnimal

subobject.

™

qre=]

BR T ZooAnimal subobject P HILH members, IRAGEBEE F pz K HIBALE
Bear HJ1EA members. ME — @4 EiHT virtual P .

// REE: cell block AL ZooAnimal AJ— member,

// BRBENIAE pz HHETIE —1 Bear object.
pz->cell block;

// ok: £iF—THBHK downcast BERBHITE!
(( Bear* )pz)->cell block:;

// THEFEH, BER—T run-time operation (i%i¥: REHE)

if ( Bear* pb2 = dynamic _cast< Bear* >( pz ))
pb2~->cell block;

// ok: BN cell block # Bear M—/ member.
pb->cell block:

YENE:

pz->rotate();

Y, pz BYREVH FEGRIENT HI E LA T A -

31
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REERE C++ NEREM (Inside The C++ Object Model)

W BENATHZED. WH2E, pr REEB B Zoodnimal W) public # D .

W iZE OB access level ( Bl 20 rotate) & ZooAnimal B — 4~ public

member) .

8 —TPAT A, pz BTTER object KBTI E rotate)) ST LE.

RRUGFEHNHBEHAEETT pz 2%, MES4P T link 29, M link T
“object By vptr” Al “vptr TS virtual table” Z[A]. (4.2 F5%F virtual functions
H—TEBNITIE)

W, FEXREMN:

Bear b;
ZooRnimal za = b; 7/ &EiF: X238 UF (sliced)

// WA ZooAnimal::rotate ()
za.rotate () ;

Nt A rotate() BTN Zoodnimal SERT AR Bear S M4h, R
AR E GFE: WHAT LR assignment #EXLERT) ¥ —1 object HE
BAENR 55— object B, HHA za B vptr RIEM Bear B virtual table?

FHoNRBHERE, MIFHRE Q) FHELE (2) F5F (assignment) #1E

(CHf— 1~ class object ¥EEZ H— 1 class object) Z[BJHH Tih#R. HIFB A
iR ANEE A object FF — T —1LL LR vpirs, L vpus RN BELRLH
base class object ®J#H kel .

Z2THE-TMOBNERE: za AR (MHEBERSER) — Bear, £
(FEREER) —1 Zoodnimal. ZEFTEME “— MU LEKER" WELEHE,
HARBES SER RIETE “HIBEFH objects” XMEHIF L. E— M URTHIEMNWE .
00 BFRITHAZFEN object WEELAE. #MilF, TEX—HAEX:
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FB1E XTXE (Object Lessons)

ZooAnimal

Bear

Panda '

ZOOAnimal za;
ZooAnimal *pza;

Bear b;

Panda *pp = new Panda;

pza = &b;

b

HA[REK A FN R A 1.6 fixs.

Heap Memory

1000000:
4

Bear S
subobject

» Panda

ZooAnimal za:
ZooAnimal *pza:
Bear b:

Panda *pp = new Panda:

pza = &b:

4 bytes (pointer)

” Bear b:

1.6 HKRXEXBIHOAEHB

# za B b BMEE, B pp FISWAE (LR MuH) fe3s pza, BRR

. — pointer B — reference ZFTIXBEA. ERANEMNH ARSI RN
FHREM “SRUAXNHNFZLRE (type-dependent commitment) " ; SXF
B R R ENIFr 5 me N ER "KAHAERBRFR” HiC.

33




34

HEEBRERE C++ MNRER (Inside The C++ Object Model )

SRTT, FET AR P E KA objectza BIKRAD, BLERHE NP SHAFP
K “WEFERE” . BB Bear object 1EEH za, LB EHACERE
FWIRFE. BITERYRMEANT .

Y — base class object #f HE#IILAN (BREFREN) —1 derived class
object B}, derived object B2t PIFE (sliced) , DIEAB/IMY base type WFH.
derived type FHRAHE TIEAI%ZEIRE. ZETEABEN, MR %RIFESRA]
ITE Swid B RS — 1 "% object A& virtual function TAHEEE” , B
o) ¥ virtual PLH|. ZOR virtual function #5E X8 inline, RIEAHRE FK-KKIX.

BMEZ, BZR—MENRREEIHLE, AFRE—-ADHBR public
Zla, HEMXHK., RITEY Library materials EEZFR— 6. FESE
R R ESIN A BE—RERE "RFENRE” AT "Bl L.
C++ i18id class Y pointers # references X XL S, XFEF R XA IR K
CHEXF S

C+ BXFREN ADT BFXAE, IM4SBWHRA object-based (OB) . #4n
String class, —TIELBHBIERT. String class AT B REENIELSIER,
ERE—1 public OF—1 private SE/E 5, SRERIEAEY:, BEATHEK
MY FE. —4 OB RITAIRE —1XEKN 00 Bt EEERMASHE E
2. EERERANENENG| RBEERERENTPBTTR, TR BHE K
ARRIZE virtval PLE; ZEEBNEENE - class object AEEMEEYS
EATF virtual VIHITHERBSAE. R, OB Bt iR A #4E.

OO0 # OB Wit KEEEA EMNMAPEMMIFESE . RATLIFE [BOOCH3].
[CARROLL93] #I [LEA93] 3EF|— 4 A0 iE K FE S AMITE . 96 07 it
WHIR C++ Booch Components library. Bell Laboratories' Standard C++ Components
library, PAK GNU g++ library BJRTHIE. £ (00) FI¥E (OB) 2%
HAFEENSS. —PTAEEBHERERL — 20, SJCEETRMENIT Y
IR F U R 75 5K

s e e TR R Rded -k -
- 1 e - Lt T T ) A wus = ERalmms Lt L eaife HEL MU S e s -t S _
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528 WiESRPOE EZX (The Semantics of Constructors )

MG REONEES

(The Semantics of Constructors)

iFiE: FEREBHILITEXARE

implicit ~ : B, BN GEREHIFEAREEADT R
explicit IR (BRERERFERANPFHIN)

trivial . WHE R

nontrivial - HHE

memberwise : X — - member KELL:---

bitwise - Xt — 4 bit Bl

semantics BB

RT C++, BENEN T HEERE, HIFSEERFRMT AEEE.

Conversion EHFFBLE B H 5| AR — M F. Jerry Schwarz, iostream & %% 19
BRI, MELEL M E. iR ENBEERELHE—1 iostream class object
HIZEE W (scalartest) , HRIXFE.

o
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RERE C++ SRR (Inside The C++ Object Model)

1f ( cin ) ...

KT ik cin BRI~ DHEMBE, Jerry HENEE X —1 conversion 128
#F: operator int(). ERIFAT AN ERE, IRNBHITUEREIT. HEREETHXIME
IR ETTT, ERNITARBLSAKREZ—HT

/7 BEK: WiZR cout, MAR cin

cin << intVal;

XM OHERFRBERNIZER cowt TIAR cin. Class EIREHWE " type-
safe” RYENMIZREEHEXRWLEZEFNERZH. A, #H LY FEXE
) dmiEay, HWRERZE - EMER (WRAERE) , MARRIBERF R
RANERMAET! Flkfld, NENAEBNUZESF (left shift operator, <<) REF
E “cin fREAHN-TBEHEER BAEH. RiFF2EETUSAHSE N
conversion BBELF, RIEERBIT operator int), WERTCEMHRA. £RAE
BAAERTURET: mRREXT. 2O0HERGHER:

F -

// BE: AReEEFAAERN

int temp = cin.operator int{();:

temp << intVval;

Jerry WA R I EREABMITH? MLl operator void*() BAL operator
int(). XFENRAB TR IEFR N “Schwarz Error” . BRI FE R HEER R —F “F
£7, HERZ —~ implicit class conversion YL H|HLER BN IKE. String class
I FEH (512 T [STROUPY94] p.83) 7] DAL R —Fh#ESh & IR EH implicit

conversion KX FF, String RPELFIEF I HEEFEZHES2HN C runtime
library BR¥FEE H) —1{71.

EADLEFRZE, FEE-FEEREHFE, AN - D GRIEHREP

T H5®ME, WRHER C+ library string class 3 R84t — 1 implicit conversion ZEF, &

ORI — A ZCE (named instance) , HZE LIBERERA .

Laaaaann B 1 e L A



28 MEEKIEEY (The Semantics of Constructors)

1TH] “user-defined convertion R~ AJEEA ST Schwarz Error. H 3L F o
7] explicit ZATDIBIFAXMES, AENTRUESEFR -k, FE]
fEaEdl k"B — S8 constructor” ¥ M — conversion BZEAF. BRMIIR
K5 M Schwarz Error I EPIRB LR, {HRE conversion BEEAFSLFR B L —
MU R T AERXTHA. Conversion ZEANSI AN IZEAETHN, WH
MR IZE™GR, FEEREF - HIIAIEEINSE - MEREEE L BR.

AAETHRFS NI THREFEE CRBREANER, MABEEEIFE
Rt AR —&RR, BULRFAMEMIIS Schwarz Error AT L2 BCh E
K. "HEE3) LB ELXELE “memberwise initialization” X FFiEHK “named
return value optimization” (NRV) & L. X —#8, REFHEHEESRITT X
RMELR" T, DENT "BFERX” fl “BREE” b,

2.1 Default Constructor N @12 4/E

C++ Anncrated Riference ifanuai  AXM) [ELLIS90] H#) Section 12.1 %%
FAT: “defavit constructors ... AL ENBREERIFRTAEE R . XBFRE ‘K
mRPER . BERE? B4 BETEHXREFE.

class Foo { public: int val; Foo *pnext; };

void foo bar()

{
// BEK: BRFEKR bar's members #EHH 0

Foo bar;
if ( bar.val || bar.pnext )
// ... do something

/...

EE: UTXFREXLZRMER implementation X7, LB T R
"CH SLHERT , HELRTE CH RiESR, IRMEATRABTEE RIS IEXE.
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EEHERER C++ XIRERB (Inside The C++ Object Model)

EXANFFH, ERBEEFERELEER Foo H— default constructor, A LA
HERP members ¥R 0. LEXBRMNATERES ARM FFiil “H#FE
™ ? BERE no. HEINEHET - TMREFNTFE, —MREHRESHNTFE.
BEFURERE, FREFRNFRME: FABAERENRILIT class Foo KIAZ2.
BR, t@dEFREHFASE ML~ default constructor.

WA, fH A& 2 & B — default constructor P87 44Ri%F8$T E T AT
! deoh, #a RHER constructor RATHRIFFTFRITE. BB, BNf#
HFTEAN class Foo & M— 1 default constructor, FF constructor tHA~<> ¥ K 4>
data members val F1 pnext #FIHWH 0. X Tik L —EBBIERMIT, class Foo I
W E LR —THER default constructor, ¥ 1~ members i& Y HFIIEL .

B B EA

C++ Standard B2 H T ARM FHHEE, BREITH
HJ. C++ Standard [ISO-C++95] B Section 12.1 XA

|
.I.E r

XtF class X, IR F1F user-declared constructor, HFALH —4 default

constructor B (implicitly) FBHH K - — AN HREPEFH B XK default

constructor R — trivial QREMILEE, B HRAY) constructor

C++ Standard ARG HHE— —WAEH ABKEKHE R TX 4 implicit default

constructor Z#MA trivial. — > nontrivial default constructor £ ARM B ARIEH
REGRFRFTHEQIF, SEOELOMFRARBRK. FEONA S5
1 nontrivial default constructor BP0 Fh{& &L .

2 Global objects HINFRIFLERFMIENITEEE S 0. Local objects ALE T 1 En

tX+, heap objects FCE FTEHHZEH®, #A—-FLEHEN 0, ENHAIBRANE LK
& Ffa 8983k




B2E MERPIEEY¥ (The Semantics of Constructors )

“HH Default Constructor” 8 Member Class Object

WK~ class ®BEAEAT constructor, {HEHE —4 member object, TG H
A default constructor, Hf 4 iX 4 class Y implicit default constructor It £
“nontrivial” , ZIFHTFENI class FHH — default constructor. A3 A
ERBIEREE constructor EEFEHFAR AL K4,

TEHAET —NEBAEME: 7 CH+ BNMAEMNHIFELD B, B
A compilation model, &% 4 compilation module Zi%? REMSGIZEE L ZIERR
FIFESR ), 9Rifa LT & A £ default constructor(BEINE — N4 A.C ¥4
BB, B—1TREN BC BER)R? Mok R2 B4 MK default constructor. copy
constructor. destructor. assignment copy operator #L! inline F X5 M. — 4 inline
PRECA B AREERE (static linkage) , AEBRIRUIEED. WEEK AT L. <
EHHA inline, LA B —1 explicit non-inline static S24% (inline &5 1E
4.5 VHEBFEENIREA) .

E2NF, ETANEFRERD, RIFHWY class Bar S — /1 default

constructor:
- class Foo { public: Foo(), Foo{ int ) ... };
Bar object class Bar { public: Foo foo; char *str; }; // #E: FE4K,

RAE

‘ Foo objectI

void foo bar ()

{
Bar bar; // Bar::foo WMIEMALFIIEA,
// VTE: Bar: : foo & — member object, il class Foo
// #WH default constructor, ZFE&ZE/Y L H
if ( stxr ) { } ...

5 WA Bar default constructor W& LEMMF, B8 EA class Foo I
default constructor K4LH member object Bar::foo, {8 IR 5= A L 55 sk 3 15 1k
Bar::str. 2RY, ¥ Bar:foo ¥ RRFRIFTE, ¥ Bar-str FIIE4 N EFE

41



42

FIRE C++ XRAEE (Inside The C++ Object Model)

*

FERBHRAE. #8mRK default constructor & 2 3K 7] 68 50X #3:

// Bar W) default constructor W EESHEHIXHES N
// B member foo VWA class Foo W] default constructor

inline
Bar::Bar ()

{
// C++ th35

foo.Foo: ::Foo{);

 —RIERIERE, B8 K default constructor B EHMiFANTEE, MALE
BAENTE. hTIEXNEFHEREE EWIT, FREE sor WFEH VB,
URIMMBEEFRELH THEHR default constructor 34 T sor B IEILER1E:

// BFRENH default constructor
Bar::Bar() { str = 0; }

HERFHNTFREEBHLET, BEEMEFHFAETEVIZH member object foo.
B F default constructor D228 E XLk, REREHESHB . ",

A, RATRESXEEN . ik RBH ATfTshve?

MIFRPITIIR: "R class 4 BE T —1 L LB member class
objects, FF4A class 4 K8 — constructor VA% — 1 member classes B
default constructor” . ZRHiIFW/ Y IKEFHER constructors, TEH i — L1,
{578 user code T RITZHI, FLFEHLER default constructors. ¥TLER]— 1~
F, PIKEH constructors T BEIR X K-

// VJGH default constructor

/] C++ {HEL

Bar: :Bar ()

{
foo.Foo: :Foo () // I LW compiler code
str = 0; // explicit user code

3 ATHARMMITIE, XLEFTHREHBBEHN this 5.

s A . - 1 b s R - - o= LR T - "_"—'"'-P'm-mv-‘iﬂ":ﬂh? F '




EB28 HEBRBIEEY¥ (The Semantics of Constructors)

IR EH £ class member objects #BE K constructor FIIFICERFE, 5 20
B ? C++ &5 E E3REL “member objects 7 class PHEHKXAFE” XBHS D
constructors. X — KA HIFARFTHM, ENE—1 constructor LHHEFHE, L
“member FIHXF” AAE —1 member FTXEEA) default constructors. iX4E55
B8 LHETE explicit user code ZHI. 26167, BIREIIFLL T =1 classes:

1

class Dopey { public: Dopey{(); ... }:
class Sneezy { public: Sneezy( int ); Sneezy(); ... }:
class Bashful { public: Bashful{(); ... }:

LK —1~ class Snow White:

class Snow White {
public:
Dopey dopey; // i¥MH: dopey. sneezy fll bashful = member
objects
Sneezy sneezy;
Bashful bashful;

//
private:

int mumble;
}i
IR Snow White B F E X default constructor, Bt <A — 4 nontrivial
constructor S B X, K FRA Dopey. Sneezy. Bashful B default constructors.
PRMANR Snow White X7 FHXHR default constructor:

// BFFRAERM default constructor
Snow White::Snow _White() : sneezy( 1024 )

{
mumble = 2048;

=2 RISk
// HRIFERY KGR default constructor
// C++ {875
Snow White::Snow White() : sneezy( 1024 )

{
// ¥ A member class object




EEBRE C++ XNREE (Inside The C++ Object Model)

// VMRBHE constructor

dopey.Dopey: :Dopey () ;
Sneezy.Sneezy::Sneezy(1024) ;
bashful .Bashful::Bashful ();

// explicit user code
mumble = 2048;

2.4 KT8 " implicit default constructors” F1 “TE BB # £ 5T member
initialization list F# constructors’ ZEBE X R,

“«3537 Default Constructor” By Base Class

L

RLPWHEE, MR - PMEFIE constructors B class JRAEH - “HH

default constructor” HJ base class, #B-AX N derived class B default constructor <

WA nontrivial, FEEEFEEHSRALEK. EHIEAL —E base classes 1
default constructor (MTFEENITWAEHIKFE) . J—PNGHIRER class s, XA
W constructor Fl—1~ “#EBATHIR LAY default constructor” WAHH A ER.

MREITERBEE D constructors, {HHEPEEA default constructor B ? 4
FHRSYT KB AKE — 1 constructors, ¥ “ALUBEAMRBFTLEZ default
constructors” BJEFAENH# L. ERSEH— 1 default constructor, X &
HARE "W user FTHRMLH constructors” FEMNZH . MBFENRELEE “#
A default constructors” B member class objects, HBLE default constructor <&
A TEFTA base class constructor ARG .

“HF—- Virtual Function” B8 Class

BERMER, UHEESMYE default constructor:

1. class FHH (Ei4k&K) — 4 virtual function.

2. class REEH — T HEKEH, HPFEH I THELH virtual base classes.




2B MEREFIEESF (The Semantics of Constructors )

AEW—FHER, BTHRZEH user FHIRY constructors, HiFdHFaiFHICR
B W —1 default constructor ML BEFE. DUTHERXNMERF R E AR

| Widget I
Bell I
e ]

Whistle

"F

1. —7

2. EH

I

class Widget {

public:
virtual void flip() = 0;
/...
};
vold flip( const Widget& widget ) { widget.flip(); )

// B Bell M whistle #IEAEH widget

void fool()

{

Bell b:

Whistle w;

flip( b )
flip( w ).

P TR BRVE R FE S F AR R A

virtual function table (F cfront KRG vibl) S HRIFR ™4
13, A class Y virtual functions Hiit.

—4

& B ¥

| i

class object H, — PHSH) pointer member (MR vptr)
A HK, AEMHEXE class vibl AL,

ok, widgetflip) FIBIIT| ZEEYE (virtual invocation) £ EHNE, UE

He,
B 1 ER flip)

H widget ) vptr 1 vtbl W flipp FB:

// widget.flip() REIISIRMIE (virtual invocation) A

( *widget.vptr{ 1 ] ) { &widget )

virtual table PR & E BT,

B cwidget NEBRXE “WIRHABNED flipg BESLE” 1 this 54T,
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N T X MVLHIRFEDR, FiFasM AT —1 Widget (BIRERERZ)
object B vptr I EVME, M EIEMA virtual table Hulik. XTTF class FiE LK &
—~ constructor, ZRiIFAFS EH— LR MXFHEHE (FF 52 ) . T8
¥ K B BH £ 1] constructors & classes, HWIFEHF N EN S B — 1 default
constructor, DA{BIEWIHFI 458 — 1 class object HJ wvptr.

“THH{—-1 Virtual Base Class” 8y Class

Virtual base class RJSEIMEEAR B FHSZAIFRANER. RN, §—#
SCER L ) HL o FE T U virtual base class FEH & — derived class object
Ry, B THITHESEY. FfNTEXEREFAES.

class X { public: int 1i; }:

class A : public virtual X { public: 1int 3j; };

class B : public virtual X { public: double d; };
C public A, public B { public: int k., };

| A !1 B I class :
// THEEGRFN Y (resolve) ! pa->x::i WUE

46

void foo( const A* pa ) { pa->i = 1024; }

mairp (}

{
£20( naw A )
foo{ new Z ;;
// ..

}

MiFRTLEUMEME foo) 29 "M pa MAERK X" NEFRRBLE,
AKX pa WHE ZITRIATINAS . 4aiF 38 D IEE “PATHFE R AT, X
AT R ZHATHEAE TR, [RSE cfront BIMEREE "7 derived class object
K& —~ virtual base classes P LI —NMEE" TW. TFE “ZH reference 5

pointer JRFH —4~ virtual base class” FJ#RAEER W LB HXIEE AR . ERHF)
TH, foo) TTLABHEBINT, LIFFEXHERY LI R

// TIEERUSRIE RS A RAE

void foo( const A* pa ) { pa->_ vbcX->i = 1024; )

TR =PRSS E———— - .
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He  vbeX FTrdmiFas i =454, $8m virtual base class X.

IEZNPR B BE WA ARAE ,  vbeX (El4miFaf T I ENHAKT) B class
object MM BT MK . T class FiE LB & — 1 constructor, RIFRLE
BEHL " AT — virtual base class BIPUATHHAFEUIRIE" ML, IR class ¥
HEWAEM constructors, ZRiFI/MTNE G B —1 default constructor.

S

AR, 2FE "HESLIAAIEKEH constructor 2 classes & — 4
default constructor” . C++ Stardand {EHFLES BYFR N implicit nontrivial default
constructors. 5 A KHY constructor HAEHERIFER (MIERF) HNEE. ©
MUY TS, BEE “EA member object T base class ¥ default
constructor’ B " HE— object FIRLH virtual function PLHIEK virtual base
class Hlif]” MxM. ZETRAFERLUMFIN T L EFHBEILM constructor )
classes, IR ENIFHFRIE implicit trivial default constructors, T 1153Lkr L3 A

WA M k.

S AR default constructor 1, HF base class subobjects F1 member class
objects XWHWEH . FiFHEH nonstatic data member, INEEE. BEILE . &
BHEAFFRAENE . ILPBREBESBFEMEREEEE, BIHF
| FFIEME. IWREFTE - “BFEIRHIRN 07 §9 default constructor, P
AR AR IZREFEF .

C++ HF—BAWNE AR

1. {E1] class AR EFH FE X default constructor, LS HE S HE — k.

2, iFARAS ML XN default constructor P HIR F “class HE — 4 daa
member HIBRIAEH" .

IREE W, BE—TRER!
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EERE C++ SRER (Inside The C++ Object Model)

2.2 Copy Constructor RNEfJ1R/E

F=FER, 2A—1 object WHABVENSE — class object W¥ME. &I
BH— R E N YRR EX — 1 object BTN IEILIRIE, BIXHE:

class X { ... };
X X;

/7 L, — 1 object MINAER T~ class object W¥FIAE

X XX = X;

FHFFEOEY object W UFSBLFARBET, #in-:

extern void foo( X x )

vold bar ()

{

X XX;

/7 Bh o xx fEAR foo() B—NMZ2EMVE (R EHIELERE)

foo( xx );

/] ...
}

AR YR $45 |l — ™ class object B, #4n.

X
foo bar ()

{

X Xx;

/...

return xx;

BRiX class I HEHBTE X T —1 copy constructor (iX&— constructor,
H-TZHALERRHE classtype) , BT HXH:




$B2E MWERBIEES¥ (The Semantics of Constructors)

// user-defined copy constructor HJSZH
// TUREZSEIEN, HE_SEERASHU—-TRIAEHMNZ

X::X{ const X& x );
Y::Y( const Y& y, int = 0 );

WATERBEFTEHT, B3 —1 class object UL B —/MFE 25k hyiEn, &
R constructor = . XAIRESE B — EITE class object W 4E RFEFF
R (WEEHE) .

Default Memberwise Initialization

R class TAHERHME — 1> explicit copy constructor X 24 H07[7 % class object
LU AR class B9 5 — A obgect” fENPIER, HAFELUAMIELN default
memberwise initializatior 3T EDY, LR EBEEE - TN EREMN data
member (|20 — e ¥T 5, — 2 5 H ) B8, AFEAD object #EIL— BB 5B — 1 object
SE. AEEHAELEDL 94 member class object, TiJ&L#EIFH L KT

memberwise nivializaiion. HU0, FETE X class FHHH:

C.243 String
public:
// ... BA explicit copy constructor
private:
char *str;
int len;
)i

EXFIFRZ T

Lil

— ™ String object #) default memberwise initialization &4

String noun{( "book" };

String verb = noun;

HERFARFERNEEE —1 members —#f.

[/ EEHE

verb.str = noun.str;

verb.len = noun.len;

49
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FEERE C++ XREA (Inside The C++ Object Model)

N —4 String object #HEH A A —1 class B member, X

class Word {

public:
[/ e BA explicit copy constructor
private:

int _occurs;
Stzing word; // ¥E: String object WA class Word HJ— 7

HS 4 — 1~ Word object B default memberwise initialization &< # 1 H W #E K

member occurs, RIGHT String member object word H @ IH5LH memberwise

initialization.

X R BRAESERR B2 SEAL? ARM 5 KA

MES EME, F—4 class X, XMRERYE —1 copy constructor LI

HPFEHFRE "HEL” . IMEBRNEBRE - SHBE.

— MR TR IFESR T LL I KEB4Sr class objects P4 bitwise copies, BN E1]

A Dbitwise copy semantics

Rk R, TR —1 class KE XY copy constructor, fRiIFRFE BN E
EEH—AT XAJEAXN, TIRMIZE ARM ik

EM BB B g as AL

Default constructors Al copy constructors 7

XMFHE BB BHEY class AREI bitwise copy semantics . C++
Standard IR E T ARM HE X, HESHEXITLEEALINT (HFSHEHR

FItE)



H2H WERPOEEY (The Semantics of Constructors )

— > class object AT PR T X B HlFE], —FEFHHEL (BHERNIX
Brc.OR) , B—MEgIEE (assignment, E S EEITiLZ) . MESLETS,
X P ERVE AlE L copy constructor FI copy assignment operator 5€ i, i .

PR default constructor —#¥, C++ Standard Ei%, WHE class AEFH —
copy constructor, B2 B3 FRIFEH (implicitly declared) 2, & 9 5E X (implicitly
defined) HBL. FILLRT—#E, C++ Standard 8 copy constructor X 4+2% trivial F
nontrivial . HFE nontrivial NELAK A SHERTERFZS. E—F copy
constructor JE 2y trivial MIAFHETE T class BREBIHFFIBR “bitwise copy
semantics” . F— I H A “class BRI H bitwise copy semantics” iX A% B AT
AR

Bitwise Copy Semantics ({i7 3 EXREMN)

T TFHENEFRFEP:

#include "Word.h"

Word noun( "book" ):

vold fool()

{

Word verb = noun;

// ...

RIAE verb BRIE noun RXYIEWN . BREMKFEI class Word BRI /Y,

BAVA ] REF X N2 RAEMFEFAT . IR class Word IR B ENLT —
4~ copy constructor, verb KHIHRABESTEAE. BRI class BAEE X
explicit copy constructor, Bl ARG A — M amiFRHRE M LEB EAR? XgiE
W% class A RI "bitwise copy semantics” TE. BEMTF, S THE class
Word F5BH -

T T TR A T LA o, u- o EETEMELA T L TR — - -
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REHEE C+H XNRER (Inside The C++ Object Model)

// AFEBEIT bitwise copy semantics
class Word ({
public:
Word( const char* );
~Word () { delete [] str; }
//
private:
int c¢nt;

char *str;

}:

XMERTHATES HH — default copy constructor, H 4L 4 75 BH & I
T “default copy semantics” , T verb WHHRABIFLRATEL -/ REIFF
W78, R, R class Word X B HH .
// ATFEBRFABBY bitwise copy semantics

class Word {

public:
~Word () ;
//

private:

int cnt;

Tt el e e T
g e Fs
e e s Ar e ol
"
} y

Hep String BB T —4 explicit copy constructor:

class String {
public:
String( const char * );

o N
G i gt 8 T Ry o b L e R R At e o N T i) ) o e Ty
A o e o e D e e e e Dt Tl g0 .-
A . R P e

L ' s D . TP Lr,

...........
R A e ol ol MR G e L

//

};

4 HR, BENHITHEN class Word N EETIRIEBE. W4 local object verb
global object noun EEFRIMHMFEINFH B . FHiBY foo) ZHI, local object verb & 17
destructor, T 2FF BEMEX, global object noun M ILIEHE — M TLE X 2. member str 1§
HEREERE "B class #BiFFELIHE — 1 explicit copy constructor LI B  default
memberwise initialization” MEE "AAFELEN" BRZ . RAXM “BEHF—1 copy
constructor ImiFRF S MK BAXR.

e Ll L T e >
s i1 i Tirde - LT 1 -y i L Tl O P Wil O S L A 4 ¢ e ‘m""'ﬂm#‘ﬂm-m--m —prat v
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EXTERT, WFHRLTE L — 1 copy constructor DA{E 18 member

class String object HJ copy constructor:

// —TEHEERE R copy constructor
// C++ {hEY

inline Word::Word{( const Word& wd )

{

str.String::String{ wd.str };

cnt

H— RIRETRH

wd.cnt;

EE: EXHHE LR copy constructor H, INEE ¥, o4

BIHF%R nonclass members WERSH E H, FWFRAIFFRIGH — k.

AL Bitwise Copy Semantics!

fF A8H& — 4~ class RRILE “bitwise copy semantics” BB ? 5 PU 1§ 4 .

1. 3 class & — 1 member object MG HE M class FEHAE — 4 copy
constructor B (AR RY class Rt HFHHM A, MWRWEN String
A, HERBHRIFH/AMN, B class Word TREE) .

2. 34 class &8
(BREWE, FEERSHBEHREMSRTE) .

— 1 base class /G EHFLEH — 4 copy constructor B}

3. 3 class AT — L virtual functions 07 .

-
peiin

4. 3 class JRAE

—
—

Bt .

h
wt’

— YU EBEE, HPEHF -/ LA virtual base classes

HTIP R OLF , g0 430018 member B base class f “copy constructors 18

HBIE" ZIEPIHW S MH copy constructor 1. Bl —F5 class Word B “2& iiifi{8

1K) copy constructor” TEELIUEBATENR 1. M 3 f1 4 HEEL, ERETXE

s HEHE .

CESS e e r A N T P A =
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FTEHRE C++ XNXRBER (Inside The C++ Object Model)

&8 FigE Virtual Table V3%t

ZooAnimal

‘ Béar I

a9 BAR R B DY IR B1E (HEF -1 class FH T -TEE D

virtual functions ¥ i)

m ¥ — " virtual function table (vtbl) , & —T"HFHEAHB virtual
function R Hb HIE .

PHL

B M — 1 +5M virtual function table 5%t (vptr) , £ EE — 1 class
object N.
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