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WHEHRRE Cr— WMRET (aside The C++ Object Moadel)

FRAM40 Foundation AHB K — &0, EH LW, HEAT MUAERH EHEY --
BRIMITAIS, {CEMEEAEIIFMNEN UNIX B Snluk #E. LET
KT ERA Grall (FRPEFEER T LM EATHMER) . AATEE, G4
R AFRET !

Grail f#F—"8 Rob Mumay RREH kFw &L ALF ME T8 20
W, KA, LCEEREMMER. T Gl o, {F5Hi%Ss "
RETFEHSBEHTRT M. parser ATBURFN ALF ERHE. Koo -
TH#H A (W type checking. simplfication. code peneration) LAKE T~ H (k1)
browser) FEERFFH) - ALF FIE - E CPTEEMUE B) | Simplifier £
fiF S0 —BPSr, AT type checking Fll code pencration Z[E]. Simplifier X4 4
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XESHERIBAENER. £ ALF ZF, T ERERNFEN
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EFRATEES () XE- R HHRE, ®3F ) X2 overloaded cal

aperator 7 class objectfor LR —MA K. BIMART . X FHAREHE -4
RBBA, E£Y (b) MERLIET, Simplifier BEBEEHEN call subtrez.
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X &4 constructor/destructor B A Y B . memberwise ¥ 1. it F
memberwise copy WISIFF. ARF TSI LH conversion operators. WM HER £,
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ZMIFEY vinual functions. virtual base class £ inhcritance 8- B XHF. new
M delete IBBAT. classobects FTZHAIRYKIEA. local static class instances. #4 ik
WERZIANi (nonconstant expression) 7 global obhject MBS &, Kyt
Simplifier Frgl3ey-- T HRE: E#E- ~HRERER, FHW, STROTHE
- TRIED . TREHEHEE.

B jn MFR R MR R r 2 BN 8. X EEABE BRIt E
MY AR FXMNAR XA BER--UHIERITERTRES C- BE
RAEH. BRTEABHRNRNE, REANR Ff Crv WEEA, g
A5 i EU B A i f ) T, EL b 245 A 2 0 10

Hog Cr+ XmEn

ARTEET LR C++ MaEn:
1. W8 T HAE & R (o) 4 2 T8 W i T 80 5845
2. WTFAALRHRESI AN H

EERENER, WHETRA O Primer —BEUBEHTHES O BHBY
B EFRIAEE, UL REST HAEMikh R0, 24 [ELLISoq H
[STROUPY4] 4304 —feer 2 03F . A BT HELHET Crr SR2BHMIT Z4 K
& FREETHEE O BRST 1995 ABLPFEITE Standard Ce+ BR
(BR T RECHY, XGRS SRR iETHEREL) |

Cr+ HEEERME- MESE R FER” A0, Cr class MER virwal
functiors fE4EHCHARAE 2 FRT, BFFRADECRTHEDER MBER L L
PR XEBRLAHREGUERENRE (dispalch) HE, (THHEE
B BT S5
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HREHFE Cr— ITREH (nside The O+ + Object Model)
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AY TR E R AT class )M virwal able, ANEE, M HERFMITIT
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MFE Cr+ BRI RGN R L, MAHTESA: T
Wy EEMMAL, BRNEREHFR, WR-MEFRTREESHER, ik
ERFLHEBERAENNG, BELELEE. —PARNEAFN L, K22
FEXMREA, ARE “MEHEME T copy constructor MITHATE" . Z&
FIENMBANZ¥ETFRIE X T LEH T8,

SRAHHESAEARLAL T HRENGT o BY (REMEEEH
R MARBRAA. TH-BET RERMEN S, RAEHBL
313 KA AT AE

M- A—EHITHE, BMNTEFEET (BRSFHAEK) C++ 7 00. £
- TAENA 1985 EXAWE C T, BFMI D C+ RIFL user-type
BEFEFEH, X server EFDAEE, il InRES — MR A S R BB
SI%E, %R ¢ mIF C+. k% C++ ERNRE.

CHi UMAARREMBERCER, ORFTZLTRY ¢ BRERK—
UL B, ERRAWHFEUSEASE, MERXEAIAR ¢~ 11 “RE
A7 R TR GRS 4 R BERES Object fucilities {10 inherirance.
virtual functions. 4818 class members 1R ) BiH SRATEAM R UL B4 .
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BTHENAREZEME, BOICKEEFS HP 2wl Steve Vinoski; EAT
RE5phitit C+ FEREE. T RE R

HEHERWEREZ STAHRSLUNESE. FEHR T ECEFLESET
M CH BAASMBRE FE BRELR, B4R AEHAD, fE—-F C
BURE, REAANTAER O, WE TEARSTEEERT . RHEEN,
TRAEVAREMK TR, C++ WA malloc) M freef) TIARLLFEF RAME. XY
BAEEN. SR-FFIBPLBHEE, SIRHEUTFORFHEE -

EMRENTFEFXLFHS, FEAR. 85, URFEEE. C+ B
fEATRM LS00, A2RNERE TR, IR EHYE

HEGER=HE MBI H #EOAE. 207, 3EHR— 0
BT, WHARERAEE c++ WAKAR S5,

& c++ WRENHEENF <R YEH&E | HiER) ML FHm R
[&, FTRESE T S ER H — ittt RB? BAPBL (Saic
initialization) 7] 2yt AL — - F BB 7.

ZH - class ¥ BEH constuctor, ik

class X
{

friend istreamé
cperator>>| i1stream&, ¥Xi 1
public:
X{ int 5z = 1024 1+ { atr = new rhar| =2 J; }

Erivale:

char *ptr;
yi

T —4 class X § global object BYFTIY, @iXFE:
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PEEE O HREH Unside The C+ 1 Ofyect Model)

X buf;

main i}

{
f4 buf ARG RHE I A
gin »» setwi 1024 ) »= buaf,

C++ HBAHU, X constructor X maing) ZHER b #HL. BT
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S A O R PR AT B S T e T — i,
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Bt & EA UNIX St BIOER m #%. CC 4 (—-P UNIX shell
script) FRAEI— BT LH. BERINE om BETHEL, FEE-THH
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) munch solution} . XM 2L S1F FRAT WSR3 SR A H:

BT REESR - "FaE¥E Wizl EERTHFM COFF-based 72
FERATAAT SO (RUFFBRS pasch solution} , FH%EE nm. compile. relink . COFF
& Commor Object File Format R4, 2 System V pre-Release 4 UNIX RET
ERLFIHA. ZRHFaYRPATEFEE, CHRR, #8182
FEMMALN .« 3O, oom 7T s B, RITRENTELEE.
it dE pach solution A munch solmion, #eEFHRE s FFLfES, Ha
EHEM UL —MHRBE XA RFITER (ZARET muny ZRE— K -
i lbrary Lonction _mam( 372 CFiE 2085 6 XA FHSA) .

System V COFF-specific C++ BWIFM S cfront BETHAETSER. T
T —TMHELEHEERERE, 4532 RN EH SRS 5T %
B LR nisection, BMREFIERESHMBLAMN objects. BIZEER



ERT A, RETHIEN environment-based sclution. HIHA T L program-
based solution BRZ k.

F [, {EMEL cfront program-sascc solution y MK —Kile (ZR) #R1EH
SARE. AftA? HE O+ CEEAIRES, CCEBRTEEEZY
environment-based sclutions. 3% 3~ 33 A0/ 4557 Ho[hi 2 FHVE? RATHRE AN F a0
EARY C+ RFERFHFRANSIREARAER, BEAZ THeWAEE. B
F cfront Z ) BHRIEGR AR BRI ciromt BAKCEREEE, &t
DR R, BARHELHEEL. Y8RE "HFERE i, RNE
R Swoustrup FIEIHIAE (RMA cfont &1) | R4 —-FLIARR, £5
BRI m kLS E TR AL

EHER

F1E, XTHE (Objeet Lessons) , AL S AHEMUNESER, UE
B C+ R A SRR E AN (saradigm. 1 £ TF paradigm X7
HWEEAES #22 FHEE) . FECEA T @ERN XMy, #HHaur
HENTL/&E, ERANEEMRUBHMERETARANBE (RS 3 &/
BARMHELE) .

B 28, WERPIEEZ (The Semantics of Constructors) , ¥40it i
constructer N TfE. ZE R B constructers AN HFRIZHSR, URAGHE
FRE AR AR B Y.

BIREESERFPHEELN. BXE, MEERITET C+ THE
RINMET. 55 3 5, Data ¥ 8% (The Semantics of Data) , i1 date members %
#2H. 5 4%, Function E 8% (The Semantics of Funetion) | FHT &4 & #
() member functions, 4 BIFMATHELATE virval functions. % 5 &, H
it FEH. #EOEEF (Semnatics of Construction, Destruction, and Copy) , it
W3R class %R, 2Bl object #EMM. B EHEMLHFL LR
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ELEHE . F 10 B R A T o AR SRS R

62, BFHEEBEEY (Runtime Semantics) . B ATPCTHHF LR AR
745, SRR TEHEGELRT, LR nev BEFTH delste BEHFHNE
.

BIE, EXNSEHMKRE (On the Cusp of the Object Model) . EiFTF

exception handling. template support. runtime type identification .

HENRE

EELUHEFERTAIAC, FIEENEPRLEY C+ BEA,
midE C++ #FF. WEHABULEEOHT, FenBEafgs o L5l (A
WK CH Primer HE—BURER) HARS. HENZER, 9248
qFn C+ BFER, FEL - TF "CREEAAH" A, HPRER
FEEHT O BFURARSA, LU E K5 E, BB tamed return
value (NRV) (LRI %%. &S5 4BEMIERNSMAF R EEF. &E
ST iR AR S A

ERGAREMNT

FHHEFRAZSFNIH:
1. BTEEPFHEN C++ MRHRYEHEINEKEE.
2, BEMK, UMERHESEROH R,

RiEB-BEE, SHAENTRAMREY. ¥HANS, BRBESHHEL
B0, BRIFBW—IEEH 3D graphic library £ 3700 BHIMER 095 1 %
FH--4 3D K (REFEATUE [POKORM] FEHESE Pokomy WHIZEX £,
lfkt.l\l L
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AERRERE, QAIREF SN EE, FEREASTE. BLrE
STt - KRN FIEF AN AL AR SRS (ETHRERET AT
MEEFREBRAUATERZA . 4%, FEERARMETE—iFg
BFLL, WRE? ) RETORR RERR LT EE X SN AE.

BT ARG, JRARARET TG AR ETE N Bk i i e ik g 3y
THE, REFFESLE- IR NS, SIS UEHEA. FANR T
THaAE, TEHBE RN SRR,

HTFABEEFUZL, RN EREABYE IHRLAERE. BEdn
WiE, ERMEATER, PR A Gl TRRMT AR &R
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HOE Rt (EHFIIH)

S8, FERTGEART A, REMNY, BAAARER . KREHOELS X
., FAELBFE TS AGR.

THRFXHHANEL ST (EFRHF) BHEN:

access level

access section

alignment

hind

chain

class

class hierarchy
composition
concrete inheritance
constructor

data member
declaration, declare
deftnition, defins
derived

destructor
encapsulation
explicit

hicrarchy
implement

impiementation

iFME. AE C++ 1) public. private. protected =F &R
FEXE. 22 class A puklic. private. protected =70
g

WAREE, ABERELE bytes NH. HEFRBRAHRY, %
M. $iw 32 LB AEREE 4 WEE

e BRAFTHEIASACHME (B E-HiE -
B

*x

class (%, class BR&HS

HE. BYEHE (inheritance) — F3Fit

Ak (M FH&aR)

OB RTE

BEEN M O #RA member variable)

A

EX GEEWHENFERE ST 7%

g

Wi ER

HE

RN EEiE c— BARERMES R

k%, BR&EW

T/ (EhEd

EAR. TEY. =EAHEE o 41858, KBRS
#3 class member function A%
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RIEEE CH WEREE (nside The C++ Object Model)

s s i
implicit
inheritance
inling

instance

layout

mangle

member fiinction
members

object

offzat

operand
aperator
averhead

overlnad

averloaded function

override
paradigm
pointer
palymorphism
programming
reference
reference

resolve

slot

BAK. BRK GEUEELIAE Crr BRARHN)
R

P (C+— B - EHRED

TiF (FRHAFKFNRE” W, BAEM)

. EHEFLERETFE, B object ERHFF MRS
A i

SHRTWAEH (C—+ H TR IHRH -~ EEL)
RLE R, FFRCWHRA function memhber

F. 3 datamembers T member finctinns

W& (B class BERATRRERN—845 FAE/MszE)
mEE{7 8

BiEg

-l

s (AEMEH. TSR REAGEE)

B,

4 AN

BE (M virtual function BYEFiEH)

S (FE&% 92 W)

&

ZF O3S REEN—MEF)

REildt, BEd

&%, &/ (ghia)

CH 1 & BEMFHRAROFRT. UELITH

Wi BRI R TR, B9 S AR

LHFEEXR. MEFRER func) TIEEMREAT func)
Ak, WA “unresolved externals” EEHEEHE

#HTH—# (— P& . £ £E: #8




BOR TiE GEENE)

G L g Sl (R HEy

subty[;c TR

type #H, AR (FBRR int. float ZAEER, ® C++ classes
FEEXRN)

virtual Bl

virtual fianction EH A%
virtual inheritance  EEHLSER

virtual table B EE CRTHBEPLATTR T8 — R, A vital
functions FHAAL)

AHEXRI EFIMAR, BHE -T2, FESKEZR, FUks
ARFBEEE, G0, @X “pointer”, HLF<ét”, BHTRIEESH reference
FAEE™ (LERMK) , HLUMBETR “the manipulation of a pointer or
reference in Cte-r”, BTHEMSTEFENGEE, RALSEEFHCr h3
T EF reference B AEFT oo T, BEERNCH PHTF pointer HI
reference HIESEFT R eer” |

=33

FRH-WEE. KNMEE, IREENE, SUREBHERS 2D,
BEFL. BRAFE, WHBLHEBEE CFNRETH (R, FER) .

RHEER

X% PREFREE, WM EEHNRRE HiR Lippman B KWk,

BTRESIE" ZRMEE, EHAGXE, At T -4, 58, %2
ET—1 B9, 2D 7 -4 ) FS, REST-4 ) FS%%. kyTE
MR, ERFMNERERSERENE s ERESTERAR—-H, B
EERFHT object BRMEE, SRFRBTRHEER—H. JAMHER5EL
FEEREFNLHR.
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TR AER CH+ WRHE (Iaside The C++ Objeci Model)

RERBRATMNSHE, SEEHRE. HTREREESE.

& s L5 H¥RE 5T, L9 RAEBE 9 7. RBEAREHRNE.

118 Rb%

p3s
p.57
p.6!
.6l

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

P92~
p.94

p.97

p-99

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

p.108

i ol
g5 —17
#hE—-m
L1

L10

L-9
EENTH
& 3.0b HH
L-2

2T &4

& 3.2 kB
A 3.2(b)
i L7

i L6
3.4 .8

12

& 3.5(n)
B 3.5(b)
L-2

Ll6

L1O

L6

BTG
Bashiful(},
1.32.36

memepy.. BFEEAERE LT —1)

Shape(} BF BB T—

™3

EFiEREET 1

struci Point3d

virtual... BERBRE ST

pe2 2 (RFAHEEN)
Vptr placement and end of ¢lass
__vpir__has_vrts

class Vertex2d

public Point2d

Vertex2d WX R
FEEHRI, WEREAT

public Point3d, public Vertex

HE5#PRRFRNEEAHF
#EHRP RN ELRAF
Tpvid+ .. BEET—1)
pildiy

& 3d_point::z;

& 3d point:z;

g T
Bashtul(),
1:32.26

BERA =

class Foint3d

pel 2 (FFE®EEN)
Vpir placement at end of class
__vptr_ has virls

class Vertex3d

public Point3d

Vertex3d B &% H
E-2FEHGE

& HE 3.5, HEEKFN
public Vertex, public Point3d

B 2¥FE st
Bl

pt2d:: y
&Point3d: z,

&Point3d::z;




BoE RiE FENS)

p.108
p.109
p.109
p.i10
p.I15
p.126
p.l36
p-138
p.140
p.142

p.143
p.145
p.147
p.147
p.147
p.147
p. 148
p-148
p.150
p-150
p.152
p.156
p-160
F-162
p.166
p-166

L12

A4z H5T
L-12
RS U
L7

L
L-6

L1

L5

Lé

FEE L
HEED L
G L- 1
R A
L-7

L4

L7

L11,L12

I

int d::*dmp, d *pd

d *pd

int b2:*¥bmp = &b2:valz;
TRAMEHRANEFAH
magnituce()

Point?d pt2d = new Point2d;
Derived: ~close(}

class Point3d... R —1 ¢

BRESLFFR class € — M

if(this... BFREBRGEHAD—

™)

WELSXFFM class 98 B

pointer:z(y

pointer:*pof

point: x{)

point;:z{)

B ERERP—T)
{ptr->tpmf) BEJ/FL—4
(ptr->vpir[.. RERE P~ )

BEETERN class R —H
pA.__vpir_ptid. Bjgb—1;

point new_pt;
3

Abstract_Basc

Abstract_base BERE b1 ;

Paint] locall = ...

Point? local2;

DES N

i:t Derived: *dmp, Derived *pd
Derived *pd

int Base2:*bmp = & BuaseZ val;
1 pt3d By Point3d
magnitude3d()

ptr = new Point2d;

Derived: :close()

B K p3d %35 Pointdd

FiA# ot3d # Point3d
Point:z()

Point::*pmf

Point::x(}

Foint::2{}

AR pt3d MY Pointdd
Point new pt,
}

Abstract base

Paint lncall = .

Paint local?;
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WEERE CH WEBE (nside The O+~ Object Model)

|:I||| TR | b !.'. H"'!, Ij-I

p.174 _ﬂF: B2 L-1  Line:Line) BEBEE£T -4 ;

p.174 FF. #§ L-1 LincuLine() E¥ERET -1 ;

p.175 .k, ) L-1 Linc:-Line)) BEREE—1

p.182 #F, B L6 Point3d:Toint3d(} PVerlex::PVertex()
p.183 £, 85 L9 Point3d::Point3d() PVertex P Vertex{)
p18s L, #% L3 v—0.0 Z Al #k 7> float

p.186 R, B L6 b — return

p.187 ., B L3 corst Pointid &p canst Point3d &p3d
p204 TF. ¥ L3 fra— return 1;

p.208 FF, # L2  new Dvertox; new PVertex;
p.219 b, ¥ LI __nw{5¥sizeof(int}); __new(S*sizeof{int)};
p222 L. L8 # new ( ptr_array... FEREATGLT

—1

p.224 H, Ll Poimlwoptw=.. Point2w *ptw = ...
p224 F. % L5  operatornew() REEXZ—1 ;

p225 b B L2 Poin2w ptw = ... Point2w *ptw = ..
p226 F. 8% L1 Pomt2w p2w = .. Point2w *p2w = ...
p.22¢ . #% L] coperato—={a+b}; c.operator=(a+b );
p.232 A, 8L xxx X xx:

p.232 PTF, L3 xyy Xyy;

p232 T, L2 struct X 1xx; struct X 1x:
p232 F. 1513 struct X _lyy: struct X _lyy;
p.233 & L2 structx 0 Ql; struct X __0__QI;
p.233 5 L3 struct x 0 Q2; stact X _ 0 Q2
p.233 H, 5 if FaHBERET -1

p.253 B L-1 foof) ABERET —1




BoE FiE (&K

o vapopd, el

HETS

RAABED RS HE, 8 SHERARETHT (RIERENEY 5.
W) . R AKIERSD, R ETEYAEY. T EE
RTTA S HBAR KR . T RROER LR R L O S, 24
WREZEARAGER, FLUE S R0 BA L S0 A 0T T s e M
Lippuran B3R BR— 4, 77487 2o S8R0 BT o 80 M5 Ad o) e
WEHRFE L —BR (EETBERRIESDAR) . R RS
SR AT B R B0

MREH? W, KL v+ RHF, 5B—%%, ZABTHEREWHE
T, FaEMEa!

MREURFRELRMY, XRASEFTLL, HEETE, BB IH
77 BAHEM (sofiware component) HIEREF. Ik, TH C++ Walm,
R F HAR A = KA (COM. CORBA. SOM) fij AR,

REARA EAEAH (software compenent) B N, (+— BRI A E
A RIEY, BEAE. BEBEOARBRTNFLN, 2 8TF8M 0 5
B R AR R A B4R AR R

KEALEREME: GR8KBH C++ programmer Wi EE XA S,

IRES COM FXNE, REFRIEFREF DB Essenticd COM.
Don Bex F, Addison Wesley 1998 Hi7 (COM ZfGig, HEE%, S0 1998) .
FER—FRBREEFLENTE, T COM MBR CHTFATE coM. i
F COMILIBRF 8 7 KRB IEHTE, REFBIREEN - COM &
.

& Esventiol COM 2 Hi, REHATIX 4 Inside The CH Object Model )58
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RERR C++ WaER

Inside The C++ Object Muodel

X

EEE (EHE EF) /001
H & 1 OD3
Bl & (Stenley B, Lippman) /013
BOE 7 & (EFHEMD 1025

STOER (0bie | gz

M EMRERERE4 (Layout Costs for Adding Encapsulation ) /005

LI C++ JF$HER (The C+ Object Mode| ) 7 066
RN R A (A Simple Object Model) /007
Rie@ah KA [ A Table-driven Object Model) / 008
C++ WRAR! (Tae C++ Object Model ) / D05

M S BRI R WIER (How the Obyect Modei Elfecis Programs) /013
1.2 XBIAFHRNER A Keyword Distinction) /015
FCEE] R IR 1016




REHRE C— FEEM (Jrside The £+ Object Modei)

WM EWR Y struct [ The Politeally Correet Struct )
1.3 XMEMER (An Objecr Distinction )
FaEr IR (The Type of a Pointer)

Mm% 525 {Acding Polymomphism }

1 7 ey b FEE F
4. -_;..1._--__,_ LHE Sibinl B T LR Th T

2.1 Default Constructor B13EAGIR{E
“%¥#F Default Constractor” 9 Merber Class Object
“HE Default Constractor” ) Base Class
“HFE —~ Virtual Function” B9 Class
“HE —4 Vilual Baso Class” 1 Class
B
2.2 Copy Constructor IR
Defavlt Memberwise Initializa’ion
Bitwise Copy Semantics ({3 @ J0# 1)
A E Binwise Copy Semantics !
BEHBE Vinual Table FIE4
ZbH Virtual Base Class Subohject
HEREEERES (Program Transformation Semantics)
MRWR) Y B4E (Exolicit Iniialization ]
S (Argument Initialization)
iR PE 88 (Retum Vaiue Initialization )
ERAFEmMLL{ { Optimization at the User Level )

]
el

TEMFREHHLLL ( Optimization at the Compiler Level)

Copy Constructor: BT R2FE?

039

041

/044

f 044

1034

1057

7060

/061

[ 062

7063

/063

i D66

i 072



i A0
24 AATIETEARE (Member Initialization List) [ 074
M R [ | T it sy oF T
3.1 Data Member RYFE (The Binding of a Date Member ) {088
3.2 Data Membder 97§ (Data Member Layout | L092
3.3 Data Member f17H i 094
Static Data Members A (193
Noenstatic Data Membzrs $ 097
34 “#E" 5 Data Member /099
REHREARELE (Inberitance without Pelymorphism ) /100
MLE##E (Adding Polymorphism /107
ZEBE (Multiple Inheritange ) /112
EEHIE R (Virtual Inheritance) 116
35 XMRAFMBE (Object Merrhor Efficiency ) f12e
3.6 181 DamMenbers §1354r (Pointer to Data Members ) /129
‘4818 Members BYIEE” MR E R E /134
AR Punctio (REE Che Sevrme ion sl Fime L
4.1 Member 95 Fi8HF =, /140
Nenstatic Member Functions (e85 8 RE D) 114]
Virtual Member Functions { 5 & R &80 /147
Static Member Functions | 82 5 ¥ ) /148
4.2 Virtual Member Functions ( S 7 &) 1152

ZEHMETH Virval Functions /159




IEERE CH WREE | ncde The T ~ Object Modet )

BRA T M Virtuel Furctions

43 BRI

44 157 Member Function KJ$§%t (Pointer-to-Member Functions)
X "157 Virual Member Funcions™ 2§54t
ELHMEZT, 1817 Mcmber Functions 354
‘#5110 Member Functions Z 354" M5

4.5 Inling Funciions
B B8 (Forral Arguments)

FAEER (Local Varanles)

‘l."!-, wl il .I_ R il L | I,

HEL R BAFETE (Presence of 2 Pure Virlual Function )
IEHUNE EIFEAE { Presence of a Virtual Specification )
BEAE T const BIGE
EHHE class WA
5.1 FEEREN T % Sk
& BE LR (Abstract Data Type}
RS
5.2 MAEEKETHNRE
FEfEA (Virtual Inheritance |
vpir MH12BESE { The Semantics of the vptr Initialization )
53 XBEHEFTZE (Object Copy Scmantics)
54 STRAGTHEE (Object Eficiency)

55 WFHERZE (Semantics of Destruction )

/168
170
F174
176
F178
180
f 182
/185

186

/193
f194
/195

H155

/198

{202

/213
/219
/223

/231



a.1

6.2

6.3

7.1

7.2

73

TH R R T AF T (Object Construction and Destruction)
£ 5% 2 (Global Dyjects)

FATRE 23T 8 { Local S-atie (thjzers)

Xt EBE | Array of Objects)

Dezault Constructers FIHE

rew M delete Iz 8

AN new WE

Placement Operacor new FI1EE

T2 (Temperary Ohjeets)

B RHER (. Fi)

Temalate
Template B 23" 75 (lemplate Insuantation )

Templete M571Z 3% { Error Reporting within a Template )

: 240

242

/280
/28]

{283

Template 894 £ 8 i 77 5% (Name Resolution within a Template) / 289

Member Function ATEMF74 (Member Function Instantiation |

AT (Exception Handling )

Exception Handling Hh5E & [

%t Exception Hancling K1 345

HITHRERTA (Runtime Type 1dentification, RTII)
Type-Safls Downcast (ff3F % £/ [F FE N8 %)

Type-Safe Dynamic Cast ({Rif 2 KFhAER

/292

397

i 298

£303

{308

£ 310

£311
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74

References 3 A~ [T Pointers

Typeid EHAF

WERZTY, LR

A FEERE ( Dynamic Shared Lipraries)

FEHLF (Shared Memory )

313

{314

313

/318

/318



/1R L TA# (Object Lessons)

E1E

RKTXIER

(Object Lessons)

£ CIFEY, "HETH “LEEVRE (EX O 24Tk EHN,
URERE, EEFEHRALE "RARNER 2R, BIHE RS
TR FAERY (procedural} | Hi— 48 “BF AT R IhEE % Drn by &
MBEFES, SNGEMRINE AR, 20T, mEHRN-- ¢
struct Poine3d, 1§ H

typedef struct point3d
{

floae =x;

float y:

Eloak =z;
} Folnt3d:

ATEN = Poim3d, WRBRHEE L — MW R,

vnid
Fointdd_print{ const Zointic *pd )
{
prinll(Y{%g, %g, %g )", pd-»X, pd->y, pd-»z J;
I




HERR C++ MEER (nside The T+ + Ohject Model)

wE, NREFFHRE e, BT LT

#define Pointi3d print | pd ;
printf("{%g, %g, ¥z 1", pd-rz, pd-»y, pd-rz );

T B BERF P AR

vold
my_ fool)
{
Pointid *pd = get a point{};

/v HEEFTEY point ... */
printfi("{%g, %g, %3 )", pd-»x, pd->y, pd->z };

FAFEE, S GmEELnE T ERER.

Pointid pt:
pt.x = 0.0

7T L iy — 4 i A B R S
#define X({ p, xval ! {p.x] = {(xval):

X0 pL, 0.0 }):

HE CH P, Poimt3d FHrIGERIMIZH “HEKIEXER (abstract data type,
ADT) " 3H.

class Poinzid
{
piblic:
Point3d({ flcat x = 0.0, float y = 0.0, flcat z = 0.0 )
o omix b _wly e _z{(z} {1}

float ={] . retirn _x; |
float yi{) . retvrn _y: |
float z{} | return _z; |




B1E XTHE (ObjestLasscns)

Point

Point2d

HE

Point3d

E

veid x{ fleab xwa: ] { _x = xvaly |
T - bl
private:
float _x:
float _y:
flcat _z

srline ostroami

cperator<<( ostream &Los, const Foint3d 4pt )

05 << "{" << pL.x)] < M, "
P Pt-)":} o Il! LU p:.z(’ A J"r'
b

HELU-TMUBEZEN class K REM:

class Point |
public;
Point( float x = 0,0 ; : X{ x J { }

fleat =i { return _w; }
vold »( Zleoat xval ) 1 _x = =xvcly |
i,
protected:
float _x:
1i

class Poirt2d : public Poirnt {
public:
PointZd( float x = 0.0, float y = 0.0 }
Pointf ® ), yi vy {}

float y{) { retuarr _y; 1}
void y{ float yval ) | y = yval; }
iy
protected:
float _y;
b

class Point3d ; public Foint2d {
public:
Point3d{ fleat x = 2.0, float y = 0.0, float =z
Poink2d( x, v ), 2lz 1 {0
fleat z() { return =z; }

2

MV



WEHER C++ WREMY (Inside The C++ Object Mode!)

void z{ float zwal ) [ _z = zval; |
i

protected:
float _z:

Bt &, FER ML, eNSTLUEEEA, TRESGLRY
&yt

temp.ate < class type >
class Point3d

publ_c:
Pointid( type x = 0.0, type v = 0.0, type 2z = 1.0 )
_Eox L, o ytyd, _xtzy {0}
type x{) { retura _x; }
voild x{ type #val ) { x = xval; !

AL . ete L.

private:
type ¢
type _yi
type _z:

)

Ay LU S r R AL Rk E B e B

template < class type, int dim >
class DPoint

{

public:
Point ()
Point [ tvpe coords( dim ) {
for { int iadex = 0; iodex < dim; index++ )
_coords | index 1 = zocrds{ index 1;
t
types operator([]! int index 1 {

assert( index < dim && index >= 0 };
return coords| index ]; )

tyoe operateor (] { int index )} const
{ /* same as non-const instance */ )




#H1E ET¥WE (Object Lessons)

P S -1 W S S
pr_vate:
type _coords([ dim 1:
s
ialin=
tznplate < class type, -nt dim =
ostreams
operakor<d{ oziream &os5. conat Feilnk< type, dim = &pt o
{

o << "[ "

for ( int -x = (7 ix < dim~1l; ix++ )
08 << ptl 1x ] << T, "

us <=l opl [ dine-l )7

05 << "My

R, AREEFASLARMOAR, EEFOYE LEFHENER
THFT ARERITIREFIFRN, ARSLENBRAET, ¥T4"—1 ADT &
class hierarchy RFUBEE R X "F C AFPEFEREREIEE" F. £
REWIETHHEETE "WERRRL TEMER LUFE, FHRIFREL
XEME RIFRHNER. R C LUSIDREFTEVHERES (M T
G mE) .

T Chr P 3D BiFEE. LK C FER, AEETHEH emplate 14
BT. BEFFER C~+ BAFHHS, B2 OF, WS THEOHE RS
B, Y44, E5RARERE, DAEBREERLBERS.

ﬂﬂiﬂﬁ%%*ﬁ%ﬁﬁﬁi (Layont Costs for Adding Encapsulation)

RIFAHD Poindd Bl Cv 25, F—rdkSAMEERE: WET
HEZE, TREAFYMT B0 ERR class Poi3d HPEHIHERE. = data
members B #EPIEFEE — T class oblect 2, B8 C struct WFR— . T
member functions BT clags WBEPZW, WRHRE object 2. F—/4
nen-mline membert funciion H4EL - -@EEEK. FTE8— "HBEE 5 —

— . ————r s L e e ¢ ey ——— . ——— — | — " ==




EEFE C+ MR BE (fnside The C-+ Ohject Model

EXT H inline function MSEKE - MEFE (BR) &L 7% - EHEIE.
Poimtdd THEHERT, L—g¥FEHaTaasRsf TR AREEN. R
MER, O+ EA R RFERME o ERSSTIE RS vireal 518, S

B virtual function 4| AL EF—TFREH "SiTHIHE"

(runtime binding! -

B virtual base class JALISH "SREREHRAEFETH basc
class, A— PHE MBS E /T .

wrh, TA-BEEME THEMR, EFF "—1 derived class EF
“Ei R base class MEEERT ZiRl. W, —BEZ HFERATLAKRERNER
R CH BrF—2HE C YEEXIERE.

1.1 C++ XUEBIE T, (The C++ Object Model)

T C—+ ', EME class data members: static 1 nonstatic, DL “Fh class

member functions: static. nonstatic # viral. S FEE ™ class Poine 59

class Point |

pubklic:
Point!{ fleocat ®rval ):
virtual ~Point{i;

fioat %) Zonst;
static int PointCount {}:

protectec:
vistual ostreant
print( ostream &cs 1 canst;

flozt _x:
static Iint _point_couniy
e
ET class Poimt EVLRTHESHEAHRAK! HHE R, RINWIHE

(modeling) 1% data members #1 function members Wg?




E1E AT % (Object Lessons)

BV EIA! (A Simple Object Model )

ROIGE - THEHLSEE, CNERSTEREE C— SEFrmiE
FEMIFE LER, BELONATHRARTEASSE. EX MR-y, —F
object & BFIN slots, H— slot 57— members. Members FAFH W
F, #PIEE— 1 slot. H—4 data member B function member BEFHI #—
4~ slot. [ 1.4 ATLAAAT XA AL

t

Paint::

Paini(float) I
o

Fainl::

~Poaint() I

float
Point::x()

int
Point::PatntCount()

QQT-T-.
Y

ostream&
Point pt; Point: :print{ostream&)

8
float Paint::_x I

int Point::_paint_couni

|

B1.1 FEH&KER Simple Object Model)

Eﬁ’r‘“?ﬁl’ﬁﬁﬂ* members ﬂ:%}i-?ﬁﬁkﬁ Gb_itC[ uneﬂﬁﬂ-}'é']ﬁj member
BYIEET " AWKTE object A, XAMTT UB R “members HARIKER, AEE

R Tr R L e e e e s =



FERE CH HRME (faside The C++ Objeci Mogel)

TR B FFEBEMME. Object I members 1L slot HIEAIE<F
W, =Flzt ~ WETIR 6, _point count FIEFIR 7. — T class ubjoct B1HK
ARBEETRHE: “HHEX, UL dass TREBEE nenbers $ET B2,

BREIMEHMHG AR FUFERLLE, FEXETESISE slot W
&, BRVWRAT Cr+ 1 "BHERREH" | pointer-to-member) Wk,

FREWshNREH (A Table-driven Object Model)

NTSEA classes BIFE cbhjects HEH —FMEFRAFTA ., S —fptgEn 2
LA 5 members XM BEEME K, BE—F data member fable F—
member tunction table Z 7, class object &= 5 AN & FE X W R B K IEH .
Viember function table 2 — #ZFIK slets, B— slot #H- -~ member function:

Data membertable W EHSH data £ 5%, WE1.2 Fix.

_X
_point_count
Member Data Table
. (NEETERE)
& ;
PR B RA, B

WA EH. FLIRg R .

AL RAN
VVivy

Function Member Table
(A7 ER¥HAL)

B 1.2 Member Table W& (Member Table Cbject Model)



BI1E X THE (Object Lessons )

AR NMEADEREENHTEEN CH #8388 FE, A memke:
function table XM E&FH B XH vinval functions K—THXMFE 1.

C++ YR ER (The C++ Object Model)

Stroustrup ST (SRTHNEFAR) W Cr- WRBERENFEN SR
BIRERS . FRMFZARMERR M T L. FRBH P, Nonstatic data
members WELE T8 — class object Z ™A, static data members MEFHEFTH
H class chject 22 4. Static 1 nonstatic function members WM EFTH M class
object 2 #F. Virtual functions T LAFE-MEIEE 5 2 ;

1. F— 14 class P H—#I5ME victual functions IS4, MK >
. XA EREERY virual table (vtbl] .

2. B— classobjest WEMT ---MeE, M EN virtwal table. BH¥
EEE BB vorr. vprr WIRE (setting) FEF (cesctting) # i)
# — class B constructor. destructor 1 copy assignment & EH I E
T (RBEE S B . 51 class FTXHEM type info object (B
L% runtime type identificatior, RTTI) 4@ virtual table & H
*, BERBERE#EME - slo k.

1 Z4%H -4 CORBAORB SKR=S AT M “WRHEA" . SOM N R B4 i
B R EAEET (HAMYS).
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FBHEFE CH SRV | side The C—— Qbject Model)

=
float _x
_vptr __Point - "
 omint e type_info for Point
Paint pt; P

—

L

Virtua) table
for Point :

Point:: ~Pgint{)

¢ Paint:: print{ostream&,)

L

static int Paint::Paint{floal)
Po:nt::PointCount(}

static int
Poinl::

[
[l

_paint_count

float Paint:;xi}

1.3 C++ HBEX (C++ Object Model)

1.3 G C++ &SR T 5 AT 8 B 900 Point class & F. XM
BT EXAETEHRFRAFRE DN EE: TERANE, DEXFEEFAT
MAEREHT, HEHEIP class ohests B nonstatic data members 73 BF 8 %

(TIRERIM. BRETFL) . BAKBGARFAURAHBEFRIE. XTI
A, RPN EREREEATECNRE. BT BRaT B2, <
TOELS SN TR TEOAMRET.

W k28 (Adding Inheritance)

C++ B —8 .
class Library materials { ... };
tlass Book @ public Librarv mazerials { ... }:
class Reatal _beok : publiz Book { ... };

CH LR EEHE:

7t BAR (EETHERN) iostrean LTI,




FTIR XTHE (Object Lessons)

iostream

c¢lass lostream:
Pukl:c 1stream,
public ostream { ... };

EZ. #AXRETRIEERENY (virmval, DERELENTR) -

class istream : virtuaal public ios { ... }:
class ostream : virtwel public ios { ... )¢

ERIROHFR ™, base class A EEWRFBEPRIRE (dorived ) BAEK,
AE ST ML (FFh subobject) . B justream 293 2AE vinwal ios
basc class B —~304F .

~A deived class SA7EAR FHER base class MEFR? £ “HHHR
MM b, E— baseclass A RI#F derived class cbject FIAT-—F slot $8#3, %
slot. I base class subobject MHthb. X EkEIM EEE SR, ANEESENS
BERFFRAR AT 0E, BENR class object HKRAFLEE base
classes F) 38T 3 FIREN .

HEhw, FHT RS B — METIBR base table R, X BRF 49 base class
table 47 4 HkE, REFHE—1 slot PIE—MRIER base class HbAF, &
B4R virwal table P38 — 1 virtual function BIHEHE— 4. 8 —4 class object 19
KA botr, EABIEL, $EH bese class wble. ARHERNTEHSRE
T BT 280 2= @A FREE EMEARE, EEWEES —1 class object
s TR EA ~BHER IR 8 — 1 classobjeat I ZHFEIACLE R
H—A base table ¥, 5 base classes MK/ REEL R, H-MEu R, =~
FENTE classobjects A&, ALK, 45/, EEY base class 1able.

1"
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BRERE C++ SREM (nside The C++ Object Mode!)

— T, —

UL T ENRE s cliisdalhia' 140 E 1D

FAET — ] =

- = o

i e R R o g,
L

AE LR —fEh, AT SR E T ARREET M. Fin,
— 4 Rental book BEWMKPIEFEAESIERINEKRE Library_materials 1
members, M Book RME— K. WHRTE derived class fIEH— 5%, famax
AP E— 1 base class, BHEA LB — TR IEAERTFREE . SR X4
AP bt BARERI R EEESMOEEH

C+ B3R A4 R R 382 R L ] BE¥E: base class subobject B) data
members WEHBME T derived class object . R TR base class members 5
BETABAEHERNTHR. RAE? SHARE.: base class members FERHE,
BENN. BRENERDSE, REHTERB KL dase class HE derived class
Z objects” FHAEFRF.

H C+-20 BAHIAN virtual base class, B E— BAEMN base class FH
JFEE. Virtual base class B RIERI R class object 1 HE — T HXBH virual
base class ME—4#H#. EERLERHNERLERESRA -1 virual base




B1E LTHHE (Object Lssons)

class table, gk 21 HEFF T virwal table, RUE#EIF 81 virtue] base class [
i, 34 {6 EHWEIFHS.

XRERUTZWIERS (How the Object Model Effects Programs)

BIEFRFRTAE L B, FRAMMLHEE. 438 "HEMERLD
PR AR B AR WA R, ST E X ER, B class

X LT~ copy constructor, - virtual destrectar, F1--4 virtual function foo:

£ Zoobhar)
{
A ox¥:;
X 'o® = new ¥;

FEofonty BN wirtual Tuntvbion
xx.fonl}y
pr-~>foo{l;

delete px;
return xx;

3:
EARBETHEMNIWRLN:

£ ETRER R AR sr B

A B cwr D

roid fcobar{ X & result )

{
/7 pesul:
// _result REA local ax ...
_result.yi. iHL{

ft R % rpu = new x:

X = mewi sizeof! ¥ 1 ):
f {px 1= 0 )
A=K rH )

AT wx fool) BAMEH virtual Nk
N _rosult Ty ux

ool & result );

/R virtual PUEITR pr->fon ()

13



BIEHEE C++ WRIEE (inside The C++ Object Model)

( *pee->vtbI[ 2 1 ¥t Ex .

/TR delete px;

it ox ‘=903 |
{ *px->»wtb1[ 1 ] { pxt )7 // destructor
_delere( px J;

}

/ ?F%ﬁfﬁ namad retusn s-atemnent

/7 AREHEE lozal object xx

return:

B, EEZRMK, AEG! 4%, AZAFFARETHFANELIRE

#E. ReERREVERATE—PAMFERMAE, RN ABLE. BRARK
LELE, - AMFFEFHES. —LE "B, £¥, 87, ANSEHE
AR EEAET.

Virtual tsble
for X

14




F1E XTH$ (Object Lessons)

1.2 <89 ﬁﬁﬁa’.% Hﬂ%ﬁi ( A Keyword Distinction)

MBEFRAETE RSP S C ZEANFEEYE, C - DO LDEFERRZL,
BAEF, WRBEHABEEEE LFHWNE overloaded function B H 7 H &
FREL. FEMEE, MR Cr- B ¢ MFENEE, BABEIERHTEN 8
THEHE—TELE of B TEEEFRE (nvecation) MAEHEFH.

(F FREFERA declaration & invocation
f/ HBIBEEREE 1024 ARERE

int { *pf ) ( 1024 3,

miE T EXEM, REFBHEY “EWHWEY Oookahcad) " EZERT
£ A:
J+ meta-langaage rule

f1pg W—1 deciaration, A& invocation
L0 *pg 30 i

HESHEZABE - EEFE 1 FZER {exprossion) §, BIOIFE -
MEBFRTREMMAR, miERN % AR TR -4 EmR .

Bl A C++ HAFEZE C EAY struct, T4 class 1S
PAE X R class XFF. AN SHIFENE, N C T8 c, BT
R, S-4ENBEFGARNGDERE. [ANE- PAREE C-+ B
FLL struct B class?

MFRAE 1986 F, BAOEREIHRAAK: “BR" ! AR C Primer 5
—JRFE TR GFEE: BTRE T 199805 WA . XBHT stuc R BE ¢
BELEX, ALBEMRC, MHHRCHETE ¢ #EF. FRE, g1+
AFAFBERS I LAV ERBFR — . BT NR LS 4 XA
B, FOT IR — b (AR M. BRAESEX R,
Y, HRAEE, suct BAEBIE, KERHAH- 7 . ERBEIRTRE
(VEE: Bell Lab., C++ EI#) 0 -fFA EHEMREM, MERR I HEY

¢ — L ———— R i r—— et - e e me e et e h ————
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BREHE C++ MERT (nside 1he v - Ohject Model)

ElEEHARERE. WR - C BIFAEEEY C+, SRBERPBPE
HEE stuer, -FEWSTE. RERBSMEEI AL TUARNESHE
IR, IRFHAE AR S, N, 48N

XETGHRR

WA, iEREFE —& . frapfs—49 AREER stuct B class? " &
E2—2: HEik—-MAEE TR E.

BAZMERHEERIEEARTE HENBELT I ENNE. £
B0 struct $ S FF—TESMTEE @, AHEMTFART . F07T 0 G
struct {{¥ class. HM#ERE public. pretected. private HEHHIXE, [
% —4%4 public 1O, LLA virval functions, AR B 4% EEWE. &
U AR RS, AT, H PS4 ASRE AR O WHmiEREE 10
FEBEELTHENER

class cplus plas keyword |
public:

f7 mamble L.
I

ME C %

surict o_keyworn
/! the same mamtlsz
}.-'

SANWEH VR struct b AN ENE M BdEEEHE &F private
data, tE¥F data MFAREEME (2% %5 member function) . FRETAISKH) C F
. EMHENEHN C+ B "ERESE LB (usedefined type) Bt
A¥E. £ CR—i, MEREAHETRAELAERREE: WE C+ T
1. %% struct I class "{FyX4E, LS A ADT" HBH, &S
Albage. ZELAE "BRFEIRE- KBS BR CEAEATE




B1E XTHH [Object Lessons)

ERARTZFE R AT R (A LRight & is_right) 7 FRAHEY.

HC AEFAM struct D Cr+ FEHAT class 20, F-- 1WA EHEEE
R, RNEARRE: cRWEGHTERIFER, 4RER, BE PR
ATHE C++ FRAEEENER, TLE "B FE— cass” :
/4 szruct B8 (F class ) Tifdes
[
public:
sperator inti(;
virtual wvoid fcof) !
Jo.
protectad:

static int obiect count;
// munble

HX EHRAHE FEBRE R stue, BE LB ERN clags. XERSH
MAE EHFECRRERTY "R 25805,

BAFF, & cfront (BiE: 3 - G+ TS, & Lippman 5A) 2+,
ERPARBEEEESE (parser) PRLETH "AGGR™ BHyY. Mg
Foundation JAH ', Rob Murray I ALF B EHEH rEF AECE B
B, RMAREEHAEENEPORERIESER, BEILE— “upare”
TRMBRTERFN ASCH BH. W, BN, WEEFRT “wparse” THL
BidE, TRRRRAEAMXEE, BFR—-FoREE—BERRFERT
7 RAR .

WE—-WEBEN " RREZED &3, BEXY 1988 F, L5FHN
Wl NP A E R cftont B — "Xk, EEEE” HE O8E.
TE cfront AR RGMAT B AERT, WYA (root node) FIE—ME %
FAEKFAY (subtype) 12D struct XRIDEEHN, TiEkEEEm Lt
(header files) &, REHEAEFHEN (derived subtypes. MRTE FH (forward
declaration) #HEMEHXE sl class:

17



BEHER C+ HEEE (nride The O+ + Object Model)

foAEEL? N HRTRES CRHET

class node;

struct node { ... };

BAIMIR RRZR— M AFHER, B chon TEREHAY, 14
S A R clrom FRMIFEED,

HIEMPEBFAETHE "HHESEXER" KERRLTHFME AR
FRE, MET#EH class I struct SEARETLSF "HBRHRTS
B DIAEFRE. EHEN, WH struct LEFANFEFALIH T ¢ HEIEXR
Wi, i class ZTEREMME C++ B ADT (Absirac: Data Type) W&, ¥
LEM AT R - PR RE . R TEEMER, - object #
FE el & static F extern:

/7 AEEE? R
78 B FRT R T B A ]

static in: foo!

extern in. Loo;

FAFHET foo MIFREREERTE. /Y, M55 R, struct Al class
BERARBEAHTSEHIHENTE. class VETHERHFHMOA S
(declaration body) RBRZM. “—BMMME" RS R — &R L8R ETC .

BEE WM EEE Crr 3.0 5F5IAH “parameter lists of template”
L3, Steve Burof, BHE - NREREFRE, §-KEARNIAZ T
RTFBRARBEEES VIR (parser) AT

[ BUBBHRIAEEY

temp_ate < struct Type >
struct mumble { ... }:

B THEANEANR SR



¥1E ETH$ (ObjectLissons)

/B, BHAEE S ciase B
templats < zlsss Type »
etruct murmble { ... 1},

“Htar " hEGE.

AT T REBRTUES, £5RMESR templates BRITES C
#E. BEULRNTRT struet A%, ZEBFFEMAL4E. BREARLE- K
MdRET Sun 3/60 MM LIRELEEFERERAT—EXTRRFLET. FdHD
BRATEW TIEESWH (faser) , FEFNESW M@0 —ERAFHE
EH Bjame MAEFH ANSI C++ BRASMEET. LR IEF RN
Ehk.

FATRER PR, RRXTET AR - PREE, MR ERE 5SS,
BEHFEERE, NE C—+ BEIHEFN C BFEAR, ERRERTHF struct. &
¥, MAEEESAFHXEF class T EMNTEED? T S35 ATHRIER
SAHE, B MESMEIANARRRX@E, THEF XM RET
FHAGEE-TER I, ERY R — MR base struct (1 Zoodnimal
struct EWEW) I, HTHE-- P8 EL virduval buse sruct BH .

ERENTES, RELST “struct XHEANEA" A “—4 struct 209
PERE X . R B RB IR AHRE 1 public U
W, AFRELARFFEAEERESF—F. AEAETLIKEEHTERE
ATHE C EFRERE o+ 3.

FROEEWVEIETHBY struct (The Politically Correct Struct )

C BFEAMISIHEIERER C+ BFEANBE. fmms— 5 iy
M- struct MBS, TRED sruct objects WL 3BH 7T 70 B Hedl .

struct mumble |

19



FHEHER C—+ MR (Inside The C++ Object Model)

/* ostufs */f
char po! 1 0
}i

/4 WER S AR B RE—TERE,
/7 BREN struc: ARNETHREERERNAE

atruct numble *pmumbl = | struct mumble* !
malloc{ sizecf!{ struct mumble } + strlen( string ! + . J:

strepy( &membl=.pe, string )

MBRNTHA class KEB, MWiZ class K

B fEF £ accesssections, K S EIE.
B B - class YA TR,

B EXA-THZE virtal functions
MABFTUMA T, HEERFAT

C++ P LA TR~ access section W¥AE, AEEEMEEEN AR A
NFET RN, RMBEREEET access sections MHEBHE, $FIRFRT
—ET. THHFEHD, BN C EHARATUE BT, RiFFAE, BN
protected data members $EE private data members WRTHAREE ST G2, ®
ENEARLL

class stumble |
public:
/f overations ...

orotected:
// protacted stuff
private:
f* private stuff +/
char pc[ Z ]-

bi

[Fl# 2)iE X, basc classes 1 derived classes B data members B9 1 B %36
SRR EREE MR~ REMRN C HF—FHH. Virtual functions B

20
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BI1E XTHE (Object Lessons)

FELEFMEERNANER T -TMRS. HARTHAERE: B AH
(F3 ESEFMITEMANAT L M)

MR- EF AR TFE - AR RN O cass BEERSHIE, b
fC EHEEHmET, M- B RGBS EMLAE—PHLY struct =
M. # C 5 C++ AFF-BHAFEER, A Csruet PIE C+— HFRS

struct C_peint { ... )}
class Foint : public C point ¢ ... };

TR CR Cw FBihHEAn #5355,

exterr vold draw _ine{ Polnt, Pcint };
exterr. "C" woid draw_rect( € _point, C poinz ):

draw line! Point({ 0, 0 ), PoinL{ L00, 100 1};
draw _recti Point{ 0, 0 }, Point{ 100, 100 1):

ZF M AL RE R, ENRLRIER (0 Microsoft C++) X
virtwal function JI4LE I T class MRS R T~ L%F GFF 34 HH#
i) . #l5 (composition) , TR, RN C f C++ HAFE— Mg —T
{1h%: (conversion BEMFHRMBT — P+ EHMXR ) .

struct O _peint { ... };

class Point !
rublic:
cparator C_pointi) { return _c¢ point; }
PV SN
Erivate:
C zeint _c_peint:
o

Cstruct 7 Cr+ PR MERAR, BYFEHESE “— MERN class objest
HIesBa s " AHEDT ¢ BHEPES, sveat FETLESEEERY, H5F
BEE C REMZEAR. RIRIRIE RELS (composition) KER FA4Z=

21
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BEHER O+~ WEBRE (neide The U++ Object Model)

ERRHETMAE HE" RFBRERERTNZE WS data members
# FHE basc struct subobject ZH {(B—YEHRES®E 34 THITHLAEI.2a
#HHE 3.2b) .

1.3 iﬁ%ﬁ’ﬂ%ﬁ (An Objcct Distinction )

Cr BRI ENEETHF R programming paradiems (F2FiETHAT) .

L L2

£ pursillsnn (X EEN M

ForRUNRY poadfgn A +-AERNR

Attiiside] e gaitmple of the stsiminend Fetibdatiegs L 6 avsiems aunl
aoftwnre are devaloped mnd opessivd, fur oo opetsiioon! pomitige s coule ne
srvernl wleerminties ﬂﬂl:lﬂ'prlllhll Eraligin Lusmples ary ll,nju:jjmul.pmw_unumu‘__ Lisyite
pougtinuL - et itk mbdeling. sleebimic et Al cotting

Lomjes) (e lediemy denlgin, proto g, ekl nhitues| lingiape dHnlogus!

=EHER L EOR T, RO L e L ).
-*ﬂﬂmnnmnﬁqn*ﬁﬂmmwmnn Wid-exmitpnRene
. EW T Iﬂﬁmﬁﬂnllﬁﬂl! LA ﬁh#t
mA R R e

1. EFER (procedural model) , 3B C —H, C++ Y8t FHE,
ENEROCERE— BT, BIITAFERAEFRADE o BEE
(BXEREN C BE8EV)

char boyl[] = "Canny"™;
char *p _son;

F_son = new char[ strlen{ boy | + . ]:
stropy( p Soa, Loy 1)

if { !stremp{ p son, boy 1}
take _to_diasneyland{ boy };




HLIE  LTAH (Obect Lessons)

2. IRREZNIEE (abstract data type model, ADT) . Z#EK
WE W™ B -BEER (pudlic #0) —R2EH, IESESX
M. #OFER Siring ¢ass:

String g-rl = "Anna";
String daughter;

/4 String::operator=i(l:
daughter = g_.rl;

// Btring:ioperator==i1;
if { girl == daughter )
take_to_disneylandi girl j):

3. AR EEDE (object-oriented madel) . 4L RO — sk 1
MEHEM, B — LD baseclass (M EMHEED) BHER
K. Library_materiais class $0 & —T#F, HIEAM subtypes B A0 Book.
Video. Compact_Disc. Puppet. Laptop FH 0 LLAME B ¥4 W #.

vold
chook_indt Likrary materiaola *pmat }
{
if [ pmat->lcte() |
pmat-=fine ()
pmat->check ini;;

if 1 Lezncer *plend = pmat-»rveserved(] |
pmat->norify( plend ),

HIEELL - FF paradigm SFF, FHTEETINAFRE. SHrTERS
TARK paradigms, FRERES#H RN AGMREIE R SNELE NS IEELBYE
BT BENHFEAZFFEYUMRE--D base class AFEESCfA 0.

Library materia._s thningl;

FTMFEF LA (polymorphism) JF A

23



FEEFE C++ WEHEE (nride The O++ Obfect Model)

// class 200k ;. pobklic Library matzrials { ... }:

. . Bock bock;
|ibrary_material

/f BEC, thingl A&7 Book!

/7 book BEU {(sliced) T.

/7 AL thingl MEH — 4 Library materiels.
thing: = book:

// BEK: MFAME Library materials::chezk inf)
thingl.check ini};

MAREN hasaclass B pointer T reference XN EERBE.

76 CR: I thingz BEH kook
Librarv mazerials ¢thingz = book;

/¢ cK: MERIENR Book::chock ant)
taingZ . check ini);

BRI AR R T R A R PR~ base class abject, {2 R4 @i
pointer B, reference FIERLE, 4 XH 00 BFRIVHIFHEEHA. L
FHR thing? $EXMBEA, £ 00 peradigm F— B FHEHE. thing! MT
X¥iaFUERY T 00 #9318 BRMME 1 ADT paradigm WRFFHH.
thingl WIfT AEIFER, WEFRHNEETE. ThOHP, =078 :EEET
EARIREN!

T QO paradigm ZW, BFETFELHE - PRAZE, CHEURREIR
2, BAFAHURE. IHBUZETHARER, AMEEAEL LREEEHN
FENARS. FENE, ##EEK objea WEXKHEE - MEENTRZA £
FERATE . £ C++ F, WEHBEIT pointers Hl references MBIEARENE T AL
i, % ADT paradigm FR2F R ALERE — MG B 20— KRR %k,
EERFNIMCREEELET. E9AF, TEHXHAFR.

24



BLE HTH® (Ohject Lessons !

7 Mk objects . ABFHRA
Librar materials *opx = retrieve_scm2 material '}:
Librar materials sex = *px;

/¢ RSN - FRERASARINGRES

Librar materiais dx — *puxy

HBNERPERER RD px B o ZEIEE RN objects, FHAEE
BREERNE Library_materiais object. ERRRF HN — 4 FHH (subtype! .
G, RIEETLRE, & HEE Libvary_maerials class W— 1 object. &
WA, BZRVEAMEAKRNITY BRIFR TS, HEETNTY.

EIE "X T object M ZSBIE" BRI object ST LBz -4 pointer
reference AR, JAMT C++ WY poimer 8% reference BB HIARERMNLE
5, 848 T AN IR

/7 BEEE ORE: AABENRAR class obect)

inl *pir

f/ BHBARIFNES (EE: BNRAENEFR class objent)

vold *pwei;

f/ ok class & BA—T bese class UFHE: AUAFEENEE)

¥ o*pE;

# CH, EERFET— MY pudlicclass AT, BT, oy TTREH
i B e XERYM —F object, HIFMLL public W4 WRM—1AE GERERAR
RRRBERIBIEM) . Nonpublic 8 WET RMIRZERY void* MIGE TR
REE, HElAREREFTRAL TS, vHRUTINUAREE RS TN
EHETEEREE (FAFTLRENHARE ST SN~ SEF) .

CH DITRAFELERHE S

1 B —HESHERBRE. HMPE - derived class #E#L Y— 48
M3 public base type K154t

shape *ps = new circle(}:

25



MEFRE CH TR (fnside The C++ Object Model)

2. # M virmal functon FL#.

ps—r*rotate{l;

3. B dynamic_cast X nypeid BEM:

if { circle "pec = dynamic_cast< circle? >( gz 1 ) ...

EENMEZREELEH - THEMEC EBRER NI E, ITENFEH
EXE—NHRK base class B . MU0 Litrary matertals class WA Book.
Video. Puppetr % subtype B X T — MO XAPHZFHEORL virtval function #1
SIS, € LAEIRTHERE objest HEIERBFET LB EEM— @ TN
BRI, SdXEmEes.

Liarary material->chaeck ont(:;

RNBRBALIESERT “EHE &2 library & materials” TSR X
XARMSH “HEMEFRD. . KMREE, BNHEFDRAZIHET"
ME MG — T8 Library_materials subtype MENETREEEHEY “HHEE &
ATYRITFRHEREICE BT AR,

T — TR

wvold rolalel
X e Luin,
const X *pointar,
const ¥ sreferznce |

J7 FERITHZ Y, REEZERBAF - rotate() i
[*poinzer),rotate{);
rzference.rotate(};

S THEZMBFERRARE «irorate)

datum. rotata () ;

main{} f{

26



F1E ELTHE (Objzes Lessons)

zz: /R XBH—TTFER

rotate( 7z, &z, 2 ;7
retuzn 0; Y 4
} d
Z) pointer # reference FTAMFIN * EHHARE SUDAFR! 1A
BB ER Z.rotated). 8 daun HHEY CESERERET Mot (R
R) 28 virval A K, ERELEBEE Xorowie) RET. (EHRFT
B “RFER” BB AEBLH daun FFBAR virual function FARA
vitua. YL, NBEXE, GRERBRENR. 4.2 ¥ EEEIERGIE)

WESVWETEERIA— T classobject? — B 5 BH:

B H nonstetic data members 89 5 F A b

W MEFRBT alignment (3FF) WERMES (pedding) EX ¥ T
(MEEHEET members 2B, LITHEEFETESELR) |

EE: alignment JEHFFEHEE RABAOER. £ 32 HHEN L, &
¥ alignment & 4bytes (32 1), LI bus B “IEWE" AIBHHE.

B NEATEH vitual MAAFEENTAEAAMNE (overhead) .

— P52, REEEMM-FRELER, B ESFENHELERT
0. #4687, TEE—1 Zoodrimal HE:

tlass ZcoAnima’ |
public:

Zoghnimal () ;

virtual ~ZocAn_malt};

2 WR—4 reference. EFE, —4 reference BERL — 4 RTR . T object &k
WRFE AT R, ARE--Ei.

27
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BEEREE C++ WHRER (Inside The C++ Object Model |

P A
virtual woid rotate();

Protected:
int log;
String name;
bi

Zoohnimal zal "Icey" );
Zoohninal *pza = &za;

KA class objectza IS pze BITHERFINE 1.4 T, BEAEZE 1S
BB “datamembers BAR" X4+ EEE.

BEFENE AL (The Type of a Pointer)

B2, — gl Zoodnimal WHEHEITHYS —MEmBH g ES & — 1
M template Array (3BT, - Smr — W) RIS T AR
ZooAnimal ~px;

int *pi:

Array< Strirg > *pza;

LRAFERKOWARE, BFEALTA =218 EEFEEMATRL
H- st CEHRED word, #53) . “HRAREHZ £4584 ANER,
RAEHEHRRERE, UAEHHAE (RE-Hit) 7. TEEEKS
W RE) object KMAR. WRER, “HEEM" SHEIHFBUANBERET
BEHUPHAFRERAK A

FiE: Lippmen 8" AFHSBER word HAII, int WEAER 16-kis”
BRF-PEER, “FERNELN o BTEXAN, word BEH 16-bits” |
AAFRE!




B1IE XTHE (Object Lessons}

1. — A 4Ematil 1000 PERET, £ 32 MOlELE, BREMLEE
1000~1003 (%5 X% 32 WS LMBEE 4-bytes) .

2. MR String BHEEH B-byes (B — d-hyres MEAHHET - B
FERATTERENER)  FL—F Zoodnimal B EEE =g
10001015 (%%, 4484, E1.4) .

1000:

int loc

. int String::len
String name= pooee e T
char* String:-sir

__vptr__ZooArimal

ZooAnimal za("Zoey"};

1016: E 1000 I

ZooAnimal *pza = &za;

B1.4 b (3E3EA) class B object HEH pointer # E

W, A, —MEMAhE 1000 TR vod* WSS, W2 SR
ERR? RE, RIOFADE XBREML—PEUK vord BIiEE AR SH
—Ahk, AR EES TR Y object BISL.

Bibl, 890 (cast) IR RGBS KHMEE FESFRAT 1
HESMEERI, CHREW B ATNARERE SRS,

MNEZ® /G (Adding Polymorphism)

WAE, LRIVE X~ Bear, k0 —FF Loodnimal. 4R, 4 “public £
R AL 5 AT 5
class Bear : public Zonarimal |

pukliz;
Beer(};




FESEE Cr+ WREM (fnride The C++ Obfect Madel)

~Bear () ;
iMoo
void rotate() !
ZooAnimal vir-ual void dance():
o
protected:
emqum Dances { ... }!

Cances dances known;
int cell block;

}:

Bear k{ "Yogi" }:
Bear *pb = &b
Bear &rk = *pb;

b pb. rb SEFEREARERRR? FEE pointer 3 reference HRBE —
A word 520 (F 32 GIAAE LR 4-bytes) . Bearobject fEE 24 bytes, AL
¥ ZooAnimal B 16bytes ML Bear FTHEN 8 bytes. Bl 1.8 MARRIGENAITT

A% &b
10040, ~ -
aubobiect
II
%
DiErichb danome_know| 4
8 bylea<
. () Sl bl |
J
¥ i
Bear b yog') |
1006 =
--l.
Bear “ph= &b, i
-

Bear & ="ph

M 1.5 Derived class B object ¥ pointer &5

30




BI1E XTHE {Object Lessons)

2, BERK Beoar object M= i 1000 £, — 4 Bear fREH -1
ZooAnimal WHETLERRF"

Bezr b;
ZooBnimal *pz = &h;
Bear “ph = &by

EAIEAMIEE Bear object BIE—1 byte. HIERSZE SR, ph BPEZN M
D EF L Bearohiect, T pr FFREMHEL RRE Bewr object B Zocdnimal

subobject.

B 7 Zeodnimai subobject U IR members, FRASEE % R pr FREELE
Bear FMIf mcmbers. ME—##-E BiT virwal #15):

/! FE¥: cell block A& zooAnimal Ml—1 member,
/) BRENAE pz 4t —) Bear objec:.
pz->cell bleck;

77 ok: i —1TWBEY downcast RIEFZRERER!
{{ Bear* [pz)->cell block;

fi THERBES EERE—1 run-time operat-cn (3. B=&8)
if ( Bear* pbZ = dynamic cast< Eear* >{ pz |}

ph2->¢all block:

[/ ok: % cell _block £ Fear M— nember.
pb->cell block:

ARNF:

pz—>rctatef):

i, pz AR ELHEN BB E L TR

3
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MEHFE C++ MR (Juside The C++ Object Model)

B EENTHED. OR B, pr NEERN Zoodnimal H) public #[1.

W %4 L RY access level (8 rotate)) & Zoodnimal B — T public

member) .

T ~ITE, pz FIER object MW LI T rotare WIEBAMIZHE.
HRE BB RIF AR T p2 201, MRLEFT link Zh, K link FE+
“object B vpu” 1 vpir FFEEZ virtval table” Z 6. (4.2 T virtual functions
FH—TEENTE)

I, WHXHRENL:
Bear b

sgoenimal za = by rr iEH ESTUEYH (sliced)

fi WA fooknimal::rotate ()
zz.rotate )

HfH 4 rotate) BTARME Zoodnimal ARINFE Bear T4k K5, F
MG EY (FE: BATLER assipnment 8L EI) H—1 objest B
BN H—1 object E, NfHA za 8 vptr T Bear B virtwal tablz”

FoA MM ERZE, REFESRE (1) THBEE () R (assignment) #{F
[ —T class object FEH B~ class odject) 2 AMEE TIPEL. HIFR L
AT R object HH — T8 — 4L LK vpirs, B vpus B RS
base class object FIIH U HILE.

ETE-MIBHERE: =0 FFE (MALHBELRERE) — Bear, ©XF
(HEHEER) —14 Zoodnimal. ZEFERK “—4 LI ERAER Mo 8,
HAEBEEFRIEE "HEFD objects” AFEFE. - MURTENHS:
00 BRFBRITHF A LA object WEMNLE. 48T, THEX—HE XL,



BI1E XTHE (Object Lessons)

ZooAnima!

focAnimal za:
BocAnimal *pza;

Bocar b;
Penda *po = new Panda;

pza = gb:

HREW M FEHR R IR 1.6 FF 5.

HEER NEmory
1 QD
Eea
#ubalhing Fanda Dt
-
ruHFf_:_af "- o
lllll,.,--—'lf E"_‘n:l.-l-'l."lll'l'n.'h-' :r-:. S
N Loosnamal “pza
e ki | Bear b
| \ Panda "pp = rew Papda ¢
1000 [5= | |
Zo0d ol I N N ., b= &b Lo
1004 | oA rerra| T | 8 .E_F_."‘—"'"-q_ s
= e [ & FErTTE [F) |'!. J 4 bt fogmias
Zzohninal
[ |‘ Hos b
b | 1 1
Fands AR F 4 bytes [painten

B1.6 KAEXBINRERE

¥ora 2 6 B, B p FSMAS (BRI T8 pza, BHR
REE. —4 pointer B—1 reference Z HT A KB A, BANETMIHRSIR A
FPEM “S5RBEFWAFBERE (type-dependent commitment) ™ ; 227
MR AR CTIFEMMARR “AAHASRESR” 2.
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HEEER C++ WRESY (nside The T++ Object Model)

£, AR BT objectze MR, BLHERRT LT EKHEY
B “REHRE . IREE Bear object FETH za, WAKRMTETALEMRE
WALT. WITE RS R/ERTHT .

5~ base class object WEHIMM Y (RBHHET R —4 derived class
object 81, derived object KL # IR (sliced! , LAEAS/MY base type AFEHT.
derived type HIEHE THEMBLDE. EETEFEER, W —4HN%HIEEY
VATESREN BBAT — 1~ “813% object MMELNT virtual funcion FFHHRYE™ . H
Mg virtual PLEY. IR virmal function ¢ F X & intine, WIEHEE WAL,

BUEZ, 58— FEABRKXPRIIH, TP FE—T #3009 public
NZh, B, REFEN Litray matericis KEFTR - . THEHTH
RO LR B IR R —— AR TE "WENSER” SRE "SMMEET b
C++ BT class B pointers Al references XX FEE, EHRFE RGN

“EANET .

CH WEFH ALK ADT BFRE, 4B object-based (OB} . 40
String class, —FIIEZRMEIEER . Sring class TR FEHENELERR,
B - public O -~ private TR, QFEHENEE, QREFLHS
P, —4 OB BHTREE—-HEW 00 BHEIEHTESAE R
2. WEGRENEANE RS BRERERENBBITZR, e rs
AEERE virual AUHl; ZEERNREGE — 4 class object TR 53 5
ERTEF virual MUEHTHTENTSAM. 15, 0B Bit S aHy.

00 #1 OB it R HFF CNHHEFEHNMFEE. K LLE [BOOCH?3].
[CARROLLS3] # [LEA93] 3 — S8 = R M E i St . e i
I HIR C++ Booch Components library. Bell Laboratories Standard C+ Components
library, BLE GNUg++library KIZTHE. 3 (00) MM % (OB) 2%
FHHEEREE. T ATERSERABH -, LARBETRAERTN
HMERERHEE.









2B AEE®IEEYE (The Seman:ics of Constructors)

F2E

G R EBERS

(The Semantics of Constructors)

FEE: FEREHRLIT HORE

implicit D BERH. BEN (EREHRFEERFEAESEAN)

explicit MRS (B BASDF BB E LA )
trivial CEEEM

nontrivial . FHE

memberwise R8T member FELL-es

bitwise - B bit BB

semantics DR

XF Cr+, BEWRHM - TIREHE, HiESTARIRET RS EY.
Conversion BRAHERE S| AE —1FF . Jerry Schwarz, iostream 8 S8 1
S, BB — T . iR R X EEREZH—4 josream class object
RSB AN (scalar test) , BiXHE,

37
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FERE C++ W (Inside The C+ + Object Model,

if | cin ) ...

WTIL cin BEMESEE - ~RAME, ey BEIEFEL— conversion EBH
K operator intf; . TERFFITHIMERE, EMAOLIEFRT. HAT T HXHE
BHERSITE. ERTAERLSARE T
s/ REL: ¥R cout, MAE cin

cin << intVal;

ETMHOHEFRENEER cowt TIAKE cn. Class EWNSEHH “type-
sate” RN ZESBEIXEHERTNGRER. R, WHILIEEELE
TMGER, RERRE T EHNRE (NRIHE) | MTARREEEE
FAFERR T THeP, HENAERAIZRAN (left shift operator, <<} HE
£ Con ECERA-TEBER L WAER. fiFEaiaEe @ mnE T
conversion BEFF, MBERE [ operator ini(), WERTENEN. ERWiE
BFEE AWE M IRREED. 2 0REEEN:

/A BE: AReRAFEARS

int temp = cin.operator int{];

temp << int¥Valr

Teny BT R HEEFIMTH? B operator void*) BAL opermor
int(). LR BEHR BERFR D “Schwarz Error” . BEAXFIEHE REERRE —# “ &
R, BEtZ -~ implicit class conversion HLEIHLERBAMKLE. String class
RIBRFILA(51E T (STROUPY] 2.83 )0 LURZ—ish /& MEHAE implicit
conversion M XFF, String R ELTBE - THESFEARE2HEMN C runtime
library ER&CERE H—31.

EAPRERZE, FEEF -FHELATHEE, D5 TRREFEPH

T H®MR, $RMEY C-+ library string class HF8E—F implicit conversion EXF, T
YR — 1B B 3E (named instance ) , 7 HESAHEBBBA .



E2H HEBAEESN (The Szmantics of Constructors )

T8 “user-defined convertion ZEAT" FIEES S8 B Schwarz Emqor. F K R Xa
] explicit Z AR AR M S, MENTIRBASETR —FAK, EfeN
RER AL “R— S constuctor” WM — P conversion BHE. BT 1R
HH M SchwawrzEnror CBEPHEB LR, BR conversion BH LR LIREAL -
Foo; TR BT o0 E T A, Conversion EEMHSIARZRBEY, MH
WA REAZE TR, HEERR - DAAIFEDEOE — Mo B A W) .

FBETRESCY THETEE CRRBEFNER, MEFLEERIFTS
At AEE—AR, FiLRF RHEMGWI48 Schwarz Eror 0] L2 8 5
. “WEEs th® T2 £ “memberwise initialization” ZZRFHEM “named
retym value optimization” (NRV) H L. FiX—Bd, REFEHGESHT “4
BWELET WTY, LEMNT "BFELT A CREFEET LiWwE.

2.1 Default Constructor BN E 1R E

C++ Annotated Reference Manual (ARM ] [ELLIS90] B &Y Section 12.1 &iF
1. “default constructors ... EFENITREBFZZE R . LBFHEE &
TwENRMET . WIETE? B AEW? BETHIRRFAE,

class Fco | public: int val; Foo *pnext; }:

void Lo bar ()

{
7! BB BPEEF bar's nembers EERY 0

Foc bar;

it ( bar.val || bar.pnext !}
£/ .. do something

L B

Bt UTXFHEXERER implementation X470, 4 EMB TR
CH TERT , BEEE O WFER, TRRATRLHCERZRYRES.
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BHEHEE C++ WM (nside The C++ Qbjest Model)

FELAHFA. ERPIBFEERER Foo H— delall constructor, T 1
BENTID members FHEES ¢ EEXBRMATRAES ARM FiH “EEFE
KEFER"? BERE no. HRAMEFIET - EEENEE, M RMERNTE.
BRENPARE. BERFANFE: £HRREFCEREN cass Foo AL
. EREFRRFRGEEAE P default constructor.

W, LB G R~ defauli constructor 7?7 LR FRTFE NN
! kg, WA MK constructor RBATRIEFH TGS . BHEW. BE
BEEN class Foo & -~ T default constructor, Hi-f constructor 1, << 4§ 58 4~
data members va! F prext TN 0. HTikE—-RBERMT, class Foo H
W E AR — B K default constructor, B M- members & LRIFIFRL .

C++ Standard DHEBHNT ARM THBE, RRETHEXMEAHR
. C++ Standard [ISO-C++95] B Seciion 12.1 XA W

WF ciass X, REEHEM user-declared constructor, BALH —1 defeult
constructor R EFH Cimplicitly) AHIMHI % — PP F HH KA defoult
constructor & —-T trivial (FREMACHE, BEREHIM) constructor----

C++ Standard BE I3 — —BR LM ABMEIL TEAD implicit default
constructor WA trivial. — nontrivial dsfault constructor 7E ARM f R &
RERFROWEYTH, LENTHRIERT RN R, FTEHALAYS 3
it nontrivial default constructor B PIFME .

2 Global objects HPIH RIE2 N FMIE MBI Y 0. Local objects B E F 77 Ay

i, heapobjecis RETHEZHT. BF-FLEHL 0, ENONEERATLEE
& SR .

f o m————— . . EEET—- - — e — -




B2E MERNEEY (The Semantics of Constructors )

“#HH Defaunlt Constructor” ] Member Class Object

MR - - class WH (T constructer, {LEPIE —-T member object, Tila &
A default constracter, B 43X 1 class B9 implicit defaul construetor $
“nontrivial” , WIFBBEE I class AW —F delault consrucor. R 4
G HBERETE constructor EFBERWANA SRS .

TERERAT-AFBHNAE: & C+ E1FRMEIERE 355, By
% compilation mode], &% X compilasion module Z1%7 F IR (K5 S M 1E 4
AR, gnFw B8 REF T defanlt constructord SN — B AC 44
BB —EX BC BERIR? Bk HEREPS BN default constructor. copy
constructor. destructor. assignment copy operator #2! inline 5. — inline
RUABSHE (saiclinkage) , FEERRDSETD. NEEHLESR, =~
BE M inline, WLF AL~ explicit non-inline static 24 Cinline R WETE
4.5 WHREHENEH) |

29T, ETHRBFAED, WiZRD clas Bar &5 — 4 defaut

constructor:

class Feo { public: Foof}), Feol int ' ... };
class Bar { public: Foo fooi char *stx; }; // . FE#E,
Erlg!

Bar object

void foa bari)
{
Bar bar; [/ Bar::Eoc HATEMIFIEE
f7#E: Bar foo B — member object, iH = 238 Fac
f/ HE default constructor. AASENGTE
if { sty { O} ...

BA MK Bar default constructor F& SEHET, EBEEER clas Foo
default constructor ¥4 H member object Bar- foo, {BEIERPE 44T ARG R4 & 11
Bar:str. B, ¥ Barfoo Mg ERFEHTE, § Borsir VBRLUEE



EEHE C++ R (nvide The C++ Object Model)

FERETEE. BERKN default constructor F 3 7] §2 R H3,

/¢ Bar F) deravlt constructeor JHEEMIXEER
// t member foo WM class Feo B cefault censtructer
inline
Bar::Bar{}
{
/f crr thG

foo.Foo! :Foo ()

B-WilmEE, &5 08 defanlt constructor EFESMFRHNTE, AL
EENRE. ST EFRBESTRAT, THEH o HEEENHKL.
ERNBREFAREHTER defaul constructor B T s MR

f/ BERESLN default constructer
Bar::Bar{] [ str = 3; }
NERFMEREEGHET, ARREFRLIFTENNL memher ohject foa.
BT default constructor EEHHATEHIE MKk, MFRVAEENE-D. "X,
BRI GRS IRE. MiFES R AR

BFRMTIR: "W dass 4 BFE--PE MM member class
objects, M4 class 4 |~/ constructor B AW AE — 1 member classes BJ
default constructor” . WIEHMET K EFEN constructors, FEH P — T,
#793 user code ZEBIRITZ AT, ML ER default constructors. #EER, —
+, ¥ykIE M constructors Pl BBRIZ4F:

/7 TRBR default constructor

/i c++ B

Bar: :Bar{)

{
foo.Foo!:Foo(); {7 HEMER compller code
st= = 3; f/ eaxplicit user code

I ETMARINNGITE, ZERATHERABIN ths 5t

S e e ———— e ey



¥ 18 HERYMIEEF (The Semantics of Constructors)

WMPAE L class memder chiects FE K constructor WA &I, Wi
WE? C++ IEEEREL “member objects & class PHIEHE F XHARET
constructors. X — A H M IFFILE, EAHE D constructor FHRBRF S, DL
“member I 5" WS —1 member JXEEM default constructors. X By
LT explicitusercode 277 #F4-# T, BERIFUFT=4 classes:

class Depey { public: Dopey:il; ... i
class Sneezy { public: 3neezy( int }:; 3Sneezyi): ... }:
class BashZvl { publiec: Bashfulfy: ... 3}:

LA B —-T~ class Srew White:

clzss Snow_White {
pubiic:
Dopey dopey: // #iF: dopey. snezzy Hlbashful &= member
objects
Sneezy sneezyy
Bazshful bashfal:
oo
private:
int mumble;:
}J.

E Snow White #F F ¥ defalt constructor . £ & — ) nontrivial
consrructor WA R Y% KB Dopey. Sneezy. Bashirl 1 default constructors.
BMMME Srow_White B LT THRIXFER default canstructor:

/7 BFAMERN cefault constructor
Sncw_White::Snow _White() : sneszy( 1024 )

{
mumbole = Z04B:

}

e N
£/ HiERY RN default constructor
77 Cr+ THES

Snow White::Sncw_White(} : sneezy{ 1024 }
{
[/ A member class object

43



BERE C+ HREE (Inside The C++ Ghject Model)

// WHEE constractar
dopey.Dopey: (Dopey il ;
sneezy.SneegyiiSneezv (1029 ;
bashful Bashful::RBazhfulil):

/7 explicit user code
mamble = 2048;

2.4 it “AA implicit default constructors” M “VF MEARE T T member
initialization list 7R constructors” Z BN XX E.

431 EH Default Constructor” N Base Class

RRIRER, R~ ARF LT constructors BY class FEAEE — N AT
defanlt constructor” B base class, F-A3L4 derived class K default constructor £
BWY nontrivial, HFEEBBEAALE. CHBEAL—E base classcs 1)
default constructor (RIFZAINFHEE) . H—MEYHTREN class WH, X1+
B constructor B — "R A default constructor” RHHAER.

MR TEREEA consiructors, EHHIBRE default construcror BB 4
ERTEKAFTHE — T constructors, #F “FUBFHFFLEL  default
constructors” FIERFREM#EL. EFRE&B— T default constructor, XA
EHAHRE “B user FHRME constructors” FEMNEE . MREHFEEE &
A defanlt constructors” KJ member class objects, 3FE default constructor &8
WRH— T base class constractor B EA .

“iF—-T Virtual Function” 8 Class

RAWHNR, CBESHEY defalt consTuctor:

1. class AHY (EL4k&) —4 wvirtual function.

2. class IRAEEH—THEEE, HPE - HEFK virtual base classes.



H2E MEHYIEES (The Semantics of Constructors )

TEM--FHR, BTHZE uwer FHF constructors, MIFHSIFRMICR
H M —-T defauit constructor MALEFRE. A TEHETREFR BB,

class Widoet |

public:
virzual wcid flipyl = C;
i

b?

void flip{ const Widgets widget ) { widget.flip:); }

// 8% Bell M Whistle ¥EAHE widget

. void fool)
I Widget I :

Bell h;

Whistle fliol b i;
flinf w i;

}

TEAM KR FEER B,

1. — 4~ wvirtual function table (#F cfront M HRY vibi) SFHIFR =4
¥, WE class B virtual functions Mgt

2. &8~ class object P, — WM pointer member (LEFE vptr)
SHMEFORHE, HEMEK class vibl el

esb, widgerffipy) BT RBAE (virtual invocation) W EEXT, L
H widget 3] vpir F vibl Aipt &8

// widget.flip(; MEMUT ZRE (virtval invocation) HWEE
{ *widget.vptr{ 1 1 }{ awidget }

He,

W | EFR flip) T virtual table PREEEF,
B swidget RBREXH “HERAMNEA fip) RELE" B this 4.

© e e e




REGERE C+ MEBE (nside The C++ Object Model)

AT UEXAMEF, BFRLTAET - Wdger (HHEEELZ)
abject B9 vptr BEVME, REENHY vidual table ik, T class FIEXNE
—4 constructor, MMIFHFEHE —LMNAMANFERE (BF 52 W) 4 TE
A FEHLCM constuctors FY classes, RIFSHZAETAIGHE— T default
constructor, ABLHEMILE 1 class objest BY vpir.

“85HE —- Virtual Base Class” BN Class

Virtual base ctass AJSEIMEEFFARFRZFAEFRAVER. AN, & -f
THENHEESETLHME virtual base class F£HE -~ derived class object
WirE, BBETHRITHESZY. AUTEXEEFREYE.

class ¥ [ prhl-e: int i )
clagss A 1 publ:ic wirtuwal ¥ ¢ pabliz: int 37 };

class B @ publ_ec wvirtual X < puablic: double d; };
class © ¢ prhl-r A, pun i B { public: int ki }:

// NEAERETHEE (resolve! ! pa->2: ;1 MIGIE

wirid Feol const A* pa ) [ pa-»i o= 13247 }

maing

{
foo{ new L ) ;
fool{ new C ) ;
fFroo .

}

HERTERER foo) 29 "8k ps MERE X" BLTERELE.
B4 pa BIEIEAEEITT M. RIF RPN E AT AR "M E 80 X
HAERZHTHEALETR. B cfront WEEREE “% derived class object
H1%G — 1 virtual base classes REHE— & M. BE “2A reference
pointer JBFE — 1 virtual base class” FIREELAT LUBET AR Is 6. ER WM
F, oo TLBHRENT. MFAXANGLIER.

/7 O] BERARIRSR YR R

vold fcof{ const A* pa } { pa-»>_ vbcX-»>i = 1024: }

46



BoE HEma#EES (The Semantics of Constructors)

HH wbek RRBERTELMEE, FEE virual base class X.

EAMRETERE IR,  vbc (RHRIERAEONE T AEFN) BT class
object BEANEMBSE M. AT class ME LNE—T constructor, MFHEE
HEL R - virtual base ciass BIVTIIFRLRIET M. BT clas #
HAWEM constructers. RiIFHFLANE S —1 defauit constructor.

fRALS

ATHER, 228 "WiFSLTIREH constructor 2 casses §H—
default constructor” . C++ Stardand EHEE EMFRA implicit nontrivial default
constructors. 5 B K constructor HEFHLRIR (THEF) WEE. ©
ZETLARE T HAE R, BAEE “THA member object & base class 1y defau't
constructor” TR “HT/—4 object FHLH virtual function HLEIF virtual bass
class Hl#]" WX M. ETRAFENNEMERTLEEARLHA constructo: (K
ciasses, RITHEIHEFBIR implicit rivial defanlt canstructors, ‘)53 EH A
LA Wk,

B HH default consiructor B, H& base class subobjects H member class
obiects FHAWH. FAHEN nonstatic data member, WMH . BEIEE. &
MEABFRACENRL. TENBLRETEFNS I EFHE, B4 5HF
FMNFELE, WRBFHE 4 "BEHRHEX 0" B default constructor,
ARECTHANEERTR.

Cr+ HF—BEFEE LEES.
1. LT class IR RFE L default construcior, WS # S W — 1%

2. RWiF{/AFRMER default constructar S B F “class BB — 4 daa
member BIRRAET .

RN, BAE-TREM!

47
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BEHER C+ HRWER (Inside The C++ Object Model}

2.2 Copy Constructor BNERIRIE

HZFER, 2" object MABIERSE 1 class object WWE. BH
B —FER YRR — 1 object BHRBIMBALERIE, ®XHF.

class X { ... }:
oK

/7 W@ —T object BINEME R A~ class object MIWHE

K ®x = x;

DHEMEELY object WAUFSHTHE T ERIT, HiN:
extern wvoid foo| ¥ x )

voic barl()
{

X KR7

t/ BLozx X foot) B 2BMNE (RHEENWBRLRE)

fool =xx };

o
}

VAR YR 5 — cass object B, LD

x
foo bar{)
{

K Ax;

LE N

return xx;

B class BFWHREXT 4 copy constructor (iX& —-1 constructor,
F-TEEMERBRR classype) . BT EXE:



H2E HEAMEFYE (The Semantics of Constructors)

[/ user—-definecd copy constrictor MISEH

fr EREFSHEN, AR ZSHUERRSHL- TRIAEMT.L

Xi3X consht Ka ® '
Yio¥( const Y& vy, int = Q 1;

WLERIAFEAT . 8- T classobjest BB —REEELDTEN, -
i constructor FEVA . EARESFRH - class object HIFEEZREF
AT (EEHE) .

Default Memberwise Initialization

I class BARHE—F explicit copy constructor ¥ 410477 2% class object
et AR class ¥ B — T odject” fENMEN, HAMELAIEAN defau
remberwise initializatior FE T, HRERB - THZRHRAEY daa
member(F 10— TE4 2 — 8H AI0HE, W object BN — R BB — chject
t. AHEHALBIETN member class object, T ELEIFEF &0 1T
memberwise initialization, BA0, FHFETEZLA class P,

class String {
public:

// .. BW explicit copy construstor
private:

char *str:

int lern:

— ™ String object B9 default memberwise initialization KATEXME R Z .

String noun{ "book" j:
String verb = pnoun;

KB B AT R FE8— 1 memhers —# .

/7 BRI
verh.s<r = ncun.str:
verb.len = ncun.len;
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BIERE C++ WREN | Mnside The C~+ Object Model)

EIR—A String object RN A — 1 class B member, R
zlass Word {

FAREIE #Y explicit copy constrictor
private:
int oinlali} -3
g word; // %% String object WM class word H— 1

4 — T~ Word object B default memberwise :nitialization S HE N HMNER
member occurs, BIGHT String member object word & FEBHIHE memberase

inHialization .

AR P ARM U584,

MBS LTS, MT—1 class X, X7 BERBE—T copv constructor 28T
AIE, SR

EhFEM=EE "®EL" . XTMERLENE - SRR,

—EIFREHE SR T LU AR EESY class objects P4 bitwise copies, FEAEN]

# bitwise copy semantics -+

WREER, “ME--T class KEXH copy constructor, HMIEMFHIFE
EEY T ZaiEAR, MREZE ARM Hrif:

Default constructors ¥ copy constructors £ #ERE4E4 HRIFHRTE L.

EAAFRA BB ERY class FAET bitwise copy semantics I, C-+
Standard {MASEE T ARM ME Y, HEREHEXHEERALNT (REHER
) .




W2E EREREGEEY (The Semantics of Constructors )

—-1~ class object B] DUMPE = F R SR8, - - ME#Ey L (WK 2RI
B2 0m) o B REeir Cawignment, ¥ S JiAry . AES LTS,
1% PHAERAFSr SR LA copy constructer Fl copy assignment operator 5 A5 1) .

BB default construgtor — #£, Ci+ Standard R, TR class FHEEMWE- -
copy constructor, EEFRFAIERF Himplicitly declared ) G192 5 Cimpliciy
defined) B . FPLAT -#¥, C-+ Standard 1 copy constructor E 457 % wivial
nontrivial FiF. BA nponwivial B EEASSBEETRTFZAH. B=E—T copy
constructor BT 29 tovial RIMRKETE T class REBH OB BH “divwise copy
semantics” » T — PEHK P “class IR bitwise copy semantics” X H)iE £ 4
2 B8,

Bitwise Copy Semanties ({{7E¥R#EN)

ETHNERFRT.

#inciude "Word.h"
Word noun( "book" )

woid foo1)

{

Word work -~ rnouns

£

REE vert BEIE nown KA. BREMKFD class werd HIFFITZHT,
FAVRO] RE T WX AR R E MR RAT % IR class Word MEHE YT -
A~ copy constructor, vert HIFIBELIRESEHE. RINEE cas BETY
explicit copy constructor, HRAZEFLE — MRiIFRSREMNSEBIEAR? 2k
WiE class 2EEH "biswise copy semantics” TE. HEITMTF, EMTEE class
Word B3R -
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BERR C++ HERE (nside The C++ Object Mode!)

JPUTHEERAT bitwise copy semaatics
class Word |
ouklic:
Word| const char* );
~Word[) { delete [] stz; |}
oL
private:
int cat;
char =str:
i

HAERTHATES B~ default copy constructor, [F¥ b5 FAH B
T “default copy semantics™ , T vert MATBLBIFEEAFEL - EHIEF
W37, R, IR class Word BeX# AT,
A U FEEFREBEY bitwise copy semantics

class Word {

publie;
Word(
~Word:);
o

private:

irt cnt:

[

EF String BT — explicl copy constructor:

class String |
public:
String{ consc char * i;

%o

~Strong(};
LF

4 4Rk, WENRTHER class Ford MLEEMRFEE. WS local object verd
glokal object noun FFEVARNTHE. EBY fog Z B, local object verd 2# 77
destructor, T BFH £ HMBE, global ebyect noun WIHIEFH —H L& X 79, member ot 1
PREHE®RE "M clas ZiFZELII— " explicit copy constructar 1 ME  default
memberwise initialization” HEK "FRIFELE DN Bz, FiuH "REE - copy
comstructor ARIFHEHE R BAXE.

52
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HIE HEEHESY (The Semantics of Consteuciors )

ERMERT, FERLMEHEL — T copy constructor LV/BY 3 member

class String chiect B copy construclor:

A= THEEE RN copy constractor
JFCHe (S

inline Word::iword{ const Words wd )

{
str.S8tring::8tring{ wd.str i;

ont = wd.ont;

F-pREGEE LAXWEHERN copy constructor 1}, BT, 4
BH% SR nonclass members AL R B, AR RIR M — 8.

A Bitwise Copy Semantics !

ft L7 — 4 closs FEBH “bitwise copy scmantics” %7 & PIF M .

—y

. H class EF — 1 member object iR class FEH — 4 copy
constructor BY (RIE B class R HFW WA, RENEE Sring
BMH: NEEHEFR SR, B class Word HHE) .

[t ]

. A class A B —1 base class [HEEFEEH —1 copy construcior &
(FEGERP, MERUTCHFENRSREARTE) |

. 5 class EAI T —4® L4 virtual functioas #7 .

c Y oclass REA TR BE, KB - IRED virmal base classes
it .

L

F

HIEFERT, SiFRUAHE member B base class 81 “copy constructors 15
BT T8 & M copy constructor . 1 — ¥ class Word 1) “ LRI
(¥ copy constructor” JEREHEHMEMR 1. 1§80 3 W 4 BAESY:, RRETHE
WiEREE .
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FEHE CH+ WRBWEX (Inside The C++ Object Modei)

P FI8FE Virtual Table NI

EAZHRERIE R P F R RTE (RBH T cdass FHT —-TRE T

virtual functions 32 mik) .

m EI—1 virtwal functicn cable (vtbl) , AREE—1THEAHB virual
function (VAL ALE.

m o — 8@ virtual function table W54 (vptr) , BHEF — P class
object 4.

BB, FESRFEI TG DFCEW class object 1 vpr FRERIET L
Wik AE, BREOHUMER. AR, ZHEFEA T vptr B class 2
PBf, % cluss BEAHRH bitwise semanties 7. BT, HiIFHFTESRE -4
copy constructor, YR vpr ELMavikdk, TERANHF.

B, BREXFT classes, Zoodnimal H Bear:

class ZooAnimal
public:
Zeobnimal 1)

virtusl ~Zooanimal () ;

virtusl vold animate () :
virtual vold drawij;
oo
private:
/7 Zocanimal KB aninate() ¥ draw(!

/f RENER

ZooAnimal

class Bear : public ZooAnimal

puhl-c:
Beari};
void animate!);: AEE BRMHE viortoal, BEHER virteal
void draw(): FENBEBE vortual, EHER virteal
virzual wcid cance(};

oo



F2HE HERPNEESE The Semantics of Constructors )

Private:
// Baar B arimate!) H draw{() Hl dancer}
/B E

ZocAnimal class object EA5—1 Zoodnimal class objeor 5 5%{E. & Bear
class object EA% —4~ Bear class object YE5¥H, AT ERE “bitwise copy
semantics’ e (BT RRESHM pointer member 24k, R T HME, XFEWR
B . EBT

Bear yogi;
Bear winnie = yogi:

yogi £ default Bear constructor ¥ #4<. T4 construclor W, yogi BV vpir
E&EﬁﬁBmmMs%vﬁﬂmm{ﬁﬁﬁ#ﬁﬁmﬁﬁﬁlﬁﬁﬂ,mﬂw
Eﬂwnﬁﬁm%wMMEqmwﬁﬁéW.

125 B 1_f'_-.’_l.l,l¢lFi‘ﬁ_ﬂ_ﬂ!:ll:-"rF'.""_‘I T TR S

L___—-___ -—.,-,_i JIMAE B e
LT ] ==
Esgr gl P 4
. "
=— - . L
1 Ehear animal
e | &
1 1 1
Vir e [ il
Bear winnie = jogi Bagr, orawi)

-1 base class object RAH derived class B object HNZEAZITIGHERIEET,
H ovpr HEHRFELAFITELS, #i:

Zochn.mal franny = yegi; // FH: ZLSRETE (sliced) T%




FEER C++ MR #H (Inside The C++ Object Model,

franmy B vptr RTLLIR THE B Bear class B virtual table ({H ISR yogi 1Y
vpir WEH “bitwise copy” BiE, WMo FEESER) , FULTEESRESH
drawg HARATT fonmy HEFER, B4 “FH®” (blowup) 5

veid draw{ censt Zochnimals zoey } { zoey. drawi): }

void foof) -
/4 franny M vptr M ZcoAnimal B virtual table,

/¢ TidF Bear 8 virtual table (¥l vogi B vptr 5D

Zoelnimal franny = yogi:

draw{ yogi }: St WA Rear::draw()
draw{ Zranny )z // HH fosirimal::draw()

}

WL ERNECF AN NS o W A 102 R,

e e
el o -‘q = i
=2 =R —I
L
-
= |
"
e il al
___l o 00 Pl gl
pll L - —
L - i
emney = gy ¥ — = 1
i h:-— = = 1
— | & DU rREal - W I
-

S &l frarmy 1A virtusl function draw(}, WENR Zoodnima! THTE Bear Ttk (B
EBEY franny B Bear object yogt fEAFME) . BH framy £—1 Zoodnimal chiect.
$XL, yogi TH Bear BB franny VG EHIR (sliced ) W T . R franm B
WEE A reference (RMRER— M4, TMREN yog/ WHL) |, FLBH fawy
BRI draw) A 4R Bear ARBPELE. XOE 13 FiTei.




H2E AFEEHIEES (The Semantics of Constructors)

BRRE, A KK Zoodnimai copy constructor 2B ITE object
vpir {E00 Zoodmimai class ) virtual table, I AR EHEM A FHR class object
B3 vpr TEE DK,

S Virtual Base Class Subobject

Virtual base class BIFER ER AL EE. — class object MELIB— 4
object fEN#E, WIIGHES — 1 virtval base class subobject, FFAM LM “bitwise
copy semantics” &R .

F—RERI TE DB AN LHRE, MFRUFLL “derived class object
HH) viral base class subobject (¥ B” EHITWIRES LY. 4P "UEHE
H" BREESHRML. “Biwise copy semantics” TS HIR XU E, FFLISIE
MUFECEHC EREFEYN copy constructor DB R. BT, ETFEYE
Beh . Zoodnimal A Raccoon B)—4 virtual basc class:

class Raccson : public virtual ZocAnimal {//i%3F: raccoon, I

ZooAnimal s
public;
Raccooni} | /* ¥E private data #{ *#/ )
Raccoony int val } { /* BIE private data ¥MH +/ )
oo,
pr.vate:

/¢ BB R
}:

WIFRFTEMRE (AR B Zoodnimal (9 default constructor. ¥
Raccoun B3 vpir 4L, HEDH Raccoon R ZooAnimal subobject] %46
TEFH P Raccoon constructors 28, B H B L30 .

B4 “memberwise ¥R VE? B, —4 virtval base class HIZELE 28 hitwise
copy semantics T, E¥, [AMEFFEETF “—4 class object M B—4AFXH
object fFAMME"™ Z8t, TRLETF “— classobject LR derived classes B3
T object fFRYIE" ZB8F. I, ik Raccoon object [l —4 RedPanda object #



HERE Cr S&RER | fnside The C+— Object Model)

HEMHE . T RedPande I~

class RedPanda : public Raccoon { /7 3 RedFands., KB

ZooAnimal
" public:
ZedPandail { /* i#F private data #{E */ .

edPandal int val @ { /* @E provate data HM{H */ |
Ao

publiz virual privates
£ BEA R S

Raccoon

HERE W, WRL — Raccoon chiect 1% B — 4 Raccoon ohiect

RedPanda

5, #-2 “bitwise copy” HEHTET:

7/ BHEM pitwise ccpy SKES T
Raccoon racky;
Raccoon 11ttle oritter = rocky:?

o R B E A~ RedPanda obiect tEN finle criver M9WN1H, SRiFE U
WA “RAENEFREERTERRL Zeodnimal subobject 1R RE W T ¥R MG
CZR— TR SN HER) -
¢/ TEEY pitwise copy iBAEE,

SRR EMAEY 11 t1le cxitter B
[/ virttual base ciass polinter/cffset ¥

RedFParda littie red;
Raceoon little critter = little red;

ERARFET, A TRBEERY lle_criver VHRE, RIFROMSHE
t copy constructor. FHE—EFLLIEF virtual base class pointer/offser RIE &
ERMAMMZERARKE) , HE— members HITHEM memberwise #
maftide, DIRBATHENATFMELE (3.4 H4T virtual base classes HF i

H i) .



F2E HEEHEIEEE (The Semantics of Corstructors }

e (R FTERES TR et Ty oo SR

ETEHHERD, SIERTHEMBERE “ditwise copy semantics” TRHE,
EHAEFXEAE (EFERBI) Raccoon IMHEBEFER—THER Reccoon
ohject, BERIEH — derived class ohject:

// M¥EM bitwise copy TSERH, MAIEAEH
Raccoon *ptr;

Raccoen little rritter = *ptr:

XEE-TEBNEE: 4P NHEEBEFEHBREE “bitwise copy
semantics” FAARET, WRGIERMEERIE object 7 EHITIAE SATINH L1814k,
BREERNIZEM copy constructor KIRH, DM RF~EMBFABRE? £0%
BHH copy constructer ZF, BFAWF AR THHERS, FUARKLUERSE
B). S copy constructor BH class WitABRBHE? RE—THEPUNE
H, BEET - P& RATERITEZ.

LRMANEEG: RIICKLFIAREL. EHEHFRT cass RERF
“bitwise copy semantics” , M8 _default copy constructor IMRFFEMIE, £
B AR nontrviel . AXIMER T, MFERZE T HIN copy constructor,
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BERER C++ WEEE (nside The U+ + Objzct Model)

FFRETEHAE “L—1 class object fEX S —1 class object BI¥H" . &
e -1 copy constructor. F — it ERi# B copy constructor B
B, DR SR IAE RERINMRET.

2.3 *515 F? % ‘Hf, iagi ,:% % { Program Transformation Semantics )

EHTEHERFAFR:
#inclade "X.h"

¥ feof]

{
X xx;
o
return xx;

!
— AT BT BE,

1. T foo) WM. MR x HE.

2. HE class X EXT - copy constructor, HF-AX ooy ¥ RAR, §
iEi% copy constructor th & # WA .

F—TRIEWESTHE, YW classX HEXTE. B BiE HLH
ERB AR LI class ¥ WAE LTIE, R = BEFEUNE CH+ RiFHF
R RERTEE (degree of aggressive optimization ! ME. WEZ TR
E—Em iR Cr @iERT, ERMAHT dass X B nontrivial definitions
BALER. RTATHhERAR.




BB Rk REIEES (The Semantics of Constructors )

AR I8 4.2 fE (Explicit Initialization )
BTG E X
X ol

TERE=ZTEL, B MEIME 0 RMIRLHE class object:

veid foo bar()

¥ okl %1 ); SR EMT x
¥ x2 = x0; FOWHE BET x2
¥ X3 = K1 ox0 ) Af BT ENT w3
P A
1
SEMBFE AR N E:

1. ESH—TEL HPHUWRCGBESEHR. OGFF FEFMEN g
X" RRLAW 57 x20 23 T4 EFEEN CH BiFED, “F8° 2
e CERAET TR

2. class ¥ copy constructer BIAREL S RE® =

BAOIE, ERREOTE B2, foo_bar() WEBRARLE.

// TRMTRFER

/4 cit PR

vold foo bar{) [
X x1; / #E EXEEE, HRkRraR
X xZ; /¢ #E EXNEEY, OO
X x3; /0 WE: EAEEL, VMLRIERNR

AORMERRLT % copy construction MR FRE
KL KezXt =0 1

He HiHLl x0 o35

I KB w0 )

oL
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FEEE CH WTREE (nside The T+ + Object Model)

R

#®*1 . 8::%1 x0 )

HERBIELITH copy constructor IR

XX const X& xx )y

SOV, (Argument Initialization)

C++ Standard { Section 8.5) ¥, #€- - class object M S 8IS MES (&
AR REMERE) | ST RUT R E R,

¥ xx = aryg;

Ef oo AFERLSE (RREME) T arg KFEELRSESE. Hit, £7
- R¥

waid Foof{ ¥ w0 ) ;

T HER A =

s H
-"fl’ LR
fool zx )¢

HLERBIEME (local nstance] x0 B memberwise BIA T o LEW01{HE
EHEFRTHEAL, F-AERRES ARENYENE object, HIEHA copy
constructor U, B HMIEYHME object FL WM. WAKAT— BRI
WLEBRNT:

Ficr Thd

/)RR RS
- X __ temp0:

7/ HRiFRH copy construc-or HiEH
_ tempG.X::X{ xx 1}




H21E FEEIEEY (The Semantics of Constructars |

A/ BHRTRKTNRF, LEER ERNER R
fool _ templ }o

R HAER M T - 2Ihkme . fELRERNE 79° 5BRE oo
HERT. EHITHE object L cass X B copy constructor IEFREIFE T#ME, %
LD bitwise 7AHENE 20 XA RELEKD. B, BiFXR, joop HIHEHRAM
HEAEFEY, BEXSB LI IR LG — 1 dass ¥ object BUE X —4 class 4
reference, fRIXH

void foc| X& =0 ) ;

HHP class X FH T — 4 destrucior, TRE feo) BEERZSWAR, WA
S~ HETHER object.

B—R LR ERN “HNEE" copy construer) I ISR £ K H B
EHELNRNE L, SR AREREIRE SRR TR RAT. E&
BUEE 2R, BEHE (local object) B destructor (RTRF X K ) SHRT.
Borand Cr+ HIFBRRME AN, BEGERE—AREES, BlEE—#
ik, WEREEGRN SRS,

R OMEBNWIEH (Return Value Initialization )

EMTHITEREL:

¥ har!)
(
X OXx:
frOBEE xw ...

return xx:

HA 2 barg 89 BME AT AR R = FHINILR? Strovstrup %
cfront HRIRER R — NIUF LRk

1. kM b -t W58, XML clags okject 1 — 4 reference. i &
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RIERE C++ WRER (fnside The C++ Obfect Model)

¥R FIEE W “FE N EY (copy constructed) " T175 BB EIE .

2. T retwrn 159 ZWEH - copy constructor 18 FIER{F, DAGE HE80IL M
Z object M1 AFAN LAFESHME.

RIE
B. "%

MEEEEMTA BE—TRLBESEFNSEN, #EMEEET
EHRNEY, barg FHINT

i/ DR

J/ BRI copy constructor #1%H

Aot ThHER

voild

bar( X& _ result ) // BE: W-—-tHsEY
{

Eomxys

A/ REBITAR defavlt conztructor 1HFMEE

F3I 0 Sl A
L. EE ux

/O REREEAD copy constructor W

_ resule Moo XA AKX b

return;

BEREFLAERET D ear) HRRE, DRBHAFE L. S

X % = barii:

W TIN5 AT

El

/FEE, AT default constructor
¥ Oun:
bari xx ):

bari).memfunc(}; // B AT bary) FHEEZ X c_ass ocbject W

memfunes )



2% fEHRLIREYE The Semantics of Construstors )

Bl e s 1k 4.
] RS EANE TS

£ templ:
[ Bari{ _ <emp0 ), _ tempd ) .memfunc.):

FEER, MRRFFEHT - MEEEE. R

E U fpr (i
pf = bar;
B AR

vold @ *pf 1 X& 1;
pf = bar;

i S H3E E RIS (Optimization at the User Level)

AT {EIAESE Jorathan Shopire! M3 T8 bary) XHEMNER, HBTREN
EREOAEGT BME: @ —1 WEBR W constructor. BAEREFER L
S

¥ bar{ const T &y, const T &z |

XowH:
Ao vy oz bR ax
retarn xx;

)
MBoR x ¥ “memberwise” H13E N BISHF RIS E 0  result 29 . Jonathzn
FEX B4 constructor, R HEHE xx B97H:

¥ bar{ zonst T &y, const 7 &z )

{
return Xi v, 2z )i

}

TES b FIRIHERZR. HESHES.
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HEHEE CH B (mide The O+ + Objzct Model )

focrr 1HEY

volid

bBari X 6 resull )

A/ #E: ETERNNY bar{ X & result, corst T iy, const T &7 1
{

_resalt.yoiX( oy, Zo1;

return;

_ result WHETTHE X, MAREH copy consiructor FED TG FibX
MR A, EBEFFRTEHERN constructer WEES K BB
EXTEH L, class WIZTHRUBEZRELZ, NARN "IHERL” HILE.

Eﬁ& %SE@{&‘UEH: ( Optimization at the Campiler Level )

TE—40 bar) XEFFIEFT, FTEN rewrn 14 EEERNL L8 (3
i£: named value, REEEFHE pd 1y ) , HHBRIFBEHTHE ML, &
B resuit BB ramed retun vaiue. WIFER bar) E X

X bar(]
{

K KX}
flooL . BB o

return ®x;

}

FEMCHPE o B resuls B

Void
bar{ X &__result |}

{
fé delaull vonstructor FiAHA

7 cev (ARY
_result . ¥::X:i);

Jfo.. . BESEE result

LeluLl;
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WoE HEREHEEY (The Semantics ol Constructers )

EHMRIESRNARE, AEEH N Named Retumn Value (NRV) {11E,
& ARM Section 12.1.1.c (300-333 T | wAPr#R . NRV Bk inA 3% Y B
# O+ PSR- U AR —EREBRESER T
ZE . K THERGWESRES, AFREETEH.

class zest |

friend tezt fool doukle !
pabliz;

test{}

{ memset( arrav, 0, 10J<sizecf{ doublc }': ]

private:

double array[ 100 ];
}r

FIRNESELTER, ©rif, B8, HE0—4 rtes class ohjest:

tasf
foo{ double wval )
{

Lest local:

local array[ 0 ] = val:

local .arrayl 9% 1 = wal;

raturn locaol;

}

B mang) EROAALE foop BE—T %

main{}
(
for { int cnt = 0, cnt < LOGCOD000; cpt++ b
{ test t = Icol douzle! ent ! }; }
retu-n 0:

£ BAEIRME LS B AT 10000000 &, BRAE 1 st objests
// BT test object BRE—1MIE 100 7+ doun_e W84, HENTERE
JAHMEN 0, BE 0 Al 300 RN MBS 1R RATA

EEF I — ARSI NRY R, ER test class 570~ copy

constructor. 35— TREEIN E—- inline copy constructor I F




BEHR Cr+r RBNY (nside The U+ Object Model)

inline
test::test( const test &t )
i
mencpy( thls, &t, sizesf( test  );
}
S BIRETH ciess cest RIEAFII— member funcrion 11T
/7 publie:
/Y inline tes:t| const test &t !

X copy constructer BJHELEIE T C-+ SFR T % NRV R4, nNRV
L BPATH FNEE B BT ASR. TEAMKHER (R7 REH
*. H—TMEAEEEHRITFRAFGERMNERER) .

Named Return Value (NRV) 1{E1L

SNy TN Ny Al eV e B -0 #Eit

SR NRV RRA T EFENREYE, EEREFHIT. P-4 FEAE,
HAEMERRREN. MEETENERR, #FAT5EE (ANROART
wehAATEEE, RFEW) GEENTID . #2AHAR, —EEH
FRLERER, AEERTERLERLIRIT. & cfront B, HEFUFAER named
return FE LA RETFH RN top level B3, HRIEAWT. WRERA “a nested local
block with a return statement” . cfront SE& WKL EER. FERF R THH
FRAMFLEZL "RHAY constructor” FREELZ .




POW MEKIEEF (The Semantics of Constructors)

Ve

2:21 2264 2:20.8
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FHEERE C+ HREE (Iside The O+ — Object Model)

LB F AR B e A Al BETE M T AL AT R . AR
NARWT Mt E. RRRFIENRERNHEFEEY, SaEminetd
4087 HEE REEBF T HH copy consiructor BIFESS, BRHFFE “LL copying
HAFER— object Bt" , XERHIAM destructor, FIRI:

void fool)
{
A EEBREFR - copy wunslruclor
X ®x = bari};
o
AR BEE destructor

}

TLFEHL T, AHREHECSTHET: BFEEALER, DS EN. #
HHEFJAAREMT copy constructor MIHMMAXEEERW? WRAR, 4
B copy constructor 7£ “object BEH copy MRAHMBL™ NERF, —F
R A

RHNTREASHEFENT LTI HY "HER" . #A, BRTE
ETMBRUREFEER LA
X owub 1024 4,

X oxxl = X, 1024 )
Xxx2 = %) 1024;

EREB-HAME=4T0, FEEBE G TEA B ROE B RE.
1. B—PERHERN object LW 1024,
2. HEBER object AF MEEEF XIEN explicit object MHIE.
BaER, w0 BYAE— constuctor #R4ER 98-

/7 Crt THIG
®x0.¥:rxH( 1024 3

T xxl B o2 HEFFE constructor, FE&E—MBITHE object, FEEFITIE BT




H2E #HEEAEIEEY (The Semamics of Constructors)

object W R class X F9 destructor:

// C++ THER
¥ tempd;
_ templ.X::X¥, 1024 )
¥l RiiXo | templ G

__tempO.X::~¥{);

Cr FHEERSCEIHET “BIBk copy constructor 17 FABAME" 9414,
HETENH, ZAZERARSHOURIL. AT, KB Josee Lajoic (FERLE
FiE, R Core Language group :8) MIHEHE, NRV H{LELEFE. £
ZRE. RABRXMIH RO EFHFEE D ARNBSBENOFAPER. £F copy
constructor FJEIBRTE “# Fl static object A1 local ohjset” WLRTIZF V2 Fil,
EATHEFHE:

Thing outer;

{
A ARS8 fnner 15

Thing innert¢ oater | ;

inner EEMN. ouer PELEERRE, BB imer T AN PHEEEE? X
B B A] DUREM M E A £ static extern objects 25 M MEHES |, KE
Josee HIFH:, EHBE satic objects 1 copy constructor, LRAUEETRFER
. BT avtomaticobiects 11 inner, WM A P,

— R E, mAF “Ll—1 classobject fEA S —1 class abject FRIET B
B, BELFRFERFTABMNBMERZA. ARG SRESHINER =4
W RETRERA . G MR FAES T2 BT copy constructor KIBIFE
AT AT GE .

m



I EHER O+ MRME (Inside The O+ Obyect Model |

Copy Constructor: BiAEFRE?

UHTES 1D 2503

class Pointid |

public:
Boirntdd! flosat =, fleat v, float z §:
i

private:
fleet _x, _y¢ _zi

b

X class BGEIFE R IZR -1 cxplicit copy constructor 1?2

L3t class ) default copy constractor ¥ ¥ trivial. BRI E L5 member
(3 base) class objects #H ropy constructor, W HAZMBY virual base class 8%
virtval funetion. BRLL, BOAESR T, — 4~ Poins3d class object BY “memberwise”
MR LRIFLRE “bitwisecopy” . HIHHRABE, MxL007

FERE yes. PR N £ LUEE KT . bitwise copy I A SR E memory
tzak, WA 25 address aliasing, BB RETEL.

WA, EA class BN THER ZEE—1 explicit copy constructer 18?7 R #IN
e E? EREABRHER o, BETAEHIBHREL - copy
constructor FEEISEME, EASHFRESIARIE T RIFMTE. HERUESHE,
INARE R RTHN cass FEXBN merberwise BIALEE, P EE (oy
value) #9775 % 8l objects? IREFER ves, FAEE—4 cooy constructor
explicit nline B TAREFESH—L "FRSEREML NRY (B4 HETE T,

#lan, Poine3d SFFT 6 —H B

Poinl3d operator+{ counsl Pz_nt3dés, const Point3ds
Peint3id operator-{ const Point3da, const Point3di );
Point3d ooerator*( const Point3ds, -rt b;
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WIE HERIEEY (The Semantics of Constructers }

Fr A BR e W B RE 2 B F I FFE NRV template:

{

Pointdd resul::
ZDtHE result
return result:

S copy constructor R B Y BRI K -
Boinb3d::Poln-id({ const Point3d &arhs |

¥ = rhs._x;
y = rhs._¥;
z = rhs._z;

XETH, HEF C+library B memepyl) SEHKE.

Foinzid::Pcint3d{ const Fo_nt3d &rhs )

[
memcpy ( this, srhs, sizeof! Po_nt3d ) i

BHAEHER memupyd B memsei, WMEFE “classes NEEAEHIER
PEFAH nembers” I A BHARETT, R Pome3dclass I~ — L L
R virtual functions, WPIH —4 virtual base chuss, B AfE L MR B & FH T
8 “BEREFRFEENAT menbers” MIMIE%NT. P, O 9 TiHHE.

class Shape {
public:

;7 BB XL NI vptr
Shape {} [ memset( this, I, sireof!{ Shape } 1: |

virtual ~sShape():
LY S

ﬁﬁﬁ%ﬁcmwmmﬁﬁmmﬁﬁﬁ*ﬁ%
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BERERBRE C++r TR (inside The O+ + Object Model)

R

2.4

/7 TKER constructor
/7 c++ {478
Shape:; Shaoe {1}
{
/7 vpt- BHFEASRANATZNARERY

__ wplkr  Shape - _ vthl Shaoe;

/f BE: menset ¥ wprr HE 0

menset{ this, J, sizeof| Shape | 1;
¥i
MR, EEERMEH memsett) ¥ memcpyr), THEERKEE Cr+ Odject
Model B9 22 50A!

copy constructor HIEZ A, B 4RIFR £ 25 PR TG IE F L.
RHEEL -4 BB LEE (by value) MR AZE -1 class object. 1% class &
—~ copy constructor (AIEFEBHTE Lk, HESRN) 7. BHSFRFR
FRFEL—FNEERHNE XHEA L. /MmiFLEEH copy construcor #)
BRBERL, U80S 28 (SETEEARTHS) BT NRY. B
FRINE TR LR, L2 copy constructor 5405 BIATBR R T, WL B AERE4E
FAATRFE F R R ITRCE .

Ea_,l%__‘”__] gy ?‘II D[L]\‘H:, BA‘fﬁ ( Member Initialization List)

Z{FBF —4 constructor I, #HRAILEE class members WH{E. BAE
£ member initialization list, EE constrictor EEE S22 W, BT AREN.
FHEMEBLIHERE.

AP, BRELESFMRM D nitalization st AHE X, REHEE lig
MNENETRERTA, AERTHEES LR RRT.

THHELFT, ATERNEFESEMAEIE, RLOAHER member

initialization st




¥28 WASKWIEEYE (The Semantics of Constructors}

1. L3y — 4 reference member B

2. YWk k— 1 const member I,

3. @A — base class £ constructor, T E#H A — HEHE
4. BEA -1 member class B constructor, WM EME —EEF.

ERNMERT, BFTUEERFEIRNT, BREEAE. BiL:

class Word [
String _name;
inz =
public:
/ BRER, RAKRA. ..
Word{) |
_nanmec = O;
_ont = {;
1
]

FEXE, Word constructor £ 7% — BTN String obiect, REHTH)
A, B-1 assignment ERFRGITHE object L  rome, RAEHES

WAEE cbject. IRETHOL? FLTRE. HigReprs - A8£157 &7
Fig! TR constructor AIEER PSR &5 B,

/7 crr TS
Words:Word{ /* this pointer goes here */
{
/WM string K default constructor
_neme . 5tring::String ();

/! TPEERENR

String temp = String{ 0 ):

// "memberwisz" M#J nave
_name, String: :opecator=1 temp );

A R
temp. String:;~String():

_ent = 0s
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HRHEHEE C+— WEEM (fncide The C++ Object Model)

WHRFABREFERETEL. BIA-THRETHRENTHR FE.

Al iR ER
Word:;:Word @ namel J )
!
_enT = 3,
}
TR KB MET

£/ THEE
Word: :Word!{ /* this peinter goes here */ )
1
¢/ WK Striagr int ¥ censtructor
_name.String::String{ 0 };
_cnt = 0;
b

Wit — R, R A TTREEEIAERL templae code -

template < class type >

food type >::fodi type £ )

{
// TTRE CHREIETER) MFEE
/7 W type MATEXRBME
£ = t;

}

LT FREMT R 4 PUR GO BHE T 1 member FIIRIL B LT
member initialization list TR, $EAHER M7 AR EE member 3 cnt:

FPRLT I Yk
Word: :Woxd(,

!oont{ 01, name{ 0 )
{1}

ERERNFEERE — 4 RHIFTHE: member initialization list DI %E
EABHE FE C— HFAT lis HEERFER, RIS AT E—AF
HAR, YRETE!



BIE MIEAHEEF (The Semantics of Consirctors |

HiFo— —#E initialization lis:, LIFYWFEIF constructor 7 MEFHT %
HptE, WBITSF explicit user code Z /8. HFlI0. ST Waord constructor #
I

/4 C++ A
Worc::Word({ /* this pri~ter goes here */ 1)
{

_nane. Strinc::3tring: O ¥y

_mnt = 0

Wl EBERRMREEF consructor HIBF ot B, HI b, H—
HR A EEE: st FRMAREREH class HE members FIHH F
JE, ARH initalization list IS HEFUFPE . BB Word cless T, name
WEMT o 2RI, FILIERWBbM LR,

AR AT A Cinitialization list PRIIRE SRR 2 EIE ARG,
SEHFEEEAENER.

class X {
int i;
int 3:
publiz;
/r BE, FEEMETEY (iFHE)
A1 int wal }
T wel v, 10040
{1}

#E: PEREFNEFRRRE T ; ENEN v, BT BAEN .
FIEET, aTHAFHEKFEMAZY, nitalizaion liss T #) HEH jva) E2H
fr. BEZ ; —THBAAVME, FLLiy) OGRS ; TETEEE. &
RELFA — T RBHEH.
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BEHERE Cr+ WRER (Inside The C++ Object Model}

XA R MEREETERAFSRAENR. SERMEEL -TF
HHA, HEFEER ERRAEA —TwWIFESR (g++, GNU C++ RIERY) &
HiX — . RWEBIRSREE— T member BTN S —~HE—E (UFE
FEEHLBENE) , BT constructor Z P, RIEHE:

¢ RETEEE AR
¥::¥{ int wal |
: J0 wval )

{
i=3;
}

FiE: WARTCAEMKNEENE RN EERE - PP L, RBHESH:

#0001 #include <stdic.h>

4 #0602

#0023 class X {

#0004 public:

0005 int 1i;

< 40006  int J;

#0007 public:

#0008 /7 BEK, R HEA TS
#2009 Z{ int val ;

#0010 sjevwal y, il 3y AKBBIN S
l\ #5011 {1}

#3012 15
4 #2013

#0014 class ¥ |
#3015 public:
#2016 in. i;
< #0017 inz 3:
#0018 public:

#0019 Y{ int val }
#0020 0 val )

\ #0021 {i=7: 1} 7 B RR %
#0022 3¥;

6 TR, SHIAMEEHANAE R, BB LR AABYT (N HAELFE
/8 CH Report #12) 281, MMERPRTATEE T EEHENALE L.
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FIR WEEREEY (The Semantics of Constructors)

#0023

#0024 raini)

#0025

#0026 X w3}

0027 ¥ wiE}

g0028

00249 printEi"s.1i = %< z.9 = %d \n", x.1, %.3);:
#0030 printfi"y.i = %< y.3 - %4 \nv, y.i, y.f);
#0031

#0032 return 0:

#0033 1}

MITERMT

F:%lippmaniprogtini_ist.02>inilist

x.1 — ~21241982.6 =.j = 3

¥.1=9% y.3=27%

B i BHERRBIIFRIER 5.

WEITH - FEHMAME, initialization list A H & %E P consiructor
o, SRR EE R FER? R, B,
Jf - T EBE

Kir®0 —nt val
3 wal )

J BEAERESE|AE expliat user assignment B4F (i = j) ZHRZE7 &
REWHIFRERGE, WXBBHAKRD G2 ESPUELHR | DRLE
B W) . BMWRGIEALRE EWE, X initalization list K E 8 &

explicit user code .Z Al

FrKNMEEE, BEOREBE T WH—1 member function
WE— member MAIHE.

§ 4 m——r——
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FEER CHt MREMN (nside The C—+ Obiect Modil)

Jf Kirefooil) A, EHETE
¥iikKi oint wal )
il mfoof wval ) ), 30 wal 3}

1!

HY o) B ¥ B— member function. EEE yes, AR WGz
baE REDREAE -MEE. FER “BET consructor KRKY -
memher” |, WAEM B “FEET member inilialization list PR member” | ¥ U
B4 member iR EWE. FIHAWE o) I X object BRBEEEE,
RUIIE yfoof KA constructar B, AN T “BERB - 4 member £ sfoor)
AATEREIE" ZHE, W LART 2 EZEEs N s

Member function RYE HEG &N ( SRRV TALE TR FAEN members
RECHEE Y . ZREA N object XM this BHOBEBHI Y, T
constructor K EIE 7 4-

77 Cr fHRY: constructor WERE WL R
X::X( /* this pointer, */ in: val |
i

i = this-»xfoof val );

j = wal;

BE, ME—4 derived class member function B, EEE % 44 base
class constructor ¥ —N 2, W20 .

/7 K reobar:;=val¢y BIQIAT

class FooBar : publ-c ¥ { {/ B base class B ¥
int _fvel;
public:
int fval(, { rezwm _fval; }  //##: derived class membe-
finction

FoaRar! int wval )
:  fvalf wal },
x£i fval () )}/ &HE: fval() 9 base class
constructor WEH
{1

bi
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¥iFE SR EY (The Semantics of Constryctots )

RIAAINF? RE—-PEFEEL? T Ew 8N %es R

/0 e+ {hES
FocBar::FocBar! /* this pointer coes here */ )
{

/O BE: RERE-AHEER

X:1:¥{ this, this-»fvalt) 1:
_fval = wval:

)i

FHAARE - TMHIE (FHEEST base class # virtua! base class 18
member initialization list PR E 2GR ELE LREMAEHAT |

EEE il , SR8 <4 initialization list — — LA TESENF, LR
members KiEH K. E LEH - LREH constructor 1K, BE T axplici:
user code W .
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H3IE Data iIEEF (The Semantics of Data)

FIE

Data 1 E8%

(The Semantics of Data)

MR ERNE -k ARENETIRG, 2 EANTALEELE LR
B, BMER (ERBRWER) SR HERBE—A “KIT8” tibrary. 724
HE# DRI, fEH T Im TR Y eI sizeof &R,

class X { )}

class ¥ : puklie wiztual X { }:
class £ : ouklic wirtual ¥ { }:
class & @ puklic ¥, public 2 [ }:

B3
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BRI SE C++ FHRIER | Inside The O++ Object Mode!)

L X Y, Z o4 RERAELE A cass HEMBYHEIE, HE HERTHHR
(. FRUEFEAIT - cass BAADHEER 0. AHBAT! MER dass
X BXRADBFH O

EM o' I LA ay o o Sy Ml TiireT g
s.zeof X WEREN 1 rr=af W MEEW |
s.zenZ Y HERFK 3 treae 7 HER D
s-zeo” Z WERKE & Lrms® = el 6
sizens B WNERK 12 L igat AR Y §
T HURGS M (AR LA Ea e

HRIMEREFREE T cdass WEY, FEFEFIATAEBLESR.

— 238 class B,

/) sizegf X == 1
class % { 1;

B ERFASE, TH- M | by, BEEEIEDEEL LN -4
char. XA class BIPI4 objecs BLIEHNFPEER —FT KA.

¥ a, b:
if (&a = &b] cerr << "yipes!" << endl:;

SRFEEBREWANERL, RIER Y H Z 8 sizeof R

/f sizeof ¥ == sizecf T == 8
class ¥ @ public virtual ¥ { }:
class 2 : public virtwal ¥ 4 }:

EREFARISL Y H Z MRAKE 8. AMKAHINBAE X, 0HKF
BEHX. ExXbL vz SRS MEAENET.

1. EEFSHERMRMNHE (overhead) HiFFTXHF virtual base
classesBf . MEFH —LF|FNHE. £ derivedclass P, T I AE
RREEHEAMES S L, EFEERE virtual base class subobject,
HRE-MHXRE: FBPEREFAR virtual base class subobject
Rl , MR HRBE (offset) . EXRFHEMILEL, EHE 4 oytes



¥ 35E Dala iT&8% | The Semantics of Data)

(AL 3.4 it virtual base class) .

2. WIFRM TFHRISRARENMACLE  Vitual base ¢lass X sububjec
B 1 bytes X/BETRE class FHl 2 B F. £E&E FEHBETE derived
class FEE (REF) ARG, RERHIZFH LI empty virtnal kase
class RABHLE (LUTHE 3 AW -BXFEN A L EFRM
B) . REREAEHANRITS, DA REE XTI,

3. Alignment BIR® class ¥ B Z f9AMEZE A S bytes. 7 3B
AV EL, BFENEWEK AL ZF alipnment RS, FEfIERE
FREBEAFTTHER. TREEEMNIE L, alignmert & 4 bytes,
ETEL class ¥ F1 Z BZNMH#h 3 bytes. BREIMNERRE § dbytes.

Vi alignment SR BMEFAENERAEESE. & 302 OHE -, BY
alignment % 4 bytes (32 1) , LA bus K "m%8” REBRBEE.

R BT ARG oy, T e

|J'_-'..F!F_ ﬁ&ri'l-'ll:'l: class ¥

4| .
I ghar anebvia
(Fecause Y |8 emply)
3 slignment padding | | ¥irfual base class X
[ CIEr ey e
bvles darived dass 7 (bacause X = emiph
4| o _—
’ char onetrytes
(bacaies £ 5 amphy .".: ITIRIT rl.-'
| i ! '- ]
augrmen! padding .
L ] -




FRAFAR C++ HRME | fuside The C++ Object Mode!)

Empty virtual base class S# 84 C+ 00 B —MIERET. SRt —
A~ virtual interface, BATE XEAHE. HEFENRFR (BT SEHRT
AL (5 [SUNS4a)) . XK T, 4 cmpty virtual basc class
A derived class object |AKM #F2, AR CHREEMIAHEH, S
[ ZMPET LAES 250 1bytes G%FF: HAKBET members, AFTE
BEAAT cmpty class T LM — A~ char) , R AHTEES 3 AFKY 3 byes B
b, Q#TS L SRMAEARE. £ ERT, YA Z 8N R 4 T AR 3.

W Wl Gl A ENESTES - EUTEARNR Vil C+i

L SR TR o LR R

HRTTY Il G

HERZAMBEERERHT G+ HREEHL, X TEHY—BH
RIEHET WL ZE . YW SBEEN, BREE (2RE&E) BF
RSIA . U LE. B, BRETRARRALNLTENES, #E
BERHFETE . CHUMEE (BRTHABAT TR |, ATAZHE
B TEEN—84r. Virual function tab'e KB — M FH T, BT RE 2
BiEL 8 “named return value (NRV) 45" .




HF3IIFE Data IEFTF (The Scrnantics of Data)

Hoa, I dass 4 BYFRUPEG 2% BHE, RFRE DTS
RBSIERME. B, WHFEIFPTRFFSILLAE empty virtual base class B9
B, MARTsKL ¥ M Z HE "FRIERAE" B dassX, BITTELEE 15,
BR Y Z BN 8 BMEIRITE class 4 BEL sizeof ERHFRT, 153
MERREAZ 12. AR EARE?

Ef: — A~ virtual base class subodject R&TE derived class HAEF —{H L
., AEUE class $EERPREI r £ classs MRPATRLERE.

W BHAEEEMNME——F class X L, KK | bye.

B Baseclass ¥ WA/, @ “[& virtual base class.¥ MILE™ WA D, &
H 2 4bytes. Bascclass Z WH AR, WEXE §byles.

W class4 HIHIKAD: 0byte.

B class 4 B alignment 3B (MBEMNE) IR=FAL, ZREBY
HyR/PE 9 bytes. cless 4 PATFBRE 4 bvtes R, BFLETE 3
bvtes. ZRE 12 bytes.

IR AR TR )% B H BT copty virual base class i THME” (451538
WB? —4Hlit, class X THKAIAE 1 bvie B SR, TREIMY 3 bytes 1381
AET, HE classA BIKDHE Sbvtes. HE, IMEENFE virtual base class ¥
HRE—T (LLE) 8 data members, WRRHER ( "HHRLE" EH “BE
MIALHE" F) KTt MmNt &ER.

C++ Standard HRMEIEAN “base class sibobjects MHFIRFE" & “ FF
FHESH data members FHFIKAF" THEFEY . CHALE virtual
functions ¥ virtual base classes BJ LTI, C—+ Standard Hil: LM HHEX
FAeRE. REFEUREHD, BEEH “C+ Standard™ B “ZH8 CH
B RE” PIRIHE.
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FEAR CH MEEY ([ mside The C+ 1 Object Mode!)

X --EH, class 8 daza members PR class hierarchy R.LEE. - T
class B data members, M 7, TTRIREEN class ERFPATH AR
#%. Nonstatic data members 7 ¥ B9 " 389 class ohject” BEMEMEIE, staic
data members WK BHR "8 class” HMEBRRE.

Cr W EREARL <H (UL AT REEL A FEETKH nonstatic data
members, FERFFH € FF stuct HEEEVFFE. eLERAEFEES
—/ classobject A A THAMEK nonstatic data members (RE R virtua, 4
nonvirtual base class ) AU, A A HF BT EABE LT HHFRAEF . ET staic
data members, WA EEFTH - global data segment . ASE B FIH
classobject BK/N. EREZY, AEiF class WEEHE£L objects (BRE
B4 IRAE) , static data members K REEE—HEE GEE: HFNE
% class ¥ B object Lk, X static daa members HEFE] . HE -1
template class B static data members BT HAEFT AR, 7.1 THIFAMN i

f§ — 1 class object W MTFEZEM AN LUEHENTE R nonstatic data
members. FBTRHET S MR OF A ERAER) , BAEEHAE
BHZA, JHER:

1. HRFEGDHN LGN data members, FALULIHREHESHY (2
BEA virual ¥H) .

2. H} alignment GRRAE . WTE.

3.1 Data Member Em %E (The Rinding of a Data Member )

8T ik B U

/R foo.n KT MEEASEA

extern float x:



BIE Dag §ESF (The Semanics of Data}

/¢ BERE pointid.h 21
class Polint3dd

{
public;
Poinl3d( [Zoal, [luat, Ilodo }i
SRR BREHEEEY « EH - s B’
float X () cons> { return =; }
void X! floAat new x } Tornst { ¥ = naw x; }
P
privave:
fleat =, v, 2;
b:

MFERIEF Poim3d Xo EEM —4 v7 B class [HEBRITS r. FELAED
(extern) MHET x? SXBIPAMSEERENTR -~ IPEERTHL,
BRFRAEADZLX—-HHIER!

£ C—+ BRWHFRLE, I0RE Pobudd X9 KA BETH P » #iT
ZF (A 84, ABEHBLER global x object! MM THERLF L EE
FEXENTRZ S, FEHESL R G+ WEEHEER B R,

1. K EMN data members WHE class FEIRL, DRGEFRNEE.

class Point3d
{
¢t B ERE R 4L
/i B class MHECAHENAR data nenber
float =, ¥y, =:
public;
float X(} const { return x; }
F T T -1

2. BETE K inline functions, FEX/NFHE class FTHZ 8.

class Pointid
{
pablic:
J/ BEEREEE A ez
[/ BHAN inlines #MB class 24

Pointidii;
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FEER C REE [ Mride The C- ~ Object Mode!)

float X{) const;
volid ®{ floal } const;
FIF S -3 o

bi

inline float
Pointidd::
X{] const

{

retuarn

}

ff ... ek, L,

RERFRATAFE T LS XEEE, BAEIINLEECEEN C
20 25 ({BEE C++ Reference Manual REIT) WHET . I TZEMIEEH
WA “member rewriting rule™ , KER “—4 inline BHEE, EE D cless
FHAERLENLZHN, BRASEFEEMA (evaluated) B™ . C— Standard [
“member scope resolution rules” I T4 “rewriting rule” , HEFREE, MR-
A inline BETE class FHZEvAEZAPE BoKEENHILAKE
(evaluate} . REERH, H— T ATFTRHRW:

extern int X

=_ass Point3d

{

oublic:
/M TRRASH TR E
/f class BENHXESHAA TG
fleoat X() const | rezurn x; }
FF -

srivate:
float s

bi

/7 BEE, S BT

B, %f member functions A S5, L HE B4 class KEREBI T AT,
L, 7£— inline member function 8K 7 FIH—1~ data member S8FH{E, &

8¢




$3F Data IBFEF (The Semantics of Data)

HE T class PSR BA &L,

AT, 3T member furction B9 argument list FRNE. Argument kst &
# BHEZEET N — KR HE S0l (resolved) T, BRF extern
' nested type names ZRIMFERBERETRSEE. FlFE FTENRF B
R, length EBEW T member function signatures HrERHIY (resolve) 3 global
typedef, MEE int. HOEBH length 81 nested typedel B RET,
Standard BUIEH BBV br s AR 35

typecef int length;

class Point3d

{

Fuk_ic:
/! B length BRI (resolved) H global
£fEME:  val HHRIK (resolved; A Point3c::_val
vold mumble { length val } { _wal = vwal; )
length numbrle({] { return val; ]
L B

private:
/7 lenoth Wi "k class WERNE -IS58BE" 20EE
/7 R BTN BR (B G B 5 R IE RS
typedef float length;
length wal;
L A

ERXFETURA, HATER DB ERRRSE: HHEIT “nested type &
" BT class WEBL. FERETH, MR fength K nested typedef E X
T ¥ class PUSE" 2001, W LAREERBEN ERY.
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FEHE C++ WM (inside The C+ — Objzct Model )

3.2 Data Member Eﬂﬁ% { Data Member Layout}

EMTH—4 data members:

class Pointid |

public:
FF e

Private:
float =
stakic Liat<Point3d*> ‘freelisat;
float y;
stat-c const int chunkfize = 250;
float z;

Nonstetic data members 7E class object S RGEEZ R AE A HE AN -
M, LA A AR static data members 30 freeList F chunkSize ARS8 M iH
MBFRLE., ELRETR, F—1 Poinrzd ¥ERHZA floar HY, WF
B x y, z. satic data members FHERFM data segment P, FINBAY class
ohjects FoX:.

C++ Standard E3K, #[u] — 1 access section (B private. public. protested
FXE) 0, members BHAATALS "KL members 7 class object +
FHESKH" X —&400W (FE C++ Sazdard 92 ) . HERE, 55
members H A —EREFLEHN. HLAFKATREET THEBM members 2 A
PR? members B3 FFE (alignment) TR T ERH —2 bytes. X F C 0 C—+
S, ZRWREY, MUWH G RIEBFTAFLNS, SHEEY.

FIERETAILAH —EHNIMERY data members, PFEBFRADFEH.
votr MWAZHMAT, YATFANARIERTNTLECE - "AF vinal
function 2 class” ) object . vptr 2R AEMH AMER? HFH L EWRIER
FHHAMAE members MBS i In4HF — BHFHE v RE 4 class



#E£3F Data iBEH (The Semantics of Data)

ohiect BIERIY. C++ Standard FFEMFTHEM "W THRFHEL R IEE |
I WiF LR AT N EE - 4 H KA members E BTG E L B F AL
WREAFHEEN members Z[(H].

C++ Standard A FHESHE D access sections 2R daa members H
REEF|, RUEFETHAL class FEPAIRSF. ERE, TEHXHELFN.
class Point3d {
public:
P
Lrivate:
float =;
stetic List<Fo.rnt3d*> *freclList:
Exivate:
Tloal w;
stetic const int chunkdize = 250;
private:
flaoak z!
}:

H class object BY ARG RBHRN TR ERKNHE-HE, HE members X3
Pk FRMFFERME. SFHTUREER » ol - FSHLEBHANE-~, &
ARMEER, YABECITRERSXAHY.

HA A FERFRAMEL— T LY access sections BHE—R, (KEFHAN
PO, MR-~ TR, Access sections RIBEFASHERFHARA. Mine:
=~ section PFHY B 4~ members, L 4F § P sections HEILFH § T members,
BEE object KR —FER.

TFTHEIXA emplate function, BZFH N daa members, RS HEHELE LA
class ohject ZH . AR ™ members EER F Bl access sections B E -~ Aok &
W&, RS L R A B — 1 s=ction BB (ABEY class member 15
HHIRBR, HEE 36 T .
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HERE C++ MRBE Inside The C—— Object Mode!)

template< class class bvpe,
class data type_,
class data type? »
char*
access _order|
data typel class types::*meml,
data_type?Z class_type::*memZ !

agsert {meml !'= merZ ;s
retuin
memnl < mem?

? "member 1 gcours Iirst”

+ "wember 2 oecurs firvrgth:

LR ol AT LUt R A

access order( &Foint3d:;:2, &Foint3d::y):

TR class type SHHEEN Pointdd, M data_type! ¥l dma tpe2 SHYE
A float.

3.3 Data Member BY75EY

E BT X B R RS,

Foink3d origin;
origin.x = 0.0;

Wl EE2n x BFREERML 247 ERW « F Pointid WTHEBETE . « A
BERT static member, tH07GEE" nonstatic mernber, Point3d TTEER AT (EiF
) B class, MATEER M B —ME —19 base class AT R: SATHEFE, ‘8
EAZUREALHERT BHNMETR. TRHTEREEES - &k,

WA, EREREH—EE, DREVERAIEX, origin # pr:

Point3d origin, *pt = &crigin;




EIHE Data BEF (The Semantics of Data)

HAEIIRTR data members, X -

arigin.x = 0.C;
pE=wx = 0.0;

Bit origin TR ¢ FH, FHAAERERTG UEKREEEE
ves, EAFM class Point3d #1 datamember x & AEREAERNEESFE. s
ERX-THENERX- -EEAFHLBNE R,

Static Data Members

Static dnto members, R THEE XL, HHFHIEH T class 24k, KA 1.1
TE S, FHIA—A global TE (HRT cass EMEEZAAIL) . § 1
member B)FEIVFN (FiE: privare w protected X public) , LIRS class M3
B, HFR&2FEALMEE EEATHE ENEASFEHEH—FRRE SN class
objecis EK static data member &= F.

B~ static data member RE — oLk, FHERFHN data segment 2 7B,
FBUEFEE (BAD) siatic member, B{<# AL ZE 1 extern Lk
HMEESZEBE, M-

/4 orig-n.chunk8ize -— 25C;

Point3d::churkSize == 250; // ¥ RBEEFNEETREEER
// Polnt3d 'chunkSize = 250;

// pt-»chunksize = 250;

Point3d::churkSize == 250; // #H. REBEHFNEETRELER

ff Polnt3d: ichunkSize = 232;

HESATHRARE, 2R ¢+ B3 - Eeide — 11
FEHR member, HHELMAR" W~ —HEH. XREAN “BH member
selection operators (#FiE: -HRE " ZHEF) #H—1 swtic data member HFER
Bft” REBE LN -PETTEWL . member HELHRHE class object 27,
RULTFR static members AT EFL class object.
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KIEEE C—+ WERMM (Inside The C++ Object Model }

{BAE chuniSize B - PNEHBEAXRPHRTEEN member X E 0
e B ER—N “virtuai base class A virual base class” (S H TR %R 08 %
ALGH) H member HETF. &, MEKEY, BFZTHT static members iF
ARFR—— g MAFRRENARKALE.

IR static data member FFHREZSHANEE (RHECFEEES) M AR
We? 4T, TRENS.

fookar().chunkSize == 250; ,/ ¥iF: KEEFNEZETREL ¥

/f foobar( .chunk$ize = Z50:

VI foobar) SREAAERET &£ C++ HEGHE (pre-Standard) FL#H .
ERARNEBzEAEM4 A8, BHF ARM HAREE foobar) REVAH KK
(evalvated! . ofromt B REPMIBEER. B - Standard FE 6 BE
Joobarg) WIHEE (evaluated) ., BAHERFTAL. THE -HIREMNEAL.

// foobar{).chunksize == 250; // BE. REAENEIRER

/¢ [uobar().chunks.ze = 259,
// evaluate expressicn, discarding resuls
{voidl foohar( ;

Po.nt3d.chunkSize == 254; O HE: RRIFEANEIEER
/7 Pointdd.chunkSize = Z50;

#HP—T static data member M, SBT —MERKBIEIR WL, T
FE—TIEE class member K354, BN static membar FARKNEE— class
abject ZH. #L0:

&Tointldd: i chunkSize;

ERFAEVINT W AF AL -

aonst int*



E31F Data wWF¥F (The Semantics of Data )

WREFWA classes, -~ MW T —~ static member freeList, 384541
Wi A RIFR data segment 0T, ML FHEBHME. RIFFLHLFERESF
31— static data member ZRI8 (RHFEZHTEEWELRR. name-mangling) |
PRG-I - R BEFIENAE. 22 6E8, KT 2 0#H aume-
mangiing ! AERHERBHE. EEERRES . L name-mangling
EiA ML

1. —HE%, BEFER T _HEH5.

2 AW ERE (XFRRIR) LONEFExs, HEd— T W&H
ALURSHERSIHEEXREZET.

Nonstatie Data Members

Noustatic data members FIEFF I 4/ — T class object 2 555 L2 i HAFR 30
Cexplicit) ZAEMIAY (implicit) class object, RANMEARGREN]. HERFR
£ — member function HEHZLLH — 4 nonstatic data member, FFH “implicit
class ovject” M A%L. P HX R,
Foint3d
Pointid:itranslale{ const Point2d apt)y ¢

X += pt.As

¥y += pb.ys
7 = @bz

HECARERT 5 p 2 HEFER, FLEARH— "implicit class
object (1 wus 4551 Fix) AL FLEXITBHRNESRD:

/7 member function MIPYEREEAL

Point3d
Point3d: :transiaze( §
tais~>x += pt.x;

BNy const Pocint3d &pti |

ftils->y += pt.y:
thig-»z += pt.z;
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BEERE Crr WRER | fmside The O+ Object Model)

Memher functions £ 58 ¢ THBE LM,

itk —-1 nonstatic data member #17THF BRE, RIBBTET class object H
BRI b data member ¥ {REE (offset) . EAPIF, 1R

origin., vy = 0.0;

WA &origin. y HET-

gorigin + [&Point3d:: y - 1)

WIHEREFR -1 %815, 3EM datamember B3, 3 offset EHEREE ML
1, AT DUSRER ALK o " — 18 data member WHEH, FILUE class 1)
#— - member” H “— 4515 data member #5355, WHEE LM member” &
M. 481 datamembers HFEE" HE 3.6 TH XENEHMITIE.

§ —-T- nonstatic data member MR R (offset) FHMFHBRTHEM, EXE
W# member BT —- base class subobject (REFE WS HAEDBHE) hE
—#. B, FH— nonstatic data member, AHEHFR— D C struct member
5. — nonderived class B member B —HfK.

HEERNFFBUME. BRBREKE S “2H base class subobject FEHL
class members™ § A— B yREHE, .

Foint3d *pt3d;
ptid-> x = 0.3

HIUTHEE x B—4 struct member. — class member. BE— . £ E
AWEHTAELHE, HINE x &—4 virtval base class ) member, FFH &
FLtgE -8, T-PREBE “4EMT member HRYGBW" . EBNH
FEFBFBEZW, HWEALAY - FHN— 1 EE: DA TEFER x &5, #
LT

e T L A e e e e =g § e — — e




FHIE Data BEY . The Semantics of Data)

3.4

origin.x = 0.0,
ot->x = 0.0,

"W oorigin TR MW pt BB LERMERT ZRE Y Poim3d
R—A~ derived class, T ELMRIHPFE — virual base class, HEEFRE
member (HIAFIK ©) B— 5 MiZ virtwal base class HATMAM member B, &
SHERNERT . BNBRITFAREE pr DREMF - classtype (FH
THERE R ESER X member HIEK) offset &) | AP MFEERB L
LR EZUTH, B — T EANAESS), FiEsERn. QINREH oren,
HAAZLEE, IRBIFEE Pointid class, MEIEEHAEE virual base
class, members BY offset (ZEWMEGFNEHREE 7. —TREFRNHFER
RULBEMEE origin BRI « 15T,

“HEIE” 5 Data Member

T C++ BERYP, —4 derived class object FFERHENETE. BHE A
B members M EH base class(es) members BRH . T derived class members
1 base class(es) members BIHEFRK P K7 C++ Standard PSR, Bip b
WERTLIEBFEFEZ. A RIEEL L, base class members REMBE,
BJRT virual base class BEA (—MITE. TM— KW —~HFL virual base
class WML, KEFRBI) .

TRTEWBRBRYZE, RAHE4E, TRR% 2D (2H) R3D (2#)
AR SR G MR BB MR,

/4 supporting abstract data types
class Point2d |
pubklic:
/f constructorisz)
/¢ aoparatiors
// access functions
private:
Lloal %, vi
1
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FHER O+ MREH (fuside The C++ Object Model)

class Fointdd |
PointZd I public:
A5 oonstrao aris)

] // operations
Pgin13dl ff access functions
private:

filoat %, ¥y, zi
¥

ZA CRERIH=BRERY, - HNF—THE) 21 class, JKEH
BEALRK” FHARRT TASDTHOHTEHBRE £ 4EKERE vinal
funcitons™ . "B —HKHF T virnual functons” . TEFHRT . “EREBKT
AN, B 31a KR Pon2d # Poin3a R RGRE, FRA vimal
functions HIWHHL T (INEHD . ©1OH Cstruct TE—#.

foat x; ficat x;
fioat y; float y;
struct Point2d { floa: z;
floal x, vy,
} pt2g; struct Point3d {
floatx, v, z;
1 piad;

B 3.1a 5% structs HINIEXS

QRBUAKRAEZZLTE (Inheritance without Polymorphism )

B2 -TF. BFARIGHE, RiER 20 B 30 R4S, #BEEstzE—
Sk, B X ASEEa R SRR IEX (TR ope-specific) " RS, 1]
F- TR, PR Poimzd A K —1 Poim3d, TR Pomi3d BEE x
Fl oy LtpE— 0 (BREWSEMBIETE) . HERABANRTUAE “§F
#8" LR "EROL4ETER , HEARME. AT, B{kg& (concrete
inheritance, ik M T RME virwal inheritance} F5 R <19 N2 &) ol FERET
(6 _LAS A &k .
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$3%F Cata BEY | The Semantics of Data)

~ ass Poiat2d
oublic:
FointZd( tloat x = 0.0, tloat ¥ = 0.0 )
RUE Y oyl v )oY

float =) [ rcte-n 2 )

float y() { retuxn _y; }

vold x{ float newxX | | _x = newx: }
vold y{ float n2w¥ ) {4 _y = newY; }

volid cperator+={ const Po ntZds& rhs | 4
% += rhs.x{);
_y t+= rvha.vi}:

1

/... more memhers

nrotected:
float _x, _yi
bi

7/ inheritance from concrels cless
class Foint3d : public Faial?d {

Point2d

public:
Point3d( float x = .0, float y = 0.0, fleat z = 3.0
Povint?d({ =, w1, z2( z ) { };

Poinf3d

flgat 2z} { return _z; }
vold z{ float newg } { _z = new2; }

vold operator+—( coast Point3ds rhs v
PointZd::operatcrt={ rhs );
2 4= rhs.g(}:

}
// ... more memnbers

protected:
floet _z;

BFFRT TR AT UIEES « 8y BEHBEFOILESIL. AR
BV TUABRBH A ML N EFER. HIWA classes B LHBT
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PRERR (4 WEWRY [ nside The C++ Object Model)

18 . Poini2d object §l Poins3d object MEHIEHEF SHB®RTE. FEARH
MEXMNEAERFENE objects BENMUH classes XY, REB®Z MA
HAENLEHE. E3.1b BF Poi2d # Poine3d BEXENLHAH R, EiEH8
AHAE virtual H0.

float _x; [ Hki
float _y; Hoat y -
class Point2d {
public:
class Point3d : public Point2d {
protected: public:
float _x, v,
1 pt2d: protected:
float _z;
¥ ptad;

31b B—4EWMBIEHE virtual function K RIE R

TEW T IEA M AT B classes BRL—FT “type/subtype” . FERFH MR &
£, SEHARERFEEE? ERAENATELEE R — BRI BRERN &
B ATTBIFPE constructor FT operatort= 5, E{1HBABME inline
PR (L R RE RS0 TR M A X inline member functions) . Poinsid
object BTG LR AE S MNEIRAF, STREHM Point2d cbject BEFRY Poimtid
object fENHZE. —MNT, ERELBRHE nline H¥, it class I°H
—THERH.

BoTBENERR, 8D class AR VAERE LR, FOBANT "%
B class (KR "MK FBER.C~ EERIEHRE derived class P
My base class subobject A HABEHME" . EREXHE. IMEHSERER
REKBEAEREORETR R, BTN RESR dass F#,




— b —

$3E Daa IEEYF (The Semantics of Data)

it val

char ¢

char c2

char c3

Concrate object

Concrete

ConcreteZ2

Concrete3

i

class Concrete |
public:
o
private:
int wvai;
char ol;
char c2;
char <3;

E—F 32 NHET, F 4 Concrete class object AR 8 bytes,
FUWTF:

1. vol 58 4 bytes,
2.clc. c2 A 3 &5 1 bytes;

3. alignment {BEEF word BF 1 FE | bytes.

Wil 2NFRAEZE, BNAZET 4T EBNEEHFL, B
Concrete n B =B #:

clase Concratel !
public:

A
Erivate;

int wal;

char birl;

class CZoncreteZ : pablic Congretel |
public:
P SR
privatzs:
char bita:
H

class Concreted : publiz Concrete? |
public:
£
private:
char hit3;
bi

103



104

BEEHE C++ WEER (nside The C++ Ohject Model)

AEHHAERE, A MEHFTERESE. EAREGISRE, R
BEL ZFH T H: AT Conereted object BR AR 16 bytes, IEIEGHKIFIT &
Y 15,

EANHE, Tig8 “bass class subobject F cerived class ) EAEHE" 157 it
BIMFEREL - RERLGRPNENR, BEFIRERZETHASE.

Conerete!l W E WA members: vl F bitf, MEBHRE 5 bytes. Wi~ -+
Concrefe ] object SERRHIH 8 bytes, BIFEANERY 3 bytes, 2U{F object HEEEA &
—RBHLERM word WE. KEE C & O+ BEZXH., -RN5, HAHE
(alignment] FEMAEE (processor) XD ER.

BEHDSEEHATEARN. HEfAMNNTRESAERNBFRET
Bk . Concrete? MTHE ——1 nonstatic data member b2, $IRHE% char. &
EEFRT AL RE 2 Concreatel MME—E, & ARSRREMN2ZTH |
bytes; T Concreate? chjcct M A/NH 8bytes, HAF 2 bytes BT =25 0].

AT Comerete2 W) bir2 Kl EHRE RAEE N @FHEK Jbytes 25. T
REFRDERE 12 bytes, TR 8 ovtes. 5 H 6 bytes BREFFH . 45E
BIEBEE Conererz? object AN 16 bytes, HF 9 bytes AITFIEHA].

HEBE  RIOBAAENHRHRX AR, FEEEE TIHE. B
ERARDEHEX AN, KT TR AEDETHRENT R



FI3HE Data iBEHF¥ (The Semantics of Daa’

s FIFFRM Coaormand Comreamds Conoresief rﬂl'j:' e
Ik W
g Congrata)
' alibob]ect |
|
\ patding Em;ﬂlféz
1 bytes neibaty|
Loncretz1 ooect i Chial Dl
paoidnig
3 bfim
I-'| THI '_'.‘_l-::: l't'!':'il I _|:n|'|l alll !
anaaing
3 b=

Loncratal abject

iERATFRELLF — A48 41,

corncrete? *po?;
Concretel *pel 1, *pel 2:

P pel 1 H pel 2 WABAILUEMBA =M ciasses objects. FEXME T
#f:

*pel 2 = rpel_1;

WIZ T — B “memberwise” 5 $484E (B #— 8 members) .
HBRBIKEK object B Concrete! I— EF4. MR pet ] EhrEm— D
Concrete? object B Concrete3 object, W LR BREFZBTHABE TL H

Concretel subobject.

I, IR C+ EEIN derived class members (R R Concrete2:-bit? =&

10§




10€

BHES%E C++ WEBWE | nside The C— - Dbject Modefl)

Conerete3bitd) Hl Concrerel subobject HHEIFE— 2, FHEHAENR, CRFILE
BERALERET, BATHRIEESRE.
pel 1 = pz2y /7 EfE: ¥ pel_l f6M Concrete2 MR

/! BE: derived class subcbject HHERM,
/¢ FRE pit2 nenber HERT  ~FHIHPHTE

*pel 2 = *pcl i

Ao “GRSE—E. HRTEYN members NEERH. BFRLHFERE
XL gER A A TH N

a| Int val 41 st v 1 it val
1 enar bl 1 i
| 1 ar
I_'-_.'ni_ L 1
Conerate] ohject Concratad obtyact

bl Wi T —
RN, AR
A IR




BH3IH Daa HFF {The Semantics of Data!

0t %7 (Adding Polymorphism )

WERBEAHE - E58, AANELEFEE—1 Point2d & Povu3d £
o, BAWTEEMR X FRRE - virtual fonction B L. ILBNSFNEX
2, BRaFH AR,

/7 EE: UFE pointzd FHEY #1010 ANEREHR

class Zoint2d |
publics
Pointid{ float x = 0.0, flpoat vy = 0.0 )
N S S P A O I

£ Al y NERRY SN - ER
AAMTHTEREEENS, SEEERERZ FE, TSR & vir-val

0k z MIBESE (M4BT AR
virtnal fisat z(} { return 0.0 > /) #E. 28 58 2z ¥ 0.0
AN

virtual woid =z4 Float - { }

f/ BEMTFHERA Y virteal

wvirtaal woid

operater+={ const PcintZd& rhs | {
_¥X += rhs . x(};
_¥ t= rhs_vy(};

t

/75 .. moie members

protected:
float =, _w!
i

NELSHTEBLEXAMEF R (polymorphically) 208 2d & 3d 247 58],
EHAHZHFEA -1 vitwal BEOAEBEHE., MHE N, ST,

void foc( Point2d $pl, PointZd &p2 ) |

Ao
pl += p2:
.

Heft pi # p2 FTRER 2d HATBER 3d BAFA. XHABREFEMABTFEL
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FEHE C++ HBRAE (fnside The C+ + Object Mode!|

Y. XYY, URIEREN A B TRL. SRR, 8
73810 Poim2d class 7352 (R 30 75 WA} 9] B9 &3 4 R 30

B B A—"PF Poim2d F XK virtwal wable, AXFHERFEBHHE - ¢
virtual functicns BHLNF . X4~ table T EB B - BRS2EFHEHD
victual functions MHEH. FWME--IHA D slots { HEL X #HF runlime

ype identitication} .

B %1 — 4~ class object A - votr. BMMITHMEE, 8 -4
object REREIREIFEFZ Y virtual :able.

B 5% constructor, HEREW N vpir REWHE, LTIEM class 3
#) wvirtual table. XA EEHE H T derived class HIE — 4 base class
constructor P, BHILTE voir ME. HERURESNELEHTE 4
MR BSEWRFEERMAMN TG

B iN3E destructor, HEREIEHTE “HE M class Z A% virtual table” 1
vptr. BHIE, vptr BAEL LA derived class destructer % E %
derived class BY virtualtable Huil. 204, destructor BEMKI=R KA
BI: M derived cless T base class. —-MEARM 8228 w7 LI IR 49 4F
ok B b AR,

WA SRR P RER ELEN Poirald objects M E A S
W7 mE, MM MY objects MEABBRERIFHBHAR" HE. MR A4
FE AR FESEE BTk (8 R pont objects AR Fo @ Br Sl So s &, IF4
AT R O A R R E A A TR S,

LITEHA Poini3d FH:

{7 B LAFH) Point3d #HREYS w101 QBB E
class Point3dd : punbhlic Faint?d |
public:

1 RFNEREEWAFEGRAKEGH 7~ 2B Poinr 51k E.




¥ 31#E Data FHESE (The Semartics of Data)

Eeint3d( float ¥ = 0.0, float ¥ = 0.0, float z = 0.0 |

: Point2d( =, ¥ ), 2( =z ) [ };
float z() { returr _z; }
vold z( float new? ) [ _z = aew?; }

void operatort={ const
Fr FE: EELTTR ol iMd= point3ds
Point2d:;operatar+={ rhs };
_z += rhs.z{);

}

ff ... Twore memhers
protected:

float z;

ik, ERIM (5 p.101 WE) Povedd 1 Poim3d B, BXk—MEik
R, B LIE operatort= TR —A Poimtdd MEFM—D Poim2d R E L.

Pointid pzd(2.l, 2.21;
Point3d p3d(3.1, 3.2, 3.3

p3d += pzd:

BRI p3d FEAHE (52,54, 33

BER class BANFERAET, EF—HERERA BT B 20 member
functions DA operatort=) BEMHMTRAER; 1 Point3d class object
HNE~A BTSN vpir member (KRB Point2d) : BT — Point3d virtual table;
B4, 87 virtual member function FRA ML UNELT (B4 EMEEH
A .

HAIE Co+ HEBRWBA-TMRET MEEHFHEBI: 1€ vor HBE
class object RIBRE 2B 472 70 cfront FiFM#A, THMETE class objec: HIRH,
AUEH TENBEEE, 118 3.2a Fr:

struct ne virts

in< 41, d2;
}i
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REEE C+ XHREH (fnside The C++ Object Model)

class has virws @ publlc ouv victs {
public:
virtual woid Zooli:
foa
private:
nt di;
Pe

no virts Ygp = ncew has wirts:

int d1 ink=y |

int d2 (1}

struct nﬂ‘_‘.rirts ny. TRTH s

B 3.2a Vptr #HRE class HRER

2 vptr ME class object BTEENG, LR base class C struct BN R A,
HWAWE C BFAETHESR. SRHMEE cr BYhHl, giF2 AR
H.

BT CH20, FMERrEHA AL R ER, FAMTEEMRAL(CO
paradigm) M@, REGKEFFHIE vpu B3I class object WIE AL (Bl
Martin Q'Riordan, f$ST Microsoft % —7 C++ @FHEMH, BT E¥EX
Py . i@ EE 3.2b PEFLHE.




HBIE Data EEZ (The Semantics of Data)

intdt IF_ hiEs ¥l
ini d2 | [ 484 | ifk
struct no virts nv; _ InE e R

LATLTRE

B 3.2b Vptr EHE class BYATH

12 vptr BLTE class object FYATIN, MT "GEEFHET F, HiTIEM clas
members RESTIAMA virtoal function” , SHFE—BIEE (F2E 44 F) . T
W, AL “M class object BIMEFFHBE" 8 offect BAEMFHEE ES
5 class vptr Z AW offset HAMEE. Bk, vor WENE, SNBERET C
WEREE. AMRXEELEL F8PBRLN - Csiruet WEL —FTH
LEBREN class B YHRF LHBHH AR EETL S FRX— 5.

B 3.3 8" Point2d F Poim3d ML T virtual function /5 MIBKRA . 3%
BHERE vpir EF baseclass BB,

_ fioat_x | |'|r,.'1; &
float _y loul @ | P j:..r I_
__wptr__Point2d s~ o= | T
glass Point2d p2d | ’

B33 B-—BRFrEENENERTHRESR




HERE O+ WEBE (Inside The C++ Object Model)

26 # 5 (Multipie Inheritance )

BRI T~ B4 (natural polymorphism) "B, BET classes
FPRY base type 0 derived type ZHHEER. FHE 3.1b. § 3.2a £ F
3.3, R&F 9 baseclass 1 derived class 7 objecis PR MM FIBIHLILFF G, K
FEFIAT dorived chject &K, AU EFHETED K nonstatic data
members. i #F BOIE T HRLE

Poitt3d p3d;
Poirt2d *p = £23d;

B— derived class object F8EL base class (FEHEREEE £H) PEHR
reforence. EREHATEFERZPENER L. EREKRHATNEE, @
BHRET &ETRE.

B 3.2b ¥ vpir B class object BTEBAL. MHE base class ®H virtaal
fanction T derived class 77 (#i¥: [EINE 3.2b) , LB -HEHSHL£E
{natural polymorphism] #2#ITH . FEHFLT. B—4 derived obiect Hi
NH base XY, BREERERNMA, FLIELBHIL (B wpr BAZH) . &
HEZBEHARNERUBARLELT. HERNIATHLE,

LEBRFEIEA SR, EFASEUEHEY. 2EHANTLELET
derived class HTE b —4> base class METF L L~ base class - Z [F Y “JEQ
BRTER. B, FRTAI T SEREFFBRY class Vertex3d:

i FAE p9z-p94 ARFBEF BN, URRF “FH R H S
WHMERFEEDH BEe. BFUSRETRE R HS, BE R
ROHAEHEE. MREBHFFLEABREDFSE, EFRELZ FHES
tiRe.

class Point2d
pubklic:
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# 33  Data IBE% (The Semantics of Data)

Ao, UFE W virval#O. BLl roint2d MR Z PEH wpes)
pretected:

float x, y:
}i

class Poirt3d : puklic Point2d {
puplic:

Moo
procected:

float _z:

¥

class Vartex |
public:
. CEE: HE virtwal BO. L vertex RZDLE vper)
protectead:
Vertex *next;
be

class Vertexdd : /7 % FEHET vertexdd 5% vertexzd
public Point3d, public Vertex { /7 FE: FHRIE rointic B
¥ EFoint2d
publiec:
LT A
protected:
float mumble;

SERANNBEERET derived class objects FIHE —T 8K base
class objects Z[AKWEH. AR EERSHINT:
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FER® CH MEEE (lnride The O+ + Object Model)

extern void rumble! const Vertexé };
Vertexld v

ST Vertexid MWHN—T Vertax. EE "FHEAS
mambie | v o

B R4 M SIFRRY virtual function FLENSFEE. HXH “virual function 2 F
H#4E" s EWHBHE 4.2 FiTit.

M- EHEREMR, FRMAIEES "B (RS — 1] base class
e, OB MNE —BRNER, Eh_&FHemieFr2nht. Bfhhe
AARAFRANSERENE (M34 BB EFHENTR . ETHETD
IEHEE base class M MBALTEERE, WEBEEBUESRE: WL (REX, W%

downcast B7iE) T ¥ E Y base class subobject{s) A/, 80,
Vertexdid vid;
Vertax ‘Ypv;

Point2d *p2d; // @i BHA2Npp, FRSGHBEN, ¥k p2d i
Point3d *pad; // #HE: Poirtld MELEFE .3/ 4108 T

A4 T WA A4-15E ¥t

pv = &v3d;

HERFERHEL:

J7 BRI et B
pv = {Vertex*) {{{char*}&vid) + sizeof({ Pcintid jj:

T T R 1E 52 Bt
ped = &w3d;
p3d = &£v3d;

HARERRAE B RTT. NAFHA BT,

Vertex3d *pv3d: //IFFE: BAWEN ol FHESH IR, MY rpvia
gk

Verzex  *pvy




BW3HE Data #FEYF (The Semantics of Data)

B4 F i B4 B Ak

v = pvid;

e HE R B Y.

{7 R Cvr T

pv = iVertex*! ((char*)pv3d! + sizeof( Pointl3d );

HBME pv3d K 0, pv BIRTF sizeofl Poinedd ) BE. TREWRT L,
M5, WHSMRRERES — &G
J/ B crr W
PY = pvid

7 {Vertex?) ({char-)pvid) + sizecf( Folnt3d |
c0;

ET reference, WAREHHREY 0 HE T, HY reference AAjfEL
23 “LP”  (noobject) .

Paintad
Bty
.
clazs Vertes 3d
publc Poirtsd
pubilic Vistos
clasy Poridd | { v

public Point2d ptia

3.4 WEGH: % WgE (Muttiple Inheritance)
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WEEE Cor WERR (fuside The C+ 1 Object Modei)

FiE RHNE 3.4 R verex2d UHEE L Vertex3d. BIRE PR Verrex2d
M FHE W EESE (BOFAEEBPE N’ AIE) | HEM X
&R Lippman M1ER, AATS IMHETSHIBRERE. ALRAILEES #
IR KT Yerter3d FIN R TE4INE 3.4, L.

C++ Standard FHRBER Veriex3d PH) basc classes Pointid Fll Vertexr T
AERNHEI R FHEE chon SiERFEREEHNFERFFIC]. Al cfont %
PFEEAF L 210 Vertex3d AT &, HRMNE — Pointid subobject (XY H
— A~ Paint2d subobject) 1. 1. —" Fertex subobject, BEHM b Vertextd B2 E
W, HATEHERMAREDH TR K EE base classes AR (BHRn
HEEMA, BA—HT) .

HEHIFH P MeleWars) RHH-AHEERAR, RES T (aoih:
basc class A T —1 vidual function, M-~ base class TH . BHTEEA base
classes (P TTRB. BIFATLIEE derived class object O E— 1 vpo. X
ALk T R AR RS T HFRIAT, FIERRSE.

bR EFRE A (D59 base class F M-~ data member, #2REE
PR FETEFISHREL? T, members N BERIHNAGET. Bik
Bl members RE--PIER offsct B, BHRYE MR FEWNE—FF R
B~ 168, — reference R — object REFE.

RELL4kA (Virtual Inheritance) ‘

FHEHREN-—TRELNBIEHELZ, BATEREREBRXM “shered
subobject #EAE" . P HARIKE TRERFD iostream library:




F1%F Daa BEZF (The Semantics of Data)

/f pre-standard iostream implementat._on
class i¢cs | ... }:
class _streem : public ios | ... }#
class ostresm : public ios { ... }s
class Lostream
public istream, public ostream [ ... }:

o0 THYEE ootreomy 0 R4 T rhesnmEn, o538 = = (¥

'_“-I

=r— l=m_-|= _;._‘__!5

I:
|
H‘_

AR istream W, astream EEHE — ior subobject. RTTIEE Jostream %3
2HRE, RNEFJBEE——14 iossubobiect REF. EFEZHNBILTEESA
ET R ) 45 4

class ios { ... }!
class istream : public Lozes { ... };
vlass ostream :© public sant o8B ! au. }F

z.ass icostream :
pukli¢ istream, pablic ostream { ... };

F. LR iosrream FITH, BMERAPRBET, BRI T RBLARNFTHE,
W istream M ostream FEHHEH— T ios subobject, TR R—TH fostream
MR SR — ios subobject, 3 H FAT LAEFF basc class I derived class §9H§ (12
B references) ZJE|MEAFEERMA (polymorphism assignments) .

—HALEAETTFR, Class MBRARET— R L4 vitval base class
subobjects, B istream FEAE, WY A B LW EL: - PR~ HE S,

17




HEFER O EWE (faside The C++ Object Model)

AERHF WEAR. FEERWATRL, SREAEEY offset (ML object HIF
LEHR), L — AT S EREHR. R THER, AEAMBHE virual
base class subobject. X --FAHEER, R CEYSRMRERETEEL,
BLieM AL AT, ARGEFRLAERZ AN ERRTTEEFRMY
FETF. DTRA=ZHIZMER. TER Verexdd ERMGRA SRS,

class Polnt2d |
pubhl:ie:

protected:
float _x. _w:

1;

PointzZd f

class Vertex : public SEsnig:
public:

protectad:
Verzex *next;

}i

class Point3d : public &

pubklic:

protected:
float _z)
}i

<lass Vertex3d :
public Vertex, public Point3d
/4 #E: ERE-1TTHRA classes WHHK, X5E 3. 5ab KBS, &
B
{
public;

protected:
fleoat mumble;
b2

2 g4 RRERR [POKOR] FFERM. ME—&MEK D Graphics S 4E, (& F
C+H /5.
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B3% Data iFEF (The Semantics of Data)

Er PN ER Mool Manidds Verr. Vpsvadd BRI S
rnuff'l E Y
"r".'-':l'.'l': I_;,._.,, Paintdd

., N ol

Y
I-\.-I-. BEx IF I L T

— KR AR S EH Y derived class MIARTEHSr, RIEEEI LR
7.

AT, XPEFEE— A WE: DAREEHER class HEFEHHR? ofront 4
EFRTFE— derived class object ™ 42HE — 38, HABEEE — virual
base class. FFF HEFRIER virual base class members, T 24 425 F 4018
SR, FAMT, WERINELTY Poindd ZHHE -

void
Point3d::
operator+=( const Point3d &rhs |
{
_¥ t= rha._x;
_y¥ += rhs. y:
_z +=rhs, z;
1z

# cfront REEZ T, STERF SBH RN

/7 B c+t 5

__vtcPoint2d->_x += rhs._ vhcFoint2d-> x; // ¥ vbe B
_ vhePoint2d-» y += rhs. vwbeFoint2d-> v; //virtuval baaes
class

_z += rhs, z:

M —* derived class #7— base class B9LH 2 BIMEE, @k,

Point2d *p2d = pvid; // ¥k EH#H vertex *pv = pvid; BHEER
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RESE Cr+ HRBY | Mmside The C++ Object Model!)

T cfront EEHEBZ T, &AL

JlERA cre BB

Point2d *p2d - pvdd ? ovld->  vhePointZd : 0,

/7 B BFAR vertex rpv = pv3d ? pv3d->  vhcoPoint2d : G
/i BAER BEREENESNEELSE XEHET)

BB E P ER AR

1. F— PR HAHE —T vicwal base class H A —-MEAH 4
R EE F RIS class object HE TR MIB, FHNEH virtual
base classes WHE MA AR, SHAFIZMARR?

2 HTRIUSARSENME, FEOARFRERMEND. ZENEEE.
MEXF=EEMM, REFE=WAEER (EH =" virtual base
class #5¥) . AMBH LENIAEFETHFRHE, TE D BT
LRy EE TR E.

MetaWare L HEHERLS KIREH ofront BRI ERERBLE
el Bl h¥E N ER BN E R nested virtual base class #5F, HE| derived
class object ZFP. XEAMFR T "BIESRIFET AojE, RARTHT —HZR b
PR . MetaWare $# 46— THFIBEKNER, ANFEFAEZEESESERE
fitr. B 3.5a WHEM “LHGHTEMA base class” MZREHER.

ETHE-NAE, BN EWMRER TR, Micosoft ST RFIANIER
virtual base c'ass table. & —4 class object #VRE —PH B virtual base classes,
HSRRFBENE /MBS, 1518 virtual base class table. EFHIEH virtual base
class 184, URBHEAEZFEHRP. BANEOF2EF, ORI FMEREA
ARt RERks. BEAF Microsoft MILBERHLH, LEHNATES
HE.

BINEATE, RN R Bame EEEWNFE (B0 YBENMEET
Foundation I{HAT) . &% virtual function table B virtual base class B offiet
(TIAZAE) . B 3.5b BRiZ# base class offset SEHMM ., HFE Foundatior

" o S e P TN R 8



FIE Data EES (The Semantics of Data)

ait &
- |
finad _s |
__vpir_ Poin2d)
el pids
fical ¢ Mrien® fiaed
FEITINTETT ';.F:..'.I_"'_'! o e 11 el g P
_ Wplr Pk |4 _uplr e | fioat thusmkis &
- I —
LLHT T | okl i | Aol ©
Paintsf | Frimtad ] - 11}, P
w Pk | L = v {1}
! Wh 2y | B Lo - fldhatjec o BB e
¥ | ——
[ avoir L Pofot2g. | <Nt Pouiad | ~_wplk 2 Paintad |
¥ o - —_— e —————
tims Poinida imE arien == LLRET TR T
wiTTsmal Famddd il Foeid pubiic Varkos
| (13 : mighile Painlin

M 3.5a HHMAK, FH Pointer Strategy IEEHNELR (&3,
REME 3.5a {8 Vertex 5% Vertex2d. S5HPEFKBT
T, ERELE 2 ek Vertex)

Wil P se WX R A E, ¥ virtua! base class offset A virtual funclion entries 18 %=
E—&. EFHIEN Sun SRIFERF, virual function table T2 HFERMMERE
5. MBREE, BEAREREIF vitval functions; MERMME, WEE3F
virtual base class offsets. FEREMHRTEZ T, Poim3d B operatort= i3 WA L4401
HEMBUTERX AT, RRAHEDRER, ARRBEHE LT
RHER oAk WS ERE)

/t BE c++ 15

(zhis + _ vptr Point3d -1] 1-> x +=
{éxhs + rha. _wptr_ Peine3d[-11.-> x;

{this + _ wvptr_ Point3d!-1]i->_y +=
{¢vhs + rns._ vptr_ Point3d[-1])-> y;

_z += rhs._z}
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GEE®R C++ WRHE (mide The C++ Object Model)

BRERFERZT, SHTHEMFEN members MEFEE, HFDES
#, AT AC 23 AE 2 " member M H” L, BFEEEME. Derived
class LA base class L2 7 B EEHR4E , H4N.

Point2d *p2d = ovid; 7/ WH: RANR vertex *pv = pvid; BHEL

TE bk SCHLBER TR A

/¢ B c++ 15

Poipt2d *p2cd = pv3d ? Hvid + pvid->_ wptr Point3d[-1) - i
ffRE E—TRABN

/0 Verzex *pv = pv3d ¥ pv3dd + pv3d->_ vptr_ Pcint3d[-1] : O

/0 BRER (BEWRREEESNRRCEREESR)

bRE R RER -FREN, AR, 8 —REn e Ak
MR B sharcd subobject PIRO¥EIR (U B SR ERE BMHERATE
BralZ e, TR virtual base class IR NEN RS RN &
. E-FEREALE LA AR, )8 REIE SR & E 4L

Z2H—MELER class object EFFHL- - A-BBE T H K virtual hase class M
member, §XF.
Foint3id origin;
origin. =
ARBINE Y — T ERFRENE, B5% 203 £iFB8 virual function 15
AR, TRER TN e i (resvived ) RR— . EXHFRLUE T -1 &

Wzm, MENERNATLIRE, Bill “virual base class subobjects By § <&
" B EXRES TR AEFE .

— M TE . virtual base class RA WK —8iE AETH L. —4WMEH vinuai
base class, #AF{T data members.

v e el mm——— . 1



B 3E Dam iBEZ (The Semantics of Data)

i f
ot e
" '—_‘ ;J-‘; : | vl b3 gl cligs
Chaa i B | _ offwirls (8]
T - - L o EEYmral
Roit = Wit Lisichen of
s = I Hinim L)
g
subanied " silend _ - o
T T — |
gimhn Painllel  wertical P | | plda,
z —_——
Vet el
W
it Vara | '.U:'!
4 - 1
fiwal = |
Faintd - ol ¥ |
T et T I -
- ProintEs |
fehin Wartas  wiiugl PaiaiPdgdd Iy
— i .
Vg Ve menl
o = R i |
[ EFalidtat e
ol .
Poerda |‘ l
Hubbhbjnct |
- Ak
|
Foineid
stehi]
p EE— —_————
et Peintz | '
clige Veriae 3
public Varhe, plbikc FenEld
{ .| v

Bb  E#l4EK, €/ Virtual Table Offset Strategy Fir-4 KN
#EHE GFE: FHE 3.5b 8 Vertex 54 Vertex2d, 5
HREFRBTN. MU LSEN S Vertex)
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IEHEHHEER Cor WEER (Inside The C++ Object Modz!)

3.5 NNEAABNZE (Object Member Efficiency)

FESE, BEMiEE S (aperepation) . B2 (encapsulation) . L X
B (irheritance ) B8 2SN ORHNEE . AR ERL -3 B2/ M
¥, Bk, BE (asign) FRENTFREASKE. TRESNVRHER.

O.478;
Q.838;

1l

fleat ph_x = 1.772%, A y = 0,873, p& =z
C.31%, pB y = 0.317, pE =

float pB x

BYHEAAFIT -THE, WTHA (SRR, -BEGREmEITEE
T, BEEENEEE S TE)

for 7 int iters = 0; iters < LOQOOOOO; iterz++ |

{

PE_ X = 2A x - pB_z;

FE_Y = DAY - PB_X;

tB z = pA z - pB_vi
)

HATE R 2= floar JEHKETH AR RS A ST,

enum fussy { #%, ¥, 2 )}

for | int iters = 0; iters < 10000000: it=zrs++ )
{

FB{ x ] = pA[l x | - pBf{ & ]&
EBl ¥ 1 = pA[l v . + pB[ x ];
EBL =z 1 =pA[ z | + pB[ v 1;

BoMHRRER#EPIECRERA -1 Csmuat BERERY, A+
MREH float, HREBHE x v, 2:

for t int ikers = 0; iters < 1C000CO0; iters++ }

{
EB.2 = plh.x - pB. =7
pé.vy = ph.y + p3.x;
pB.z = pA.z + p3.y;




FIE Daa FBEY (ke Semaniics of Data)

ER-ERgd, EMOEREE, HER nline B¥. B57 SHEL—
MEFH Point3d class X XR. MEBAPPFEEAHFRER, F—, REX
~~ inline A%, {50 ™ referenze, SLIFEHERE assignment 15 E R PR R

~lagsa Point3o |
public:

Fointdd{ £icat =« = 0.0, fleat vy = 0,0, float gz = 0.0 !
o L xR Y, ¥yl owy be _zdozzoy {

floatsk x(] { return x; |}

fleoatt y(} { return _y: }

fleats z{) { return z; )
privacte:

tlecat _x, vy, _z;

ye

BE-AE 0 8 — AR LR AT BB AR R i R XA,

for { int iters = D0; i1Zers < 1000020C; tters-+ !

1
PE.R{, = ph.x{) - pB.2);
pB.y (] = pA.y(} + pB.x };
pB.z(] = pA.z() + pR.y.};

BRELMEATRAEEREIE, RE—3 gevse HHY:

floaz =¢{) { return x: } A OFE: E ge: B
roid x{ flcat rewd F/OBE Y ser E#

{ _x = newx; }

FRAE— 45 M RBRE R Z R

PE.x[ PR.2I] - pB.2{) )5

4 3.1 FUEP I m IR LR R AR AR . SR AW R R A
B9 R E R, RALWWE G RFIL.
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FEEEE C MNEHET (nside The T Ohject Model)

=4 34 TUMBERSEBREZE. NENFIHUE

Jo5kis 2 35
ce C.80 2.55
NCC €80 1.42
struct 2 FF pubrlic EH C.80 1.42

class Z9Wf inline Get HAH
ce 0.82 Z.5E
NCC 0.82 3.1¢

class 2MF inline Get & Set EE
o 6.80 1.74
NCe 0.80 2.875

REFEENESET, MERRAAF=AF. "SR BR&WRAGH
KB E. HFE inline FRBRTFR.

RBFE VAL CC 2 FFREE, JLFIK NCC BFfF, XARKUF
BAENHNAR ¢ %4, FRAEFPIETERKN C—+ ik, — URFANETL
(code generation) & F A3 M WAL BED " —MFTEM - SHENORE
BAEXT . HFREN, BERLEREARN ARG NEESRF LI RRE
FHEpaRE. W& CZRERAFE T, AREERNIE! WEHFXT A
EREME, FEEMET 138,

T HER) assembly EEWHAED. 1s #rm& {load) —TERHER A
B, ss. RAEE (store) —TEBERLE, subs RRBHARMHEF SHH
B THERAMRIESEL asembly EFHEER. TIMEMBEWME, KR -
MRED—4, BEHTFRER. EEEREN CC H¥HT, 8- TRHATE
Kbt EH BE-TRER LT (addv BRIXEASHIE) -




HBIE Daa BET (The Sementics of Data)

AfCC assembler output
# 13 pB[ %} = p&{ x ] - pBE[ z 1:
adde 325, Zsp, 20
l.s &f4, {525
addu §24, &sp. B
1.5 Sfe, A(524:
sub.s 58, s5fd4, &f6
s.8  L£8, O(524)

ML NCC HrifaSH) assembly W, M (load) LB H BT EHL.

J/f HCC assemkEler output
# 13 pB x | = pA[ x ] - pB[ z ]:
l.s 5f4, 20(%sp)
l.s 5f6, 16(%spl
sub.s EIf8, 5f4, 5fa
3.5 SfE, 8{isp}

MEREREFR LR, CC BRERIFLETEE. SR F8—Fn
., BT BE - M EERP BRI T BN B A, SRR —
S, HBBEAFXITH, FRNALEHHER, £1F, ERanlivsg
UL RIT R H R R BT

LRT 1810 DRARARELFLTH, BESRN 125N RE
B, AARFAEEEREZRLEZNEY —aFaRE - 5SRTRIEEE
X" HEREW. EETH “EERBERNELRE" ERFgiET2 8,
Wﬁﬁﬁﬁ%ﬁ%ﬁﬁ$,ﬁK%ﬁﬁﬁ%%ﬁﬁﬂﬁ,

BTN, RUREAT Pun HELN -1 =BR—BRERS,
REBNA Point BIRM M — M BIMMRRIEE . RENLERHEHA nline 5
BAFERAHFABATMEY, FLURESRFE) . —ER—BAEEE
-

class Pointld { ... }: t/ R
class PointZd : public Pointld { ... }: iRy
class Polnt3d : public Point2d { ... 1. s
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BEER C++ MNEME (fnside The T+~ Object Model)

TRERET A Pointld PEMIELAELY Poinld: “HIENAE
T A Poini2d FERHUES P Point3d. T4k 3.2 FIH T B AFmiF2pgm g 8.
&S, DALY HMBISHNEFHE RN, RASEESTNFIY.

R 3.2 EH4RBAZTHHREFR

1T HELK #

R—#E
EEER 0.80 1.42
] inline A¥
e .80 2,55
HOC .40 3.10
ENSE (R
HiEFR 1.60 1.94
@H inline &
cC 1.80 2.75
NCC 1.60 3.30
Bz o)
EEGTR
cC 2.258 2.74
wCo 3.04 3.68
A inlire B
co 2.25 3.22
HCC 2.50 3.81

E-BEANEAXERNENEE. HH members BWiELEET derivec
classobject 1, FFE K offset FMIFMPBCAT. WXLER—-1FTH. HAER
34 FTRMRAEFEEULGRAR. XSRS ERANFEL TR ELERA
B, ERTERT.

Hix, HAERGE, MRELEXE, DAy, ®1RERriZHEE
(GHF "EEFR” M Cinline FET PIAAERE) o BWEAREHR inline HE L
e RITEK&IE: BFANRXCEARAENE, MiESFENE, REXE
HERFRAREESR. 5 MREERNR, RARFFT—ERERwERE

M-F



FIE Daa BEF (The Scmantics of Daa)

3.6

i, ’RAR--mLHLET L kEE - CHliTamPNERRER, ILERWE

EPHANNES AKRE MAmERNREFRANT "SEmRY daa
member ptld: 2" WENRBH - FE£EWE (EWMAWERSHNGER
B) . WARERBST pid. x (RUBEMBEAFN p2d: ) FEARE
Befe, HPER Pomidd HETLGERERFFEREFT. “REHE KR
WT “WHEEEHRBEBERIIT GRKiEy. RRNEHER S &5
LR PR TR,

fé’[ﬁl Data Members BS]E'%‘I' (Pointer to Data Viembers)

[ data members 84, & - A HRBER T AAM IS TRL, SRR
IMAERFEEFMAE class members MEEHRNE. IHMPEETHUA S
vptr BB class WERLHERN. 5 - MNIgRBAT 3.2 %, IRt
class FPRY access sections BT . —MBRE T, BE -+ HBEERETTY
EE ¥

EEBTHW® Pointdd FE. HIE — vinual funciion, —- static datg
member, BAR=FAA45{E .

class Poinzid {

pablic:
virtual ~Poiatdd(;:
L

pretected:
static Point3d or:zgin:

fleat =, 3, =;

81 Poin3dclass object F& = RTHE, HKH x w7 MUE~T wtr.
ZEF static data member origin, HBFIE class object 2 4h. M — T GEFE 4315 B A

129



EEHE CH MR (favide The O+ + Object Model |

FIfF R E vper BB . C+t Standard PF vptr HEXT S B E
EREL, TR, SREED membas L] KITISE 1, FFAHFRIED
vpir JAEFTH LR, HEREIN REREE.

Be, BENAARAE AR, R-ATRT g, LUFBER SR
{R&At4.

& Pcint3di:z; /7 FiE: HHM s 2d soint:iiz; WAREIR

L ARAEERE - BE4A class object VHIRIEE (offsetr . BB HAE
PR x H oy MRAEH, @R C+ EEERFE -1 accesslevel THT members
P = R i AT A R i ML

0 vptr WA BWAFIRW. FEEFRER--K. T vpir AEBE
RELT, WRBEXN R . F- -7 32 M, B—4 float £ 4 vtes,
PrABETINEREN T R AEEAR &R 1204 32 i %L —1 vt B
4byes) .

i, REHMBATD 1 bytes. T C M c+ BERWT, 2£05
BNEAFRBEERT.

IR vpr RIERRRIR R, W= RS EEMEHRRTY offet 23R 0,
4, 8. A vpr AN RMEL, WERREENERRPY offset 5F3R 4.
8. 12. RAAE LR datamembers MEHE, FRMOEEAEE 1, BHE 1,59 &
5913 F%. RHEN 24 Biame hFEXAMD?

EE: WM & Pori3d:z MIEHATERIGR? WU FRRTLIER:

il

$p\a", spointldd:iwy /SR ves: 4, BCRI: 5
aphn®, &Poinzidi:y): /85 Vo5 8, BC33: 3
printf{"iPeint3d::z = ip\n", &Poin=3d;:z);/ /&% vco: C, Bo3s: o

prinzf({"sPointid::x

It

printf{"zPointid: v
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H3HE Data HEY {The Szmantics of Data

EE. R L Al

cout << "RPointidiix = " << fPoint3d::x << endl;
Tout << "sPointid::y = " << {Point3d::y << endl;
cout €4 "EPointid:iiz = " <2 $Point3d::z << endl;
EMEHBEHREEE

error C2679: binary '<<' | no operator defined which takes a rigkt-hand operand of
type “float Point3d:** Jor zhere is no acceptable corvarsion) (new behavior; please see

help)

B A IR IERE Microsefl Visual C++ 5.0, Joff 4 BT 45 B H R b iR
A 1 R FEAFTEE Visval Cr+ M THKELE, HEEYSAS-FHYTF
empty virtual base class £ 1f 16 7T

[ ERE T, AR 4 — A " BE IR data member” BY S $HF1— P 555 “ 5
— datamember” BYIEH T EEXBHH .

flecat Point3d::*pl = Q;
float Point3d: :#pZ = slPointid::x;
f/HH: Point3d::+MEBEE. 5 Foint3d dale wenber” RIHGH R

7/ REC: WK 5
tf { pl == p2 } |
cout << " pl & p2 contain the same wvalue — "
cout << " they must address the same member!™ << endl;
I
AT pf # p2, B—1EILK member offset (R8N L 1. HE, Fits
R0 A MAAIOCE, TR EF HEERIEE — D member 28T, HhMH 1.

AR date members ST 25, RINEA., ERE.

& Point3d:izy  // #H: BHM & 3d_vointiiz; WAER
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BHERE C++ PR [ fuside The C++ Object Model)

4 crigin.z

ZAER, MEEBEART. T “MR— nonstatic date member ¥HIL, 4 £
REEE class T offset” , BH—1 "HETAEF class object H 11 daa
member” HADE, B SRENE member EAFTHE LA,

Eocrigin.:z

P RE GEE: RO, i) - NRBE (3T origie BE# |
FMIEE: FXNE. WiR) . $oBE orign Biepht. E—-1THERE
E AT SRR

float+

[lif¥ =

floa= Point3d,:*

m;f@#ﬁﬁﬁ%mE—Aﬁﬂiw=ﬁmm—¢smkmmmmMrWﬂ
i, BN HAE.

EEEREZ T, EEBE A (KEY) base class NIGHM—"5 derived
class object Z§E " 2 member HAEK, WAKEHY "EEMA offset £ T
TRHEYEZR. A, RRRINF.

struct Basal « int wvall; };
struct Based [ iat valZ; }+;

slouct Deriwved : Basgl, Basez { ... }:

vold funcl( int Jerived::*dmp. Cerived *pd )

{
HER T ERMHME - "15M derived class 2 member” 3Lt
/1 PRGN EIR — 4 "0 base class ¥ member™ HIHEr, SEHER
pa—=*cmp;

}

void [uncZi{ Derived ‘pd
{
/7 brp HEH 1

int RPaseZ::*hmp = sBaseZ::vall;

A r———— p————rr



#IE Daa BEY {TheSemantes of Data)

/! BE, bnp == 1,
Jf BHBH Derived P, walfl — 5§
funcl( bmp, pd )

5 bmp WA R funcly) 05— TEMET, ERHHETE T AL Base! class
BRI, S0 Amein hIXEERIE.

pd->*dnp;

YR B Baseiovall, TIIERT BFF LAY Boselind2, BBRERE I8, M4,

/7 % E R A% 1 R

furcl( bmp + sizeaZ{ Basel ), pd j;

B, -80S, BROTRESEIT dmp A2 0, HL2SNFEZ.

/7 RERE
f EE?E bmp ==
funcl! bmp ? bmp + sizeof( Basal ) : O, pd i:

BiE: WERTT —P eI, fTH ERED member B offser {H.

printf("¢Basel::vall = %p “\n", &Basel::vail); A1)
printf{"4Easel::valZ = %p ‘\n", &tBasel::valZ?y; f42)

printf{"ePerived: :vall ¥p wnY, Lwberived: :vall): IFAEY

printf("tLerived: valZ = %p \n', sDerived;:vall): Ao

S Visual C++ 5.0 SR, RITREERTE 0. (@R 0 B
HBE CHIIARE 1?7 WEREAN Visual C+ BHHRCHE: MR pI13] i
AT FEGAEA) . MM 4 (4 8RR 0, ARR 47 AHREBELSH
AL EE TR RETEE (3R Rakgntaa .

A N —————— =
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WEHE Cr+ R (fosiae Tae C++ Object Mode!)

WREBIC Derived BTHIHIE & .

struct Jeriwved : Basel, Sase2 { iat wald; :;
HE 2,

pLinll{"&Cerived: ivald — %p o', sDerived: @ wvald);

¥12E] B, FF vald METHAWE AT vald T val2.

435G Members (385”7 BOWE QI

T E I E A el AR IERITT#. 77 3D LS &R class
MEWFRZT, HR {50 members M54 A RAEI . 3R 0G4 4
FHEFRERR, B PHTFERT T "CHEE member” il

float *ax = LpA.K;

RIG HE LV RAE (assignment) . fllik. BREEEIOT.

*hy = *ax - t*tha;
*hy = *ay | *hu;
*he = *az + *hy

BT RAER A = members. BB {5 data member Z7EFT HHE
IR

float Poirt3d; :*ax = Foint3d::x;

TR (assignment) . MERWESRIE, BRAMEA 1519 data member 7
fefr” W, EREBEDIR pa R pB A

PB.*bx = pA.*ax - pB.*kz:
FB.*by = pA.*ay + pB.*Lkx;
PB.*hz = p&.%*az + pB.*Ly:

BE 3.5 VW HAEBRFRRE, LA00EE 08 8 (H4{EETIEE) 5142
PSR EXE) . ArERITRE NS, SR TER 33T,



®2E Daa &% The Semantics of Date)

¥ 3.3 =T Nonstatic Data Member

5;@: s N

BEGFE (5% 3.5 1)
BEBNOEER Memoe - G.ac 3,04
414 Data Member
cC 0,80 .04
WCS 4.04 5,349

AEARE RO, ST, H8E- - “member FERENL" M-
EREYE (BATHCHIEH) | SRAFRESN -8R, 2 4R member
HIEE " FEREAL, F—PULF N P BRI, B SR member BEE
HES class object & &, FEEIMI offset W (. FEHENR, “&, H£7
WA RERRBNEETS B, NCC SIFRG. SR EE -
FLEEE, NCC RESRM =2 iR THEES ABEMIVETR, X2
W EET R IR AT assembly A H TR ARIE, A Cre BELBDIE
FEHATHELE—EME, RERET CC A NCC P8 a4 i
assembly f5, WH g4 —H1

T-HAEEEE "BE" 4T 1M dan member WIEE" BT RYR R
Wil ER—THFE. WER Poiw cass BEHFEH N —FSBE--BE K
#, T~ class H—T member:

¢lags Peoint @ .., }: A7 float xi
class Point2d @ publiec Point  { .., }; f o float y;
¢lags Point3d : public Paint2d { ... }: /7 float z;

BLAATRARERR - HARR B8N -ERUBE. Poin2d BILIE
FE Poim. B, BRHT Parcx MER, BEXM— virual bese class daa
member F4FH. ki — T, SHERE, JLRPERR a0 NES. ®in
REERIMME, & Poiudd BANTAE Poins2d. R 3.4 B AMAGR, e,

T e B I Wk = e
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FEHEHEERE C++ WNEREE (fside The C++ Object Modz! )

T NCC AR ERES MM FAR--HH, ACECEARETREE .

= 3.4 “$51 Data Member BIIES " FHER

x5 =LA

HHE A 0.€C 5.31
E-& =R 0.6C 5.31
EfldE (RE) 1.€C 5.44
EdE (R Z.14 3.51

B T SAN data members B BHEFHIE class object 7, FHIHAH3
AR B R SHRT AR . BRSENTRNIEDGR, CSHBTRL
WA, 4R ERMRIEST, §-BRUPRBE M HHER
. EWaERD, BUER Pomry, faLE.

CB. *bx
SUHBR N

&pB >  wboPolinc ! [ hx - 1}

mAREREEEN:

§pB + [ bBx - 1 ¢

Foh w2 RS IR E AR R B A BER AT BRIk L.










H4E Furction HEZ (The Semantics of Function)

Function 1285

(The Semantics of Function)

MREH D Point3d WIS,

Poont3d coby:
Pointi3d *pir = &cbhi;

HIRE

cbr . normalizall;

PLr-rnormalizei};

i, SEEMAER? HPY Poiudd  normalize) & LI,

Point 3d

Point3d:r:norma_ize(} const

{
recister float mag = magnitude{:;
Pointidd normal;

rormal. _x =  w/wag,

aermal. y = y/mag:

[
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REHE Crr HEEE (Unnde The O+ + Object Model)

normal, z = z/mag;

retdTIT normal;
]

ME W Pointid magnitudel) XE LINTF:

float
Point3d::magnitude (] coenstl
1
retarn sgrb{ = * ®+ y * y+ z * 1z}

!

BRE: HAME! C++ TR ZFHER A member ‘unctions: static. nenstatic
# virwal, B-FEBHERAANTIATER. HAERERET - EE. X
i, BRNERARNEYHE normalize)) M magniude; WRMEFH virtual
nonvirtual . BE LI E Y — @R R sutic, BHE . (1) TEEEE nonstatic
®: 2) BEWHEENY const. &MY, static member functions 7] BRSBTS .

4.1 Member BV IEALD

EHE, &Y “C with Classes” =¥ nonstatic member [unctions ¢ 1§
& [STROUPS2], H£PE CIESHE —MAFHHA) . Virval BHEEE 20 4
80 S U I Nt ki), HARERFAELHE CFEMBEEASE C BERGT
#EEL) . T [STROUPS] X8, Bjame Bi.

E—MBILEAE, A4 vitual funclions R it B —MERRIA EREIES . 2
HAf- REBEEMA, vinual functions B— IR BT,

Static member functions BEE WS AN —FEHX]. ©1E 1987 £
Usenix C++ PHY &M BB AE (Implementor's Workshop) T # F £ 8t in A
C++d, i cfront 2.0 W <.
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H4E Funeton 5EF (The Scmantics of Function )

-

Nonstatic Memher Functions (FEEBSALAEED)

(=

C++ iR -4 > - . nonstatic member function 5 /0420 3 — B Y
nonmember funcidon AHEFEE . LRE%, WUERINEELTFR-HEEZH

fioeat magnitudedd) const Pointdd * this | [ ]
float Pointld::magnizudeddi() const { ... }

M2 EFE member function R R4 NA., IEEIREBAFCK
“member EECLAET HHEAER “nonmember BEEET .

AU, FRE magritede) 11 nonmembder E ¥

flecat magnitudeddi const Poinz3d * this |
return sqrt{ th.=-> x * this-» x +
_thre-> v * this-> v +
_thzs-= =z * <this-~» z };

FILZT#F nonmember function HLERFTHE, © i/ BMEHSHPAL
ERHEAL, T memoer function FE BN EER. 2R L momber functicn
Atk nonmernber HHEL. TFWELERE{LESS.

1. BEHEY signature (3FF: SHEHRER) MEH—- 1840585
member function 1, B AHE—-FFHREHE. F class object HLLE A
FHRHN. LY EBMAD his HET

// men-const noastatoc menber SEESTE

Point3d
Point3d: imagnitade! Pointlid *ccnst this )

TSR member funclion & const, WAL,

/7 const nensztazic memlber Z{7TEER
Point3d
Point3d::magritudei const Point3d *const this )
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FEHEE Crr WHEME (inside The C++ Object Model)

2. B8 —4 “% noastatic data member WIHEBBE" M AEH s BEHFE
L

return sgrty
this~-> X * this-> x +
this-» y * this-»> ¥ +

this-» =z * thig-»>_ 2 }¢

3. B member function WM F R — TS8P B & . M & & F k{7
“mangling” 4%, EEERFFRANE - L ZHEL:

extern magnitude_ TEoint3dv |
register Pointid *const this i:

BERXTRUCEHERE T, MASMHARERELI%R. TE.

obj.magnitudel) ;

AT -

magnitude_'?Point3dFv( Eabhy ):

ptr-smagnitude():

AFWT -

magnitude 7Point3dFv{ ptr }:

KE—AHHRIRAN normalizet) MBSHEFLAE TEHNEDS . ETRIREZ
FEHH — 14 Poim3d copy constructor, Tl named returned value (NRV} BOfi4L-B
T

142



F 4% Function IBESF (The Semartizs of Functipn )

7/ A VHE “ramec return walue WEET HAIEEE

[t AL cre AR

veid

normalize TPoint3<Fv( register const Pointdd *const this,
Peint3d & _result)

register float mag = this-rPmagnitude():

/¢ default comnstructor
__result.Point3d: :Point3d{];

il

_ resulb. x = this-> x/mag;
__result. y = this-> v/mag,
__Tesult. z = this-> z/mag;

refurn;

— B FAMAREEE RN “normal” H, REH:

Foint3d
Foint3d: snormalize{r const

{
register float mag = magnitudef;:;

return Pointld{ _»x/mayg, _y/mag, z/mag );

it AT (RF—0®i% Point3d &) copy constructer B8
BT, ™ NRV ByEfRE ;M) -

/7 LAF IR R RN 4

/7 R Ce HRD

vold

norMmalize  7Boint3dFv{ recister const Point3d *ceonst this,
Point3d & _ resul:)

i
register float meg = Ethis-rmagnitudef);
7 __result MUBMEMEHE (return value)
_ resali.Pointid::Peintid(
this->_x/mag, this->_y/mag, this-> z/mag };
r=turn:
}
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FEE Cr— HRETY (rside The O+ + Object Model)

AT BT default constructer f78p b S HEmM @Y N4E.

BIRNESZELATE (Name Mangling)
— M=, member B ERRATM 2 ML class B8, BRI --TZMHE .
{50 E B A

class Bar { public: iat ival;

Horb Y el AT HETE AR

/4 merbar £33 name-mangling ZFRIRIEESTR.Z —

iwval 3Bar

A ARG B AR BEEEFRRERIF (derivation)

class Foo @ public RBar ( public: int iwel;

B, Foo BRI T bascclass 1 derived class .

J7 T4+ b
S/ Too [P ERGE A
clzss Foo |
public:
int iwal 3Bar;
int iwal 3Foc;

TEAREAL B - roof, 9 “rame mangling” , #a) DLAE T ERE HAE
¥ . AT member functions ©] LU & AL (overloaded ) . BFLLHEEE Ty
margling Fi&, PIRMHEI M — o ZH 2. WH4E.

clas=s Point -

Fublict
void x{ float newy );
Eloat =();

}



#4EF  Function WWEF (The Semantics of Function)

L2 o

class Polnt |

prbhlic:
veid o SPoiat{ fleoat newx );
floa~ x_ SPuinll);

LREFNMEERY (cverdonded) HIRFTRBMEHFEN AR, FTIEFERIL -
T, MEBN LEMNSRER (MLUNRBEHPEERIA]) | mEESH
REdigmntit £, K—E0 LFEEE M- 2mE R, HROMEA 0 R¥F
RFMEs (HmBE RN extern “C7 , L&KM nonmember functions ¥
“mangling” %R} .

class Point {

prblic:

voeld A SPoinatff{ float newx )
float x_ SFointhvil;

AEFRERE chont RAKHE N A RUFURIA, B RS S8 #
Y1 — YIS S —— B AT — LA s F RO R B — T U AR, X
A Cr+ SRIERER name mangling BV ER AT —, ERIMAELERSE .

PHEAMARELREE K, HFETEEAFANHHIEFERZ BAR T
—FhEBREZ AR, B0MF, TR A prim REELEE L.

veid praint { ¢onst Pointide ) | .. }

fE ¥ #h M L #E T RE RN A H «

ffBEE - AR const Peint’ds

vold print{ const Point3d );

PSRRI A1 name mangling, #b A4 E# @ FI %%
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REHE G+ FRWE  fside The C- - Object Mode!)

R AW, TP (resobved) THHRTE, AIERITAT L FIR MBI % Y
FRERBRET R (typesafe linkage) . Bl “FWA” REFEHE a5
REHKFIC (EF: signawre, RATRARHE + 2HWE + SRR B,
R REXELT ERISN. B REE LR

LEMARERGH . B BN demangling TE, AXEE & TELE
BAE. FHETURRET "FOHAREH BRAEEZ R, RTiLa s
AREALE-EIEEY, & cfiont 1.0 M, BTFZEERS U, SRR
M ER (FF: T8 mangled AT mangled MM AHR) ; HIBRIZRELF
MR T RS B8, M REALN, BANEZET mangled ¥ RIS EFK.

R CRMAREER . LHLE. IXE. FERWTEM, £ FE,
BRERRAEHRGINE, FREEKIE cfont W0 FRIEHM T £4 24
FH. ERSEAE BN IHXFARITRESE, FUENE - MEER
b TR, SBRMAAERE E, AORS. e, BRARE---Y
fraAk@ Bame B? " HETE - MRENELBR AR R T ABE (X
MEHXSBT —E£HE, mm)

EET, LA R BTSSR, B BN Omes
T, HEBEGE -ATELY (unsolved) BEH.

_cppl_matddrcratd4

BE-BAABTRIEERNEWET, LI 4xd CSHEYMEEERL
mangling &5 5,

malLdd: iopeLdbort s CORSt matddg ¢
Bk, RUZRFUFARZSEN, BENETELE B . 4,

WL T A ARRERNENRIUEAEEASLRE LY
. RAERE, RIIRMT RHO SN




¥ 4E  TFunction 1BEF (The Semantics of Function )

Virtual Member Functions (FEidRY 3 A2L)

mE normalizef) B — 4 virtual member functicn, #F-4LLFHER:

ptr-rnormalize (};

H oW R LY
| * ptr->vptr{ 1 ]){ ptr
Het,
W vptr RoxHAERTEMNIEH,EM virtuelwble. EREREE -8
BE (#HAEE) —THEL virtual functions” B class ebject H. F

K EAEFLSHE “mangled” , RHE—THEEH class IEEKS P,
AEFEER F T vpurs.

B 1 virtual table slot MIESI{E, XBE3 normalize) & ¥H.

B BT opr FE othis AT

KUBNER, R magnitudey R~ virtual unction, V7 normalize)
PRV BESE%REDT .

// register fleoat mag -~ magnizude{}:
register flsat mac = { *this->vpt-[ 2 ] 1{ this )

ut, BT Meintsdmagnindes JETE Pointid normalized) PN, Tia
EC 2 FUHLE TR (resolved? £, FFLAV4EH AR “Poineld ST =
HEAEHE, FRLEHHRFREPAOHT A~ L0 LERNEE W HigEE.

/7 R AR {explicitly inveocation) 2E& 2%
reygister float mag = Foint3d: :majynitude ()
MR magninde;, WL inline RS THRE. HFR cdass scope opuelor

B A —4 virual function, W (resofved! F 4 M nonsalc menber
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BEHE G+ MRBH  fuside The C—— Object Madet)

functien ~Ff:

regqister float nmagy = magniktude  YPoint3dFv( this b;

T ~EA:

£/ Point3d cobhi;
ol joaormal iz )

R E BRI C B Y

[ * sbj.eptr( 1 1 )1{ zobjy 1;

BREEEH. DRALE. FELHERRZRELE (polymorphism) M %
(L3 F) . L EREY obf RANERIEETRIR Poinsd normalize’).
“4e — 4 class object M — virtual fanction” , XA Z SR HIEN
B3 — $M nonstatic member function —HEMMELHRL (resolved)

normalize  TPoint3dFv( &cb] );

XA T RS —FIFER, virtual function 88— intine 5% 4T L ik
iR (expanded) FF3, ETHIRMAR KAHEHZ.

Virtaal functions, 5 AR ZHIELEAN S FMTE, B 4.2 HH BN
Kits.

Static Member Functions (357568 R R #)

YR Poine3d:normalize() & D static member function, DT BT I FASR 1k,

obj.rormalize(};
rtr-snermalize ()

HURER A —8Y nonmember E¥TTFA, ik H.
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#M4E  Tunction B ¢ The Ssmanties of Functicn)

£/ obj.normalize
rermalize  TPoantldifvi):
A4 optr-rrormclac i
normalize TFPoint3dsPv )

L C++ A static member functions 2 g, FHERBLHFETEHXMERY

{{ Fointdd* ) I j-»ohiecl count(i;

ET A obfect countt) HIETR B AL N object coumt & T staic data
member. AT TR L T Ay R

£

TG A static member funclions 2 BT, C++ 155 BRETHE member luncliors
HAHeEmiE class B objeet RIEM. MEFL, HAY— PHET nonstatic
caa members /£ member function '|'#HEEFEHRL, 4B E class objeet. Class
object LT this BHEEHEIHERBACE . X0 s $EHIE T
riember function PRI nonstatic ¢lass members” ZiE |- “ohject P i
riembers”Z ELINREA T - members WEEER L ERRTE this 5
i, EEUEEESER 1 cass object 2B - member function. i
C++ V5 B G0 k3 F 318 50 X

R A —HRFILEFR static data members FAE T — ST 2R clas
FIIE T &8 slatic daa member FFHY Y nonpublic [ 3E— B IR E BT A5 3
By, W4 kR AT AE - - A 4~ rember functions FATFLIS member. FH L.
BT LIRS class object R -4 static member, HE R @EIBHET

1 Jonathan Shopire, TURERFH AR, ERFME B RXETEWA. ity O
8| A static member functions Y EBFFH . Static member functions & - ERXEE, E4
1988 4 Uscnix T+ BHTSMET B0 & LR B — 4. SHREMIEGL
pointer-to-member fanctions. 3, Hood A F 28, EHEE E Tom Cargill £ ZEHE
HFEMAME FEE 28T 7 —& Jongtkan 77X T stalic member functions B8,
WA, BB ETHE, IRINKAEMS. =i3% [STROUPM] TE T, Rjame B
BT EIA) stetic member functions R ¥ T Martion ©'Riordan .

149



R CH+ SRR | Incide The O~ - Dbject Model)

= class objcct Z L.

MAT class object ZXMAFERE, AR PR S EE: & cass #HiHE
#BFF HF classobject FEET BIIHR (ZRARRIIRMN object coumy BEHE) BT
BEFL LGB ZARE B 0 BRI Y — 4 cass T8, ALt
A this IR EEE

40 EBOEF A B R

ohject count( ( Point3dd* ) 0 1;

ETESEMLOBRYE, B chont 2.0 B73 AR static member
functions. Static member functions B F ERERREHE vis EH. L FHIIE
S o2 ol Mo 2k S

R EREMEEFERYE clase B nonstatic members.
B ETRESHEERN const. volatile I virmel,

B EAHFUEE class chjcet A BWRAF—BH KEHHEEEIHEE
At

“member selection” EENFRE-—BES EHEF, ToHEly-1TH
RS,

if { Feintld::object counzi) » 1) .,

HF class object RFESENRARMERY, SHFAR: #1n.

if { fooi).objec: coant(y =1 ) ..

M, ZARAXPAEEWREHM (evaluated) -
Jf B, DRERITFR

{voldy foc{):
if ( Pointld::odject count{) » 1 ;

T



BIE  Function EESF (The Semantics of Function)

—- static member Tunction, MR LSWHEIRE T dass FHZ 4, H5F— 2

I “mangled " A AFFR. PHEN.

ans-_gned ini
Eaintld::
cbject counti)
L
return _osject_count;

Z¥ cfront %15
F7 % crront X PEIMERLER
unsign=d ins
cbject _cocunt  570inticsSFvil

{
return _ohject count  SPoint3d;

EH 5H #RERD static member function. HA—12 89 (void) £

Y% {argument list) .

WERE — static merber function FJHBHE, HBAFRACNFEERIE,
BEEHAN. AT swtic member function ¥AH s 355, LR H
AR =4 “f807 class member function 455" , MR- “nenmember B H1s
7. R

EPcintid::ochject court(l;

SRIE—PHME, XL

unsigned int {*)();

unsigned int { Pointad::* jt};

Sratic member function BT EZ s 5%, AKE FLEMF nonmembor

% ——————
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TR Ci+ W (inside The O—+ Ohject Model |

4.2

fanctinn. “SHEET - T AE e B —" callvack el F FRATEL
O+t F Cohased X Window BESFLE-S BB [YOUNGYS] waTitit) - 7 Mhel
PLRET B RY I A2 4842 {rheeads) MES I (FEF [SCHMTDTOa)) .

Yirtual Member Functions (B3 RE)

LIMIELEILT vinual function 19— HSWHEE H—1 cass H—1
virual table, I8 1% class ZRAEMET virtual function BIRbLE, 28)5 © object
H—A wptr, 59 virtual table FIFFTE. X — 9, HMETWH - Anazengit.
RIREE--R, SEAERNEDRAFTEEL, WAL R P HER

BT 3% virtual function L], 4601 & REEI T2 LR ATEEN
ITHHERIB &2 (runtime type resolution! 7 - MEEWE, UTFHBEARFHSE
pir TRITHNELAXFE,

pkr-=z{);
QU — SR RBEE RFE TFH A 2 RIENIRER.

FIFRERTHHERFRESMBR FEEERLSENTENME por &
b RENEBZT,  MEH (FR 4 reference) HHE MG L
1. EMEFTNFRONE (EHAEYMEHETMEE .

2. HEEIMPEMED EREE TG A(MEELERE BUERRWY -0
R SEH Y KL

AP HRHRFAAE, F--, CHRENTZEAN, BERFEHFATA
£& (polymerphism) : H 2, EfT#H /Y ¢ BFEANEEREY.

RS ME SRR AMEH E -, T s @t A ey
HAMESE. ARE—MYRRFBREILFER? HI1IZTR L FRK S

T —— AL L



B4#E Function IEE (The Semantes of Function)

AR ARSI REE S LIET 5! AR T IEY Cstruey PR

struct date { ot m, o, v *;

FEHEME, ZRNaERRR. BNFELEATRHENLELE. MEA LR
SR C struct BERE R R ITRERESR WAL, 2ok A1 (/0 0 1 Rh 2l

M, T R, CREEMBLEEEREAT class REHMAN, Vi
MEFSMNITHER, ~ IAMETLUREESHRES T FuFRFE2—
TERANEGR . BT, FTEH class F&FANL:

clags cate { public: iat @, d, ¥; }.
EXE LEHFARERRER. THEH class FRBRATF&HAL, D%
ML

strunt geom { public: virtual ~geom:); ... §:

W, 2, RIGE-PESMETE, —~ "I cless MR NER WmR
TP RBIAR class o struce (12 ) " A, R class ACFETHEL.
ERELFLE: NBRAFE, ERRGHF. Ba, JEAEARBBESGHE L 129
BRELTXFFMEAZ "BITHES (runtime polymorphism) ™ HEHE.

L C+ih, &% (polymorphism) F& “P-— pubiic base class f135%] ( 3%
reference) . FAEHY D derived classobject” BYERE. H A HE.

Fcint *pox;

BT EE pr LI2HH — D Poinr2d &

ptr = new Point2d; // RFEH Poiatzd pt2d = new Pointid; #
AR

i1 Poincigd M.

Ftr = new Paintid;

B s T



FEHE C++ WS HIB (nside The T+ + Object Model)

pir FEEYEEEME I WEVN (tansport mechanism) K HAE, EH
B, BRI AERAFNTM S R -4 public derivec X, R EER A
FRoAR HE 0 (passive) | o[ LATESRFRT 5 5K virtual base class B P 51

AN NS E T EAN, SEEREYATRER (active) 7. THHT
virtual function HIEA. # 2 —#.

Jf THAEAE (active polymorshism] 7R A
prr-®z);

£ runtime type identification {RTTI) B T 1993 Figsl A Cr+ EFZI,
C+ 3 “FBZ A (active polymorphism, ™ B9 — 37, AN T virtual function
call ML (resoludon ) 1E. 77 RTTL, MEERABITHIEN- T EEBY pointer
HE &K rcference 7 (RTTI BEEP 73 #itid) .

/f "PREE (aulive polyworphisn " MEZTHT
if { 2oint3c *pid =
dynariz cast< Peintdd * >{ ptr | |
return p3d-> =z

FFLL, GEPABEAEE, THE SERME dasses BRLSH,
BNBBHAGWTHEL, —mBHFE, L80T class A struct FTRAEHT B
RAT. ATEEFAIN polymorphic X HMF R, HLH 4 class £E
HREE, O BLHMTERBEEEECREG M viral function. HE cless #
A — viral function, EH X b MM AT 4.

T HRNEERL, F2ENTMFRERNBEFEERN T B®E
W, MREEE AN

ptr=-»z2(}:

HA 26 B—A virual function. 3254 B A G LT 1778 04T 283 I I 4 1
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¥4 & Function EBEF (The Semantics of Function)

zft SER? T EHE-
W oo HEREFHEZREY. AWERITEREENK -0 KiE,
oz EENE, PEEAEBRAAT.

TEME, BERILUTT T %5/ class object 5 MK T memoers:

1. —PMFRBAWF. KT class AR,
2. — 55, BREER, EBPFFERN virmal fonctions BT HT I
b ok

RRFH virual functions AT HER? # C++ ¥, virual functions
(TR K class object WMD) nf DIESRFETEHIES, Moh, X @bt REZET
Thy, WA REHFERER 2. A TEFIAE, 2ROAPHNEBRSK
¥, LERAERE T LR RITHTEER, THEEHTHHIETAL

i, BATMERRERSNIL, SREEN—ETE. 3 XRBEKT
Bpdsdhdy . BiFE-NER AL RS,
1. ATHEER, 8- class object HFEE L~ HEFEBNITE4H
B4, EERIGER.
2. ATHYmBHE. & -4 virmal function BIEE~ BRI,

R FRmAER . WTTERY, RRESTN virtual table slot (il
F& virual function FIH4t) #iE virtual function.

A class RerF— vintual tabls. §—1 wble PI&HITHE class object
NP active virtual functions BRETSE R AREL . X2 active virtual functions 235

B X class SREXWRHSH. E4UT (averriding) — 4ol §2 7 7 ()
base class virtual function B[l .
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HERF C-+ WEBE (fnside The C++ Ghjeet Model)

B 7R E baseclass LT . R4 derived class MEFK L virtual
Sunction 3 A4 B A ER

N N pure virtual called( BECEM SR LA pure virual funciion
=i IEan, Ao SENTERELREE (THES FE .

& — 1~ virtual function #EIEIE -NY EOEIME, X 4RI ABIYE A
AP FEIFEHER vitual function M. FIMMERNIN Poie dass H Edh.
class Foin: |

pablic=:
virtual ~Paint{);

virtual Poont& muiz fleat + = 0;

74 e HERRAT

flogat x({} const { -eturn Wi
virtual fioat v{} const { return J; !
vortnal float z{} const { return 0: }
,l‘,."’ ......

protected:
Point{ float x = J3.C }:
fleat =

)

virtual destructor ML slot |, T muli) B slot 2. HFFBEE mulr
FT RS E X Ok A R~ pure virtua: function) , JTEL pure virteal cailedy)
RIS BBE slor2 . RARBEME RS, Emaftie sy
EHRF. yo BB slot3 T 2 WRE slotd. x 1 slot EEA? BREG
F, BN o 33 vinual function. B 4.1 XF Point WHATFEBRHIL virual

1able.
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B4E Function EEF (The Semantics of Function )

’ -
(== Y = Y
- — _.':-_' | .
_;ypﬁ*;ﬂn!mtlr-_. — :: 5 _._.‘£::11SMIL{HHGHH
I . |
"4 == "',Huml ¥

Wirtusl Tatily Pa

s Bipn_iaks e Bygig2e

Pemidd - =Foind)

Bainl
Bleerti2a: rrifl |

sidicibjmct

B 4.1 Virtual Table 8% E: 2 — %R

B class BEA Poe b, £H%EAH? MM class Poimtzd:

class Pcint2d : public Peint |
public:
Point2d{ float x = 0.0, float y = 0.0 )
DBolull x ), _y{ ¥y [}
~PcintzZd(|;

f// ME base class virtual functions
foint2de mult{ float ),
float y{} const { return v; }

11 e KERYE )
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BHHER C++ WEHRY (Iuride The C + Object Model)

protected:
fleat _we
Ti

- R =M

1. B0 LI# & base class FiF A virtwal functions B% HaEfk. Tt
W, BZEBLEME S8 DT derived class B virtual table #] &
B slot ZH.

2 EALEREANCHENIR. SR FEACMEHsIA il A0 4 &
BT slot 22+,

3. ETMEIMA— 1 HE virtval function. X virtual table B T4
h— slot, MH BRTEMIS PR EE st 2.

Point2d FJ virtuel table & sot | H35 L destructer, T slot 2 F45it
mult() (B pure virtual function) . THOH w BECECERENE slo 3,
EH Point B z0 BRFEMAMIE KT slotd.

EMMER, Poindd EE Poi2d , TN,

z_ass Point3d : pablio Paint2d |
ouklics
Point3d( Zleat x = 0.3, fleat vy = 0.0, float z = 0.0 )
c Point2d) x, v}, _zf z ) 1}
~Foint3d{;;

f/i ME base class virluel Zuncliuns
Poinz3dé nult| float );
Floas z{) const { retarn z; }
£ e :E"E'.ﬁﬁ
protected:

float z:

'l;.

H wirtual table ) slot 1 B8 Poim3d B destructor, sl 2 2
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A 47 Function BEE (The Somantics of Function }

Poimi3dumulyy @I, slots BEBMAST Poin2d By BRI, slocd 6
BOCH v Fihh. B 44 YR seindd M SHERMNE virual table.

BE, WRARAZHAAF:

ptrx->z1};

B2, KfTERESNMGT SR IFET IR F virual fanctior. BIIEFME?

W -SRI TNE pr TR EMEATER. AWBRNE, &4 prr
A FBRPIE 26 virtua table.

B EARBFNERE - z) REEHSWER, BRAES P zp B
RALFERTE slot 1.

KB ERGIF ST LI RIE AL .

| *prtr—>vptr[ 4 | 1 { ptr ;

HE AR, vpir BRGFRFEFNEE, $5M virtvaltable; 4 BT 20/
HMAER] slot BT (KB E| Poins KEN virtual table) . H—— P TRA
HEMEM KW R slotd FTEMBIEREM — 14 z/) EEITHE?

FE— B --BEKED, virtval function PLEIRHFT TSR, FEALTHE G
HRESVHEHEMR. ERAZHFMHRMENSZ > P, 3 virtual functions 1)
AU AENT.

ZEHA NN Virtual Functions

EXEERHEAP IR virwal functions, AEFEBESEZE -1 RIS HE base
classes Sk, PR “BAERTHEAE mir 1857 X -8, DTER cass =
FNa.

A/ class KR, WA ZEHER (M1 5 FEH virtual Functien
MENE

Class Basel
pablis:
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FEEHEE CrH WEWE {nmiide The Cr+ Ohject Model)

Easel(;

virtua. ~Bascel();

wirtual vold speakCleariy ()¢

virtua. Basel *cloael) conss;
protected:

float data_Basels

b

class Ba=el |
public:
Dase(];
virtual ~Base2();
virtual wvood munble:!);
virtual Base2 *clone{l ccns=:

Derived protected:
I—J float data Basez;

N

class Derived : public Bagal, puablic Bageld |
public:

Derived(}:;

virtual ~Jeriveci}:

wortizal Derivad *olone{) consat;
protected:

flcat data Deriwved;
b

#E LT RERD VO &F, SHH FEEBE.

ereor  (C2555: 'Derived:clone’ : overniding virual function differs  from

"Basel::clone’ anly by return type or calling convention

emer (2555 Deiivedclong’ : overriding  virtual function differs from

'‘Base2::clone' coly by retumn type or calling convention

BEXEEN VO KRG (+ TlEZH. EX C+ HE, Y5EHK
(overriding furction} W H, BEREEHE. 25, REEAER, 0T
W EE W (overrided function) HF . ZFHT Dertved TAEE Bases
Base2, FFLAXT “Bazel .clone() 158 Base!*” T “Base2::clone() t5E Base2*"
KBRS, Derived::clonet) FLFFBEM. BMITESH, C++ FRiED §H3F L 20
THBH, ARREFHENELRERH (virtval constructor) . &1 p.166.
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F <@ Functicn EEY (The Semantics of Funztion )

“Derived X virtal Turcions” FIHEBL]E, S EE Basel subobjec: &
kO F=EAEETERR, BB E S (1) virwa destructor, (2) 8RR T
KW Basel:numbie(), (3) —H clonet BRFEDE, FRERERE T8

B, BB —AM heap FREMBN Derived & KM, HEH -4
Base? 1H%t:

2ase? *pbasel - n=w Deriwveld;

FEY Derived TSI ML TN, LIFEIEH Base? subobject. #4807 FiL
AL TR,

fP BB EREILD base cless
Derived *temp = new Doerived;
Base? *pbase? = temp ? temp + sizeof( Baseil ) - [

MRABHXBERE, HHEM "FEBER" (QTHE) BFEY.
s A pbageZ BT T Derived M, J&mﬁiﬁi&ﬁ@ﬂ
phaseZ->data Basel;

YRR GBS phase? iSRS Rt

BB ERAEREY virtual destructer E#EK
Jf BEFPT delate BB,
// sbase? AEFRERE, DEHREIEMERSE

detlele phease?;

FEHLAEH— RS, LORF--KIEE Derived W RMREL BMTEERER
Derived XTR) . AT LEW ofset MEHRESTRIMANETERT. Y
phase? FriEMAEXN & R ERTH e T .

—REINR, SlEm "B IWE4 Y base class” KIE (B reference) ¥

T H derived class virtual function.

Base? *pbase! = new Derived;

delete rbase2; // inveks derived class's destructsr (virtusl)
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HEEER O M ERR (Inside The C++ Object Model)

RN ETEWR] "B s fEHEET BIF, LHEDUTRIROE. B
BB, offsst IR, LIRIHE offse: ME shis 8 ELWIF DA
G VT IE T T A . S, AT

Bijarme FIEERMT cfiont SMiFASrbH) L ER# virtual table L, HEEMN
WAL F/RY dhis fEEF, BEMREN. E—1 vinual wblestot, AHRE— i
£, MR- REE, RETEERY ofver DLERLE. T2 virtual fanction ASE Y
AR -

(*phase? »vpt-[1l]) | poaze? );

ﬁi@Ejh:

I *phase?->wptr [1) . faddr )
[ pbase? - pohaseZ->vphr[l].offset i

T jaddr A vinual funcion HbbE, ofter A E this 184 B .

Eo-MENR A, ERETESLR TS vimal functior. 3 FE 1.
AEENIRERE ofver KA. HMBMLT . 68 ofver HMSNER & H N
g, UES - virtval table slot (8RBT

et A BENRR LK BTBN thunk, Z{RE K552 N FIE B0
7, BRHEERFEERERFE, dunk B wnwh BH#F, I XmEAE
T knuth Bt ©.

iZif: Donald E. Knuth, SINEMEZE The Ari of Computer Programming 1
AN, EHEPE R the bible of fandamental algorithms” , WA A3
%, BEiPHARL ©. HEr (1998) BHH:

Velume 1| - Fundamental Algorithms 3/¢

Volume 2 - Seminumerical Algorithms /e

Velume 3 : Sorting and Scarching 2/
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$F4EH [Function IBET [ The Semantics of Function }

Thunk SR IE S HERFREAD, RMEEHTZH AGoL M- T
B pass-by-name W E. i thunk 2 — N assembly . H¥ (1) DLE 4
offset (P his 84T, () BEH| virtual function Z. BB, #3@—-~ Base 3K
$ER Derived destructor, LAXM thunk TEHRERKREXMET,

A B o+ TR
ohasa? dbtor thunk:
zhis —= sizeof| basel |;
Derived::~Derived{ this );

Bjarne FREFHIE thuak A, [0)E thunk AL assembly W54
FREAT. AT chont HH C AHBFRIEEES, FULLER
HEEE thunk RiZHE.

Thunk AR R virtual table stot 48P & — MR BIOFEH, BILFERHA R
WEEMER LR, Slots 'PRIEIE TR B &3 @ virtwal function, {LF]
Llfgm — 82T thunk (RURFEREE mis AW . T2, HTHEAE
B this 1BETY virtval function (AEXESEIME, BHERTF RRAHE)
fia, MHATARRRE LGS 0HE.

AW Ais HHEB - MEHAAERRE, A THARRNTE: (1) £
derived class (B H — 1 baseclass) EF. 2) £2HFE =1 (RHIF 4 ) base class ¥
H, A—REE vitaltable PRIEEFEELEMME slots. Fi0,

Basel *pbasel = new Deriwved;
Base? *phase? = new Derivaed;

delzte phasel;
delate phasez;
BE delete RIFSBRARIN Derived destuctor, I EMIEER T REE

virtaal table slots:

163

M1 D e —— I Py——— e -



FEEE Crr TRME] {favide The C++ Object Model

1. plase! TR EBEWE i 8t (EH A Busesr £F T i base class Z ik,
TERIEN Derived IHMEMHLZ)Y . H virtual woble slot TR E AT

# destructor il .

2. plusez TWEWRE s HEE. H virual table slor BEMER thunk
fik -
EZWEPERLZT, —7 derived class BE n-1 NS virtual tables, n %

AREE—F baseclasses WHH ([HIE, £ —4E 8 T2 FM/ME virual tables ! .
MTHFZ Derived T, £HFD vinval wdles BENFH= % b3k,

1. =T FEZLEK, 5 Bauel (£E¥H base class) AT
2. T WELIE, 5 Busez {H -1 base class) FXE.

TR~ vinual tables, Derived ¥ BB vpir. B 4.2 PLAR T X —
K- vptrs ¥ constructor's) W U HME (LHBIBRTEREET) |

RIASHF" -1 class 15 £ vima wbles” MER T ERE , HE - tables
BUMEDT R LR =EN %, HR P~ T ZHER. BIN, Derived FFEEEH
M tablas B R LREG) 2 Fr.

/P SHEER
/LR RR

wtbl Cerived:
vtbl__BaseZ Deriwved:

TREGEE T Derived M RRMIHEFL — 4 Ravel! EHE Dorived $55t
B, WALHEW virtval table B EEFRRE wbl Derived. TXHER —A Derived 0
B ESR — 1 Basel HBHM, BB viwal wble BRKBEE IS

vibi  Base? Derived.
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#E4E Functon HEEY (The Semantics of Function )

| =i typa info-for Base)
- | — ™ Bane| ~Hanel|

| FnE-:'I ol sy

I'I|.||'|-r1 slennil

EaREt Vot ¥ et

r-.-;.—-n ir¥ley B E;m-_

1. | |.J-2I1||.'1’ rl1|.||1'l_'|lr_~- i
: — B [

= | Hpnad 3o
Basnl Hasad J|rr il Tabile A

ML, MR T mmm:rliﬂz.utmq
: 'nhmm~$?ﬁ#ciﬁ¢glﬂmh*ﬂ
AR E TR AT,

F_F

1::! 5 o tvpet indo tor Dsiess
|3 Dherrive o —{RErbvai
-] - >
o Biami - 8l ek Claar ) |
'3 ] Darnvpd - clora()
il e . )

— Bane?  rrumided) ©

Clemend Vinuel Tade .
ishiied with Basell s Iﬂﬂiﬂlﬁl it

-
e :_I: type Wrifa for Dlesijpnd
il — Lherived: =Derfved|) *
= . Banad iumibdal |
Brrivec ; Bassl, Bassd 0l .|1'| [ Déruid: clonsl) *

Dl st P 2 Uil Tadble

B 4.2 VirtualTable 6B EFHRHER.
(FF: A TFTHANZITES, RETAMN=Hi5R)

B THATHHES (runtime Tinkers) KFFIE (TR XEEXNENE) |
S BHKGBETRABENEE. BSTE 0 — B SparcStation 10
THWE, #—MER (ms) OB AREEK. HTHTRTEEERGR
2, Sun JFREFEND virtual ables EHE—4 EEAKRESROEE, ThE
RRMEERME 1 offset Fe78. EAHKERT, 5—4 cass L -1 H&
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166

WENRR G+ HEME nside Thre C++ Object Model)

M wviriual wble.  “AtFiE£ Sun S HARIFET s, SENEA+TSAE" 2.

MERTEHE, H fBR. 5 ®ISHH tawe cas SEBHW vinual
functions WX, B—HHENE. BT 1 “HBAS 24 baseclass” B{g$, &

Al derived class viriual furciion. #i2I.
Basez *ptr = new Derived;

// WA Terived: :~Derived
70 ptr MG sizecf! Basel P bytes
delete ptr;

ME 42 21, FTAFE R EARARENE AR por BF) Derived H
) Base? subobject; 7 T REMLIE AT, por LA Derived WRITEL L.

BIMHREE AN, Wi~ “fEE derived class” 8§,
A base class W —PAEET KA virtwal function. TEHAF S, derived class
fRet A AMBIWIAE, LIfEmE T base subobject. #40:

Jerived *pder - new Derived;

/7 THH BazeZ::mumb e}
/f pder BAEEPENE sizeof( Basel ) T bytes
pder->mumble |t ;

FEEMEHEET - METY REEZT: RiF—4 vrtual function #1589
HRRA AL, TR basetype . thITRERE publicly derived type, X — T .Y
BT Derived::clone) MELEKNI . clone WIH Derived IEFER- T
Derived class 1651, BRBME T T EUH T base class A K. YR{VET 15
FIB A baseclass” RITSH-EFE cioneORT, this 185 1Y offsct RIATR#A .

2 BIEG MikeBall (Sun C+ ST WE) S5EMENE.

T T = T U ———— | w0



H4E Function IBESF (The Semantics of Fancticn )

Base?2 *phl = new Cerived:

£/ BB Derived* Derived::clonet)
A/ EFELFETNE, BEF 3ase? subokject

Bazez *phz = pbl->clone(;

AT pbl-mclonet, By, phl ZWORMIRE Derived MR RGN, T/
clone) W Derived ML EWE: ©4FER e, R — 13 Derived 31
B EHSAMAARIEES peld 2, VAL EE, PN Buse?

subobject.

HERBB AR BN FIEHE, Sun HIERSBE —NREY “sphic
functiors” WA LIFMRHEESLHFAEH, HOoB M EEE 28, R4
M ENER offset. TERGEIT Bosel 1HEE Derived 154 R, AT
BLHERME, Ml Base HHFERY, BE—1RY.

WMAREEFA, split lunction” REE SR TFHBERFAEEAS (eniny
points) FPRI— . F- " HASFE MY, B Mike Ball Ak AR TEE
BAE. MT 00 AFLHRHRFR, WS PRI “split function” &R i,
SBIm 00 BFREEBEBE/MIER vinual function ##f% “BEML" . B X,
virtual function WFHR R 8 173,

IR HFEER A S ML AREFE TS unks”. 20 18M BT thunk
BREEEHAMAMN vinual function P, EH¥E—FHE 1) BHE his B4, %
BEA 2 WATRFAREASENE: TTAFTRALNEEERRE, GHEH A
(2) EI4r.

Microsoft LAFFIBRY “address poinis” RMRAT thunk BMK. Wi AERB A
R ART IR (2 overriding function ) JHE R BE 2“5 AiF virtual function &

3 —4 virtwal forction BEE LR 3 4T, EEEEEMN BRI EE FIRETH
BRI ) . i — EEA SR ANSE.
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FEER C++ WQEY | furide The C—— Dbject Model)

class” (1013F derived class ) HLAE . A BB E "addross point” , [MICROC2]
A A R ATIE.

2k FOY Virtual Functions

H BT H A virtual bascclass iR E, M Pomi2d IREM Pointdd:

class Poilatad o
public:

Foint2d{ £floatk = 2.C, £loat = 2.0 )
virtnal ~2oint2di;
wirtual woid murkls ()
Paint2d virtaal float z(;;
: srotected:
' fleab =, y:
Point3d ' s -
zlass Point3d @ pubklic PcintzZd |
suklic:
Peintic{ flcat = 1.0, fleoa: = 0.0, Zlecat = 2.0 3.

~Pointidir;

floakt z{):
orctactad:

Eloat z;
bi

B Poin3d FHE N (AMRERAILD) baseclass, BHE Poimld,
{8 Poinedd F1 Poim2d [RMHEM-HAE "R R SR BRITE£—&.
EFERERTE 43, BT Poine2d Fl Powudd PR AEAR, WEZEH
ERERTERE s et ZTHEBMMROFL T EERE Gunks, —T 3
EEuiTHE e AL R,
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B4F Function IBE%¥ (The Semantics of Function )

| * - e 3
| _" I ¥ L , 4 [} i
. L= - I -.r::- ] Liif
‘ -.If _. - 1| L o |
_ it P e el Table Pomi2g i
il Pald - 1 .
BRI RIS T ko] et 7 RS e
AW e USRSl THe (R die 28
AW T © ¥ pe
= - e | b
¥l Famiia = B - .
| =1 5 - : e I
| — _1 - = =&l 1
i . —i - AT
F it 3 = o | . 1r3d
'--..f--.'.v.'..-!{'| — — Vifluel Tabls Pant3d
| it _
| i F [ b m
FRindd | virtug! Pamid pld = <y
— - 3as 5
| W
F] - .
Mgl Tehle
e subob
3 ||."3||

B 4.3 VirualTable #/5: BRISE®E. (23, HTAHTEA
THAT vibls A RBEAYSER. 50, mumble(} k%R
Point2d::mumbie() M3k Point3d::mumble())

S~ virtuel base closs M — N virtual base vlas R4 Tij 5k , FEMES L
# virtual functions H nonstatic data members B, SEEAF virmal base class i)
EHWERRHTHE K. BARF LA BESTERNAR, HEA~1
MR BT 258 50 offsets M RSFHEE, (81 50 T Bk 4
B, TESERLTS! BROBEWR, REA 1 virual basc class H P
nonstatic data members. MR X AM, FLEREENENORRE, &FTH.
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BERE CH TR (Mnside The C+-+ Object Modef)

4.3 REIWEE

#TFmEXARLP, KR EER LTRSS 3D A, AP RE -1
nonmember friend function. — 1 member funclion, DA — 1~ virtual member
funcrion, FH. Virtual member function 4+ J7E R —, @Bl SFHUAR=APFR 1
#17. TEHE nonmember function:

waid
cross product{ const Po.rt3d &pA, const Point3d spB)

{
Point3d pl;

pr.x = pA.v * pE.z - ph. .z * pB.y;

pC.¥
pe.z

pA.z * pE.x - pAh.x * pB.z;
pA.x * ph.y - pAy * pBE.x;

main{) AREFEXRBRAHE (FHAHNE nonmember function} :

main{) |
Point3d pA’ 1,725, 0.875%, 2.478 );
Point3d p3. 0.315, 0.317, 2.E38 );

for { int iters = 0; iters < 100CO0O00; iters++ )
cross_product{ pR, BB )¢

return 0;

MBRAAARERNEXR, SR paind MEEHT. TR 41 FIBNTHER .
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EB4EF  Function BEF { The Semantics of Function }

g 41 BHUWE

In_ine Memoer 0.08 .70
Mannember Friand A.43 &€.13
Static Member 4.23 £.13
Wonstatic Merber 4.43 5.13

Virrual Member
oo 1.%6 &.90
NCZ G.63 ToN?

Virtual Member (& Hkf)
cc 1,50 T.06
NCZ 1. ¢4 g.00

Virtual Member {EBii#ER)
ce 2.20 7.07
NCC 5.44 .00

—fn 42 HPri Y nonmember Ef static member i nonstatic member &

MBEHUAZSEROER. FURNERSTOFI=EMHE L4400,

BREERNRIFFHEN, REAH nlinc EEEET 25% EEHEE. T
HE AN RAMERSE. TREAFE?

ZIMEAMFER AL T &iEHH "GUAFERNERAR (expressions) " #
Btz s, BERAE K, KFABR, inline XA REYTE KR
RO BsRAE, WREREFREHBINES.

3T virtual function RYF FRBEL — 1 reference, M FEET—IHE, B
WERRTT U AEAARFRCEL T E M. HEORERER 4% 8 1%
%, B —Fa KB Point3d constructor B F vprr - F R EHE,
HENEZX CC F NCC FiE (E D NCC M “cfront HZHEER" ) #H

17
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FRERER C++ WHBER {(Iuside The C++ Object Mode!)

T delta-offset (BB ZEE) HAREHr virtual functions.

FEIZERY, TE 4 offset LIER this fish, FERAMET virval takle F
BELUHA. WH BN EREL:

ptr—svirt funcii;

HowEsy.

f7 R wiorenal function
(*ptz->_ wptr, index ] .addrz)
. ptr + ptr-»  wptr| index ].delta } // ¥ this {EEt0iER

AfeEd k

HEAWMEXHSAARFT. FABESLE 0 (REEE “RGHBH base
class 2% virtual base class BT, HEREA TR 0) . EXMTAHARZT,
AERR-HERNEZFHE, HELRNTHAEE, S2HRERMNEE. N8,
T thunk I, gy EHREBEART YRR TE LSBT 28 MR K.

ZEYPACPH virval function #ENT, 7 AR TESMRE, X4 AL
BB SEANBMEHEAY dunk HE, HUEAE_THEHMN Lase dus
B virtual function, T AIR P ZF HEIERIMAXF thunk TR, KEBE|
ZRAR. BT his BUHWERCEETTR - HRRNEEURF, HRMH 7
A RE AR TR

LRAE-MANR FHITIEIRNEN, RURRMER, 52— 24%&,
virtzal function MELTTR A EH ZATEM. —~FRBALBRERNLE TH4
B, AT LRAARAEFAEN "REBER $ATZE, RETHET.
TER-HRMFEENA, EEFPAURAAGENEES FRESHEEM; 11
HEE, ¥TAENLREORTEARM. KENRE, Rt ENEnRR
BHREIN, B2 cross_product PHRIEIRI%. Point3d class object pC. TR
default Poins3d constructor HMA T —~THW. WWARRE, WA EMBITAH
x, X—FXERBHpC M constructor WERE. KHEEHER M4 F

T e rrere— -y -



#4E Function HEZ (The Semantics of Function)

EHERNPARA —LEARE.

F A vintuai function ZJ5. class constructor #FEBSHLITE virtwal tatle
184, CC M NCC AREEM IS MR AFRE "R viral function Z base
class” BRI, fr g & — REK, WS Hm— P vpir 58 )5,
AEHE CC ¥ NCC, M MHARESEEED) constructor H, LIEIBHE
T CH2.0:

i/ B - T base M dec_ved class consliuctor FEHEAM

if { this || this = pew{ sizesZ {*thkisz 1} 1 |
/¢4 user code goes here

EFA new Rl delete BRITZR . K chss WHEBME - FREERTE
construcior "FIERE this $HET. RIAM i HMETEXFEME. T cfont,  “rhis
M ERE" NiFERMRELE—HE 4.0 BAHEBLIE (B TRREERLN
FERARER M) . FNARERE. NCC 2 SGI R °5 cfront 57
B, ML NCC REBEATIRAMERE. BRRBRE, ~HE TTHbR
BT constructor PRAMAH if Wik W AWRFEL new BREFHRHLE
TEAER, KB TEHEM constructor BIRAFSBHE M (62 ¥). “his
HERFE" NiEEAHMATRIF.

EXERERD, B4 WM base class RFSHB-BRE R, &
constructor [REHAMA B — M whis TE IR (HAMTERELEN) . &
HATKE constructor —F K, HFRSBRTRE MR AR, i x
#HAR e M —~FESNRY ., W RED SRENRER.

EEMERT, BEBEFRAE construction AR ENHSHk 20 M b H
PR RIRITE . RUWRAENREEEXES, BRERRSHNE.

1. EREEHTNE -8, HUTFHNENER,

wold
cross_product (Pcintid &pl, const Point3d éph, ~orst Point3d apB)
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HHEHE C++ HRER Unwide The O+ + Object Model)

{
pC . x = pA.y ™ nB.z - pA.z * pB.y;
/7 HEeHER-----

}

2, HEfE this XTI HER:

volid
Pointid::
cross_product{ const Point3d &pB )
{
x=¥ *pB.z - z * pR.y:
/BBl AEMERMEN <, v, =
}

FFMES S . HRRHETFRRAY 6008,

AN RRXEEHREE V6, ERRE — 1 default constructor FH3E
LEMMEERE. WRR, BEEN pCclass object BIERBRIGEH, Eif
RRE T constructor —~ERITTLIEHERI RBURNMEA, UMKEH
constructor 38 FAIR{E .

4.4 ¥1E] Member Function BYEE

(Pointer-to-Member Functions)

ER=EFERNECELRHTE r, B—1 nonsatic data member Bibit, BIIM
£ REZ member TE class TRPH bytes B (BN 1) . FAUES TR
TRREENE, EREUHETED classobject FHLIE L, AEESBER.

B —~ nonstatic member function WML, R IZEKR nonvirtual, MRE
MEREEENFPEENDN. AMR~MELRTREN, CLBEEEHEST
A~ class object MIMEGE =, A fEEER ZEAEER. FHK nonstatic member
functions AR EXM KA (LB i 151 .
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B4F Funxton BET { The Semantics of Function}

BE—TF., —MEE member function 8915%. HEWBEENT.

double /4 Teturrn type

[ Point::* /4 olass the funetiosn is member
prf | // namz ¢f pointer Lo member

0; ff arqument lis-c

PR IG BATTR] LU 52 SOSF R0 TR et

doub_e (Point::*Cocrd) 1) = sPoint: x;
B[ LU S EH A
coord = FPoint -y,

HEAE, WLEXAH:

i origin.*coord }i);

£

{ prr->*ceord }{i;
et telr o IR

/7 BR e B

{ coord 1 [ & crigin i:
u

/7 B cr 34

{ Zocxrd ) ptx ),

151 member fanction KRB AEIEL, LIAH “member selection EH
FU R4, AAERRIESD mis SBHAERREEE. ZHRA B4 static member
functions (I HF shis 55 ) WAL “"BEIE" . MAR “$5F member function
Ziagt” mERA.

175




HHEHEE Ct+ BR8N (invide The U+ Object Model )

A N “member function FEET . RURMCFMT virtual function. & Hi4k
7. virtual basc class FAFIAGTS, P RS MM -~ “nonmember function fEE"
MRAEE. BB THEMET “member function 156" (4R LR 8 TP AL
E&. AR HPHEERE vinual functions B virtual basc class, ® multiple base
classes M) classes 5, A ESHRUAEMREHR MR E. T-WREITiES
it 4 virtual functions MM, 2E% “member function $H#" BH &b,

15 “5 @ Virtual Member Functions” 27 55t

EFETHHRFRR:

f.cat (Point::*mmE: i) = &Point:i:z;
Point *ptr - new Point3d;

pmf, — 1817 member function (HEE, BRME X Poime o (— 1 virwal
function) M. por MEIEFELL - Ponedd Tl &, MBRIIAHESES pr B
}:ﬁ Zt):

otr-»2(1;

TP BRR Porndd 2. BINERN pmy WEFE 2z 182

{ pte-»*pmf ) (] ;

AR Poimddzp WIRAAG? B2, BEUMEAREBETER “J§5
member function Z35#" BYIER Tiaiyg’® FEE yes, [HERNMTIHE?

TR — A9, BNEF T, H—1 nonstatic member function REHI:, ¥
FRZEKAAFRS M. BFE - virwal function, H it 4% 6T #
BERAE, FTEEAENEE virual function 77 HAXE virtual table P 3|48 .
B R, - virtual member function BLE M HE, BREEBEBM AR — 4 ESIE.
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% 4% Function IBEE% (The Semantics of Function ]

#ian, BEENFL YN Posu FH.

class Foint

{
pablio:
virtual ~Pointi};
Tiaat Xi);
float y()s
vittual float z{1;

r”rIF .-
}:

BRioH destructor fMshl .

&Point: :~Point;

BRMERRL 1. B 20 F 30 Bl

APoint:iin{):
EPeint -yl

RAMMEREAEAF L, BNENTE vinval, B -0 Aithat.

tPoint::z{);

BAMGERER 7. B por REH 20, SERIEL ST EERDGE T,
— Rt

{ ¥ ptr->vptr. (int)pmf ]} [ ptr 1;

#J—~ “4818 member function BI5H” TPERE (evalmated) , 2 EKNiEE
AWFEXME&E: RARBRELEE N TERREARE. oy BWAEE L.
R

Zloat (Point::*paf){);

LAMAVFHEBREE IFN I nonvirtwal x AT virtual z0 B member
functions, A EER FAE IR
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EEREERE O+ WRET (fnside The C++ Object Model)

7 ZEBLIWIR RS pns
float Bxint::x(] - ratuirn _x;
float Point::iz()] . return 0; }

AFFgEP—MERFRL. 5 —MUE viral eble FRRESIE. K,
MERALTGE R pmf EEREH (1) SEFHFEE. Q) FERHRARETLIR
X FfCE A RR Vinual wble PEIE. RELLTE?

# cfront 2.0 LR, AW AEATE - THERIEE M. cfront I0
M IRFNZAEEN T Kb R vical table RESIW? EE A 10 b,

I{{ int ' pmf )} & ~127 )
? ff non-virtuigl inveTation
t *pmt )| ptr }
// wirtual invecation
{ * ptr-»>vptr[ {int} prnf [ { pzr ) J:

—10 Stroustrap % [LIPP8S] P AFiX.

YA, EHEHRISARSEAERTREEZ 2F 128 4 virual functions.
BHABRRINAEESN, QEREREFITH. 3T, Z2EHENS(N, SRHEEE
—RYREIAER, FBIEEE vitual functions 4 ARY.

E2HEHKA 7, £ Member Functions NI

BT member functions BIEE MRS F LT S & FE LI 4 E |
Stroustrup 3T T TE — 454K {([LIPPRR] ShF ABHAHE) .

A — s, HLUERE
// BEEMBR Y TEMN menber fumctions Higet

struct _ mptr {

int delt::

int index;

union {
ptrtofune facddr:
int v_cifset;
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B4AHE Function FEHF (The Scmantcs of Function)

EAIERMATAR? ingex # fadd- 5 A (AR #HA virtual table & 5{F]
nonvirtual member function M CH T IFE, Y mdex T4EM virtual iable Bf. -
A1) . HiEENZT. R ENEMHEEE

{ ptr->*pmf ) ()

LR

[ pmf.1ndex < 0 )
? /7 non-virtual invocation
{ *pmf_faddr 11 ptr )
: // wirtual invecation
( * ptr->vptr[ ppf.index] (ptri );

B HLHRBIMMITE, 5T FHRENSME LA KA, BEHRE
A virtual B nonvirtwal. Microsoft {BRARE R, FA T THIEH veall
thunk. FELEHMEZ T, fuddr FHEENEARREEN member funcion Ak {40
F R nonvinual #3381, TR veall thunk #93kdE. T2 vinval 3 nonvirual
ABH T RREEYL, veall thunk 228 3 MARE virval mble FH):824 slot.

BaRENS—PBEARKE, SHFE P FTHHHEEE nember
function B, EFREF4E— PRI R. 2MEF, mERAH.

extern Point3d foo( const Pointica, Point3d (Point3d:;=11) @ ;
veid bar( const Point3de p ) |

Poiatid pt = foc{p, &Pcinz3d::normal ):

AFo L

HeE & Pointdd mormal WL 2L FE:

1 6, -1, 10727417 }

HHEE—PMErE X R, HFHEBE:
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FEFER Crr WM ([ Inside The C-+ Object Model |

J R crt 15
_mptr tema = { C, -1, 10727417

foo| p, temp )

HEEBEY RN SWE. dotra FEETF s 35HY o B,
v_offset TBUREIR— " virtval { R 2 ERAFH £ ZHFLE ) base class B vpir
8. MR vorr WMIMFSRHAE class TR ELL, TITFREBELET, £
fHUR C AERFSEMBEE GERF 34 ) . WFERREETHAS B
AHER TAT RS RS, FELHIFERTE JAPRERR Y casses 5o 1H%
#F$E W) member functons MIBEFTEA, P Microsoft FALR T = Fa KUk .

1. — TR BALH  HPHE veall thunk ikl B ol .
2. — M EEAAKER CHDIWA jadde Fl dera BT members)

3. — T HEMMAZA (CHPHEHFOA members) .

“¥HE Member Functions 7 ¥5%5H” BF=

HTH-BMEF . cross producy) BFEHL THFEEH:

e

-4 481 nonmember function 33 4t

2, —148[M class member function [§9#5 4,

3. — 1361 virtuel member function #1354,

4. ZHEGPATH nonvirtual & virtnal member Fanction call;

5. BHISATH nonvirtual B virtual member function call .

H— UKL (78M nonmember function T985%5) LT 5177 20 1%,

mein() {
Peintid pA{ 1.725, 0.875, 0.478 );
Peintzd pB{ 0.315, 0.317, C¢.B38 );

Poiatzd* { *pf }{ const Point3ds, const Point3de § =
cross_preduct;
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B 4% TFunction B 3% (The Semantics of Function)

for { int iters = 0; iters < 10007J0C0; iters++ ]
{ *pf ) { RA, B 1}

return O,

H/PIRE, "5 member function ZFEHT MBI ARAWT

Point3d* [ Point3d::*pnf )¢ const Bocintids )} con=t =
&Point3d: icross product; f4OFH: IR s, REOH.

for 1 int iters = 0; iters < 100Q0000; iters++ !
{ pa.*pmf J{ pB 1;

AEH CCBNCC T, #F&it LERERMRL PRATER. TRUFH
R TR

{ pa.*pmf }{ pB J; /7 WHE: B8 ( *papmf 3 pE 1 BHER

ST

pmf . index < 0
? (vpmf.faddr) (spRh + pmf.delta, pB)// ¥ BEPSEEM ok
: [*pA,  vptr Point3d[ pmf,index ].faddr)
{&pA + ph.__vptr  Point3d] pwf.index | .delta, pH);

TCRG, — “$E0 member furction ZIEH" B—1TEiy, NEF =S FE
B: index. faddr ¥ delta. index F AR —THK virtual table BYETIE,
MELL -1 RFAEBR nonvinual. faddr #F nonvirtual member function b
Uk. defra WK —VITER) this fReTiAEE. ik 4.2 RRIEHER.
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BAFEE C++ T (Inside The T+ Objecr Mode!}

FiE4?2 ENEHNYE

T i Tk
{51 Nonmember runstion ZI5E veoid (*p) I
4.30 €.12

1 Merkrer Function ZHET (PToM) @ Hon-Virtual
oo 4,30 6.38
oo 4,849 J.E5

prom: SEHA: Nonvircual
el 1,30 £.32
N 5.25 £.00

PTcM: HERUERE. Nonvirt:al

NoC 5.31 £.C7

#M dember Funetion 2 $EEF (PTaM) - Virtual
oz 4,710

NZC 5.64 2.40

~1
.

L
(V=]

PIcM: E WK virtual
(S coc MENTEMYE, B8 seguent Tanlted]
3 fadied .30 £.72

PTcM: EEHUEEER.: virtual
(F%E: co FPEHTEMNN, BH Segment Faulted!
NoC 5.84 g.8c

4.5 Inline Functions

THER Pointclass B)— MM ERATH BE LT M-

rlass Peint
friend Point
operator+( ccnst Point&, const Pointé )i

Foint
operator+i corst Point Alhs, ~omst Point frhs )

[
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48 Fuaction BEY (The Semaniics of Fumetion )

Boint new pt;

new pt. » = lhg. x + rhs,
new pt, v = lhs. ¥ + rhs. w;

reurn new_rt;

Hig b, —ARE T NREEER ioline BT s M gor w4

// void Foint::x¢ float new x } { X = new ®; |
£ float Poirt:;x{} | return _X; }

new pt.x{ lhe.x(} + rhs.x{) 1;

HTFRNZRAEE CRRMEE DY « FHEFR, Hhks a6
KA data members K BCE (FIIESRERTF LB TH) FEkmhHEA
T . MBEXEEREHEE Y inline, BT DAEGFEEFER members
RERRYF—BRBENNRE T ERNHESE. B, NBEEFFERE

#E WA Poimt B~ fricﬁd.

PR, SR LRI AR B S ER inline ——&R cfrom F
P—ERgRE—HBEMEBETFR, BREBITME T mus mine x i
1. X#i inline (B class declaration ® member function 3 friend function
WEX) AE-RR. WREMBREEE RERKLFTOAIETUR -1
FHEE, (expression) SHMHX-MEHTEFX.

AR "HIESBECTD AEMY B - hline B¥%" N, BHERES
RTBEE LY, KBATH R L — 00 @30 BB 1 900 0T R 89 S cfron: £
—EERMMAE, SHRERAXTH assignments. function calls. virual function
calls SFERIERIRE, B MFRIBR (expression) FHEA . T inline WA
HyE B LI R R A Rkl
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BHHEH®E C++ WEERE (inside The O+ + Object Model )

—MiE,. SbB— inline ¥, FEAMBE.

1. S RECE L, DIBUER AT “intrinsic inline ability” (FRH inlinc #
HY . Cintrinsic” (EHEP. BEN. @A XEEE "SHIESHE .

WRAHHE AR RE, RHERARS, RAKFATHEY inline, E&HE
A= static AR, FFE WRERRT AFEMWENREEL. E-1XHE
R HlgmE"T NHED, SR/l Y NS ANEZT. BEMAT. #iEsEe
MYEFEN TN EEREEE, Rn—RRHE, 8T EREESHASE
“HEBEAWE L HRNERAREL" WEE. UNIX WEPH srip 7%
Al LA 2B R

2. EEW icline BV EREE2ERANT S L. X2WXEMHTE
B1E (evalnztion) RGN EN SKEHE.

FREEEVRA L, ShEREERZITEARS “A % inline” . & cfront
B, inline FHHOREF —FFER (expression) , NIHE a5 o iy e,

new_pt.x{ Ths.x{} - rhs.x() );

RAGEBY RIT. REHRE chont PEBER,

f7 R o+ BB B inline IEER

new_pt.x = lhs. n - X bPolntPv( &rhs );

RAFRAFERBE LMRE! b, RIS RNRRES AR,
_,-;; BEL : #F inline suppert &

new pt.x({ lhs. » + rha._» i:

HP R, BERRREXGMANE, RIMNEZEER public inline
interface, {8468 = AL BR.




%<& Function B3 { The Semantics of Function ]

HEHERTLE inline WY B, F& cfiont ZHEHRHEE? 40 #1,
RN, KETHRFEE W CUNIX 0 PC #A ) SIE AN TREBE intine X
FRA RO HRTE . ARG TR ABILRRE (assembler) A RERNET
REFEAT inline.

EiNZH (Formal Arguments)

T oinline §RME, AIRAERET A0 B, &0, #-1ESE8%
VoW OEFEEEGN. WRBEA2BHEA, BRRBRATLIBE G ab—
—HERFPRAHE - MEX2E. HAIESEETIRSENSILHE
1 (evaluations] . —BW W, A "SWREEANNEREE” | BYHEES)
A NGB . BRI, WREFEZE R BERIEA (constant expression ! .
BV AR B 2 At R R RLE SR EIRAE (evaluations) ; SSHEAY inline B3, BT
DIEREESE 4" - UTREEREMERRER, UFRASPFEBFEANE
TR, BLREERSB.

AT, RERNAUTHMEE nline HE-

inline int
min{ -nt i, int 3 |
{
return 1 < 3 ¥ L 1 3§
}

TR = BRI

inline int

bar ()

{
irt wmipwval;
irt wall = 1024;
irt wval2 = 2049;

f* L) */ monwal = min{ vall, walZ }:

S (2)y ¥/ munval = min{ _G24, 2048 3:
f* 43y */ mirval = min{ foo(', baril+l i:
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WEHEE Crr FRIEM (Inside The C++ Object Model)

retuin minval;

WA (1) M- T2 RH:
AN BEEEAK

ninval = wall < wal2 7 wvall : wall;
Wk 2y mR—-TERARER.

iAoz REZE, HEREEER

mimral = 1024;

Ik Gy BTS2 EHPAET. ERESA-~EHg. L@
REFKME (multiple evaluations) .

/713y BHEER, B AT
int t1;

int t2;

winval =
{ t1 = Zoo{! ), | t2 = bar{) + 1 1,
tl < t2 7 tl @ tZ:

BETE®| (Local Variables)

WRRTBEBEATEYL, T inline TLPMA—-TRHETR, £EH.

inline :nt

min{ int i, int j )

{
int minval = 1 < 3 2 i : J;
return minval;

1L B B BT A SN B S R RO AMELNG Y EnSR IRA1AT LT RO AR
{

Lnl rocal var;

int minwval;
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H 48 Function 1EEF (The Semantics of Farclicn}

i S
minval = min({ wvall, wal2 ;;

inlne WIFBHXE, ATHPHRHER, THEEIE-MEF (L
XA BRI, HETLHEE ninva Wit R)

{
int local var;

int minwval;

/F O inline EEE FAEBLL “nangling” iz
int _ min_lv minval;
minval =
( _min lv minval =
wvall < wal: 7 wall ; walZz ),
_ min lv_zmioval;

—BME, inline BRPHE—-RITEHLFEREZERHN-- N
HXESR, HE—- M- . R inline R¥L B —FXK (expression}
VRZK, BLBUTREFEGCH-HRAWER. R inline BELISFEMY
E£PAT (discrete statements) HY B SR, MART—HANHEER, AAINUER
R (FE BAEMERE— I 8HAERY, FETH scope) .

infine BT ARAETR, BN EFBIERE S, TS E ARG
MEHFTE, BHRENREELIE —EAR (expression) BV B EBHHAIE. #Hi,
T RRAE

minval = mir | wvell, val2 | + mia! fooil, fooll+l I;

AEEET R A:
[ RRAE B R R

int _ min_lv _minval 00:
int _ min_lv_mirval_G1:
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REFE O+ MBEB (nside The C++ Object Model}

df RBERERERS £ aER
int tl1;
inkt t2;

minvel =

({ _min lv_minval 00 =
val> < val2 7 wall : wal2 )},
___m'_u_lv_m_Lu\.'.;sl_CD}

+

{t  min 1w minval d1 = i t1 = fool) 1,
{ £2 = Zcod) + 1 1},
tl < +2 ? £l : =2 1},
_min v _minval 01 ¢

Inline BYOTTHERET -ALENIR, TUITEFRHET class +
kY nonpublic M. EMTHR C BEFORKBEAN ddefine (HELHHE) &
— P+ EERBLE—WHANZMBE PN SEGREANSE. BF 1 oline &
MREHFEARZRNE, AFLABNTRY, SRR NER.

— WM ELH, SEEERFR, @R -1 R -FAXHLERE,
HEE inline ERFHFEZIRAHEE, LLEEERNEHR, KRIESLE (0
WAR) BRIEEIIBE. 5, inline PEF inline, THELF I ZTLEER
FAK inline ARRERERETMEDETBAR, EHERTHEEETES
class & ETH constructors, A object AT — B 3 FIEWK inline 1/
AEARKERE—ENg— I HeWT—NIER, REWS -8 % H#
R, HFRBEZENESRNER, inline BERHET - EAMALHTAE. K
M, 5 non-inline BHILER, ENFEEN|CHLH.
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H5E k. M. EIFEFE (Semamics of Construction, Destruction, and Copy )

E5&

s, BEr. B

.

BRE

Semantics of Construction,
Destruction, and Copy

# BT W24 abstract base class B,

class Abstract _base {
public:
virtual ~Abstract hasa{) = 01
virtual void interface{} const = §;
virtual const char*
murble () consT { return munble; }
protected:
char * mumble;
Y

HELAAE TR BRI class WIBHH— B base class ( H
5 pure virtual function, 8@ Absiract base RNE AT LR ) , AEETE
— AR EES LML E data member mumble. MREEXTYIEY B

194



BERE C++ HEWR mside The C—+ Object Mode!)

tE. H detived class RIREEMEIT 8 mumble B EVE, F0:

class Concrets derived : piablic 2Abstract base |
puklic:

Concrete derivad(};:

P A
}i

vold foofi

{
/¢ Bbslracs_base:: numble R
Concrate derived trouble;
L AR

}

Al oSG, niF Abstract_hase BRI ERELIESE — 1 derived class
TH mumble BIFE. RWMBE XM, derived class W — B R K2

Abstract_base WAURH — 1 HEHME— B¥M protected constructor:

Abstrect_base::

Abst-zct basz| char *mumble value = @ |
: _mumble{ mamble walus }
)

~RTIE, class W data member FE WAL, FHHRE constructor Bk
R class BAE member functions ST, KT ABRIEEN IR S

W, class P 0k 3 o 3.

SRRE T SE S BRI T BRI R TR — > explicit construcior, 1T
RARRELMK K base class A data members. 3 RH BT A DMt S
({f interface # implementation 2%) , BEEHFARTRETYER, ANVHE ‘&

HEREAR" M EEE baseclass P, EER—FFFLMFIF.
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BSE ME. L. BIIEE"E (Semantics of Construction, Destruction, and Copy |

A e LA E BV TE (Presence of a Pure Virtual Fanction)

CH FHREFFERFOEIN, — P ARATLUE XHNAA (invoke} -~ pure
virtual function; Y Hi# B AR (invoked statically) , ARt EHIVL
A, P, FTRI&ERET XERH.

7/ ok EX pure virtuzl function
£ BHUWEEREMAT (invoked stazically)

inline wveid
Abstract kase::interface(. const
A4 VEEE: JEHEBAD const, W NEE
{ A7HEE: EEE. RRYWEBEEREE -4 pure virtual const
function
£
}

inline wvoid
Concrete derived::interrface(] coOnst
JfHE BEHD corst, MBEE
{
{é ook @ BEEH (static invscation)
Abstract base::interface();
4 EE: WES, RUEAKEEEBR -1 pure virtual
functicn
i
}

BREEHM, 208 class B ERFE. - RE pure virwal
destrucior: class B H —EBEXE. Al 47 RAYE— 1 derived class
destructor SEAIERHINLIT R, UHSAENFERAR “H—1 virtwal base

class” PAR “ k- - B basc class” By destructor. B, REREZ £ -1 base class
destructors BIE X, MeSHBFELHK.

FiE: M VO ME., WEBTEREN Abrract base class 1 pure virtual
destructor, BT IBI 443, BEERHSHBLFER:

error IN¥2001: unresclved external symbol “public: wvirtual
__thiscall
Absteacl_base::~Abstract_base (void) " (??lAbstract bhase(@UAEEXZ|
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BERE CH+ MR (nride The O+ Object Model)

VREI 6% &% UL, MEERT— D pure virtunl destructor BYTEHIRIE, TRIEHE
“UIFET R derived class Y destructor” BTESINFRIGT Fo oolass X1 ATE
EREMEYT ~ N pue virtual destructor (B E -8 FTPELT
Absiract_base:: interface() BEEE) . BUBEMNETRR Y O BE R —MAIE AT
SEAFEPE - class object B9 destructors ¥EWIRA. HURFETES -
R UE TR

HAMESRHL, EARERANEEEBNEE "4E" (W cass i
HEDCFYERDEEE L) — pure virtual destructor 1 BEE LB? KR! &
FHNWEAEEANR, NARREY-- PR RTLERE "TERERN 2
M. B, TEFRETLIEM M &, EEEMERE pure vittual destrucior F
FAMBEIE, REEFHEREE. BT H%AES (dircctive) , RIS K~
POERAETE: ERRTFAEE NETAEMHIFRI LY.

kL

— P SIRE R RRE, KT virval destructor TR pure.

LS RN ( Presence of a Virtual Specification)

MBAMFRFR Abstract base: mumblef) 5 —-1 vintual function, TiFE
—AHERNEE AYHAREVABSHIASEREE BMNERLEEHE
derived class 5 . WA, BHTFEEX non-virtual HEESLAAE 1 inline E¥, A
RUEHAAGE, A CHREEERS.

AT, FERME TGS, M FERAF - EIEGEET cass B
K@EAZH? ARUENE, BEEAESLBRARERRE Y- M5 EHRE
(static invocation } , DI IZARBRYEN mline expansion? IR class 2HEER
i 4 A TR classes, AR EHIHRAE, XY 0 BE, 3K class &
BRI ZRBEELARETRTF (FRTEE - M—URESE—X
&, MFEFTEEREFRER— MLEEWRRA) - R, @ERTLID Z#
WELFEET - libmry 9. SFBIGIHEEE, ATEEE LA
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=SB M. MW, EIUEESY (Semandcs of Construction, Destruction, and Copy }

persisteat program database @ I'brary manager.

~~8ME. HANEARFEEE D virual function, 55 BEEIFHFNE
T BAEIREEER virtual invocation 2. FAEFREIIE.

BB DR const WEE

geE— T virtaal function BHEE const, FRAFHMBLHER. BLTH
IEWX —1 abstractbase class 1, #FFSMAE. MR IFHE, EhE3HE
subclass FEV M T T BB . NIEEBEFR N const, BR B RN RE
8 1% — -1 const refercnce B consi pointer. HEE4S A A KER, B —1 RE
X const, A EHLREH derived instance ¢ F B X M —1 data member.
AHBHEF-HOBRDE, REHESREE, <M const R T .

FFER class FHH

AATEN S M, EHE X Abstract_bese 11T, ARWEE YK —Fhig

it
class Abstract base |
public:
virtual -~Abstract basei); /B AEE purs
virtual
virtual void interface() = 0; /fRE: FRE const
const char* wumble() coast { return momdle; | ¢/ #F., ®
BE virtual
protected:
Abstrart_hase{ ckar *pe =0 i: [ R - BN
constructor

char *_memble;
Yi
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BHEHE Ct- WEER Unside The O+~ Object Model)

5.1 “TLHKR” 1B FTHXNREE

EETHAXEFAR:
1y Pulnt global:
2]
23] Point foobari:
4y {
5] Point local;
€] Foint *heap = new Fcinz;
V) *heap = local:
‘B Al stuif L.,
=3 delete heap:
V10} return lozal;
A1y b

L1,L5 L6 ERH=MARMHE™=EHFX. global AFAE. local HFE
BN heap MEMRE. L7 £— class object IHEHH —4, L10 HEIE N E,
L9 MBA S L delfere ZRFFHIE heap object.

— object WA M, 1% object B—HATHBHE. Iocal object B4 4y .A
L5 BEESCTH, 2l L10 ALk global object B4y BB M & GHEB. feap
object BERMM T new EHFEE LRI, BITH delere BRFEE NI,

T2 Poine HBE—WHE, AfLIER ¢ #BF. C++ Standard BLXR -
EriE4 Plain OF Data AR

typadef struct

{
ft_cat x, vy, z7
] Point:

MAERITEL Crr RRIFRETY, SREM L5 WL, MERL AN Poiu
EH - irivial default constructor. - ™ trivial destructor. — <P trivial COpY

constructor, A& -/~ trivial copy assignment opcrator. {E3GER b, 4788 L0
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HIE O, B, BEILEES (Semantizs of Construction, Destruction, and Copy |

XAEE, #HEIELE Plain O Data #3%.

YRTERB B E X
(1}  Foint glabal;
. Wt Point B trivial constructor H1 destmetor #& = £ # A,
constructor T 7% FRALES (sartup) MR destructor FFRBIFH exirr) #H4E
Mlexier) B REFSE HF mand R IR, EEL FHE trvial memhers
BEARBWE X, AEXHFER, BFEATH-EE ¢ PRFD—.

&, RE~MDMES. £ C 2P, gobal BWA-- "HIHERFE L™,
FEHERTHRATEALRS. ~ D W E R ALARFRELE ST
Ao ou RS RER. HETAM L, WHAERT data segment
- ARBIR B FEEL 2 gobal objects @A BIEE . TR LK%,
XELERE RS BSS. XA Biock Started by Symbal M8 S, & IBM 704

assembler [ —T pseudo-op.

C++ FEASTHR “WEFERTE X" ZREN class WEITIYNBRSERAZ .
BRKF AW MES T IBB -1 class objects &~ Plain O Data, {81
FRALERBIHAES. AN, ghtad £ CH+ PRUITEER (FLAL
BIATESTEN).C M CH B—TEFRMAT BSS dara segment F C++
TR RE, G MIFFE R R S "WML NEIE" Rt

foobar() EBEHE L5, H—4 Point object local , AR AL EBIGED
BEREN. B, Point object local WRBH X TIWHL, WELHR Y-+
BENEFAM—F B -REHTHATELLESDIE (0 L) . EF heap
object £ L& WIF i biiE.

{61 Toint *heap = new Point;
EWHB N new ZHF (A libary $#£45) KEE

Poiet *heap = _ newl( sizecf| Folat } );
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WEHR O SRR (Fuside The C++ Object Model)

W CAKIEW, HIEH default constructor BATF new BH HFEFEE K
Poinfobject B E. L7 Xk objec: 4 —TBE (B, awign) B1E, R lfocal
B E S AR, — VIR A P

{7 *heap = logal;

HE X - EmiEREin f.

warning, ltine ¥ © locald is used pefore being initialized.

WM& =, IXPMIEERE LA vivial copy assignment operator #1718
ERE. BRWSER P object B 4 Plain OF Data, JFRLBERYE (assignment)
HHARE C TEMARMRBIENE . L9 BT dedee B1F:

{9} delete neap;

SHEBBH delete AT (F library 84 8579H -

__delete( hezp 1;

MEL, ZRNBHESME Pom 8 tivial destructor. B &SR,
destructor EABRBRHLRLRAHEA. BS. BEHLEH (by value) KT
FAM local SHGEMMEREE, XENS ESMBE vivial copy constructor, it
T L return B4R RR —MERAGE NBAE, BUOAXTSRE —4 Plain OF Data.

MR BIEHEAL ( Abstract Data Type)

LIFR Pont WHR WA, 4 public EOZTFH s private §ile, #it5
BriEE, AEFREMEMA virual fenction:

class Point |
public:

Point( Zlocaz ® = 0.1, flest y = 0.0, Zloat z = 0.2 )
T i, _yliy ), ztz ) {)]
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FS5HE Wik, @, #I1EEF (Semantics of Construction, Destruction, and Copy }

// ne copy constructor, copy cperator
// ar destructor defined ...

o
private:

float _x, _y: _Z;
e

TGN Point class, HXAFREYE, BRZMELEN float. B
8, A privae . public FHE, FR member function WEH, HALEH
WA RZIE.

RITFEHFE K Poine EX T copy constructor 3§ copy operator, FH X H A
IR S (defau't bitwise semantics. 12F:; HEE2E, #51 0) C8 2%y, &
THEATEERDE A destructor, HAETBIAMAFEAR FZERE.

M F—1 global &
Po-nt gleobal; // EW Soint::Pointi .0, 0.3, 0.0 };

AR T default constructor ERTFEL. &1F gioba? BEVELRTRED, H
Mt BB R B R (startup) BFAFIE (6.1 FHHRFIEH TS -

MRES class THFHFRABIEHRETE. AL F—T explicit
initialization list 2 WEH R (e & XAHR A consiructor §) inline ¢xpansioa M
H) . BET local seops THEMIE (FiM local scope =it FT SEFY it 1<
BEW. FALET 54 FEI BT . #4RF, BETRIMEFAE.

vond mumblsal)
{
Foint locall = { 1.0, 1,0, 1.0 };:
A/ EHY Fointl, WAES
Foint local?; fr M BH¥ point2, WHEDR

A WY F - irline expansien

// explicit initializetion =Fffith— b
lacalZ2. »x = 1.0

local2, vy = 1.0
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HEHEE Cr+ WEEW (Inside The C++ Obfest Model)

localz, z = 1.0
¥

locall BIMEERNESEL focef2 MEZ.EZRHE N HAMET activaticn record
W BRI, LiF initialization list PEEERTT LE B locai! BT
T

Explicit initialization list %3 = Ak £ .

1. HF Y class members #EE poblic 14, M3 E%,
2. HEERERE, BACTICHRFNBA T HIELRE (evaluated) .

. HTHBERNRANIMITZ, FUMRLTIYNERTREGESHES
— ¥,

BT . expiicit injtialization list i M2 i & g0 g ah B R o T#8 Hdih
A7 —RTRE, EREE no. BMEXBHRFLT XA —#. #in, SiF6L
FTTHT —SELNEBEEWMBEER (color palette) , BAME TR -1 #
BAR (LKACDL Alias 3% Sofihmage HAEFS M3k (08 2 N ORI h (O 5 50 5 F0
Vi) BERTF, B4 explicit initiclization list WM& &M inlin constructor ¥
BE, BURHLRIL (globel object. HE.

EHRERED, 8 —MEEELH AR inline constructors, FEH B
R — member-by-member FERIEZHIE. REHFBOHRHITEE ¥
A& Z0HMFBRE explicit initialization list S B/ — £, T A2 H#
constructor "B H —BRIH assignment 2.

T £, local Point object #9E X+

{
Foint local:

£
¥



FSE M B #NEEF (Semantics of Construction, Destrustion, and Copy )

PIFEREB N default Posmt constructor B9 inline expansion:

f
/7 inlire ewpansion of default censtructor
Point _ocal:
local, % = 0.0; local. v = 2.0 local. z = D.0;
L AN

L6 MH W —1 heap Point object:

(&) Point *heap = new Point;

BILEW M —F “F default Poins corstructor B4 &418 A#RLE" .

L4 o+ (heh
Point *heap = __ new{ sizegf { Pcint ) i;
xf (heap !'= 1)

heep-*Pciat: :Point();

REA L HEMIER TN inline expansion HIE. T heap REIET local
abject:

‘7] *heap = lecal;

MRS E B PRI DIRIE. LIEEHRERE Jocal object, HERBE—H,

1 10) return local:

LQWﬁhmpﬁ%Zﬁﬁz

(9} delate haap:

BBEFA2FH destructor AT, ERBMNFRFHBBRL—
destructor B #3L4,

ML, BITE Point class H— MHXH defalt copy constructor. copy
operaior # destructor, R ENERTLEEN (rivial) , THLRIEZLHELA
EEAHTEEA.
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FEBER Cr SRR Unside The Tt + Object Model)

B WES

KIME=ZD Poimr BN, H4 "#HEAKERLR UERERE o RlY
( dynamic resolution) f#E& . SHTH{ IR - & AFTHEREBE:
clzss Peint |
public:

Point{ float = - 0.0, fleat v -~ 0.0
N SE- SR A A

/4 no destructeor, copy constructoer, or
/f copy cperator deFfiend ...

virtual flzat z(};
Ao

protected:
flezt x, _v:
b

B-UBERBE, RIBVEGE L~ copy constructor. copy operator .
destructor. FAINETE members UM ARMBE, HALEFERNBILEE S
T OFRRE. BUATESSHE, virtual functions 13 A N SER$E
4 virtual destructor AW, AW LMEELFTHIFRITFTTL.

virtual functions M 5| A{BEE -~ Point object A — 4 virtwal table
pointer. X TEFRMLLIL] virval DA, KMTRE: 57 object RE
BT — word Bl Fi4EKERL RAERAFRTE! € 3D BHER
AEHF, MRAERA-TEEZMLMER, EF 60 4~ NURB £E. B4 E
HH 512 MEGIG, BAED object £04H 4 & bytes HIE KL 200000 H
bytes RO AL . TAAEYL, CTERAEL, HAHEMEE
Lpolymorphism) BHIHFAHRNSEABNILATE. REEERZE, FAiE
TTHEERESEY .

B T8 —1 class object BWMIE— vpir 24, virtual function RIS AHE|
REER N THNTH Point class P4 BRER:
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E5% @ﬁ-ﬁwtﬁﬂﬁﬁg(MmMad&mmmmijMmmm@w)

W FINE LB constructor WM T — 555, RLIEW vpur W4, Zi
T 1> T4 BT 0 76 €E ] base class constructors MIABAZ S, (B0 3 A
HMEAE (BFER) $EME2ZH. A, TERETEEMMNER (!
Poimt RE) .

J/ oo+ PRI EE R

Point>

Paiat: ;Point(
float x, float y )
Co_MiEY, vy

W G- copy constructor F1— copy assignment operator, Tj . K #4k
AR tivial ({8 implicit destructor 8% & trivial) . HE—"N Point
object MMM L, — 1 dorived class object W1E, WA LHr W Z Rt
{bitwise) BVRIEN GBS vptr Wk dkikik e,

Jf o+ 19358
/! copy constructor E‘Jm‘ﬁ"ﬁ%ﬁﬁ
inline Point»
kaint::Point{ Paint *this, const Point irhs )
{
/7 WRE objact M virLual table pointer (votr)
this-»_ vptr Point - _ vibl Point;

/¥ xhs RIRPHEEVEND <his Wk,
7 BREBH menber assionment B — memseriss.

return this;
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FEEHE O SSER Caside The U+ + Object Model)

RIEFEREMRECRETAERSE objec MEERFETIEB— 1 object F
b, AASEH R DS NERE (memberwisz. i#3E HHEH I E,
#49 51) " WWEEHE. C++ Standard ERBIFHFZELR nontrivial members 1]
LhrE RERE, HEADREHER S8 HIL.

ATITERR, RIE jfoobar) HHFITIR:
(1 Point global:
(2}
13 Foint foobazr()
(4 i
15} Point lecal;
{5} Polnt *heap = new Poink;
(7) *heap = lotal;
{8 f/ ... stuff ...
(9} delete heapn;
R RIN return local:
(11} }
L1 B global FTRAHRIE. LS ) heap VIWBMLBRIEUR L9 B heap Hilk

Wie, ABERFREN Point AR, BT L7 89 memberwise B {521

*heap = lacal;

BEMREME copy assignment operator RIS &, R HiHB#ER —~ 1 inline
expansion (P RE) . [ this BUR fean TTLL rhe B4R local.

ROBIMER R R EELUMFE A RER iocal BII—1T (L10) . HTF copy
constructer BMEHL, foober( RETTREBHEM AT EIHE (23 YW HT QN

B

/0 cr+ {9 foobaril R
/f AER zopy constructor

Point foobir( Peoint &_ result )

{

Point local;
logal,Point:iPointi C.Q, 0.0 1;



wLR OHE. BH. EIEFEY (Semantics of Construction, Destruction, and Copy }

/7 heep HIERSHSAIATR]

[/ cCopy conscructer v H

__reault.Point::?ointt la=al )

f/ local MEM destructor HFEXHEET
7/ BA Point XM destructor:
[/ local.Point::~Pcinz1);:

retarr;

IR & FF named return value CNRY ) 54k, R TEHS B -SEELY.

// e+ B, foobern BOEELL,
£0 BAFEE named relurr value (NRYF {1

Point foobar{ Point &_ _rezul: )

{
__rasult.Point::Foint{ 0.0, 0.0 j;

Hf oneap MBS SR

ratarn;

!

—EWME, WRENE T2 FEISEE BT ELHENR (byvalue) £
— local class object, FEMEITRELN—THREH.

T operatcr+! const T&, const T& |

{

T result:

Ao AIEM TR

return result;
}

LR —1 copy constractor R EB—FE ZIME default memberwise iB
BEE£LE%. THHASME NRV b, &7, REREH —MIFHFTER
EJERAE, NRV ALEB A BERERA copy constructor, B AZHERDAEH
BET "BH#ZaE obect” ERT.
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FIEBRE CH WEEX lnride The C-— Object Modef)

5.2 HRGR TRNSAE

HEMNENX—T objza MT:

T object:

0t Er LB ENAHER? W T F— 7 construcor { THBEH user #{k
LEEMEFEE) TP WH. XEEE, ERAHERL, constucor #
WHAEEMNFET A7

Constructor T HERH CBMBHET, RARESSY RE— 1 constructer,
PRBEMN class T NGEREANT. -BHSHERTHOY TRER 4N
F,

1. WART wember initaiizaton list 9§ daia members 185 16 8 48 3
#H constructor HEE EFEH, 1! members B IR % EE.

2. MEF— T member HEEBITL member initialization list Z ®, {H1
FH— 4 defaull consteuctor, -4 1% delaolt canstructor % 20 % 18 H .

3. M ZAT. WF cassobject A virtnal tablc painter(s), © (]} LA
WEME, HAELY virual tablc(s).

4, HHZH, FiA £ — &K base class corstructors £ 508 38 ., [ base ¢ ass
WEEMTFRBF (5 member iniGalizaiion list PR B LB |

» M base class #4701 member initialization list 8, 88 A T ] B %
BENSEHEREATE.

» A0SR hase class AWM F T member initialization list 1, ME &

default construcior (A default memberwise copy constructer) , 4

KEHZ.
» G0 base class REHBE FHE HE MM base clase, B2 this
BHONMERARE.
5. EFZR0. BFHE virtual bzse class constructors 0 BIHM, A3 +,
MNEHEH EX.



FSE fgk, BH. BIEGY (Semantics of Constreetion, Dest-uction, and Copy)

P MMBE class B ¥+ member initialization list &, H AW EH T 84
WEFMSEE, #vaEdds. FEFV T 29, T class §

— -~ default constructor, LM ZWHZ .

» 4N, class o E - 4~ virtual hase class subohject ) R 2 &
(offset) AAERITHT HER.

> WE class object EBEE " most-derived) B} class, H constructors

EiX—TH, BREM "C+ #EEF classes FHEEREE" &0 ERFEH
constructors ¥ AT Ek. WEWRE Ponr H#, FHEHM - copy

comstructor. — -~ copy operater. — 0~ virtaal destructor T0F -

ciass Poiat |

publi¢;
Point( float x = 0.0, Eloat ¥ = .0 1
Point{ const Po_rt& s 7 EHcony construcTor
Polnts operater—{ conot Pointe ), /7 L. copy assignment
oparator
virtweal ~Point(); /7 W virtual
destructcr
virtwal fleat z!} { retarn 0,02
o
orctacted.

float =x, y:
bi

ERFDOMNHH — LRI Pornr HERNKRERL I, REHHRE
BEE Lineclass MAHMTITER, S _dsegn F1 _end P 4L

class Line |
Point _begin, _end:

public:
Line{ float=0.9, float-0(.0, fioat-0.0, [loal=0.0 );
Line{ ccmst Pointa, const Points: §;

drawih;
Ao
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BEERER C+ R | Iside The C- - Object Mode!)

- -4~ explicit constructor FEHE T T FAET 4 member class objects #Y
congructors. IFRRANE % constructer 30T -

L_re::Line . cungl Polnl &bayin, consl Po_nt &end )
: end( erd i, _begin{ kegin t
{1}

EoH ST R EHERD.

/7 ot ThEB: Line zonstructer AYEYFE
L_re¥
L:re::Line! Line *this,
corst Peint iLbegin, censt Poink Ltend |}

{
this-> begin.Poirt::Poiat( begin };
this—> end.Point::Feint{ end };
return this;

BT Poim FEHT —- copy constructer. —4 copy operator. B{% — 4
destructor (£ #129 virtual) . TR Lme class #9 :mplicit copy constructor. copy
operator Al destructor #¥§ 7 KFFNHEE (nontrivial} .

YEFRAET:

Line a;

i, implicit Line destructor SAHEHF (IR Line KEH Point. WAL HE
FR destructor #&JE virual. BRWATF Line RREMH Poi objects TIE4E
H Point, FRLIESMERY destructor HE nontriviel D) . EHP, BF
member class objects B destructors SHIRA (MHMENHEIER) .

£/ cr+ C8ES: AL M Line destructer
inline woo¢
Line: :~Linci{ Linge *this )
[
this—> end.Peoint::-Point(};
this—> kegipn.Point::~Baint(};



HiE g, BH. BB ES {(Serantics of Construction, Destruction, and Copy )

Yk, MA Pomudesiuctor & inline FE, WLAR- MARARELT TR
RETRITX. HEE, 88 Pow desructor & virmal, AHBAHEMN (T
containing class destructor 27 ) S HEMBE LR (r2solvad statically) .

HELUNEE, H--TREFNRG I
Line > = a:
B, implicit Line copy constructor <5 R %, BH-- inline public member.
Bho, Y8FEET:
a = bk
BF, implicit copy assignment operator £#H A MM R, BHF ~1 inline public

member.

BITHEAE cfiont B, ByEEEEP L copy operator MYBTHR, HFETH
WMT R Flr B0k

if { this == rh= | rezurn +*this;

TR cfront SEEREE NRME, R

Line *pl = &a:
Line *p2 = &a:
*pl = *p:

REBHAREA cfront AWMk, Berland s LE MGk, MRIFE LI
SEREREL. - ARIEHRGET R copy operator F, FANTER
fERMESHRY, AAFREEHETHERBRGE. A hERRLN
A copy operator FEILREH HIFIE (EH) B#ERFTXY, RFFBBEAN
— Wi, i
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FREHER C++ WRER [lnride The O+ - Dbject Model)

/i EAEENY cocpy zssignmant operaor
/AR RN — A TEE VIR R

Strings
String::onerator=y censt String &trhs ) |
/7 o BTN AR R A
delete [] str;
str = dew shar{ s#trien:! rks.str + + 1 ];
1

HIFLKEE AN coront JIE—TESFER, # "% 1 copyoperator ZH1.
ENERE NG E— T, BAH4 —1 delew operator WHED member
BiE” . BOEEHRALR, HBEOAAARIHEN - TS45HENEFRE
A HELEY .

L83 (Virtual Inheritance)

BRTHIATEBNGE (REERNH Poine) -

class Point3d : public viz#i#3 Point |
public:
Point3d! flcat » = 0.0, fleat v = 9.0, flgat z = 0.0
D 2odintl %, vy ), 2l oz ) [}
Point3d{ zorsL Point3ds ths )
: Toint! rhs 3, _zi{ orks._e ) {0}
~Pointid(};
Puint3dsa operator=( coast Pointice 1;

virtual fleat z(y | recwrn  z;

n".'f o
protected;
tlcat _z;

b

R “constractor ¥ RME " HEER, XEEH virual base class 0 it
BHT 2

¢oc+r RS
/F REEY constructer FRME

210
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s dal. WA, HEIEEY (Semantics of Construstion, Destruction, and Capy !

[ Pvenex

Point3d*
Foiat3d: :Poirt3dl Foint3d *this,
float =, float y, float z )

this—»Point::Boinc, =2, ¥ 1!
this->_ wptr Peintdd = _ wthkl Poink3d:
this-»_  wpkr Tointdd  Doint =

__wtai Porrt3d  Point:
this-> z = rha._=z;
return this:

HF B LE Y Pointdd constructor § 38 HE &1 4881007

REREUT=MEREEN.

class Vertex ; WESEMAL public Poin< { ... }:
class WVertex3d : publ-c Point3d, public Vertex < ... };
class PVertex : pubnlic Vertex3d { ... }:

Veriex 9 construcior AMEE K Point (9 constructor. T, 4 Point3d I
Vertex W19 Vertexdd i subobjects &, B3 Poim construcior B AR —
EATLUES, BAURZHE, fFFA - MREBE class, Yertex3d BEILHE Poia
. ME/EE (HT) H8Z, DA Plevex (RBE Verrexdd) RAFEF
W “ERFZ Point subobject” KL,

fEHMRRUMREX R ", AR virval base class FEGL-8, i
FBee” L G RE construcor PHESRYFHA, FLHER virual base class
constructors FEAFREZHE R . constructor 1 BR¥IA F BT 5H & 22 AL WA £ 34
KM, RinRERRARAE R CH virtual base class constructors. T I8 &
Point3d By constructur 7 i 7

JocH+ TR

// f£ virtual base class WR M) cons-ructer I"HBE

Polnt2d-

Point3d::Poirnt3d( Point3d *this, hool __Most derived,
flcat x, float vy, floaz =z f

i
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FREFEE Cr MBBA (Inside The C+ + Objeet Model)

if { _most_darived !s false )

this~»Zoint . tFo_rti =, ¥ )2

this-> wptr Peint3dd -  vwtkl Polntid:
this->  vptr Peint3d FPoint =

vkl Poinkl3d  Zoint:
Lhiis-2 & = Lhts. <5

return this:

TERZHHEFTRE T, P verexdd, HiAME Fointid F1 VFeriex 1)
constructer B , BB mast derived BN false, TEHKESIT H
constructors W %! Pomt constructor 5916 FEE{E.

Jf e+ R
/¢ £ virtual kase class T8 construczor PR AE
Vertex3dd*
Vartexid::Vertex3d{ Vertex3d *this, bool _most derived,
float %, flaat vy, float =z |

{

if [ __most derlved != false |

this-»Pcint::Point| =, v );

// BHLE—B tage classes
/) WRE __nrost derived ¥ false

this->»Peint3d::Point3d{ Falss, ®, v, z 3;
this-»Vertex::Vertex({ false, x, v }s

/f BE vptrs
/TR nser cede

return this:

LR AL RFEEMERTR. 2007, YRITEL

Peint3d ocrogin;

i

W.hmﬁmmwmrﬂ%E%ﬂﬁﬁ;PmeMNMHMHmehﬁ
KE L
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HIF M. BA. BSNHEEY (Semantics of Construction, Destruction. and Copy)

Jertex3dd cv;

Bf. Vertex3d constructor EBRHVER Point constructor. Poirmtdd F Fertex BY
corstructors & HA ~ XM FHF— X Poine W)IFEFURIERRS. MBEA 1T
KIEWF, o2 R a2

BEFEACLEFTITRARS. EXAREBP,  “vinval base cless
constructors MM AH" FHEREMF L. IFY TEH cass object BE X
Ak (B origin) B, ZAREHA: MR obpat RRRARE chiewt ¥
subobject, ‘EB A4 .

LUX — G RF R, RIS ETESEEMN constructors. 3L HFIF (51648
{8 —1 constructor FEKZ, - AEHITEH object, B—Pe3 subobject .
"SEHE object” MR HUNM virtual base constructors, RFFHFE vps L%
“subobjcct” A4 virual base constractors, 1 TT5ERE vplrs 35, %
BT - Wi vptr W . constructor GBI HRBETEMIAST A&
LREH A EERTX - 28R, FURENRHETARML ST, 4T
TE Foundation IHE P, Rob Murray /T cofront I C output K16, T EMHE
ELBEMFAMD, HEE vor, FEAERI —OHA TR R ERAZE .

vpir FIBHIEE S (The Semantics of the vptr
Initialization)

YEAVE L —4 PVertex object B, conscructors FIEE I TR .

Foint{ =, y };
Point3d! x, y, = |;
Vertex{ x, v, z );
Vertex3d( x, v. ¢ )
Pvertex | x, y, 2z }:

BREZ MR FRF T — 1 class BE LT —1 virtual function sizef}, 1%
BRYENTEHE cas BIRAD. RENS.
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IEERE CH R (Inside The U4 Object Model)

BVertex pv;
toint3d p3d;

Point =pt = &pv;

FB 2K R FRAE

pL-=gize():

¥R Plerex FH, -

wt = &p3d:
pt->size(};

FBEE Point3d BY A

gt —#&, ROBEXTHAERNHE— T constructors 1 — T 1A A
. RiZH

FPolnt3d: :Po_pt3di [loal %, [lual g, Llcal z 0
PoRHO R Y, ¥ oLy l, o zlozo}
{
if ( spyOn )
cerr << "Within Poirtid::;Polnt3d(p™
< "zize; " << =mize; << andl}

LHAE X Plertex object B, BIRM AP constructors £HMH? B — K size)
FWRASBWRUN Perex size 5 (CERHRERITEERENEE ? THFEW
T A8 gl 25" Y8 F E 40172 constructor BiSIRL 2 class™ 1 size) BRELE?

CHi EE A EFRREN, £ Poindd conswuctor TR sizen) R¥, LR
BB Point3d: size() TR PVertex:size(). T— MY, 12— class (FA 25
Point3d) 19 constructor (RN destructer} ™, SR BB TAINS (FFE Prerex
FH ) R — A virtual functior., FLER MR X TELL class (80 Pointdd)
hE RIS, AT &N construcors HRANUFZ 8k, EXERELEY.
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FSE Mg, ##. FAELEEY (Semanties of Construction, Destruction, and Copy )

Constructors TR FEE: DR EM AR (bottomup? , B M #h (inside oat) .
% base class constructor FUATHT. derived LEF R HFHEHE M. £ Plerex
constructor ITFEHEZ B, PVevtex KAR— T HBM HE : Polnid constructor
f12Ja, HE Point3d subobject 11555,

LEME, BH— Plerex base class consiructors $HiEFN, SR Eo
RIEFIELH sizep BETHFHEE. BEAGED 53X — SE?

IS R CERR BN BE construcior (BY destructor) REEEH, BAER
TN $5 - ERBELBAF BN, TAABERZERE. R
BT Point3d constructor "1, RERBIER Pointid size).

RMMWR sizeg) ZH XN -4 virnwal tanciion, SEETAEHR? X
BT, R THARRLRARNY Poin3d WEBEFTE. WEEEHL L, T8
RAELIES vinuat, HAGHERIGIREERLAR. LAE20, BLUUNES
VAUE R TX P REE T~ constructor 2 H.

B—AMEIT U REATER ., £ constructor (5% destructor) 3 — Mg
A, WO, A, SKEMBETXRRYT . KRERNBTLRILGEBEE SN
Wi dE, 7% &4 T R ERE.

XEAAT. BREEEFRESAFERBAALRE. BEE—F “hak” 77
AIED RONEETUS— M E R 98 O

Af vuck!lt fix the "zngmage semantizsg!

ETHRATEREERERERBENNE - RS 2K ¥ T3 %,
MARLZEMEY LS, BAGREZER, TRITF—1 consieuctor B, SR
#l—4 virtual functions RiT B

B, F2RET -4 class B virtval functions SR YL EEE
virtual table. Virtual table A7 44 Z0? HREET vpu, FYBL, KT8 — 1
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REME O+ WREMN (nside The O++ Obiect Model)

class FHEERKESR, RFRFENAEMORTHE vou BB LHILERE
HHL BH, RE vpr REERN I, (TAERFRERLROLE.

vpir Vid LERIERIZ LIFTLTE? ART S, AR TR vpir 78 coastructor
ZH CREEMTISRAANL T TWE. RIOF AR,

1. EAETREZH.

2. T base class constructors WA RELS, BATEF AN NS E
“member initialization I'st P FTFIH members ¥ E{LIBIE Z 8.

3. BB —-HEHRETE.

BRE 2. BEFMERRALME. MBETHE FE 1 X 3 EBTR
WE. R 2 BT K class FIRH—B virtval functions HHA” KIEH.
RE—4 corstructor F— EHHF B K base class consteuctors BTRE Y 54 i
SEEMER vpir, MABEE HBEREFAERN virtual function 2244 .

8 — basc class comstructor IS HATRET vpir, @ EFEEALAT virtaal
table “ZJ&, MDY KT AP ERR AL A “HyEis e BT 4 3R N
— cluss” BIRISR. BB, -4 Plerex WREETBH— Point XM 2.
=4 Point3d & A Vertex MR~ Verex3d W&, REA MY —
PVertex X5 . T 4 basc class construcior 1, WMEW LS constructor's class
RSB R AT HRTT . T EE R B T REE &5 . construcor
AT EE AR T

1. 1T derived class constructer %, “Brf virtual base classes” B “ F —
B base class” 1 constructors S % iEH.

2. DRFMZSE, MR vpuls) WAL, SEEHEM virtual tablegs).

3. MBH member iritizlization list B, BH& constructar ERF R
X. RBDE v BREZAEAHT, ARHF — 4 virtual member
furction # 14 .

. e e —— R R



BIE . B BIEEY (Semantics of Construction, Destructior, and Copy)

4. BlE, DOATTEFE 60T 82 PORY .

#itn. FEATAEPTIRFRF YN Pleriex constrctor:

Piertex::Pvertex( float x, float vy, float z )
t next{ D )}, Vertex3d({ x, v, 7 },
Pont{ %, v 1

Lf { spyOn
C2Ir W< "Within PVe-lex:;FVerlex[)"

/B BB Peintid: :Pointid(}

<< "gize: " << size'] << endl; // W REE
}
CTARATAE R B A
JFCH+ hEY:
/4 Pvertex ronst-rotar RIMEEHR
Fiertex*

Everlex: (PV¥2rtex| pPVvertex® this,
bocl _ most_ derived,
flaat %, float y, float z |

Lo RERMBE virtual base constractor
i { _most  derived != false |
this->Point::Point{ x, ¥ )&

H/ REHHRIAR E—E base

this-»vertex3d:Vertex3d( x, vy, z !

f/BHERN vptr MK
this-> wptr PVertex =  vthl PVertex;
this->_ vptr Peoint_ P¥ertex =

_ _vtbl Point_ PVertex:

/1 BREFENG
10§ spyor )
cerr << "Within PVertex::PVertex()" // i%{E. BEHY
Pointid: :Polint3d(}.

<< "sige: " i AR
/f EEEMELBEA
< {"this—)_vptr_PVer.Lr.—.-x[ 3 ].faddr) (this)
<< endl;

/1 ISR T

return this:
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HEEFEE CH WRER (lmide The O+ + Object Model )

XM T ERERE TR IFFRAY SR EROsHnE. B2, XEE T+
TEMNBENL? BIFZFAN1EY Poin constructer F X 5.

Baint:Point) Flioat x, flcat v )
S S S S B S N

AN Pointdd constructor 525 .

Pointdd :Point3d| float &, flual ¥ Llual 2 )
: Point{ ®, vy b, 20 =z 1 |}

Bt — i, RiZEIE vertex # Vertex3d constructors HEMMEN . H 8
HEEFHRNNBEFTEAATE—IFRMNFERRETRINK@E?

THERE vptr 46 0HE R 5 R R AL

1T S PREETRYEEE . LR HUN -~ Point WE. Pornr
construector WA E H vptr.

2. Z— subobject constructor W@ 7 — 4 virtval function{ A2 & # 7
R E&iEH) 0.

WEFTIEH - Prertex SR, REHRTHIITH base class constractors
BIBFEX, H vpr WABFEESE —-T hass class constructor D5 i% E. Mt
ZHRE constucior SRR — TR object SLEEF-- T subobject L. 7
subobject WED, vpr FIRFEATDIARE (IRRWREMIE) .

AETREZE, WV EEEEETREMEETIR: & class B constructor
B member initialization list T class M—1EBIEK, %07 RLFRIT
B, RZEPEITTH dass's data member W4T, BESLM. X E
B, EMZECAR, vpr RICHESHE member mitialization list i EZ A0, H
GHESFERZEY. EREBRELEATHEFZLN, BYERESIEFEE
RNB L SLTERN members. FTLIERH R IR, A0, I wotr G904

L e ——— ———— AR T



FSE ., FH. #£IHTEF | Semantics o Construction, Jestrucion. and Copy )

RERE, 2RZ#H.

T EHITER Y — T base class constructor® EAER T “class 9
constructor ¥ member initialization list 417 WAIZ class M HEMEE, RZ &
e ™1 T vprr FARMAELGEY, REREEHEESF RN cass. Fiff -
AR, iERETER AT class's deta members - E IR B L.

5.3 Yﬂ%EFﬁﬂi’é%? (Object Copy Semantics }

BENRI—4 class. HLI— cass object TEFELH —-7 class object I,
KA =it

1. frafrt, BB LAyl Yg.
2. JAt— 4 explicit copy assipnment operator.

3. BPEHIE I N class object EH B T class object.

MRERES 3 A, AEH—T classchject 1§FH % — T cass object, #F
AR B copy assignment operater B K private, H EARMARE LT, BT
A private, RAVBLAERETIMAE (R TE member functions LA class
¥ friends &9 ) FTRE (assign) 7% RREEHRFTE L, W —BE ™ memaer
function & friend C-EEM—HE L, BFFBEBEEELEN. B AR
EaWthfx (CRERFABRTETFFNER) | FLUFRRSAHE.

EX—T, RERIE copy assignment operator FHEE, WA TN E L
ok, B—RKEREWE, BHMA Poinclass R BT

class Point |

pablic:
Eoint({ float x = C.0, floak y = 0.0 7
J/ ... (%% wirtoal furcticon)
pretecled:

float 2, _y»
b
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WERE C+— HREM (fuside The C++ Object Model)

HETABRHREEE [ EN — 0 Puiwchject. BERIERIERE T BOAGTN
EER? mRBOFFARE - S~ BRI N#E, BB iTHTNLEE
i AAEE, RIEEFHEEFEIHMLE—T copy assignment operator.

HEERNT AN ZRMEEA TR FE®RF, RINFBEL - opr
assignment operator (3% T memberwise copy B HH LR, [LIPPO1c] HBM
the) . &, BRIK memberwise copy 1703 FRAIK Poinr object RE 4"
AW &, HTRHRIBAFEE, FUFRLEE “AEH4 (diasing) " K "W
Fit# (memory leak) . M ENTECE M — copy assipnment operator, 2
R eIt R R,

MERFIRIE Poin fE1--~ copy assignment operator, M3 Bt il 4
memberwise copy. HRIFMRETEN — MEEL? XAERA copy constructor K
Bl —F: XFEER2! BiTh cass BBAET bitwisecopy BE, Bl implicit
copy assignment operator WG EFR 4L, WRARSE SR Lk,

—A dass Xt FERIAAT copy assignment operator, U FHR RS ERE
bitwisc copy &%

1. & class Pilf ~1 member object, TiH class F— 4 copy assignment
operator .

2. M~ class [ base class B —-* copy assignment operator - .

3. 2~ class BEAT M virwal fanctions (B 1—F R 7 i
class object H) vptr Hik, HN B AER— 4 derived class object) .

4. % class #EFEH — 4 virtual base class (R basc class FEH copy
aperaior) I+ .

C++ Standard L i copy assignment operators I < # 75 birwise Copy

semantics /& nontrivial. ZLER L, 53 nontrivial instances F 244 B4 3.

— b



BIE fpm. BH. EINHEEY (Semantics of Construction, Destruction, and Copy )

F&, STIR0EY Poinrclass, iXPENERE (assign) HBIE:
Point a, br

a = by

3 bitwise copy ST, & Poimt b B E| Poinr g, HIAHFEF copy assignment
operator IR . MIBELINHE 2R, AHABIIFNFREN. &, K
IERAEEIR Mt — 1 copy constructor, A BIRFY name return value (NRV) {4037
FF. copy constructor §1H A W iZiERITIA S0 — ZEHEM — T copy assignment

operator.

BARES A —1 copy assignment operater, FLIUEBIE operator FEEFRZ
T AT R

inline

Pointi

Peint: :¢perator={ cunst Foint &p }
{

K = p._%:
_¥ =Py
A0 R BHEFE, ETFEHL return *-hiss

}

BAFVEA: — -t Pointddclass (R EREHEE) .

E public Peint |

=lass Polntdd
zublic:
Poirnt3d( fleat x = 0,0, float y = 0,0, float z = 0.0 );

o B
pretected:

float _z;
bi

MR BAVRA N Point3d & Y. —F copy assignment operator, FHiFERLFL
- (AAWARE _HABNTEAG) . AN ENERAEER kG 3.

Fiochs (A, BS M copy assigrment operator
irline Point3de
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BEEE CH SRR (nside The C++ Object Model)

Fointid: :operator={ Foint3d* const thiz, const Point3d ap )

{
/2 WM base =lass Bk

this-»Point: roperator={ p i;

Jf memberwise onpy the derived class members
Zo=p. 2
rezurn *this;

copy assignment operator A —- I EAEBEAR (nonorthegonal aspect, EiF4
BRE. AEENER) O FIRREEHZ — member assignment list (R
47T member initialization list MFEW) . BRI FGEEE.
SOCH i, D MEERE R Y.
inline Point3da
Pointid::ioperator=. const “ointid Lpid |

: Pointi p3d ), 2z p3d. z
i

BNLHASR ~MMER, A BEA tase class 19 copy assignment

operator:

2oint: :operator=( p3d ! ;

{ *{Point=}this ) = p3d;

k77 copy assignment List, EHRNIFRE -E4/NE, HUEREE, HiFH -
RSN NEEN L — 2 base class f cooy operators # M. 0, T4
1 Vertex copy operater, EH Vertex L RERIMEE Poini:

/4 class Vertex : vir-ual publ-c Point
inline Vertex
Vertex::operator=: const Vertsx &v )
1
this=>Point: :operator={ v ;;
_hext = v. naxt;
return *this;




FSE M. WM. EILEEZE (Semantics of Construction, Destructicn, and Copy )

HAE BTN Eam3d F Fertex PIRELL Vertex3d, THE lerexdd B

copy assignment operator:

inline Vertex3d:
Vartex3d: operators( cons® Vertexid ov )

1
this->Po.rt:iaoperator={ v };
thiz->»Poirtid:operator={ v };

thig-rVWortow: jopuratar—1 v )}

BWF WA FEIBTE Poim3d 0 Verex @7 copy assignment onerators '{f T il
Puing 8T copy aesignment operators B! ST FEREETSEY constructor fif
"R (o RS EE) . REREH, A constuctor AR destructor SRR
B, "W copyassigmment operator HbHL” ACHRAER Spg0. BM, PR HT
AETBRAVAERTFRB (ERATHEARESRI THNFAE copy
assignment operator & & RITHEE)

typedel Point3dg (Peintldd::*pmfPointid) (const Fointl3dal;

pmiFoint3d pmf = &Pointid::cperators=;
( =.%pnfb( = )

AMBNEERIRE, BRINNKAFTERBEMSMNHELE, LHEMTE
WEMBE copy assignment operator. B — HFERTIT M class ohjects (N
virtual base classes) ETZR (L RIBARI AL T 9240, A IERERRE M B F 6.2
FHHE)

H-MHER, RIFRTUEN copy assignment operator 4 2L B (spln
functions) , PASCHFR class A most-derived class 3% BLAH BB base class. 41
R copy assignment operator WERIFE LN, H4 “eplit finction WU R T
VARSE Y. BIRERY cass BIFEFELN, BRFEERLE LIEH. )
m, = ARAAEE T I HREET (SRS i bases) % virtual 3) .
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FEHRE C++ SIRMWE (inside The C++ Object Model)

inline Verten3ds
Vertexdd::operator=1 const Vertex3d sv )

{
init bases{ v }):

}

¥ b, copy assignment operator £ BRI FR =T AE, FE DO
THES. TEREFEEAAZTHNEGERNEE, EES 1A (BAE
FIIBY copy assignment operator M ¥ HI 4 — > base class instance, T RE A virtual
base class copy assignment operater I -MICKE A . KALE Chont. Edison
Design Group KISt 3%, Borland C++ 4.5 LI X% Symantec B C+ 4%
B A, EWHAY IR, C++ Standard BEARXEERE?

il . (C++ Swandard, Section 12.8)

BAPEREMER LM E virtual base class K subobjects RERE "H8T
X, Cimplicitly defined) Y copy assignment operater” i (RIE . awign) BE—

PR - LUET A Bk, IRARIEN copy assignment operasor
FHE— MK “merber copy list” . FEMH, EfRETFENERNEFRE
BERA, HERRENERENREANEEMR. — 82 REESH—4B.48.
- AMBENREER PN E (LSEER virtual base classes 1)

F A g LRAE most-derived class 228[% (&) virual base class
subobject B copy 720, HFSLRTE derived class B copy assignment operator R

LS, VRIEAET operator, BUXHEE:

inline Vertex3ds
Vertax3d::operztor={ corst Vertex3d &v |
{
tais->Poinzid:operator={ v );
this—=VYertex:;operatar={ v ;

/¢4 must place this last if your compiler doms

224
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HSE #Hns. HE. HIDLBEES (Scmantics of Construction, Destruction, ard Copy )

/f not suppress intermediate class inwvooations
this—>Pcint::operazor={ v 1

BHATREEE subobjecls KX T, HHTUKIEERER. 58
Hoor RERM virtual subobject ¥ NEIR — BB, HRE call path %
BRI .

REWETEERERIF— N virtual base class MEUIBE, REXHH—
LLEAFIERE N AREEFM virtual base class P EIHEE.

5.4 RH%E’EIDJ@E (Objecct Efficiency)

ERITHBERIS SR, X208 N ETEN AR Point3dclass B %
B, NREEZAZHATREDL, S8 Plain 0 Data. BEMEXRT (Abstract
Data Type, ADT) . B —#E&, £B4%E. BAME. DTEHRAZMEH.

Point3d _ets_ecf copics (Peint3d a. Point3d b )

{

eintdd pt = a;

pC = by /7 1}
b = a; FA12Y

“eturn pl;

EAHNAS memberwise WL EE, SRF 28, —TBEEHLE -1
AR pCEWRTHFF memberwise # M3{E, 2 WRWFRN () f (2)
PfrE) pC ¥ b mainp B0

main(}
{
Point3d paA( 1.723, 0.875, 0.478 1:

Pointid pE( 0.313, 0.317, 0.839 );
Poiat3d pC;
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FHEEE Cr+ HREE nside The C++ Object Mode!)

for { int iters = ); 1ters < 1lUJ0CO00; iters++ )
pC = lozs of cop-es| phk, pE };

rotura L)

b

AmAABER, BEERE— struct #F1—M0F public BEREY class:

struct Pointidd | 2loa- =, v, z=: }:
class Pointlc { public: float x, ¥, z; }:

M pat H pB HIBAENAE R eplicit initialization list K H4784 .

Pcint3dd pa = { 1.725, 0.875, 2.478 };
Pecint3d pBR = { 0.315, 0.317, J.638 };

XFTRIEEA bitwise copy BE, B LURR RSB E N RITH BT
R, SR

Trrimpnbierndiie” AT MYCRI0 1 MEFE | Eiibladlaaton and & ety )
Mkl Dam Mmmben
Bitwlse Dby Settuinilcs

it At
CC 505 6.39
NCC 5.84 7.22

CC MR, BREAD NCC HRDPEFETAITHIBITHIESE
A I REHREEMEETETHG C— B8, 2 MHERY “FE ¢
W KFRHS.

F—lil, -0 ERRENEELE nline BRMHER, UE-—~
inline constructor, LA — 1 object. class HABIM bitwise copy 5
¥, HUERERRN, ATHNEEN ZER. EXEMAE —BES.




ESE M. BW. EIFHY Semantics of Construction, Destruction, and Copy )

" monierwing” 4 Gk WTE T FTRE 1 hitiaHzation and Capy)
Pttt Dsls MMemhe
[t Adicoms tived fol Ine Tidbaiilne i
ALl e L'r_-.-l:_ SEmnmin
ther FAEAL
CC 518 G52

NCC 6.00 2.23

HEZ8E, HF EMERRFREY lots_of copies). MRANY muing
AR class object FIGIEIRIF. FFLIBBEH struct KW ®EmTy, HH

inline ¢lass constructor AR EF4+.

mainf) {
Point3d pa:
Ph.x = 1.725; ph.y = 0.875; ph.z = 0.478;
Point3d pB;
PB.x = 0.315; pB.y = 0.317; pB.z = 0.638;

71 e HAHI

ENHAER A —F BB class BRI F . F 2 TP ES =M T

Futiiie Chatu Msmiburs
h‘li“'ﬂ_dﬂl'l-'i 'fr'|.‘|!'||:h-|;.r L STETITTVA L (TR AT
Belwliz Capy Seninnbivs

LA B 4
cC 5.18 6.52
NCC 5.99 7.33

28 constructor M) inline expansion. 35 & R L R R AR L R
CHILREEEE: ISR RENLAESES, B MESHITHIEMNRE
TFERPE:
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REER O WREBA (nside The C+~ Object Madal)

20 ot3d pal 1.723, 0.875, 0.47% );
.3 53f4, L.7ZR0003238418573e400
2f4, 16($s3p)

#* M P =
. -
L)

PRI B2 explicit initializetion list EMVEHBRIE, 2B R4
%, HAEREETEmET

887
LFlost 1.7230G0002384185%73e-00
4 pto.

EHRMRMRIOPMN Poinid FHZE, - ERRXTF T84
B

Foint3d pcC:

IRER ADT &RiE, pC £ULHE default constructar ) inline expansion H
FETVRE——EZRRRRHTS, BEWHEERES. AFE-—1AE%
U, BRESE BEER/N. BETIHESENAG, S5 “HENE inline &
F, REMELAT C BEFTYEREEER . A3 -ITAEXE, XEERHF
ARAMHAEN, HECHERESNR "HE" SEEIHIELNAE. €
1R —BRERE PSR KRF N FIRBEE - AR RE.

T, BB Poine3d MIRIEDINN A E W H B — 80K

class Pointld { J; // =

class Pointid ; public Pointld { }; // ¥
class Peintid : public Point2d { )}:; // =

FEARAENM virtval functions. BT Pom3d HRBIH bitwise copy B
BE, FLUEAMG R — AR ZE R “memberwise MR B KT DK™ 1B
M. XFTLIA s R B A k.




FIE M B, BLEFY {(Semantics of Construction, Destruction, and Copy )

‘mrrertiberw e BOSS ELRR ) POER CDIRY Ll e el & !
. —HER
F"illeL"I:rl‘.I |'l::||::l|:l'|l|.:|1~ (TR TR THE ]

PR el | i S=pringti

ik *ikf

o 318 5.34

NCC 6.26 7.33

THREELER, ~BAVELEEARKET. BTHE member 07, ©
TRTEE (BEPRETHERMN—TWEAE &) .

clage Peintld { }: JJ _x
class Fointzd { }: /)
cless Fcintid
! public Poontld, public Point2d { }; // 2

BT Point3dclass /B I titwise copy BE, LIS E &R 2E
AR memherwise {3120 LR RE NRE LM E. BT CC £
WoLZ7t (ERRERRE—8) , ATHERNRRBIE "Ry EE.

“thistmhervise " - 80 S0 K1 D 010 { Lilbbe Lt smemy gl Ciog )
snA:

*reetal Mainlves - bnlie Acoess

e Dapy Sooumitic

. AL
cC 5.6 6.52
NCC 6.26 7.33

BEHUHFTHEUL, FEEENERELL WAL local obiects” K
L. TIAREL “memberwise initialization ! copy BIHFE" MRy, iXESIFH
SEAR-HATH, ENIENALNFATEERB LR “biovise copy” B
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HEHER C+v WQET (Inside The C+ + Object Model

B Bu--BFABMMAEE, BRAHET. THERNRREMSE:

class PointZd { ... };
class Poinkld @ puklic 1 PoinlId { .., :;
class Pointdd : public Zoink2d4 [ ... };

AFEALA class FIF bitwise copy R (B-BEHEARLTZ, E2ERHK
WEINER) . 5aEME inline copy corsiructer # copy assignment operator T 5
BWre£ sk, FHWLERAY, ESFHRENFLE -NEKE.

ineeribe iy -L-_‘!"! S Al a1 N E | il it and Canpr |
EUHE (=
B CEAUEY el ime Capry D

WP R Imblive g Opserni

it R
cC 15.59 26.45
NCC 17.29 23.93

ATEERAH TR RHE, LREIRNNEE: SEHERENE—
4~ virtua. function HJ class BEM. [f7--TF, ZFFRIAFLHA bitwise copy 15
FHE. & WE M inline copy constructor Al copy assignment operator T2 =4
R, PR LASE. HEAE NS MERMTY, L vitwize copy HHELF A
£ 40%~50%. MREFBERF RN~ non-inline B, RIEARE
"

"mernbersine” 0L MESE WY ] 8 (E: 1« bsdalieation gnd Cope )
HEEETE. 45ER

W N (aline Capy Caisstyucn

L8 I'H;l'll,'_Jnllr:.li Lapry Chpeewiibaee

Ak RiL
cC 8,34 9.94
NCC 7.67 13.03




BSE tE. K. BRIEEF (Semantics of Construction, Destruction, and Copy )

THHNMEERFLTAY bitwisceopy BEMREAFTR, BMX inline &8
M memberwise copy constructor I copy assignment aperator. X - R RHEE MR
EAEHE WA A, WIN 2RI REE TSN T .

e heraise - #13 FEFE
WA Intine Cagre Conmricton

M EERL I kb L by L e

11,40 AL,

B 2R
CC 12.69 17.47
NCC 10.33 7.7
ZEAR
cC 1491 2151
NCC 12.39 20.39
EE T4
cC 19.90 2973
nNCC 16.31 26.80

5.5 ﬁ FLEI B2 % @ (Semantics of Destruction )

MR class WAL destructor, IAHAE class PIHFH member obyect (T
& class H S base class) BH destructor MR T, HIFEALSETISHE—
TR T destructor KEWAFFE CRABHSHR (LA FTABEHE .
Bln, R Poins , BOAREN P HEBWRFRGHS -1 destructor — £
EHMSEWHA— virual function:

class Folnt |

public:
Boint( float x = 0.0, flcat v = 0.0 J;
Point{ const Pointe J;
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RERE C—+ KRB (nsde The C++ Object Modef)

virtual ficar z2(}):

LT
private:
floazt _x, _¥:

H

EMENEHE, MPEENTED Poime MFRMEE —1 Line class:

class Line {

ruhlic:
Lline{ coast Points:, <onst Poin.gd ;)
iy
oo,

virtugl draw!);
e,
protected:
Foint  bpegin, end;
};

Line WAEHE - TS FEN destructor, HM Point 3FBA destructor.

MBI Poire JWEL Poindd (REMFR—fo BiFAE 2R 4, W8
BAVEFE M -1 destructor, #FSFHRATHES B —-1 destractor.

RIE Poin: B, Point3d. WAEE destructor, FH'E 1 RE 1 destructor T
TOARF S, FMIZEETFHIE R L "N ERE" WaEEE: "hegs
LT —4 constructer, FFRMREUHER S — 1 destructor HEXSHNUME" . &
St FREEA CHET M CRET REM destructor, FAER MR RHET
REFE—/ destructor, TREEHALE.

NTHRE class BEFRE—MEFZEE destructor (R constructor) , &
YRAAE —  class object B)E G AEBREA T (K5 7 BEAAREA R TR
RUOEE? XRFERFIHILERE MR (R FH dass HRAFHETEETH
BY) . EAERE constructor I destructor fF AR RRIE AR, 24AHTF, D4,




Wi E OHNE. MM BNEEY (Semantics of Corstruction, Destruction, and Copy )

Point pt:;
Point *p = rnew Pcirco3d:
fool &pt, p )i

delete p;

RNBI, pr ¥ p BN Lo BRINSWZH, MLEAEDHE LY
PRl XHBRBE 4 constructor, T I LGN 4 4B IRIE . —RTT
T, olass W EUINERE— 4 local HEH heap TRLAEEIIRTEY
B, ¥ constructor BE BFFN- MHAREREEH, ARCNE THGR
BB, ESHEN, HBL (absraction) B ARSE BIEMME.

SN deiere ¥ p B WAE? FEAEF DL HLHET? BF
TEAE delete T M A

p==r( 0 ); p->»yl 0 1

A, SHREE, BRECARBGEE deere — S22 HABS ENES
BT RUARBECGRTARE . EL W pr A p WERZAT, WAH TN “class
ERERR" WREFRERLNLEN, Wik, tRA—ZBE -4 destructor.

RIMEE BRI Vertexclass, EBRF T -THESN “ThE” AN
#, FEUS-ATTSNESERN, £ FFENBL2EMEREE. IEX
(HHEWEE) EE2BFOAFRTER, BLAREE Yerter destructor FITIE.

LRMM Point3d F Vorsex JEW Verwexdd B, MBROIFHRE 4
explicit Vertex3d destructor, HPLBRATEREE Vertex destrucror B, LlE®
— Vertex3d object. M, WiRBEUMEM — Vertex3d destructor, HWE T
FHAFF Vertex destructor, MWERNTRM — 4 Verrex3d destructor, HIFH LT
BY, HERR Vertex destrucior (ARINFARENBEABZRE) . 1 HAR
BSE LI destructor BB A AFEAN constructors W RIF A, BFEMRE.
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HEHEE Crr WEAEE (niide The U+ + Object Model)

. IR object AW N vpw, WA LEE (resst) MHIEH virlual wble.

destructor WRERH A ERCHIMIT, R EW vpr 24 RBFANERE
B § BiE (reset) .

WH class {11F member class chjecs, MEEHE destruciors, HAE
MNeH~EFoAETFERA.

MEFELGEEM {1 — ) nonvirtual base classes #H& destructor, &
114 LV H A BRI Fr i A1 52 00 e 8 18 H

IR H (T viral base clesscs WA destructor, W% ATiTiE MiX
class BRERBM (most-derived) M) class, FATINE A RXEXMEEF
FRAERIAFHIAR.

REE: ZTNUFUFE A, 34T R,

B constuctor — 4. BRI T destructor & -F RIS MFEEE BT

{ir destructor A,

1.

— " complete object i, BE W EE vptr(s), #EA virtual base class

destruciors.

— 4 hase class subobject 524k ; B IEL destructor BEEEREE - 4
virtual function, B EE AL virtwal base class desiructors 3118

vpIr,

—-T object ATEWLH N T H destructor FIETZH. B8~ base

class destructor #B#E WM, HiLL derived pbject THFE I FHET — T B Y
object. BlAI— " Prertex X RIFFPHMNFSTZH, SHRETH— 1 Vertexia
MR —4 Verrex ME. 4 Pointid MR, BER I~ Point TR, %%
{11#E destructor Y& A member functicns &1, XF R MG SN Y vpr WEF ik E

(fE8— 1 destructor 4, &P AR MATMAT ZAT) TR BIRM. EB/F

tHEE T destructors BIILIF S B8 6 iFA.




W5E ME. W, BILEET (Semantics of Construction, Destruction, and Copy )

¥iF: BN destructor #RBIEALIEF R 2,3,1,4. 5. 744 constructor K
FARNE. EHBETT.
1. destructor BIAE S S8 E8 AT

2. WA class FH member class objects, )5 EHE dostrectors, BATE
MN&ARBENFENHARAFERB.

3. AR cobject AN vpir, MEBEERBHRE, H0E HZ base class

] virtual table.
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BOE A{THHESE (Runtime Semantics}

F6E

RITHRIBERS:

(Runtime Semantics )

BR-TRMNFTHITHENIT.

if { yy == xx.getValue'} } ...

B oxx 8y EXA:

X oy

T oyyi

class ¥ 7 X8

slass ¥ |
public:
¥{):
~Y (i
kool cperator=={ conat Y4 } cornst;
Ao,
Ti

class ¥ X 4.
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HEEE CH WREY (Invide The C+ - Dbject Model)

cleza ¥ {
public:
L
~E
pperater Y} const; // #{=: conversion EHH
B ogelVelue};
L S

HERE, AR &, MBITEELE - HmriFaAsm .

BHE, LBIIRE cqulity (£2) SEHFRE2ETIMNETESE, EXH
TR, EHERIY (resolves) 7 “¥ overloaded 8 ¥ EASH" . TEREER
FHE -~ 2E.

f// rescluation of intended operator
if [ yy.operator==; xx.catValus|) V)

Y B cquality (%5) EAFTFE MERX ¥ HWER, BT geValue) (&
BRHR— KBS X B object. FRHHAFBRALML—T X object S %
A~ ¥ object, MARXMLTRHEH! AP X BE—T conversion BHEE,
fE—4~ X object FHA—1 ¥ vbject. BLFAMITT gervoluer MiREME S L .

TRREAFNE R HER.

S/ corversion of getValue(, s retusr wvaliue
Lf § yy.operater=={ xx.getValue{).operater ¥Y{) 1)

3 H Ay _LRF A — VHD R R AR class KBS EE, MRAOHBFR
ARETERET R BE. MARNNE, RONETUARBTHERHIT. £,
HAABHFRURRLM, FIOREF LM, SEHFETRMR &,

BRBEFEGESRERN, BREELONTREREAN. ETHRRNS
B~ TR R, FRBCE o ST I

W MBI class Xobject, BB geValuel BIEE{E-

X templ = xx.getValue!};
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FoFE HBITHIBEY (Runtime Semantics )

B A - laB class Yobicet, BE operator Yo BB E 4

¥ temp? = templ.cperator Yii:

B A - AR int object, T H equality (55 ) EESHEEMH.

Lt temp3 = yy.operateor=={ temp: !

WA, S destructor BT & — R HEH classobject . I §
BRERMW=D FEER U R
/7 cev T
AL FEBHA Lf ( vy == xx.getValuei) ) ... M
! £ templ = xx,getvalue(};

¥ tempz = templ.operator ¥{i;
int temp3 = yy.cperator=={ temp? ):

if { Temp3d ...

temp2.¥i:~¥{]:
terpl XX L)

%, HERAR! X O+ R-FEREE: FASRABFABELE
EANERE. 82D, REFASNEBRTHHLEN L. Ran
63 WO D “ImAHEE R X4 B L.
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HEEE O WRBA (Iuide The C++ Object Model)

6.1 m% mm%ifrﬂ @m { Object Construction and Destruction )

— M, constructor Al destructor 0% Z 4% A0 MR BT A

7/ ct+ thAG
{
Point peoint:

/4 peint.Point::Pointd) —HEME 2@ TG4 R

// polnt . Poirt::~Peint () —RiliE SEEHERE

MmRE--MEE GEE U FERGEE) RREPE - TUERNERE,
HEOL SR EL — . Destructor TS —MEH K (0T object HHHE)
ZAr, Fn:

Point ozodint:
// constructcr ik Efrst
switch{ int{ point.x{y ¥ } §
case -1 ;
A/ pumble:
/7 des<ructor G BiTEk
retirn:
case 0 :
A/ mamble;
// cestruczor i EATE
raturn;
case 1
A/ mumble;
7/ cestructor TEM EHiTED
raturn;
d=faul=: :
J/4 mumble;
// destructor FiXBiTE
Feturn;
}
// destructor FRXPTE

240
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FeoHE WiTWEEFE (Runtime Semantics)

FEXNETF, poit B destructor SIMEE switeh FEAPUAMITE rerurn #
fRai# ik 2, SAMLEATREESAMZBNEETS (5XE8: ZiE%
B —AEEENINERE NS K2 TPITE.

FISEER, goro HSUTMETEERS N destructor FHFRF. HH T EH
BE R E:
{

if | cache )
7/ BE cache; WHWSRZE 1
return 1; S/ @ BRBOTH O, MNEEER

Point xx:
/f xx M constructor X BiFEh

while | cwvs.iter{ =z 3y '
LL { #xx == wvalue )
goto found;

/7w B destruccor M Birzh
return 0;

found:
// cache item
A xx B desLructor ERBiE
return 1;

}

Destructor ﬁﬁ#f’?!?’nﬁ?ﬁﬁ&%)ﬁﬂ"ﬁ return 164 28T AR FAAE R
EBVIET retwrn Z 00, ABUMBEE DI objecr ¥ F8 52 X 13k

~ MM F RIS object RATEEH B & # M EHNT AR FREBEHT, i
AUREALRANE T ERIEMBBRE. LIRAT S, MBI ERE coche
ZHHEXT Point object, BHEFHHE. Z- MEBLFERESR  Hi5Z Pascal
B C EFREM Cr+ MitE, ARIMBFAN objects BERKTEIE @
AR IRAL .
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REEE CH WREMN (Fnside The C++ Object Model)

2B E (Global Objects)

WRENFLTERA &
Matrix ident-ty;

rainil

{
J7 identity A Akl ATaE Ak,

Mztrix ml = identity:
éétu:n 0;
}
C— Rk, —ELE maing) BERDE B BB idenrine ZW, B identity ¥k
Wk, TE maing EXBEE 2 M identiy BRI . B idennity THPAFIF
ginhal ohject BN A constructor ] destructor Hi%, /AW ETEBR SN T4
BRI ER T 84E .

C+H BT ER global objects BEH AR data segment H ., 15
RIS TH T —MME. object ¥ UZEMENTE. TW object I TEINHERE
R0 BEETHEHRERSR.:

int vi = 1024;
int w2;

vi A v2 YECETHEFR daa segment, vi @3 1024, vz X 0 GRA
CBAETR, C FFradEEWE) . ¥ C EFP—1 globa object HEEBRHK
T HBEAR (FERHFEAARLENTR) REWNE. %2, constructor 3
ARMBREN. B clus vbject FERFFBITURBET data segment HH-
HM#E®% 0. {8 constructor —~EERRFHE (starup) M4 LR, ST —
4 “HWET program data segmert M) object MWBEH BB R P
{ovaluate) , XIERATA-—T object HEMSWELINFH.




FESE WITFIEEY (Runiime Semantics

% cfront ZREME—# CH+ HJ/iFdH MABFEBEELBENEETEE
Mg, F-1TASERAEERNRENGEL (UERAFRED) ¥, BifE
B3 munch. cromt MREE. EHBNFRUAAE - INIX BPELE—M
Cray 8] VAX Bl Sun 8| UNIX PC (AT&T WHEMESIHSS) — 34
B HILAEEMERT linker 3 object-fils format, FAETLBIEMEER. &K
THXEORS®, THXE munch REREALET.

1. 38 -1 B ERAVBUHENHEEFAL - 4P o B, APLENY
constructor 1A F#RIE X inlinc expansions. MM E MUY idemin ¥ &
SF matrixe PEALTES o B8 GFE BRE si 8 static
initialization ¥ E) .

_ sti__matrix o ddentity} {

/7 cr— fhiEY
identity.Matrix::Matriz¢y: 7/ &%, FT@EE sratic
initializa+tion

}

HA morrin_c BN BRIE. identiy B LBPREXME 1 static
object (#iE: FHHFMR nonstatic object, AL HERIHR static object) .
" st 2R LA S8, AR THAT RS T h— T8
5 (Andy Keenig #1 Bjame B AS N S X FGmBES, AR lim
Coplien FritH B EFHEmMZHRE) |

2. XUUKE, E8 - FEBLSHAFRREE (static deallocation) B
fpe, - _sid) B8 TR BB std BA static deallocation
WEE) , WIFLEM destructor WA, HR K inline expansions.
ERMNHEPTHLF - _sdp) BHEFEEMFE, 5 idenin X2
M Matrix desiructor.

3. Bt — 4 runtime library “munch” E#: — - maing E¥ (ALLA
ATMHRTXHDMEE _wg 280, UE—4 ain E® (LEME
AAEREN  sdp BHD .
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FEEHE C++ REA (fnside The C+~ Object Mode! )

ok MINEENELEN T ]

-

cront TRPBRFERECE - _mang RPABBRE D mang ERHE
—~A 4. AW exitp F Clibrery B exst) R, AT BRI L, & cfrort B
CC %P UPAEMEE C+r sandard library. —BTWEXERATLLT, 08 F AR
TE LK ofront, RATEEFERELAE, M0 P TEN LNRIEAGRYE
HLREY munch exiry BE, FIBHEANSBCASTT (X . Fid
REBZWMET NS ALEN. XFEMNBERETHREZIMEBH static
destructors F-9% 3 % i A2 k.

BE— M REMRNR SR, MR~ TBFPEA objectfies B sip)
BBAT __pra B TCTRIG, LR BAN—ERARIESEREIE UNIX
Fg. W RARMER, RNMHEZHE. EABREIMEARLNEE, B4
B, cfront |[Hf&k CH) ZEBYHERTTEFS. LAKSEE.

BIIOMRE T R BEE nm 4. om SHEE object file H2F2 XK ME
(symbol able entries) . — P AHTLHEDR o THFEHE, om HMliFE T
HOTXHE b EWEFZT A ( “pipedinto” ) munch BFEH (RSP E Rob
Murray Bt munch BF, KEFARYALBRRICERBT) . munch BEL“F




BoRE ATHAHEY (Runtime Semantics )

T FFERBFINAR, Ball  sn & sed FRMBH RM, A%
R EAREEGELL s 8 od Tk, WM _ sti Ao fooled you) , ARG
R AFTINE — T st BB sed) BN MBRE Gump table) F. BT ¥ E
EBE-EHEER 8 program text XFP, K5, FEXRITRRE. CC G
BEHBE, HEXTHTERHIAMUGE. SEEMTRT SRR
. main) M oexi) TRAESTHEREET —W, ERAHE—-TIE (1tE
— TR .

XA LR EE, TR TENTENEIT -8, & System V
L0 KRB, AR (patch) FH — N K ERERIEfIE (B:082 Jon
Schwarz SERMES) . BAME (pach) BRTTHITELER Syster1 V COFF (Commoa
Object File Format) ¥, TRERKRBRIHTIHFRLEIL “BE  fink nodes”
# AR, B _shg BER  odp) AR R, BENSERE
F—R, ETRXEESEENRBEL - 1B EN  fead objea (5 X FHH
patch runtime library 2} . X4 paich library B —RARE N mainn HEH
exitt) B HLL _head KRIHWHEFEF—B. BE. #Y Sur.BSDLLR ELF
MIHE patch libraries & T & e A AEME N, ALMNEALEY
cfront B A#%AC.

SEETE LN O RESFHRLAN, FARBR T ELRE THRE
HE, BASFELARTRERSHEmLERE ( object file format) | 1
REEXFWEMHCIATREEAE. S10, System V 1 Execumble and
Linking Format (ELF) 4 30 LIMINTHE init #7 fini PP sections (i) |
P sections WFHRNTERFR, S50 E FRSHH L RRHIBE. &
R E (Implementation-specific) B startup FAE GEEEY cr0o) 25 H T
B¥E (plaformspecific) IR (5 JEFHBSNG LB BEN TR .
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EEEE C++ WSBR (auride The C++ Object Model )

BiE: B section ¥R 16 (BUETIEAY segment, #IEN code segment B
data segment ¥ %% . System V i) COFF # XX AREE MM sections (B AFR
F8) BFARBE, FIUN text seclion. .idata section. edata section. .src %
. §— scction BFMEUENF °.7 Fk. THAENERITNARE AT =0
WAE, W datasepment (FEFHEY HIE) H code segment.

cfront 2.0 BRUZ ATHASSEHE nonclass object BTHRE T biR4{E. BH iR, C
EBENBEBRARESE. L, ETEAXFNAT, -1 R LEBEYEsE
ol g

extern int i:

S EHREREEWEL (static initialization]
/4 F 2.0 ZHM ¢ M ocve ) BOEIERT LM

int 3 = is
int *po = new int({ 1 }:
double 23l = compube sal| get emplovee{ 1 J 1;

¥4 “nonclass chiects RET KR . FRABELERIH vintva base
classes W)~ B . virtval base classes BAGHHE £ E%? &, -4
derived class B pointzr 3 reference 3 FH virtual base class snbobject, & —fa
nonconstant expression, AHAEIRATIHA BEITLAF4G RIE. Hln, RETHEFR
& (IS0t K AT B
// constan:t expressicn
Vartexdd *pv = new PVer-ex;

Pointdd *p3d = pvi
/4 R AR class HERERRRABSH 4211 AWK

H virtual base class Point 1 subohject T8 — derived class FREIMI B +I7 §E 2
g, FULARESESFITEE TR, TANWMGELEE:

// Point B Zaintid B—-* virtial hase class

/1 pt BERARIFRE
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¥ol PITMIBEZE (Runtime Semantics)

RIS (runtine evaluation)
Foint *pt = p3d;

WEAISRM.EATT R, KX class chject B ETB{ (ZLWE class
objects HI¥E5F] references) . P

/¢ Init-zl support of wvirtual kase class conwvesrsion
// regi_res non-constant inicializatior support
Point *pt = p3d->vbcrcint;

$ BRI LR FERTH R nonclass objects, HRFEERITHIEE.

O FHik 5 ME LY objects £ el . flED, R cxception handling
ZH, BE objects HRBEBERET o REZA. XM TEHEBZEBN
constructors FIRE R AF Bl R E 10, BHI AT tow TG LA ME
cxcoption kandling library BRIAM) terminate) X B —TRER BTN ‘BE
BRI B EWARL” objecs MAKEFMELRAOERE (Fe2
[SCHWARZS9], K AR HIEAENHE Witis, PLRINS ¥ Schwaz counters
WA, MRGTREREMNIHE M, F8% [CARROLLIS) . REWLHRA
FRAERANLEBEREWHLA giobal objects ( EFRRTRUJLFE LR T 3
C BIFAFEEL) .

B ENE (Lacal Static Objects)

BRERTALUTEFFER,

const Matrixg

itdentity() |
static Matrix mat_identity;
Moo

return mat ident-tys
}

Local static class object &iF TH ARKIEE?
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BEHE C++ WREE (Tuside The C++ Object Model

B wal wdentity B constructor A ABAEFT R, BEALAERTE2Y

W mat ideatity W destructor @0 F HEEMET -8, AR LAFH T ¥
AR Z¥.

SEHAER L B, TREMEMFELG (strup) IHEEHRE.
RIS REETER local static class objects HRFEFEF BIGETH 4154, S8 &4
FENBI-FRBENTEHRADT. B, HE idenity) BT B AE
mof_identity ISR, FEHBFHHEE (RER C++ Standard EREFHERX
Y ETINZE ARE?

L PR ETE oronl ZFHME. B, REA-TIEFELRLRP
mat_jdentity RIVITRWIRIE. B — P identing 85, X MR REIEG L
false, T constructar ZH M, BRI REH N true, THBBE 7 HE
FIE R, WIEMHRRITE— %, destrucior M ERFEFRMIT - mat_identity &
L, BERA G mat_ideniity CEWEBERRI AR, EHW mar_idensity K
HRAERN, RAE. MENRMERHR X e, REFRREFT 7. BHERE,
T clront 7% C B, mot identity WREBMSHER local, AEREIBE
A A M 4 B R (static deallocation fanction) "RFFEME . B, (R B
MTEARER, SHLEGRZEDAN: BAH Joclobject M. (4%
Bi, BT object & slatic, JLHutE7E downstream component PH L EH R B
WA%ME global object BY data segmeat ) FEE cfromt MBHT (LB M
HIEE) -

/0 BmEELRBEI SR, EARPZA

static strruct Matriz * 0 ¥3 = O

/f Ctt W reference & ¢ &L pointer BAH
/7 icentity(} BEHEE mangled

sTruct Matrix*

identity Fw(}
{

T et —— R,



EoE HITHESEY (Runtime Semantics)

/71 RBULELEE N
7 B v BRI

/7 int wal;
JAdint £f11 4 imt wval:
£ retura val + ;o wval; }

/f BTAre k.

Ao return _ 1wal + val;
5iatic struct Matrix _ lmat Zdentity;

J7 MREREREFAROEET, B4 abg. F

/¢ tay WM constructor: ot SMatrixFv

/7 (o) WERFIR, EEHEMBTHS

o F3

7
{ _cb_ eMatrixPv{ &  lmst icdentity 1,

(1 _F3 = (&5 lmat iden:zity }));

WG, destructor A 5 textprogram file (BEZAFIRY szt 0.0) 4
FECEIEPN AR (siaic deallocation function) " DA &4 M 15 A .

char _ std  stat 0 c “ ()
{

_ 0 F3
?_db_ SMatrixFv( _ 0__F3, Z)
HEN U

FICHE, HHENERER cfiont FikHD . KT SB35 %8
TEN. ERFEZE, C—+ GEEALNUECHMEYT destructor X T local
class objects FIER. FHOUMUERBFRAT DM static local class objects A0k
HR— LMERNAZ O FREE. ETXE objets RESBRFBNE (H1]
F—EF static local class objects IR ¥E — i ARS) BT LI g3t Tk T
BREGUERNF. ATHRFGHUM, THEEESESEBHKE static class
objects 23— EATRIEEZE.
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FREHE C++ WHREM (lnside The Ct + Object Model

S X (Array of Objects)

R ERNE THWEEE X

Poont knots| 19 1;

FEERTAFAR? WL Po BEREL—T construcor LRHE X —
A destructor, H3AR{ I THEA SLLEY — N “MEE (build-in) ZERUET A R %"
%, ERER, RIATIEL %0 AT LS 10 TEEM Poim LK.

R Point BITEE X I — default destructor, FFLLX 4 destructor S48
BirTB8—-1TrEZL. —KRFXELH—4P8 £ rurtime library B
. & cfront F, BIIER-TETER vee new) FIEH, PESI class
objects WA MM . LML R FH . 2% Borland. Microsoft # Sun,
2R AT MR, - MFRAAE %A virtual base class” f class, H—TF
FibE "W virtual bese class” 1) class, J5 - MREEEERD vec vrewn). &
FAYMBFHNT (SRTEFTE LR HFRTEREE) -

woid*

ves new
void *array, 74 SRR e At
size £ elem size, /4 B—" class chiject BIF
int elem_court, /¢ BHRP T ERE

vold (*construc:=or){ wvoid™ ),
vold (*dest-uctor) { wcoid*, char

KRB constructor F destructor BEEZA class B defanlt consructor H
default destructor KjE¥IES . BY avey WEHETRELAMA (%
ots) BUMIAE, A 0. WHRE 0, MLABABL L BEFA rew SHH.
HAIERE T heap H1. Sun M “Hi class ebjects I EMR SA" A “zhE
RAMEMEE" WhBERFS YA library B vector new2 i
_veetor_con, ENTEEHA —1 virtual base class HE¥ 3.
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F20 8T MIVHELIEEY { Runtime Semantics)

B elem size FREHAPMILETE (HEE 62 T8 new 1 deluse
HEREIEEEK) . A vec newf) F, consttuctor BT elem_count TR
2o M EF exception handling B iEE S, destrucior MR AR LR, b
W RERERE TR 10 T Poine TR ver new() HH .

2oint knots! 10 T,
veC new( &Knots, sizeof! Foint i, 10, &2cink:iPoent, B )i

IR Point MEXLT A destuctor, B hnons BIEGHERNT. % desvuctor
AT 10 & Poie TR £ REEF LRV, R H- MEAN
vee defetel) TSR A vec _vdeletey  #F classes H1F virtual base classes &Y
) % runtine library REETAE (Sun T "B 2R § ShERR RS
oY, EAFAARED B, AR%¥ENMT

vold®

veo delete |
void *array, £/ HE R R b
size_t elem size, f{ B~ class object WA
int eler zount, / BHRHE TR A

void (~destruster) ( void*, char }

FHEGERSBSEN—R2l, FUEEHCEE, L EESFE2ELE
Sl vee_deletef) MBS . f vec deletef) T, destructor WMITT elem ecune
TESL.

MEEF AR TR ST BES M class objects ERKHH, B
THEHE, 2N,

Peint k¥nots[ 10 3 = ¢

Point [},
doing, L.0, 4.0, J.= 00,
-1.0

b

HT L BERENEMHTE, vee_new) REELE, AT IHENF &S

SR A oy M g r— s ———— e [pp——
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FREHEE CH HREY (inside The C—~ Object Model)

HHITE, vec_newp BIHFT ¥ AHBEEA “Hi class clements WM, iz
MIEKA explicit inilialization list” —#f. Bk E—45F LIRTTEE M3 h.

Point knoos( 10 1;
docr- thil

£ BRERHhEERAEAT 3 TR

Point:;Point{ sknote[0)] };

soint; i Point{ &knats[l), 1.0, L.C, 0.9 };
Jeint; :Peint{ sknots{Z], -1.9, 0.0, 0.0 i;

£l B vee new WIRARE 7 ARE

vec new{ xnots+d, sizeof{ Pcint 1, 7, SPoint::Point, 0 1:

Default Constructors F)&E

HMRGEBERPPRE T constructor FMIE, XBRTLIM. MR,
BRMFEEETHE vee rew) MIZHMBE. BV, B — 458 K8 iE
constructor, H JEFS { R Y A4 F | defoult argument values. This has always resulted
in less that first ciass hancling of the initialization of an array of class objects (i3¥. iR

R, RARTESWUTXAENER .

BANATF, A7 cfront 2.0 281, FHE—TH clas: objecls P MAHE, &
BEF I class £bFW A ] constructors H— & defau’t constructor {55
A . —4 constructar FEIDE - A EOIBIAS S, XEEREY
W, &SBELTHRE. FTEHEL cion 1.0 PHTERERE (complex library )
W, FEeFLETHFHED?

class complex |
complex (doukle=l 0, doable=0,0)

EHNMESANT, BEFRHENEREESEEH -4 complex
class objects MMM KA. ERBNAEBEH - IEHLEEET. £ 1.1 1.

——
— .



BeH RITHESY¥ (Runtime Semantics)

B BWE classbbrary;, BWTE 2.0 R, BiIBEY TES2 5.

H—fM, EROEATEBE, Xl Tar.
omplex::complex {double=0.0, double=0.0);
YRFREY:
complex ¢ arrav( 10 1;
B, MgFEREARERA.

vec new( ic_array, sizeof( complex |, 18,
Lcomplex:icemplex, 0 )

MANS AN MFEEX vee news) ITEHRA?

BHE, A ERUENXAHE . cfront FTRHBFEREL —ARERY stab
construcior, |H B EHRAEHRWHABRFRRHE construcor, 34§ defauk
ZREBRBEET AL (BT constructer KMATHINE, FUTREERY
/> inline) .

/v AEFEM stub constructor
[ AL Z R

ccmplex: oomplex ()

complex{ 3.0, 0.0 ':
]

RERGECY~RER T -+ HEEZSHN class A X B TR GHE
B¥M constructors. ¥R, HEY class ohjec's B B I8 =4 M3RET, stub 2T
EA WD RERA.
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R Cre R (haide The O+ + Ghieot Modz!)

6.2 new #1 delete TEF
BHEMF new WER, FE¥UEEH--EH, RiXFt.
int *pi = new inz4 5 3;
HREELTEHKTE~ LRS-

1, BB 40 new EREEHLE, REREHAT:
/ TR BEPH new mHH

int *pi = _ new ( sizecf({ int } ):
2. RAEBR AN LI IME:

“pi = 5:

EiE -4, IRERFRETEATIRERD (2 new SR EAHIT

// new BEEFWMRALELE

/7 given: 1at *plL = new int!{ 5 };
// EBFH

int *pi;

if | pl = __new | sizeof{ int | ) ]

*pi o= 5; /7 Wi R TATEE

delete ZEFRIHREL. ARFATET.

delete pi:

B, 3R pi BER 0, Cr+ B52FEf deleie BEFAESEE. HHRBiER
Vool FUL ] 4 — 2R IR

if T pl =10
_ deletel pi )

HAE p FA2HEREERS 0, HIERXENG®TY.
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HeF HITEBEEE [Runtime Semantics)

JrBE. RERFNE Y, AEEE
If { pil ag *fpl == 57 ...

ERRARMOEL, BERAE (LR ®FEAE. ZRAIT o 5
BRZAFREEEEE R, 48 (BTN 4R4E.

-

11

pi BB R 2 Edr 2B delete MER. SIS o KB ZRBERT

HREERERNITR, HFHEERAE R BERIENE. R, 0 o gt
i —es R H, MRETHR (BREFEFSHES) | M.

/7 okt opl AR RIGEER

// BERERE THHY chiect DEXESH

if ! pi == sentinel

R, MR p EH o 2R, REYCFR-AVES-E
GHT. ARBKLEMNERFHAE, Hitht= SR E S 0EF

S . B pi WA EEE, BREA2RMGERT. BE

T void 18
HHHFN.

LA constructor RECE — 4 class object, HAKML. FHIAL.

Paint3d *oricin = new PFoirt3d:

3423308

Point3d *orogin:
/¢ Crr 1R
if { origin = _ vew( sicecf{ Point3d J ] )
¢rigin = Point3d::Point3d! origin )

WAL exception handling, HiAHBREETELTE k.

/7 crr 515
it ¢ origin = _ new: sizeof{ Peoint3d | ) 1 {
LIy |
srigin = Pointldd::zointdd( oriy:rn );
]
catch{ ... ) |
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FEHE C++ TREM Unside The C++ Object Model)

// W delate library function Ul
/BB new MEEMAE

__deleta| origin }:

ff BIEFE exception L1

throw;

FIE, MEL new SEHER object, H constructer £ —
exception, A BEFATFHSERRIE. 85 exception FBEEMRE (L£) .

Desunctor #7 R AR 84U, FTEHA T

delete origin;

278 W

if | origin !'= 2} {
JiooH+ {hES
Peint3d::~FPolnt3d! origin );
_delete{ origin ;

}

WAL exception handling RYHR T, destructor & BHBE—T m KRB
¢.mmmmmmm4ﬂmEWMeﬁﬁﬁ-ﬁﬁﬁ_m%ﬁ§ERWMm

—RRE library XT new BERFNEAREREER TS, AT M HE 2
AMERBE GEEE. UITHAHEREZR exception handling) -

exIern veid-
operator new{ siae_r size )
{

it { size == 0 }

sige = 1;

vold *last _alloc:
while { !{last alloc = malloc{ size } ) |
{

i ( _new handler !}




$cE HAOIPEEF (Runtime Semantics )

{ * rew tandler ! (};
el=e
reburn G

return last_s.loc
}

BHEXEEREEN:

new T1 0 1;

A FERG A new HEHESLFEE - ME— X 5. R RZ]
BEME R IR AL B -8, 150 —TBUAA 1-byte BT IXEE (R BT
LRFIBTE sze WY 1 FIEHA. . ZPEHBEARBNE—THB 2458,
ZAWHERAERBE-—TBTEOKH new handlerg M. RIER AT AE AR
FHEBA  new_hondler)) K.

new BEALEREARUFEN Cmallec) Z/, BRBEENE /2K
AWARTA] . ERKER, delete BRAMMELITEN Cheep M.

extern vcid
operator delete{ woid *ptr }
{

if { ptr )
free( {(char*)ptr };

XA new 1B
YRS,

int *p_array = new irtf § ];

Bf. vec newfl AEETFHER. ANEMHEEDIBERIE default constructer 5 17
class objccts FrARMAIBEARE - P ER . B8 v THOTEE2EBH.

int *2_array = J(int*)  newl 9 * sizaof{ int 11;
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BERE C HEER (Inside The C++ Object Model

FREFE ., mRBIE,

£ struct simple_aggr { float fi, £2: }i
sinpie aggr *p aggr = nav simple aggr| 5 0

vec new() A ZHEH . B AE? WH simple ager FREE XL
constructor 3, destructor, 3T LAAC B£8R R p ager HEARHE, 2R AR
FEHAFHNRRANEME. XBRER now M delere BRAFERRBESFST.

MM lass B X —4 default constructar, FEEREFEM vec newri 4
HREA, EI#E class objects BT 00%E. Mg/ H .

Point3d *p array = new “oink3d[ 1€ ).

il W SERER

Point3d *p_zrray:;

p_arrav = vec_neuw{ 0, sizeof! Point3d ), 10,
LPointdd. (Poaint3d,
sFPoint3d: :~Podinl 3¢ 3 ;

FRME, EHHEATREEIRED, WRKE exception, destructor B
SHERE vec new). RATCEMBZUH TR T E dostructor BH4T, B
CTHRTESERENRT, vec_new( FRITW cxoeption K MITHRIEIFE
P77 B O

B CH20 2, HEENEERNRBBEFN delee ZHY, BAT
AMFEE. A, WRBINEEET.

int array size = 10;
Point3d *3 array = new Pcintid| &rray size |,

HMABTIRLAR BT T

delete [ array size ] p_array;



e E HITIHEES (Runtime Semantes)

E L WD, ZNEFEH - LY, BFERAREL delee FHEF A
TEAEA, ARRIIMAETLLZNE.
delete | ] p ar-ay;
BMATRTERS, FHREABTUES. THINEELNE — PR
LB R cfront, M Jonathan Shopire EHATH. XMEA TR TAZT ML
R ARAAFEZE, REERTETERER.

T IECHAE 4 delete WRITHNXHR KB, FASRRENE
e AEEDESHIN, FESFAIFRRANEE, SUEBHERE 85—
7 objects BEMWM. WRARFARARELTANBRES, Qi

delete g _srray; ¢/ HEBEY

BARAF R ARLUEN. AU REOREE —BREAE KRR
BHERFTT .

ARBESLAFE-TBNER, TRATERANRURES, 2
FEERENE. & Jonathan MEIREED, BEERAEAE (BF5R) HR
RERE. TARESESNETRMAENEA (pseudo-version) , HIE.

fHRRBEETRE - MR BT ( cache key)
/7 BRYHBEYE deletz FURE

Iz

fMER, BABEHIBRE

Jt MRRE, gIRUTEHE

int elem_count = _cache key == pointer
? {{_ceche_key = 3, _ cache_cout)
: /7 B EH

A/ num =2lem: TERE . 1B fhEs veo_new!)
// HYEET neap DAL, RHAMU MBS, A2y — 4.
/7 delete [10] ptr:
/7 B cfront &% -1 DIRFERH
if | num_elem == -1 °
f/ prefer ewplicit user size if choice!
num_elem= ans;

259



260

RIERE O R (nside The C+ + Object Model)

BTN 2ZEEBREN O RIEREASEREF AMEGBEE (NEFH
)
®.c", line 3: warning(4&7)

delete array =-ze ezpressizsa lgnored {anachronism)
foci) { delete [ 12 7 2ir )

A4 4 Jonathan $RACKRIVRIF RIS BHE. T EEL RS FFHTX L
T Ay HEAIES A ANKE. SSEAEFANST "HimEia kK
AL BHAGERE] cfront 40 S A RBIC&ELX MWL "ER 8,
FE>E - RUNEEHER.

HgmiidwE e KA ? —AHEKFERRELR vec_newg BETHE-
RAERSRIE - BSY word, R ATEMHCREER D word 28, BHL
Fre: B KB ERRBINEN cookie (:MEIHE) . #5T0, Jonathan HT Sun iEiF 4%
h Z P — 4G ¥ (associative array )", 3E #84 Bdos . Sun IE destructor
MIhAEE AT RS 2 b, B F (CLaM93].

cockic WA — T HE5RLERNEE, WARIE—DINEE FIZRS
delete_vect), FLHRE cookie HBRRAREGEN. — I REEMTRUEH —1F
RE AL I, &9 dostructor UEIMIR BB BT T — BETRENEE. A
EOBRAHAT NEEZT, FHEHNARSRRAEBAGRNTREENC .

ERWHERT, AR EERYAREGARL B cookie:

S/ atray key REEEMHEAE
J/ mustn't either he § or slready entzred
A/ mlem count is the count; it may be 0

typedef wvold *PV:
cxtorn int __ insert_new array! PV array_key, int elesn court );

i ARBEPRY (FEHE) array key

T e —————. WL v -



el BAHIEFES Runtime Szmantics )

/¢ BARAER elem count, BREE -1

extern int remove_o2_<_arrayi{ PV arrav_key )

THER clront B vec_rew)) BHENFSLTBREGH -G 20, FWnE:

BV _ wec new!( FV pir array, int elen_count,
int siza, PV construct )
{
J/ WR ptr arrey 2 0, M heap ZWEENH
S/ BF prr_arzzy TR 0. ERERHERE.
{7/ T array| count
i
i/ new { ptr array | T[ 10 ];

int alloc = 0; // BfiIEH vec_new HEEMY

int array_sz = glem count * size;

if { alloc = ptr_array == i
// ZREZEAF nevw ...

PiI_array = PV new char[ array_sz | };

// {E exception handling 2 T,
/f HBEH exception bad allcc
if [ ptr array == 0 )

return 0;

t/ U T EHARNE cache
int status = _ insert_new array! ptr_array, elem count
if [ status == -1 } {

!/ T exceotion handling ZTFHEY exception

/+ ¥8EH exception bad_alloc

f L allec )

delete ptr array:
return O:

if iconstruct) {

register char* eglem = ichar*)ptr_array:
register char* lim = elem + array sz;
if BF B—4 typedet. fid-- A REHEE
register FF fp = PF(zeonstructor):
while (zlem < 1lim) {

/¢ Wit fp WH conszructor ERT

/7 “this” TEE (W 2lem 35D
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BEEE C+ SRMEE (Iside The C++ Object Model)

[*fp) ({vaidtlelem) ;

4O HTEHET P E
elem t= gize;
}
t
return PV ptr erray]:
H

vec_deletef) WIBRAEEZREZ, HAFTAFRE R O+ BEF RFMBRE X
B, @, CHRTEE cass FH#H.

class Point
public:
Boinz 1) ;
rvirtual ~Pcint(};
L
HH

class Foint3d : public Poort |
public:

Peinzid{).

virtueal ~Pointzdil:

LT
i

IRBNIEE —PEE, PHF 10 T Point3d objects, RINETH Poinr H
Point3d i) constructor WIS 10 K, B ERATEHYH—TAE.:

/i EERBRMEEE
Foint *ptr = new Point3d[ 10 [ :

TYFAT delete "B prr JFEEAM 10 4 Pointda RE" M, 28445
HE? RAE, RNFEEHNHOIIEE, LIEEBK Poinr destructor H1
Point3d destructor % 10 VWY (B - ATEEDRN -1 H) -

AR XFARRNFTEY
/¢ B 2oint::~Point WER -
delete '] ptr;
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FeE BOTHESR¥ (Runtime Semantizs)

FEATT AR BT destructor, ANFRI A WL, BRIRGZE vee deleter) R¥Z "W
HER M TEE- RN destructor” F B LR Poins dostructor. JXREABIHIER
NF#FE. i, &8 MoEHAE-FEESIE. ZRE v deleer
ERERE METENTR. FHNEESTEER Py dess ubject B9
FAFAR Pointid class object ¥R/ . BAET B EHERT, 1
REAAWITERARE destructor, TTABMNE MEEZET, ¥ destructor B0
TTAERBEERIRD (FD. FRTENXRARA .

BFRVZEFMSAE BEAEREU—T base class FEETHEM--

derived ciass objects FT4H HEARH ——H1R derived class object HH base K&

S OFE. AW  ORGEN-TRANTERF B EETHERR
B, MEEREE:

for ( int im = Q; in <= elem count; -+ix )

{
Point3d *p =&l (Point3d=)ptr} [ ix ]; /7 FfH: E-HS point #o=.
dalete pr i BHER

}

BEL, BIYRPFAERETBIEA, 1T delere BEFLHTE—TE
B, DlER, BARERE viral, Bilt, Poini3d 1 Poime i) destructor 3B
LR THEAPHE - T objects S L.

Placement Operator new BJiF R

B— B L HE R (overloaded lnew BHH . F7% placement operator
new. HHEREZTEE, XD void'. MM FLIITF.

Pcint2w *ptw = naw( arena } Parntiw;

H grena {8 AGTE — TR, AUREHTLEXH Point2w object. i
T ISERE IER placement operator new BISLATHERMERAE ZERNEN. T H
BH IRA0EE GFE. LOR arenq) " RTIERIABAE A5 0l BIT .

263



REHE Crv TFREE (fnside The C++ OFject Model)

rold®
operator new( size t, woid* p}

I
L

return g;

FRECHFRARGERE 8. HABFHANER? EREE, %
FTATNBEMZAEET (XT R RRFET 2 EHRED) .

Pointizw *ptw = [ Poinz2w* | arena;

B, FRERXARFREMBEN —$ME. B FREaEERS Y
. BN

1. fr AR placemert new operator EEHFHENH S -+ T (AL
“arena W 8 ERRTE (cxplicit assignment) " TR AR MR ?

2. fr AR wena HTHET RN BWENEF T A

Placement nev operator FFE A 5 — K HRHE Poine2w constructor B 525
T arena FriGR7HLHE E-

/et LRES
Pointiw *ptw = { Poiatlw* | arena;
if ( ptw !'= 1

ptw=>Poin=2w:: Point2wi(I}

ZIE R placement operator new M AMMIERXKMER. & 4WEF
objects M BEME ; HIFRFERIE object FY constructor £HEFFH I,

BTHE -~ TERN AR TR, FEFERG? THRMMEANEREER.

A7k arena HNEREEY

vold fooBar{) {
Pointidw *pZw = new! arena . PolrntZw;
P o o T I SR
// ... now manipulate a new object ...
piw = new { arena } Point?w;

}
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Hed WIEREEY (Runbme Semantics)

TR placement operator (E/E DIF4K —-1 onect LHAFR cbiect. Wik
AR object T — - destructor, T destructor HASHERAA. AHIZ
destructor WF¥Z —BETAEH delere 18, TREL G EARG TR R
i, #xE IR

AT HTELR destructor MEWHAIL
delete piw;
Pew = new { arena | Po_rnt?w:

A, delete BRALRERE, IHREANFUEN. EEEHLRR

B op2w FTEMAE, XASRENFAEN,. HE~ - MSEERAE pow
T. Bit, IV ZABMER destructor BB FESR, UEHEA

{5 L dastroctor BB X8
p2w-r~Point2w;
P2w = new { arena ) Pointiw;

T R N — TR LR ERNAMTF R placement operator
BE—-WEHR. =58 ohject WETHEEEEN abject 2 E? BRSBTS 2
W ET BHMER, WRRIEST.

PointZ2w *p2w = new { arena '} Poin:tlw;
ATV ANE arena AR GRETRFEXARY A MIEEEERE

MIHBEARE. —TEENIBESHY new NE - HUEEARHGT
destructor F134T .

A—PREEED arena FEIMACIEHEE. 1) Standard WELF W
AR XEE class, BERGEE -4 “H#” HNE, EGHNZERH object. E

1 Standard C++ Ll—4 placement operator delete ¥ 7 XARIE, T2w ohject ICHE
destructer, EFBHAF. FLURFTLBEEERN destruztor T.
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BERE CH BT (Jaside The C-+ Objeci Modei }

I, derived class fRAAE - Ao regh w452 A 3FF -1 derived class, SSBHEG
FREHEM, HiTARSTEAGY, FHEREE L.

HET MNEFEEE AR SRR TR,

char *arsna = new char| sizeof{ Point2w ) 1

FelE] AR object WIAT LI FEER{E .

Pointiw *arena - new Zolntliw;

Tt B~ F 5, | Point2w MIFZRINAREET arena MUE. 1
HATACERFEMZIT. Rifi. —MTE. placement new operator # A X £
A (polymorphism) . ®ALLE new HYIEET, WIZFELIIE M — WA LE B H & X
. IR derived class 3 base class A, AM:

BointZzw *pZw = new { arena } Pointiw:

Point3w W constructor 43 FE ™ H .

Placement nzw operater #{5, A C++ 2.0 B, EMFEREMIMNERE T T
Hr Jonathan Shopiro 38 Hif, 6] 5.

struct Base { int j; virtual wvoid £{); }:
struct Derived : Base { woid fi}: ::

vcild fopBar|() |

Base h;

oLE(Y: /f Base::£')y BRI
o ~Basel);

new {( &b ) Lerived; /7 1

p.Ei}; Fo =T £y HIBH

)

HT ERFT classes R AAD, BB derived object M FEN base class
MEERN AT REZLE. B, BEXHE—&8, $iFSAEENGT “SH objecs
BEBAMFE virval functions (AN 0,0} 7 BEESANECLE. HR,
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Eo® WMi7HIEES (Runime Semantics)

placement new opetator HIXTEATAK Standard C++ PREERBIIF (FHE
C++ Standa-d 3.8 ¥ . FRLLBHFXITARGHIEE L. FRITAEEE S
MR- ) BRTRELSEER. TEAPLSEHETHEL YR I
Derived:ff), R ERFAR IR Base ).

IGEMEXTER (Temporary Objects)

MEHEME—PeBE, AT

T ooerator+| ccnst TL. const T« )

PART-T Tubjects. a #1 b, #H4:

a + b;

MHESSH - MEEETR, DEEBAEMNEE. REL9S - MEMENES .
VA& 5k 19k BLEE (oggressiveness) Uil B3R B4R R M IWIRIF S F 2 & (progan
context) ToE. BT E X4 B R

REFETE - PN S, BB o+ b NER, REBAMEN T X copy
constructor, KNI R SOUM ¢ WG, MM RFTENREREREL
HNWEAAR, B o+ b HEER ¢ P 23 THTHEEEFNESSE i
iB) , TREATEEITENE, LUAME constructor A destructor BIERIT .

BE5h, W operator+() RYE XTRE . named return value (NRV) {£74 (158 2.3
T BoELHER. IBPHERELR ¢« HEPREALER, BoiT
cony constructar MEZXE (named object) 3 des:ructor.

SR ABEARN o W&, GRBP—2. HWNE R ETF4ed a5,
A ERIERR T REA RATEM RIEDS? RS E . C++ Standard AIT4HR B+
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FHER C—+ BRI (faside The C++ Qbject Mdodel)

RN RZN=ETEEHEHE:

ARLEIFHT, @A processor LM EN FEFTVEN., AEREETE
. X R R iFRERE L. (C++ Stndard, 12.2 77)

Hit b, C Siandard AIRIERT AEEEMNBHE. ALEL, £F
Heiss, AFHRIEEAFRADR (expression) WWHRFIEXHER,

Tc=2a+Lk;
MEFH SRR T Y.

T operatar+( cocnst Té, const TR )7

T Tiiopsrator+{ const T& ),

AR AR A — iR £

AMEFEE, YUY assipnment kA (statement)

TR EWIETENS . ML, ERIRTENSE:

fé oo (hEY

J/ T temp = a + o;

T tenp;

temp.cperator+{ a, b); // (1) #H¥: 8K a.operator+itemp, b ;
7!

J/ 2 = temp

c.operator—( temp J; S/ (20

temp, T1:~T(};

R (1) B —17, & RSN B RES operator+(), HBERE
AR "R WLERE copy constructed FWEHTR RS | HE LUEIT M2 K
f NRV" . £EHH, EABEBITF NRV constructor . I HEFT T s
BRI

T e A e - -




Eed MirHEEYE {(Rintime Semarntics)

FEBE RS, HEEBR o (LHRERENE F3E) HEER&EHD
HAEBA. A TBEFERA R NS E AR 4 destructor (EHIE -4
TREERT WA FTLAR NG FTRAN desiructor. SR, CRAC B
B XS TEN asignmert #E.

< -4 - b; ¢/ cooperator={ a + b );

WA copy assigpment BRAFHIRTRARE, LIE— £5@ cestructor F]
COpY CONSIruction:
/oo Dig

= T -TlYs
I Ty a+ b )

copy constructor. destructor 4 B copy assignment operator #0T  Hy 8 JR % fit
B, BUARSRIELABW CEBELIBNAMES. Bk, I -Z28
destruction i copy construction HELX assipnment, —RTFRALLW, TMH
EP RIS . HLUXROMR LIRS

T c=a+ b:

R LTI B B A B M G F 8

R=MEZARAE, AL HEENS,
& + b; // ne target
XN ERLRETE - THIENR, UREESEENEE. BHAFREEAS

F, BEXMFLER EETRER (subexpressions) 4058, @i, WRR
fIXFs:

String s " hello™ ), t( "world" i, u{ "!" i,

£ A0 o
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FEEE C++ WJRER (fnride The O+ - Ohjecr Model)

String v:
w=s 5 + t + u;

prinlfi ™=\, 5 + L )f

A2 FEUFL—TEITETR, 5 s+ XK.

MG FRAW. £ Standard C++ 2237, RN RETEe (BREHEY
destructor I SEHE) HEF HidEE, MAMAFE WETRE. BTFH, I
By prinfy FAFIERE. EAEMEREY s+ AHRERA R,

(FF—ATTREEE R, Stringclass E XL T -4 conversion BT -

String::operator const char*{) { return str; }

HH _rr - private member addressing storage, 7E String object #3350 E
B. £H desiructar PEEN)

Mk, uREISIEAEER pringy ZHMERE T, 248 convertion BEH
TR E TN . R NS RIETRN delete 2B NN B
BUETIE. HEMmFRH SR ERRA free, FLUEATRARTERS.
TRRAFHACATERENZY, HECAREE deleted #, TR
A. BESMTHRHIRTEXAZUMEMEE, A83RERFERzE L EY
R, #UER. BLE maioch BFEHiTRS R HEBE R FRE.

malloci0):

EIER AR Ld 7 A .

#lan, TERASTERAM— A EY pre-Sandard Fir. BRLE pre-
Standard WHREXFRGIEN, BNREEEEKE:



FoE W EY (Runtime Semantics ]

7/ o+ BB pre-standard M-S ESE
J/ BB R SRR KB T

Strinc templ = operator+i( s, t ;
const char *temp? = templ.cperator const char¥ii;

/¢ BB SHEHEAIEZER g

templ .~5tringi);

i/ EREHEE N tempr M H

printf{ "%s\n", ccmp2 };

AR IVBHERN) BEFARERHE pingt ZHXHE Somg
destructor. & C++ Standard ZF, B ERBEFREAAWSARGBF L. FHRB L
X4 1K

MEET T R MRS, A TBEEAT (fullexpression) skELHE DAY
B —TER. EXBREDENENHENE % (Secion 122) .

fraR—+ B EER (ful-expression) 7 EEZHE, TERBEENER
T EA BN . TAXTRTF.
// tertizry full expression with % sub-expressicns

(( obja > 1024 | && [cbjB > 1024 3}
2 obja + obiB 1 fool obiA, obj3 )

—HFATFER (subexpressions) . HBHE—4 “0: FEEXRA” 1, {1~
MFREAFFENET —MEN S, BREEAEEEFESYRAZRE. 4
DL ER

UG R R R I T RIE B A R A R, WERMET S
WEOHMNARBHLERT. #TAT, REIBPEERL.

IE s+t |]u+wv)

HPE) vev FHARARE s+t YikH hleit, F O REITR. S8 1

M



FEHE C— WEER {lnide The T++ Object Madel)

TFTRAFEWIET RO HE . NE, REBH, AL SR AHHHET
RER G, RS S ER S RETE LRI FL TAERRE.

TEVH IS Wb 3 RO B 27T, ARG F AR I R AE R AT E
FE-ATEIWIPEESFT. A, S TLUTH class =8,

lass £ 4
pablic:
K
=¥
cperator ink{);
X fou()s
pr.vate:
int wal:
b

LIEHN T classX KF T objects KRR

main () |
X omu;

oYY

if | xx.focofl || yy.Eac(} )}

return o;

}

dront 51T muing TAHEBMTHRERER (CEAERAERTER)

int main {void}

{
struct ¥ _ 1xx:
struct X lvyy;

int 0 result;
/f name mangled default corstructer :
AN X *this

IR R0 A S 4 I
&7 1xFv( & 1yy )i

272
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Fe¥ HITHEIZESY (Runtime Semantics )

}

TETERY N S8 destructor HAH—PFRACREALRY, TEE "%
AEERZTTREARTRATER TR . B4 C+ Standard FiMEsdxt g4
AR, SRR R R AT Y R4 B RN R AR ST,
ApmiE®s. LREN, ZORAGRGMHALTBEmEX, URERE

AR RARAT A R
struct ® 0 Ql;
slrouct £ 0 Q2

int 0 Q3;

F* AR R — - HHE s R R ]
* HEH R

-
* temp(l = xx.foc il

* tempRi = tempfl.operator inki};
* tempQl.M::~¥i);

* Lempid;

*f

4/ _opil_ 1xFPv ==> X::cperator int |}
if g
_ 0 3= opl 1xFPv{il

001 = foo lwFwl &_ dxx ¥}, | &0 Q1 jyi),
_dt_ IxFv{ &_0_2., 2 1), _0_ Q3 :

[t
_ 0@

__opl_ IxFwi({

0 D2 - oo IuEWI s yy )Yy, & G QF by,
')

_dt IxFv( &_0_ 22, 2 1), _0_ (3

_b_rasult = 0

_dt 1xFv({ & lyy, 2 §:
_odt 1xFv{ & lwx, 2 );
}
return 0 reault;
}

BRI ZE AT XAIER £ .

TR R AT E G RUET 0. E— MR EEERASHEARTRE

—4 object BF. FlN.
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HHBE C—+ ZRER (frside The O ~ Object Modal)

bhool wverhcse!

Strirg preglameVer=sicn =
'verhose
B
: proglame + progVersion;

Heh proghame H) proglersion EFE: String objects. LB RS A H — T IREY 3T
2, HENZERFRzRES R,

Strorg cperatcr+| const 3tringk&, const Strings )
IR R BARE AT verbose RIMIEEG RE FHALBR. ERTTENE G

MWZT, EMEETEN 7. RAL" HRFAZFRARERS. R, nE
progName Version BI04 FE R A —1 copy constructor:

/7 C++ {REB

progiameVersion. 3trinc:i3tring{ temp i;

AT S AN (F "7 RBEAR” 25 S8 FRERNADMEY.
C++ Standard BRI

------ REERERNTE RO S, FEFRY object BT LA
R AL

HEHHEE — - RSP C++ Standard MR AIGEEITR E RN FE ¥ AERET
AR — AN A Ol WS . O B B B RO
BRABTE N . Flin, EFmMER RS i, FERA- MR IR A .

/B ARTHER
censt char TprogiameVersion =
proglame + progversion;

H progName F progVersion HRL String objects, P AR R E s
Bz ¥




e HATAFES (Huntime Scmantics )

// C++ psecdo Code

String temp:

operatnc+ [ Temp, progName, pragVetsiaon b
progianeversion = Lanp.S_ring:to»erator char>|(!;
temp.String::~3-rzng. )

B E| progNameVersion 187 FE LI heap HE!

Mgt R g A sl W 8 - flsh Rt 2 - AEer RS - 1 reference
4527 8T, Fin.

const String &spsce — " O"

7 R AR A L

/4 T+ pseundo dode

String temp:
temp.3tring::Ssring’ " " );
vunst String &space = Lenps

RAE, MRGHENEHEERR, A reference RETHE N4 A
T BRI L

ME--MERHETSHEHTF — 1 referonce, SEBBE, TR
reference MM & W, s HEIGET XY A 47585 (scope) Zih——IIE  #Hid
bt ryiiTh

BTN RAKE (#BiE. L)

AR, ATHMM C+ WMIBRETERIEN R, SERENR
frebBeeas s, FIETETRFEMESR, O+ HEERE Y FORTRAN Lg%
ME_EE. EAAUN, ZPUFR LN RERENES Crvr & “HEL LW
TRL (F R [BUDGEY2]. MAMIE GNES% [NACKY]) . BET The Journol
af € Languaeg 1 1Y |BUDGES4] X4 8 — 4% BAHR.
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FEESE CH MBI - eride The C—— Qbfect Mnade!)

£ FORTRAN-77 #i Cr= 8- -37ib3E2P, Kent Budge FIFENF 7510 FH
FETET - TEEMNEAT (£ FORTRAN FEHEREET, = ¢+ $E
1 A3, AW members, - TLFTEH, — T ZEH. Sandard T+
ETEEERTEEERET) . Crr BELH inline FFLF:

friend complex operetor-( complox, corplex )

WEE, #EFEM class objects (WA constructars Hl destructors) &1 by

value TMAE by r=ference ) A3 IE8, BiXHE.
friend complex cperetcr-| zorst complexs, const complex

—RMEHER—HIKN C+~ BAFREM. BT “copy by value possibly large
class objects” X FAAZ 4, - - ELSENEILESHRE copy constructed F
destructed, 3 A ATREFRUMRMII T @A 4. EXMEFAES, EEFHEFD
BRFEN N const refcrence BALWEMTHE. XNEANE-TEHE
inline . #.

AR 7B R XA

vold func( cowplex *a, ccnst complex *b,
comst complex *o, int W)
{

for { int & = 0; 1 < K; ++ )
ali] = BIil+c[i] - bI1*c[i]):

Hivdt FHAMmSE. Wik, FEH asignment EHHF. &R inline .
Cr+ B B PIEE X R
1. —MIRBF S H . BAEWRE blilrc[i].
2. - M IEE S, AEKE bl
3. —MEEHR, ARKE LRF MG ROMHES R
4. WAmINE, SEHARRE LRS- ARS8 = Ee g,
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el HATAEEYF {Runtime Samantics )

MR SREE CMn S,

Min 45 % 2B, FORTRAN-77 WISRAHRISTRE . % HE - M EIT 2P H
VTR R & AT L, AL F T A AR ciront 1 T 4 A3 AT FEA i
PR — —3H B . —ANTAHR, HMEMWMMTME. JLTFH FORTRAN-T7 ¥ ™.

AR HUE TR, Budge MABFRLD MHERRTH. XMk
FAREE (disaggregatzd) FiE. MR, MIHCIEBIERI$HIT Y 4
MEEHE double ZEE . ERRI. TEHMECEH TREMNES, MCH ER
Rk R " —#. TReI5TEEHCE.

RIFTME AR FRARETEIENBRRE (build-in) 2UHEHEE, 0
WT class RRKRANTERRETAB. XR C+ back-ends (TIAR C4+ front-
end ) ROPR . X RIFRRFERATWH . A SunCC.LGNU g+ LIE HP CC %
SERE TSR E. [BUDGEY]

TR CESHTHSEIRRE assembly 73, ) XA EBEOEE LR FH
FREERRNEEFERBF (LIRS chw membess) - SR B4
(disaggregated) , 3 TAIH members HEIEERD, MR KD JL LM E
ME . ZWEMNE FREREE.

MEEEMES, RES (disaggregation) FHT K. AR —BH - H53=
SHEETEE - EENA LY.

R A FRFANARE T — 34508 DeiTy. Hagns— it
TR, BRI S0 - 85 i T B, SHhiE) BT E
AMETHERIR (4 Stndard C++ [130) BRYSIHERMEL LI, MR
G (disaggregation) XA M LBRIESA TR T,
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BIE HLOFSEN TS (Onthe Cusa of the Object Model)

MO XY R AR B BY 22 Ui

On the Cusp of the Object Model

EIE: AERE AT IR instantiate (301a]) # instantiation ( €17 ) .
BATRE - B FR ERFEHEM™ME. SR EMFER T instantiation 19
B

| The creation of a particular inslance of an object ¢lass, generic unit, or template.
2. The applicaticn of a parameterized abstract data type to a particular set of

' parameters.

EARPEFRAE—TBE. AEEBRLSIE nstantiotion F3% “S50H”
AR — “BAEASAYE ALK Ginstance) " BIEA .

R-ERERE=T &80 CHRETYRER, ENHSEH C+ MR, ¢
T15r502 template. exception handling (EH) #I runtime type identification (RTTI) .
EH (BIR RIT—-r/HR %7 EH -1 BHER) M TR EBHEAME TEs
SR, RE2—THH, AARRTISEESTE. Byt 200 [CHASEH].
ILAJUIE4a] . |[LAJOIES4b]. JLENKOV92] DLE [SUNS4a] R RlET .
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FEEHE O+ WREBEMN (avide The O++ Object Model}

7.1 Template

C++ FFE I HKEE A MM, B 1591 £ ciront 3.0 3|A templates 2
MHMERBNHET . FEHR template 8 &YW conlminer classes I Lists
Arrays ) Dide, HRETUEA VEHERRT (X2 Standard Template
Library, STL) B4 EHERATEERES (NAFRERRE. [BOOCH]!
W (mutal exclusien} #1410 (@A TE&AE L) RSB EAz .
EEERHERT—IAHIFH temp.ate metaprograms 3 R: class expression templatos
ARSI R IRE . (ecluzed) , RMTSXENNRERR (F:
# [VELD95]) .

20T, MEFE emplate RESTEFHGREEN - F8, BEELY.
FROEVELTEHACAERE - AATELE~E 7, HECEEET A
T, MBFRFHERERER - THALEMRX RN H 04, BHRmE
i IE AR “RA” FENNE BFLMSE-HHRBROREANE. Ky
BE, template BETAT ARERT —REFAGWEBE T, TEAARMES
ARG BRI ERE . 1R EREEREFE, BITELAR emplae £
EWRmAR . FREFEE - ~BHEN template % RAA, W—EH
TR AR, ERBREETEFESENKY emplae R .

B - WHAESRTE cmplae ¥EE LW, BITH-AIE templues EESHER S
OCATETT L TP AT UUR i BERTE. THAEFR woplac 14
LE g FM:

1. template BT BR CREHEZSHRAEW— 4 template class. template
tlass member function FFi, S EEHAHEF.

2. fefy “EB Cinstantiates) " I class object [ Z& inline noamember. LI
% member templale functions, XER “H—- T HiIFRVHLSHAT - BT
" BRE.
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HTE MARTRERE LS {Onthe Cusp of the Object Madel !

3. T < 23 (insiantiates) ™ # nonmember Ll R member template functions.
PLE static template clags members, EEF R “F - A~AIMT LR NEE
—{EET MFEN. EEEE —-HTE template Bi 33 20 .

A “RA” Cosantiation) K AFERERT 1R (process) HEIL W
ERHRZAHET] template M =B EH (formal parameters) EL" B4,
FEAEF, FEHE—T template function:

tzmplate <class Types

Type
min{ const Type &tl, const Type 4t2 | { ...

AT

mint 1.0, 2.0 1;

TEZATERAE Npe HE N doudls HF™4 ming B MEFLTLE (F
WYL, “mangling” =R, HE—TH--LIHER) , B 0 B 2 Kk
WAL double.

Template 8 “BEI” {7 (Template Instantiation )

BT EH template Poirs class:

template <class T
class Pcint
{
public:
enum Status { unalleocated, normalized };

Point{ THH8 x = 4.0.
~Foink () ¢

void* operator new! siza t ;
volC operator celete( woidrT, size = );
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WHEHE Crr WRER (Jacid The C+4 Dbiect Mocdel}

o
private:
static POInC< Type > *free.ist;
static int chunkSize;
fﬁ‘rﬁ _&r _Y¥s» EZF
Y

5L, LHRIBREE template class BHN, T2 5% FREEE
AR HE g B, PRI static daia mempers 3~ A] f. nested enum
W E enumerators 18 BE.

B coum Stams W EERRABHE Point instantiations L —#, H
enumerators 125, HENIE - # HAEEEE emplate Poim class (5451 %
FHRERE. BERITTLUZH#SD.

/dook
Eoirt< float »::5tatus =)

HITBEHE.

// error :
Points:Stazus g;

PIEWMAR e kR B0 (H, EEERAT, RMEBRX
enum HF—PEAEEE HK. WRFZEH, BOTTE2EEELS coum
EYEl—1~ nontemplate base class 47, PUBEER SN

[BAABEE, feelist T chunkSize WRFMERERTH. RIIFERE.

/! oer-ar
Perint: :freelist;

BAILARIE TR, FEEMA feelist:

J"g' ok
Point< flozt »::freelist;
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FBTE HEXMNSLEBEBHRE (On the Cusp of the Object Model }

& bl E static member, S H —HES Point class BT float
nstantiation ERFR L LK. WRENS.

/7 ok 1 B—EE (instance)

Foint< double >::freeList;

RS WBLE A freelist SE4E. 5 Point class () double instantiation =4 58

IMRRIMEZ L — Wb, HRSEEYTE, ®iXE.

Boint< float > *ptr = 0O;

E—E, BEFmHABERES. BHAR? Rl —MEE class ohject e,
EEFTE—" class object, REFEFFTEHELSE class HLHES membess
MI#EY object WA . FLUH “Poimr B1— float SL&E" AMEHNE W
F.  C++Standard FEZH, “"AH BRI template class” THH
A RBERHE X, WERTY BT RTERREN template “ A F” # 5K . cfront
HEZ2MN (XERRERFAKEEE) | 114 C++ Standard TE® FHiF
AR HEH

WRFR pointer TiH reference, X I0MAI7 Bik:
const Poink< float » &raf = {7
BRI, EENESRIE -1 “Pon: B float A" K. X4 E XK IFIE
=Y EH:
/AR R

Point< float > temporary| flusl [0} |;
const Point< float » &ref = temporary;

HAAR? BHA reference I RETH (no object) ML E{E. 0 WL WY,
WM Rl TRBN — X &,

Point< flsat »

283




W HRE C+ FRET | nside The C-— Object Muodel)

MR E RN, THEREMAN, SEMINHEENE.

BrlL, —A4 classobject BIRE L, ek anE aefE iy (M5 =T
DRBER temporary) . R ER BE T T IO Bl

const Peointe £leat » origin;

HBEBH template class ¥ “HE" | #EEY, float insartiation FIE EXT$ M
BewrEb®. FEREETA template B, RINFE Pom = nonstatic
members, & TWERHLE Type. Dpe AEHHE D floar, FLL origm HE
ESMLHEBER=T foat KA.

#AT, member functions (F ¥ THERYPEHARN . TzizH T4 .
N E7E member functions 3 il AEIE] %, Ct++ Standard A4 BORENIH “HI” &
k. SWHRMEFSHAIRBEEIMNER. cFUAEHAERTSF "HE”
(instantiartion) XM, AT EERERA.

1. ERIFRBIAENEE. ME class HAH 100 7 member functions, (B
FHRFRUMENXRNEALTHEA, X8 - ~EHWERIFH
N BAHKEE 193 ~EEN “RE” BSERLBYE T HER.

2. MREHMIE. HFL R -1 template BRI LXNHELHEK — THEY
K8 LI~ member functions FREMNFRFERFT. MAH AR
PR 2 0F A3 & member functions, template EBE 4 ¥ S A F A ] fi2 &
RSN RENER (pes) .

BAET, origin NENYEERE Foir B) default constructor ! destractor,
HARFXM M EREREY “BH" . 200088, SEFLE.

FPoinc< floet » *p = new Polnb<s float =;

i, RE (1) Point wemplate £ floar M, (2) new BERF, (3) defauh constructor
HEH "R . AROE, B new BEHRILD class 81— implicitly
static member, LAE T EAGESH BRI HIIT — 4 nonstatic members, BT T2
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BE PO WEERMLE (Onthe Caspof the Object Model !

RELECIERY template 2%0EN . [ NERS — 28 size r 10K class BV AL,

iX SRR R T ARTE R LROE? AT R R .
B TEGENTR. AEEH “AX™ T orign Ml p FENITLHE.

B OEEENE. BARFHLU - CHPTAEHRE. enplate YT
EATRE# WA X0 F . M, KB FETE .

MR NS ES "R AT

[CARGILLYS| BEHPIFHEM &, & “int Fl long -8B (5% “doukle F
lang double — & " ) MIEi#.2P, PR B A%,

Joint < irt > pi;
?olnt < lorg » pl:

REEP - A ERTA TR EMRMEHFTARBRESCW A xE (775
FHPESEER member functions) . U+ Standard 3k M E 418 flE 5

Template Eﬂfﬁiﬁ?ﬁ% (Error Reporting within a Template)

HEMEK template F50R.

i1l template <class T
V23 cless Numble
13y A

‘4  oublics:

feh] Mumble!{ T &£ = 1024
TEY I o B

‘7] {

LB ir ¢ te =t

9] throw ex ex;
110} }

i11) privace:

112) T ~t:

113 )}

2~ Mumble template class FIEMHAY —HEEE ¥ ST MEE,
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HREERE Cr+ WREBA (Inside The C++ Object Modal}

L4 S FHREFEN. XMEEEWHIE. B~ $ FRE-1

AUASHERATHRIPFMES: B2, class EEBEHLFE public.
protected. private =T (labels) , § WEIAH publics AW A
public. & — SR&IFEIC (lexical, LH#H R, B - HEWEE T/ @I
( syntactic/parsing) L B .

LS ¢ WY ERERE 1024, SR AL, WEGFARTIEL, B T

ExEVmE. KNS, A template & NZTEHEA ZHE L%

. L6 ¢ FFREW— member IEK, ¢ AR/, XHER-RoE 5

Bk ZTHBEEREE. 2. E-1EHLTABET 12X T
L, EXxsar-f#ia.

L8 1= mRFARECENE, BEOMNEZRE, L THEEREHTT.

HE 2 5—-8, EF template &L AL k.

10 BIMEABERA ox K. XM EBLERIEMHOBK (parsing)

BE#EH. CH BEP - T SENETFRAT TN ERESR--
MRRFZG .

S L13: BB 428 cass AHEHET. IMHERL SERF

AT EH BT & 5 50 &7 (parsing) WM E WS HL.

fE— nontemplate class FHEIF, AANMBEE L BITH S 24wk

Hi3k. {8 template class A, ¥ 4MHF, A SRTFMRR, NRESHH
template Z 8, AP RE AELHELWHEAE (instantiation) Hd, ABH2.
R, L5 M L8 MEESRR (L 2,4 M) 2SN AAHRME
(insrantiation) REMHEET N KIFCFZ, e LA RE G LRRFER T AR .
TR,

Memble< int > mi;

LS F L8 RIEHY. WIHR:

Memhle< int* > pmi;



FT1E SEMBERAMAE (Onthe Cusp of the Object Model)

BE4 L8 BT LS #id, RAMTESHE—TBEER (BT 0 BB —1
YRS T XE A

class SmallInt

{

Fublic:
SmallInt( int }:
JIPJ - n

}

MR = SEARERT Y, FU 508,

Mumble< SmallInt > smi;

SEM LS #i%, W LS E#. %48, THaMET.

Mumble< Smaillint* > psmi;
KB L8 BB LS BHR.

4, HARNEREERIEROH emplae SR IRFEHR? XEY -
HAH template AILTEHREE K. cfront S template WAABR LW (perse)
BAENSE: AAEE - MEHRE Gnsantiation) % 20 B RR 8.
FrLAZE — 4 parsing M2 T, STE BT (lexing) SiRFIET (parsing) E5iE#L
4 M emplate FHMIHRPE TR EE.

EILAHEE (lexical analyzer) 4% L4 BRE -4 REENER . Rirn
(parser) SXFIRRE:

ouklic$: // caught

BRER— T BERER (abel) . BN (parser) Ko =R EN
member ittt & BE" WA

JEU T b/ not caught
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FEHER O+ WRE (Inside The C+ + Object Model)

BELML L9 e WHFAR® X L13 “RP—T55" ZBEMHE E.

-t EN SRS (F20 BALLIZa] FPAICR) |, template 5
BRI R —FFH  “lexical tokens” , T parsing #EEE, BHATHHE
BLHRTE Ginstantiation ) R EW A F 3. £ YFP —1 instentiation 24, 1X4R loken
BT parser, REWARHRRSFS. TS EIAT emplatc B0
“lexical tokenizing” 5T AMRED? HXL RS, BE L4 ERORS L
FHEEE . H20 emplate 7B I8 AEHT 20 825 FY tokens Y SR K.

HETW %R, EA— templaie A, EEE—AXESEAN 3, 1
BT AR NS RIEE. emplate PIR SERTX08E, BIFATEEL Y
THUE, MiESFNLTELT, AFESEUREENZE, Fo5mEL,
R H A EIBAR kAR

Nonmember #1 member templatc functions £ ABAFH (lstantiation) 42
At SERFHFTLHERRR. ZEBRELFHBEA emple iR ERE
RARRIB A AE. AT EH emplate FE.

template <glass typer
clase Foo
{
Eublic:

Foof::

type val();

void val{ type v 1;
private:

type wal;
Y

Rig R cfont H Sun (RIFER Berland HIFR, ALY FTEEART
XL

—————— e - e r———— ey . -



F7E WEWHSFHRIN %% (Onthe Cusp of the Chject Model }

S HAr S EERE A SR BT 2 LB a5 Wik Eand:

//  {a) bogus member FE class BT— member functior

7 i) s ANE class B1—1 data nemver

terplate <class type>

doukle Foo< type >::kbogus member(} [ return thkis->dbxz; }

Bil—i, EREERIDTHFE DL EE . Template facility A RA LIF
i templale FHFSERIASE T EHAEE. S4%, GAEMNERATHELZS
HinmdirE, BAdREASAEZHET.

Template PAYFEHFRRIMTFEL (Name Resolution within a Template )

P LU PR E Y. --FR Cor Standard FTER  “scope of the
template definition” , iR “5F LK template” KB F. B—FE C++ Standard
FRiB % “senpe of the template instantiation” , KR “EML emplate” MR .
W — AR

// scope of the template definition
exterr double fool double )

template < class type >
class ScopeRales
{
public:
wold invariant ) {
_member = foc[  wval j;
H
type type dependent(} {
ratrrn foo!{ _menker ):

}

LV S
private:
int _wal;

“ype membory

}:

B RS A AT

/7 scope of the template instarntiation
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FEEE®R C+ WRER (inride The C+ + Object Model )

extern int foo! int );
Ao

ScopeRules< int > srl;

B ScopeRules tempiate PHM N foof HAEE. & “scope of templatz
defiition” 1, HA —4 fooy BRMBHEBAMLT scope ZM. MRWE “scope of
template instantiation” 1, B foo) EHSUEEIUT scope ZHA. HRENF -
> BB AR

7/ scope of the tamplate instantiatian
srd.invariant{);

A, T wvarant) PRHANTERE T foof) BELTHE?

/; MRAKER— foo() BREEHE

_member = foo{ wval };

ERARRFHR—SL, AR mm -~ EREke:

/7 scope of the template declaration
axtern doukle foo [ doukle };

f// scope of the template instantia-ion
extern iat foo  int )

M _val BEBE int. FAKANEPYERE— IR (BR: BRTEHFZL,
We—REWE EREIE B0, REAEEWEE ©) . 8, #EPORBERENU S
BES— 4

// scepe of the template declaration
extarn double foo { douhle };

Template &9, T —“ nonmember name BJHRI¥ &R EREZ T name ¥
HARES “FALUARHE emplate WHEAN" FEMRTH. WRLGHL
FHXEK, FARLL “scope of the template declaration” T name. MR HEA
TR RE, AL "scope of the templatz instantiation” FPkF name. EF—




B7E BAEFNSEREPLK (Onihe Cusp of the Object Model )

FF, pog SHULAT ScopeRules MSHAETT 4.

F/ the resclation of Ffoof) is pot
// dependent on the template argumernt
_mwembey = foo{ _val )

ZREA val HHEBR ict; _val B—4 "LRAFEEE" M template class
member. HWAEIWR, WAFXRALE template FEIFER], ¥ T vor K2R
HEAEm. i, REMBERENERYER (signature) A%, AEHN
BEABAXER. Bk, _member WEBHTLBEHR- 4 foog THWED.
foof) MIEMYE templae 2HEL X! FLIARREMELTBRIE “scope of the
template declaration” RgiX. TEME scope P, RAE—I ooy WiGkFE (FEE, X
FAT A Ll — MR AR BT B——H A — #define HA—EBZ) .

EFEMIHEF "5EAER"  [type-dependent) I A

er(. typs_dependent ()

RTEUEARNT,

return foc{ _mwember 1;
BHELSERE -1 oo |

ENAFRAEERS emplate 28E R, HHESHHET member K H
ERM. FX—W foo) L “scope of the template instantiation” P, #
PAIFP KT scope HWA fool RHEW. BT _member HEBERFIHY i,
B RER int RERY foo Wik, MR ScopeRules B double XA,
RARFEZER dovble REHY foo HiZ%. IR ScopeRules &L unsigned in 3
long XBRARLER, B4 oy WRBRIERBRKTH. BIS, WH ScopeRules B
PARE —-1 class 22 ABL Bk, MiF class BHE I int 2f doube LW
convertion ZWFF, A foor BRBRMFXWIRTIER. FEIMTXRE, HE

291



REHE C— FEME] (fuside The C4+ (Mject Model)

B “scope of the template ‘nstantiation” K#kE, MARU “scope of the templare

declaration” HE.

X EEEE — T iZas TR TR 4 scope contexis:
1. “scope of the template declaration” , A EF T — & A templae class.

2. “scope of the template instantiation” , AU ESTETHF L U4,

Hd BRI (resolution) R iEL@ Bl — AL RESMW scope, BGTE
HPEIFiE K name.

Member Function 32T (Member Function Instantiation)

BT template B Z#F, BEMEE N T emplae function &7 H
Cinstantiation} . EWIFYSRIERREM W58 - T REZHEER, BER
B TE program text file PHEEA A H— M RERITBHERS, H— % men
compilation TR LSS FRMAMTH (instandation ] .

T RAE 55 3 2 A B = 350
1. REFUAHEERTE L7

BR 2 - 28 E wemplae prozram ext file , BREFEERET header LT —#.
Burland & Far B B X TR, BT EBRER -G BN, fin,
BIFTLAER, & Pointh XM hRBEEF AN, & template program text —
BERET XM PoinC & Pointepp H . fubEHE. ofront BUA SR X505
Edison Design Group ZM1¥ 38 37 I 7 P SEB58E T 4e.

2, HIEHUMEEE AW EREFP R member functions?

Rtz —5 R, REZMIHER, - 202 8RMERM class RIFT
F member functions #RFE 4 K. Dorland BRI A —— & & wi8 &
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ETE AEESEEEARE Onthe Cusp of the Ohject Model }

Apragmas HARER (AL ) FFrid. B 20 AR e,
ZEB—TRYAETE BB AE (11 74 EW. cfront BERX A
Edison Dzsign Group IR IFREN 97 70058 W 6 2 5y .

3. SIEHIMMIA L member definitions 24 o T hEFAFHLE?

Bohk 2z —BETEL T EE, AGATERPREEZE, RETEY
iR, Ha#tdi, B HhYyslaEHEERS “HERENR” MEXR
o, PP R (instances) FREFFRA.

B#l, FitmieetfdEmir i A8 (nstantiation) 8, Hegagtid,
template LR HRET, AR ES KB MEFNFE. BER, TER cmplac
fanctions B—% BRI KL ER. AW SHLZRWEIEEBRAN, FEY
"REMLREEAREEAR” HARD MEBNENS ALY

C++ 3+ template 81 FAAFE ORI ME - ilyie AF ST E 3R T
H (use-directed automatic instantiation mechanism) , IEFBEFFEMNHA .
AGEMHFEETEIHELITA. BRXCHIEME SR AR T,
AR T ER (iF£F [STROUPS]) . otlink, & cfromt 2.0 &
FHMEERERTA, RS- mEAEHGMEaEBH (usc-driven
automutic instantiation mechanism) , HEZLZRERT, B R ASHHM AL
BT FTHE.

Edison Design Gronp F &R —E B MK directed-instantiation #.3, Ik %%
\T (RETHE) template facility BLEE Y. ENEEREN T,

1. — T EFHEFABEREN, RVHAREFFCEM “emplae 2
%" . B, HEXGEERDEHTLETF object files 2.

2. X object files W@ H A —FLILET, 8 — 1 prelinker BFHMITHRHE.
T A M object files, T8 templat: KENMTE % LIRSS W,
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EREHE C++ WRER (nvide The C++ Object Model)

3. BMTE -1 “HHH template <K {1 “BELEHEEEL WER,
prelinker #iZXHMEE B+ M (EHP, REC2EELN) 7 &,
lzf e, MLELENRERNREIE TSR ENITM. Xy
SWRE srelinker AR i X (MEMBEFR i file) .

4. prelinker AFAITHIBR, HFHFE - "0 IHGHETL" X
#. ZTEEANERE. EMALENENEFHC .

5. WAL objectfiles #iHEM— T THTLMH.

LR dirccred-instantiation FHMEREEET, EFE— HRIERH i
TR ENE. WEERUNZLLNHITE —1 “compile afterwards” # §T
prelinker, DIBRATHHEEZ N templates BHEFETEY. EEMHTEURLR
NS -KERZE, EFWERFAILUTRSF.

. HTE-TEEIFAHRIEN program text file, HIFBAEE T i
A=

2, WAMHER o XHFIH-HB¥HAT (instantiated) 89 templates, 5
¥ templates (FIE L REIE templates) & 7EIM K FHH AT,

3. prelinker AP ITEX, BEFEAHEETN templates CEE TV E
%,

PLFEMME, HBREFEZN avtomated template $1%], 2 “HREARH
) Co+ SRIBRE" W—NLEAK. BREZOLA, BNEBHFLA—1EE
REEHN. EH-TEFFEL. BRLEA (ERLSEH) — M REIPNE
HI 5% B .

REHNR, BFELT—M.HREE bugs B, Edison Design Group BIGIF
AEAT — 8 cfront 2.0 FIABHREY: [KOENIGHa], PP HE 1 dass
B ™ virwal table B8 - & (ZEABMERT) . G100 FEA class B8



BITE HENSEIALE (Onthe Cusp of the Object Model }

clzss Prim-tive(bject ; public Geomstry

{

pulilic:
virtual ~PromitiveQbijecti(}:
virtual void drawi{);

Y

MEEEEAT 15 1% 45 HHRFHSS, HEBUMAESFREIF T
virtual table S AL RE? 4 15 8 45 HEEFTHER !

Andy Koenig LATHIEY FEEBIL P H—{ viral function ffH4 AL 45
HHET active classes ¥ virtual table 1. WWRRBEHHI, WERR vitwal
function BE L EHABEERFME MM A THUEBFRLEEERT. 14,
B H AR — -~k Te AR . B4, A virual table BET
X T class 2 38— non-inline. nonpure virtual function BZC#ERiE. LR 1IM
FFME, MFHIH virval table FRIERFF virual destructor K345 2 b,

FEMEZE, £ emplate ZH, ZIHE-EUF L ~TNE. & template i
NEN CHERNNE-HREERE WEET, FRESMEXTEESE,
mASENFURELENE XAMER, ©REERE IR Tl 24 #HARk D
HET .

I8, HREFHE, (B Edison Design Group B automatic instantiation 47 il {8 {T
2B EETFEIXT tbrary B
void foo{ coxst Point< float > *ptr }

ptr-»virtual furcii;
!

vim;al function call #5FE N AEALXEM R

¥ Ctt Standard CEHB TR —SHEE.
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FEHRE Cr+r ITREA (sds The C1 1 Obvecr Mcdel)

/f Ct+ THEY
A/ ptr-evirtual funci};
[ *ptr=@ wtpl Poinz< [loat > 2 ] 1§ pio 3;

FEBH AL | nsantiated ) B Point class ) - 4 floas SR
virtual_furcl). BT ®— vittaal fonction BRI ET wble 2, iR
virtual tadle AR, H— virual function L LTI E IR (instaniizted? .
KR A 4 Cr+ Standard F F T B 30F R B BE AL

fn%R-—4 virwal function # H 3 (instantiated} Hi3k, HAM S BB ET class
RIAMEZE.

B, MBERIFSET cfont B virtual tabls TEER, BLE “Pom B
float ZEAEHE — 4 virtval destructor X EEIH " 28T, X table Hog =
k., BETX—AL, FEEWHER virual destructor MR EARTY

(instantiation) .

Edison Desigr. Group AY automatic template f1% AT EC NERiEE
T % —-t non-infine. nonpure virtual fanction MRMMER, FLIHHTEEER
F i sofb. SR, BB MR LHMATEE A H S EH B

_ vthl_ Foint< Float »

IR — AN TTEAT . B, RRBEE! Auomatic instantiation U4 !
FBFF LD TR destructor RELHK. BRTHHRIF RE R #pragma
FEESRIFUFER. BT C++ Standard LY T I wmplate B X F, AT
B AERRERE - OB class template BRI,

template class Pointlid< float »;

BRE R — 1 emplate cass K1 5] mamber function:

template fleoat PcintZd<tloat>::X{} const:
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BTE MEINRBEMHIIN {On the Cusp of th: Ohject Model)

7.2

e B4 B template fnction:

template Pointld<flcal> operasor+|
cCcnst Point3d<tloat>§&, const Pointid<fleat»a 3

TXHEH L, cmplate instaatiation WFIEL S my k. HE B8 &5 (F
TAFEBROR T, I REY object files 19 H X R =T R Al 85 NS —— 10 72
FraBERGE! LTFsh R G450 objet module 5 5% & 7 58 H I8 &
(pre-instantiation ) , EEAITI, HIEME 4REMT®E.

F AN (Exception Handling )

#KZHF exception handling, HIFHW EF THFRERL cawch T4, Li®
BEHRE exception. XK P HEBHRFRBNIE EHEYHTEHE b
(EOFEBEREPE local class objects HATHIMR | . RN, RIFBAFIMIE
FhAE 0 exception objects I, DIMEHTFRBR (X EHESBR AT LD
ﬁ%%ﬂm%,mﬁ%Rﬂﬂ=ﬁ%,ﬁﬁﬁﬁﬁﬂMﬁu%EH£mﬂm$m
ARENSME. BT FRENHEY (N GHEEM destructor) . HE (Clean up)
LAR—RER. MEH AL objecs FREEA. —RES, cxception
handling Y1 7 2 5 4 1% 88 51 7= 4 09 AR £ 49 1 RIIT T — - exceprion
library RO, TERF AT EE 2, SiRR0F 7027

W ONTHRRATES, REETUERFNERTEN T XM SN S
. REERFBRMNX T, OSEETULTARIEE N 5
~ exceplion # £ kK.

O THPRERD, SEETDERTHRYEAT NN NEEN.
Ba@HEFLAEEY, EERERESNEELERMNEA BT
LRELHE (FAATLRFT) .

IR3E [CHASE94] BTE . Modula-3 Report BAR — 4+ i T #EPHISE 3
MR B R ER T — W, ERH £ exceptional case L% 10000 4

207
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HEHE#E C++ TR E (nride The C++ Objact Model)

A AT ELEERF— 17847 AR B ER NS AR, BiEE Tel
Aviv B—#atited, 5 Shay Bushinsky 8, M2 “Tunior” INE M FEE .
“Junior” B—AEFREFEEN, F 199 FEAREHNERTENEESRHEFE
5 IBM B3 E (Decp Blue) HrtHRE, HAH=. L AEZHE, ZTES
7 —%E Pentium T AHEM EETT (Deep Blue MEHAT 256 B CPU) . A%
FESMIJEIF exception handling ¥ Borland HEFEH L EFRIF "Jurior' Z
i BFSAEEEARE, AFHAEEMT. &R, RINRFRLER—-EH
E Borland #Mif¥#. M1 “Juic:” ME, EHARE—MEEHEXBRGF
M IR DR A

TEEF -HERNEE, WHHT exception handling BIH WA B cfront
g KHE, By R BB — BT H R M BB AT exception handling ML, 5
HERBEFAEELES (HMEE) . UNIX Software Laboratory (USL) %4144
BTH HP B2 H3%EH axception hardling C-generating implementation 294 —
£7% (EFE (LENKOVS?2]) . LS. BEET WA EHE chont 4.0 BT
EREE) MR,

Exception Handling THUF4 (5

C++ HY exception handling B =1 ¥ BERiEC A .

1. — 4 throw F4. TEEFRL AL — T cxception. BEHRE X
exception ATLIRWHEEN, hTHRAMEREAFET.

2 —PHE cateh FH. F A cach FRER -~ exceplion
handler. ERARFEFRU, AT FHEFTLHHEPEHA exception, 3 H
EHFANKESKB PR FOLEAEF,

30— try KB EHMELL - ZFINSEN (statements} , X HBHR
8251 % cateh THIBRAER.

S~ exception HE U AN, BHMZWEBEAPERE LR, FIFK

s et m—a o iy

......



F1E WEIEBAMYE (Onthe Cusp of the Objec: Model)

—AWIE K eatch A MBEHFREGAE, WARIATRB AR wrminater) 2
WEA. YEHRERFEL ., SRR REA A EREHE (popped up) .
EAFEFEHR N unwinding the stack . 77 8 — ™ BEGEHE BHERZ A0, BHD local

class vbjects 19 destructor L WA .

Exception handling 9 FLAT A4 B EH R TN TWEL P R4 A FHH
PO SRR . U0 P R

#0001 Poinz®

#0002 numble ()

#0003

#0000 Boint *ptl, *oni:
#0005 ptl = fooll:
#0006 if { 'prl )

#0007 rezurn 0;
#0008

#0009 Point g
$00LG

#0011 p=z = foal);
#0012 if { Iptz )
#0013 rezurn ptl;
#0014

#0015

#0016 ]

RS exception £F— WA oo (LS IETH L 4, BRAR "™ mumble:s
B eHEnEFER. B TEA foo NBREFAE-T oy KERZP, 13
A ER WA= cateh TRWE. REREAEM local class objects T T AF
. R AREE T exception £ A foop (L11) BHEEER S, exception
© handling DLEISEGHE "M FERY “unwinding” X4 EE" 24 £AR p

iy destructor.

7 exception handling £ F, L4-~18 # L9-Llé¢ # W N HLEE R RN
., ANY exception FEAEN, SHERREFARAMDUTHESE. WA, #
FHF exception handling, FEFIM — & “Hi10" BAELEE. SHFRMMEET

PR ——————

299



BEHRE CH XTREA (nside The C++ Object Model)

FRh, — ORISR LI BIR R EERY local objects” #E (DA
MEdE) Bai®k, »-MHHERIAAEHAEER - MER, BRRLSTRT
Y RG]

FHRFREE, exception handling 198 TEHARETE LHEE. Al
FEAREREE S - REZHNER locking F unlocking 8. EAFZEE
cxceptions A HAXE, /BE exception handling 22 TFF{FICAE S L EAiT fr

woid
runblie | vold *arena |
{
Feint *p = new Poirt;
smLock{ arema }; // funztion cell

JMRH —P exceprion KL, BAKET
T A

smOxLock{ arena |, // function =all
delzte p;

A2 T, exception handling TLAIIEE N EEELLE X, FEEERL B
EH NPT unwinding T @B E. RN TR BRI, ERRBRELY
BZH, KITEE unlock HERE, # defere p. iLBBBKN “exception proof”
KERE (BRRRAUE) WTBEREENE 1 defaul carch T4, (BEF

wid
mumihle{ woid *arena }
{
Foint *D;
P = new Pcint;
try |
snLock{ areana );
fioe

}

catch{ ... 1 {
smlnoock{ arena )
delete p:
throw;
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FTE HEXSAMELE | On the Cusp of the Object Model )

]

swinLock ! arera 1
delete o;
}

RTEUIAAq T IEE:

1. oy block LISMWIXEE, EFIE, exception handling L&/ T "pop” 8
FHERZS, BEREEREM.

2. pybdlock INBIEE (AR EFIKAEMN defanlt carck F17)

WHE, new BEFRAARAMFEL v BEN. ZEBEHOFIRIG? MNE rew
IREFF A Point constructor AREMNAFZBRE T exception, Bl APIFH A
=% unlocking. p WARSH delete UXPENELE carch IXBRW | . X RIHAN
TR

BK, ER. R rew BRHEN 1 exception, FEARTEERE heap
HREINTFE, Point constrctor RAFEERA. FULRBAERAR delere i
HAF. RMMREE Point constructor P ELE exception. I NECH B E.
W4 Point ZHEMAETFHSTEYE TS (subobject, WEZ -~ member
class object B base class object) FHFENWARLE . $E heap AHFH 2HRH
., REEMIEN, BAFER delerr THE.

FHMRER, IR —T exception RE new ZHAMAIEFEEL, wrene
AN REA LY locked, HiL, BEFAYUE unlock 2.

MEXERRERNE, BR—TRUIERE UEEBREETF -1
class object ¥k, FHH destructor SEBH R (BWHINREFLMEE R, K
. BERK, BB HERENE, IMRBESTESLRYE) .
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FHME (- WRER (Jnside The C++ Object Mode!}

wold

runizle( woid *arera -

{
auto _ptr<Pcint> ph { 1ew Polnt s
S¥Lock smi arera :;

0 B EL 1 exception, BERETRET
H

J/ REBREHHH unlock Al delate

/4 local destructors i B H

S/ sm.SMiock: ! ~-S¥Lock();

/7 ph.auto por<Pointr:ii~aito ptr<Pointsi)

M exception handling FYAEE, T TARIAEHF - MRE:
1. B—RER awo pr WX 2.
2. BORBAR SMlock $E Y24,
3, EMWAE L LB R

WE exception BE vwo por constructor PR E L, AR TH active
local objects T B4 EE HLHME. AR IMLock constructor o it — -+
exception, W auto_pir object #FE “wwinding” ZHIEHEESR. ETAE="
REH, B4 local objects YWRELFAES,

TR FH, 2838487 member class subobjects 3 base class subobjects { 3
AEHE#EE constructors) WY classes Y constructor BE . — class AIR#
FPar g, Wi destructor I BT FAREE W HEAN subobjects i (&)
member objects B F. FIIN. #iZ class ¥ & member obiects 4. 5 #1 C, FEY
—X% constructor I destructor, T 4 B constructor E4{— 4~ axception, it
A8 BH CHBAFTEFARE destructor. ME B B consiructer EH— 4
exception, M4 % destructor LHMBERAA, B C KA. IEFTHILE M FLL
RamiERAHIT.
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ETE AR BAE (On the Cusp of the Object Modal)

FIHEE, IREFATT.

/4 rlass Point3d : cueklic Point2d |, ., s
Point3d *covs — new Pointid|[ 512 1:
SEEWHE.

1. M heep PRRERELE 512 4 Poinrid objects FFRT M.

2. MRHEM, %8 Pointidconstructor, S5 E  Poinrdd constructor. £ W T
FHE-—TmEL L.

IR #27 TER Poni3d constructor EH —4 exception, <rERER? o7
#271 TR, BA Poin2d destructor BTEWEAMG. T 26 + L&, Pomid
destructor #l Point2d destructor MEEET AT, BRoHEL A EHEE.

X Exception Handling B9 F5
& —-1 excepon KAF, HWiTRE 0T ERL T Y-

1. B A% hrow BIEMNEE.

2. BIE throw BIERTBEEE vy HED,

1. ER, HFRELIAE exceptior type ERHE —4 carch FHHE,

4. WRLERIE, RBBHEIZEXS cach FTRAFD,

5. % twow WEREFAE my KEP, BEF -1 cach THWS, B
AFRGLT (a) BEFE active local objects, (by WP ENHHE
# "unwind” B, (o) FITLHEFEBTHN T - EmXRE REEF I
BB 2~5.

RIE throw BBERETE D try KEh
SR, — P MEXA LUEER R TR

oy RERDAMEE, MHEF active local objects.
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FEHEHE Crr TREE (nside The C+ + Object Model,

oy HEREUSMWEE, HE -1 (W E) B active local objects TR E B4 .
B oy KEHEXE.

WEF VIR L F B, FE T4 HTHEM exception handling REL
HRER. — T REBENFRSEAEL program counter-range F4%.

M7, — T, program counter (3FE: & Intel CPU 34 EIP BHE) HET
—MIKRTHBRES. ¥, ATE-TAE mn EENRERE AR
i, o LA program counter MIBEMEEMNEFE (R EBREIERE) #EFEE— 1
E 3L

% throw BIERERT, METH) program counter FIREHk X AT “FERFA
R, LA YA AR KRR EE -1 oy KB, R, KEERL
AR caich TH (EERTIEREE T . MBXS oeeplion LT
(RETEFRES) |, YHHE BRI EFE PR (popped) 1]
program counter kRN FISMAEE, PR RAEMTRIFBELE .

5 exception BIXTUINET — 1 catch FHRIERMILE

HTH—~HEH KA exception, RIFERLF =~ BHBERE, 3
exception WHEFH THT. HRTWRE 4 derived tpe, JMBAFTLFARER
FTH base class FEB/SE . BRI public base class ATERIZLAR 4R, ¥4
exception TTRE# — -~ member function . W& —4 member function HIFEE

(scope} 2, TE derived cluss ¥ nonpublic base class =7 [0] O] [ ## .

FRIH R EF (rype descriptor) BE4EN, EANEIER exception 44T
BAabE, B objear LAFHCHAREL. RITI ERERNXFH EH MABKNE
PERh. BHEEE 1.3 PifE RTTL

HIFRELAREG - cach FANEE - DERBKAR. BITHN exception
hardler 3 “WEHZ object MARIBRE” A "B -~ cquse FHELETIH



FTE dEMREMARE (On the Cusp of the Dbject Model)

AT HTEE, EERIYIE - REREEPHEB{CLE “eawound” B
ierminate() EeEH.

B—TEHSFE D - exception B8, EHASERRAXNEXE. T
A B i) FR 18 (cleanup code, 3 _ocal class object destructors WA, UL corch
FAHME (NEEMKEET o KBZH) .

S—TXREEUREEFLITRBEDL, SREHLSB

& - cxcoption BEEEL, cxception objest £ EEAE4 Ik HIE B BT
FIE RN cxception $IEHEXRF. M throw SHERL cwch FHIMNE excepticn
object MYH2ME. ERFEA R (R T S HIEH, BEESEE 5% exceplion tipe
EXRPBELMRRAR) , URTERHN cxcopiior object #3838 IIRF AL
KEME] .

EE— catch FHIUTF:

catch{ exPoint p ]
{
/7 do something
throw:s
}

BLE— 4 exception object, 2T N exbertex, W H exPoin. X WA e <5
TH carch FRefERAREK. BA p 2RE4TLE?

B p L. exception object fEHRE, BRE - ITENEW—F., 1H5%
BEMNMAELEF (XAHKFETELE) -4 copy constructor 1 — 1~
destructor BiE, ZFIH K LT localcopy H -.

B BT p B4 object WAR—1 reference, YA EHE L pti,
X~ exception object ¥ non-exPoint A ¥ ATHE (sliced off) . H4h,
MFEAT exception KIMEMBEMHF virtuel functions, T4 p ¥ vprr
KPR N exPoini W virtua! table; exception object & vptr A IR D]
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BEEER O+ HREN (Inside TFe C++ Object Mode!)

2> exception WHER—WH, SELTARFE? p AEERENFK
B ohject? BEM throw WA exception object? p £ — - local
object, TE carch FHMAMEHEHER. 12 p FRHES - MEHHR, HE
B W2k ORI exception (¥ exVertex ¥P4r. JRZEMT exception object #F — ¥
i EAX p FBRE ST

®TmZHEN—T catch T8

catch{ exPolint arp }
{
// do something
throw;
¥

MESEHETFM exception object. TR EZHWFAILFEH Y (resalved)
instances active for exVertex, EER exception onject FIE F &R . {3t object
RIBCZE R B b —1 carch FRIP.

BiG, ARRU—1THFEAEE. MERITETEY trow BIE:

exVertex erriver;

R
mumble !}
{
i
if (mumd e mond 1 {
errVer.fi_eMame | "mumb’e(}" };
“hrow errver;
1
F
1

REREIEY cxception errier HEETH, MRE errVer - TH#MGBEWET
exception stack 2 PIHHEH? FER—TEHEHKESHKX, £BEN enVe
HEFEEH. XEREFTF—1 cach FRITHT exception object BT TR



ETE SEXMAETIAIRER (On the Cusp of the Object Model

BERTEN. ALEW erVer. REE—D cach FAHFHREFLMETH
£BEH cxcoption ZJG. EILA exception object A if#ESY.

EE—¥5T PC C++ SHIFHNIZE YT (iHFH%F [HORSTS]) |, Cay
Horstmann (U&7 EH FrifFRETRERMA MBI AT, Cay MiFHWAT— MK
B, PEFRRARN local objects— {118 H T RY construciors 1 destructors.
AR A EFE oxeptions, EMNZEBERRETEF —TH maing)
WEN carch{.) F5. TEEEHET Microsoft. Borland. Svmantec Si¥%5
MR bk, BRRKER:

FHTA MRAA (FHHEA. F2EH exception handling |

_—

2L B FI - WL
Borland 86,822 §9,510 3%
idicrosoft 60,146 67 671 13%
Symatitec 69,786 74,825 L)

H, WiTEEETR:

FR/ T2 BMOEE (HFHER: EREHF exception handling )

e LEL] N S S
Buland 78 B 3B &
Microsofl g3 $b 87 # 5%
Symantce o4 £ 96 # 4%

SHEETWHALE, C+ RIFEIR EH WFRTBORNEL. B
BE RSB TRUGHOTEUENEEZE S KASH, LLE UNIX #i PC B#
FERNTHITEENRF P EARNREREREZ 6.
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7.3 HTHIZEENR Al (Runtime Type Identification, RTTI)

£ cfrom F, BLEAN-TRFEEE "WHLEER" , FEXGXH:

Jf BREEREHBGEX (root class)

class node { ... };

/¢ root of the 'type' subtree: hasic ktvpes,
// 'derived' types: pointers, arrays,

A Tunclions, glasses, 2008 ...

class type : public nede | ... };

// two reprasentaticns far functions
class fot @ publ_c type { ... };
class gen : publ_c wype { ... };

H gen A generic FEIE, ARFA—1 overloaded function.

TEREFRA IR, HE2EXED gpet BB (FBHERE 1B
¥), MELARTEECY dervedtype BEN fir R gen- 2020, B
T destructor Z 5 — REEAR 8 overloaded I EE XA & conversion &%, #10.

class String {
punlic:
apevrator chart {):
Mo
b

1 20 F A const membe; furcions Z B!, conversion &8 £ 46546 &
overloaded, AR ENIAHEREZE. HESI#ET const member functions &, 1Bk A4
HEEH. HE, RTOXBEMNFERATET:

ctlazs String |

public:
// ok with Releage 2.0
operator char*(}:
operator char*{) const;
L S

}:
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ot —————————— i —

HEER, & 20 W29, K- explicitcast FAFH derived object RR %
z (MARERE) 1, FTEXE:

tyvpedef type *ptype;
typedef £t *pfot;

sinmplify cenv_op{ ptype pt '
{
/7 ok @ conversion operators can only ha fots

pitct pf = ofct( pt 1
L
}

# const member functions FIAZAN. FAMAERY. FFEHPEES -
b, EAIXERRRA 2. (H2E const member finctions FIHFZ I, K
ERFHTARFABERRT. EFABZHLAK, #EFERAN Srig
ciass FAIHEEZE. AW char* conversion ERERHER REMY —4 gen MRE
— A jet.

TR R RIE

pfct pf = pfczi pt 1:

AN downcast {15 PHE]) , HACHHEMIB N baseclass REFHRELH
HIFEW, ERCH derived classes X —-F. Downcast HFHEEMER, AR
B TRBAZENFR, FLROEFAHTE2TFRERNER (MEEE-1
read 1) WEMERFAT (MRERL— T wite 1E) . ERMOKEA TP,
— 41815 gen object BMEFT A L MFER N — M HEE for object BIEEE pf.
ERET pf N AHEA TN (REARREEREY 0, THALTEX
AHEREERR) -
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Type-Safe Downcast ({RUFZ-LH0) FHRIEE)

Ct+ WWFRIEN— SR, BHE- MR LN downcast (1A FHEE
o). FUEAE "R AT E S A N T, R REBIAIT downcast (1
& [BUDDYIY) - - 1 type-safc dewncast 4 AETITIANREAFEE, BET
REHMENBI(RIE ) Z obcet WAEXRK., Al I F type-safe downcast,
T object FRIFIMFIHE LHFE LS G A,

8 FEfANSRUBTFEREFLE (type informationt , BEE— -84
ERETEHNGRY G,

o FE AR Lt EPUT AR RS (runtime type) , B%, EXE R
Pim, EREERITRIAELSE.

DEMANGTT TEIECERN C &, SUAIBmRKA. BE, MR
BRI B HEL?

char *winnie “kI[ ] = { "rumbly in my tunmy", "oh, bothez™ ‘.
RER . EFRFSHENFAHAE N RBRME AW,

MR APASE RE ZH.

1. REAXFEFLEE (polymorphism) , HETHREELAT ML R
downcast #4E.

2 RYAEAABRBHRALR L LEGE, HSEEFHTIRBH S
3 B LAY

EHMRBRAREL AREEAERECEMSENEE-——RRITER
-3 BTN IR, SEEREAHD?

Ct+ [ RTTI ATHHE T2 E/ downcast @&, ERNTLEM "4
R (AR TN ESE ) " M RRAEN. RITOETSHXET KIFEET

M0

" s = = =
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WA class BE NHEHATEIED class HRIEH - PHIEZE ADT BB E%%
APTTOEFRA (subtype) 7 488, WML —BERSA -TEEERE, R0
A LU B RCA R H SRR A KR, SRR AEFIARS.

AR REEd A — T ® L vimal functions %X § class AAD. KK
REEHMBIHAEFRRCR, AREEFRHIIG. RINETESE
HEHFELEN virtual funcicn B FAHEERR base cless B, EBELET
fRifia] LIS O S0k, AL, BRI RATE — N IER RTTY WUl T & 0 &
B . 1E Ct+ o, — TR & 254 W cess (TR polymorphic class) , 1~ &
PIE ERRT R (REHEAYH) & vinval functions.

MEREFRNAERS, RTRBIERENS, RERERETINE. &
£ polymorphic classes &) objects ZREP T — MG (vprr) , 38M virtual funciion
able, HERTIES % class #EH RTTI object HubB# virtual table o (i 8
BEE—~ slot) , BAWSNTIRRBER D, B—1 class object DEHEH 18
. XMEHAFTEEE -, ERUGIESRRTE, MAEFHNITYH clas
constructor 150 wp'r A RIXAEE) .

Type-Safe Dynamic Cast ({R L ZSRRIEFERY)

dynamic_cast ZHF LUERT I EENER. N8 downcast 2E 2
B (HEEDL, Z1E base type pointer #5109 —4 derived class objec) . UAES
Mo EEWE LT . W downcast FREELH, ZMEBESEN
0. TERBEBMIMTETRININAN cfront downcast (%R, FEMH pr L5
REITRER for, HTEER ger. b SUWMMBE HEEH A virtual function.
EWET, BRNETLVRHEE®. HFLSENELSRA AT T, B
HE KR .
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IFEHERE O+ TR Cnvide the O+ + (jecr Modef )

o b — e = 4 e b e e

typedat type *ptyps;
typedaf fot *plab:

simplify cornv opl ztyps pt |
{

if | pfet pf = dynancc_cast< pfct >( pt )] |
/... Drocess pt

}

else { ... 1}

}

AR aynamic_cast B)EIFARAYE? pfer B —EXIH RS mIE®R~
k. B opt FHEZ class object ERIMRESTARTIEL vorr BB, T
TH RE 2 7T R 5% 4

At RAB et BHEIE R
{(type_info*) {pt->vptrf C 1.)->_type_descriptor;

twe_info B C++ Standard B E X AR RIRRBH class B¥F, 1% class PR
EERRRPXERFE. virual table B3 —T slot WE twpe_info object KIHE
IE: B type_infoobject 5 pt B clesstype % GFE 11 TTHE 1.3, .
B RS HE I8 L8 — T runtime library B¥, HEZ RS HFRIMETY
a. REFEL satic cast RHBE HaReFs NREIIE—1 for B8
"downcast” H—- gen RIS .

B runtime cast M EHE I, 51 i E /o] 25 i s B A B R T
[prtzdig: 2k L

¢/ BAIA runtime cast AR EE
pifct pf = pfoo( pt )2

RER static R dynamic, £FH pr REHA-1£E class object
SE. MRERFGHRINE—RAAERETESE, AR C HHBRLENRE
H-E. fRNEE, KBHY, WIRA-E - R REHN utime %S
AR static cast IR T, LRRE, YBIMIEBIXD cast B, KK



BIE WAEMSHMMAER (Or the Cusp of the Object Model!

B p RFEMLENE (polymorphic object) , LB AERE X T cast BER
PATT RIFA R A AT, X SMBHL, KM, virtwal function call AL R
15? ¥ C-+ RHEEZ RIS — A EE S e, s

pt-=foobar(,;

B RN function call, 2B —-0 50 R0 b fr VB R HR A

References H AR Pointers

B FRTPN—1 class 18$EHBLL dynamic casr BEF . B (ue
% false:

B R LR HIEMAEE, FORE A object MEIRBBERIAT, L%
WNEXWREDETUBGTE -

m IR EE 6, AREHEOTE object, ERFZUS—MEBERETT
HANEERMERER object B L,

dvramic_cast ERFOERT reference H 1. BMH"— non-type-safe
cast, HERFSHROTTRAWERAR. HHAT —1 reference AL 03
SAE LACHEN 0 BAERT "noobject” *; ER—4 reference ¥ 0, 2
FIE— MR (HAHHS R Bsd =, BEEMYENIEY
0, &P reference M BE MG ZEN R — B K (alias) . Hi %
dynamic_cast BRFFRITT —1 reference BT, FAEB R AWML THEER T 9I6
—H tueifalse. WMAZ MR, & 845 TAEH.

B R reference BIF£ %8 SN derived class (L3 F— 28 FF_ 2
EFTFT—ER..) . downcast ¥ BRTMBRETIUSHE LS.

B A reference HRELFRAR —F decivedcless, A, BT FRGEELER
0, #EHB —1 had_cast exception.

THEREEFLITH simplify_conv op B, SHU Y- reference:
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HEHEE Crr XRER (Inside The C++ Object Mode!)

simplify conv_op( const type &rk )
[
try |
for &rf = dynamie cast< fote »{ rt )
A
}
catchi had castc ) |
i ... numble ...
]
}

H P BAT R E MR B EA exception failure, TiAHBHEE (-
TUMHT ) Ao .

Typeid ITZENT

B H tpeid R, BATRELI—™ reference A8 MFRHTHIRA KL

(runtime “alternative nathway™ } ;

simplify conv cpl conit type art )
(
if { tyvpeid! r= )} == typeid{ fot } )
{
fot &xf = static vasl< focte =0 b )@
£l

}
else { .., }

BRARLTE, BEXE, —THEREHZARERE gon B forclasses

HE[#H— 1 virtual function.

typeid ERIFTEE — 1 constreterence, £RY npe info. FSCHTMNE 13
B equality (55) 2B, HLRE— T overloaded B RE:
bool

typz_info::
cperator=={ const type info& ) const;



BIE WAENREMEILE Onthe Cusp of the Object Model)

WRBN e info objecis 1HE, F4H cquality EHAFEEE true.

type_info object M AT C+ Standard (Section 18.5.1) 3t type_info 1)
X (B eI ATE Visual C++ B typeinfoh R EIZRIME ) -

tlass type info {

ublic;
virrual ~type infof);
kool operator=={ const type_infok )} const;
tonl operatori={ const typc_info& ) const;

bozl before{ coast type infok )} const:

const char* name:} const: // #H: #FH class BEER
private:

// prevert memberwise init and Copy

type_info{ conac type inlog |;

type_infcé operator=iconst type_infos );

// data members

WERLTREE BB EER class AT LK. LURE type_info objects
ZIE RS R (X before) REMER) . VAR FEAVTE 3 0458 38,
MR ER explicit class type XA class {2 subtypes. PEHif exception
handling BRI TR ([KOENIGOOD)) ™, SR LHL—HHAE. SEEN
FRHE (53 . HEHERFIL [SUNSa] #1 [LENKOV92).

EE:MMMmﬁ?WmﬂG+ﬂﬂ%mﬁﬂEM$ﬁ$ﬁﬁﬁﬁ#-Wu
Visual C++ 8 typeinfo.h R F spe_info 8152 X, BRE L3R 69 C++ Standard 5
F U BIEEZ— member.

tlass type_info {

eeblic:

La i i dill | 1N E =L
P | P fF BN clan EWHETI A m
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EEFEE O+ WRER | fuside The C++ Object Mode!)

FTHERLL Visual C— FEEM—DAEH, R RRIEE K class &F5:

TErnEnn ATEmegaed |
class B [ ... }:
class O : pudlic B { ... }:

vold maini)

B *pb = naw B;
0 *pd = paw D;

= A ity Tty ramsemy s ® e Sty vl came syl | = anitd
& F

el et Tane THRETERm = T S TRl 8 el o Do I b S W inn

BATHERRE:

| | i) B A
| ESa DYy paERanE = JPATOIA  (ZSaes B KRS
]_. F"'i.'.! CypurTanne awebis  idbamn B H’.n-ﬂml

B RTTI BEH e info 3T exception handling B ER ki B L E
B, B3 T exception handling MBI HME, EAS . MRBN LA --LL
type_info derived classes, BLTLATE exception RAEBHRIEH L T4, ERREH
SEMTEMES. AN MeaWare BE LT LT By SN,

class Fointer type info: pablic type infe { ... };

class Member pointer info: public type infeo - ... };
=lass Modified type info: puklic type_info { ... };
c=lass Array type info: public tyge :rfo | ... };
class Fune type infe: public type_info { ... };

class Class_type_info: public type_info { ... }:

HFAAERERREN]. FENR, FBE derived classes KN Rdr &
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HER T — T, SHEBEFH M.

BREFAEE RTTI REAT £353( polymorphic clesses ), FL L nype info
objects BEATHREA, LIRFSENERTEEEN. XHT exception
handiing H)¥IFFLE. #Q:

iat ex_errno;

thraw ex_errno;
Ky it BN EHDH svpe infoobject. FEREE A,
int *ptr;

if { typeid{ ptr ) == typeidi{ int* j }

EEFPEH ppeid(expression) , BRiXH,
int ival;

tvpeidy iwval ¥ ...:

BEEH ypeiditype) , BEHE:

typeid( double } .

ZfE[E — T const ppe_infok. X FEATHALEEM (polvmerphic types)
MERET, XETEE npe infoobject BRFERS, MHEMTHERE. ~BHT
IRERETFENF™E ppe infoobject, TMERF—-FLHEET,
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7.4 WRBT, WMEIE

RN Crv MRRBRERORGRATR LS. ZhiE, BlS c 2
BIFFRSFEE, BR T O FUTIEWIEEE. AT, ERRARAE,. BEHT
H PRI (dynamically shared librarics) « FHER# (shered memory) o LLRE 4
A RITH (distributed object) HE, X TMHREMHOAMSTLRE,

AAEHZFRME (Dynamic Shared Librarics)

BEYR, — 1 EHER shared library WIS “SSME " —. AREL
LHMFERFT -9 BTN, SEBCRRAEFY library K. 51 lbary 8
MARZMENWMERF =L ERYE, FREFAUZEEINESES

tbuilding) — ¥, AT, B WK C+ X RES, IBRIR library PH class
object A A EE, SEK “library AR EEETRHERT. TEA Y
chss KN ERES—TEEZ (RHEAENE) A members BHEER (offset) #7F
HIEN HAC S E T URBHEEN members BEFR) L X BBRPRESR, M
TRHE (binary level; ¥ (3t MR obect FREE, KHEFRLTES
#iE. {GOLD9] M JPALAYD] WA LERATH AR FLZEBNEH, &1
£ Cr MERUEETR "RAGT M. 4%, TLSERIHERTH
TR HFIRNME 2.

HEATF (Shared Memory)

2 — 1 shared library B MER, EENFPFHNER runtime linker BE, —
MM ESHATHEITE (process) Tk, R, & C++ HRHEBg, &Y -z
RHT shared library L —-i- class object, EHEH virtual functions (WK 7T
shared memory 1, LR EERER. BB ETH#i% objcct BET shared
memary B FIRTATRE, WAET “HELE XD shared object FHEE I MH— 4
virual function™ B -3 WEHKITR. BRIE dynamic shared library # f7H =




BTE HAEMNEHMEEE (O the Cusp of the Onject Model)

AEHFAWARFEAFTL, HELPMEL shared object BIFTE —F. &M
virtual function SFLTREAMER, 1THNBEREE seament fauit & bus crror. FFiE
HEF—A virtual function ZE virtual uble TR EESWERT . HET KR
TERERFEFEHE, B OLHRE LE ST sharcd librarics 73] ()
Hak (7 SGI o, ERETRURIFEIFIFN so-location B, FHE T — -+ shared
library WHMUE ) TTHIBREEY LOMELE, $08EMEFY vinua'
table STHIHE BB AT 3 A0 B

Commen Object Request Broker Architzcture {CORBA) . Component Objeet
Model {COM) . Bl& SysiemObjee: Model (SOM) #dlE b4, i
PETADTR A, 30 SEARFESESR (F L[MOWBRAYYS] % CORBA
RIS, BRI sSOM # COM fmeldiR. FT on TEAMNTE, HL
JFLAMSS] B SOM. [BOX95] 1 COoM. LR [VINOSS3] Ff [VINOS94] #
CORBA)! . BEHNFRHERKY Cr+ WHHEBBAFEHMY (BREE
&) | BREMNEAETFEE O SRTIEE S EE.

ARMNEBBEFEHEFHE Mt (28 E Wed programming, Tava applets)
Bf, 5K C++ M2EEH. HFHCI "SEE2° A "5 C #7° Mk, T
SABRINRE . AT, B TH AR, MREA (Object Model) HIEH C++ #
EHERAE, AMEERLBHOBERE. FAEHNFSEEF, ZRATA.
DERECHMNEEMN 3D - BILERNSIELE.
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WERE C++ N BHET | fside The C—— Object Model)

EE: MEEDT Component Object Model (COM) &, REEMNHH T
B HE. FE Essential COM {Don Box / Addison Wesley / 1998) . B—FE
Inside COM (Dale Rogerson / Microsof: Press / 1996) . Essential COM B 1. 27
FABAN L (components) WA FE. FEFE. L& COM MR HEH B
EHEr, HHEFHL B, 45N o+ BT (FHBETCATR) 8- 1
COM ittty Z3ELEWAFRIORE, THEL Inside COM. Inside COM
£ PRERES, BRT LA EHT Esentinl COM MBTHE, S4LFHERE
M EM SRR,




