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> (£ Fnewfldelete, LAKANTALIRBETEAIZSAFM 5| A — L 2Ry o) 50
> 345 B B 3 SR 2 A oR BUFIAT M R B I A RIS B T E

> 00PN 2 —
> RIFEERIEITE, MARIFEREERNFER)

> BROEREFEEIE, flan, F&FE
>R LUEHstring, EMIZRAFEIIAFEE
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ENESATFFIE

1 BISAFEFSE

> [B] &R
> EBRAEIGITRIRERNEFE S
> ERIFRTRE
> new/delete
> S FH—R5 AR
>RIBAAR: ZiEsHEEEI—RAE, MIBRXLLIESSH 0@
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HMSAFME B ROIFSEHSER R

1.1 8 I REIFERSER A

P12.1 strngbad.h P12.2 strngbad.cpp P12.3 vegnews.cpp 1. class StringBad
s . 2. {
> static% 51: static int num_strings
iﬁﬁ%}ﬂz'}‘ - g 3. private:
>ﬁfrﬁ5(‘f§‘x HEEF— PSR 4. char =*str; // pointer to string
5. unsigned int len; // length of string
*%Tcppﬂlﬂ%ﬂﬁ‘%(mﬁﬂﬂlﬂfﬁaEBW’(%) D . :
6. static int num_strings; // number of objects
({:lésstSt ringBad 7 . pUbl iC .
private: .
char = str; 8. StringBad(const char *s); // constructor
R 9. StringBad(); // default constructor
b 10. ~StringBad(); // destructor
11. // friend function
StringBad dora, jim, chris; .

B num_strings: 12. friend std::ostream &operator<<(std::ostream &os,
itr' . . ) 13. const StringBad &st);
en:

dora E)iplllﬁezl:zllizsrgember 14. };
1s created.
str: Each object gets

— ¢ itsown strand ... .. .

len: len members. 15. // initializing static class member
1 16. int StringBad::num_strings = 0;

str:

len: )
chris
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SourceCode/Chapter12/01-strngbad.h
SourceCode/Chapter12/02-strngbad.cpp
SourceCode/Chapter12/03-vegnews.cpp

U ENEEFIES

REFHEK R

> L1: EXFRIMNIERESRSERT = 1. int StringBad::num_strings = 0;
> FERHEA T U S B NG, BERSERERE 2. StringBad::StringBad(const char *s){
: 3. len = std::strlen(s); // set size
PO Ls
> S HRR AR & RT IR AlA R 4. str = new char[len + 1]; // allot storage
5. std: :strcpy(str, s); // initialize pointer
> num_stringsitEStringX RIS 6. num_strings++; // set object count
> SRS BANEEBHAEREEEHSR, R )
BFrrEFIZINEF 8. StringBad::StringBad() { // default constructor
>'§5'l': NEFAE 9. len = 4;
Hyx, #IIHIE 10. str = new char[4];
LR, Fhtstr = s /RRE, GBOEEEE 11 Stdistropy(str, "Cn); // default string
yIN 12. num_strings++;
" 13.}
> Hria ek
> ST EAnewl 19 ECHINTE, Hdelete[ IBHAE 14. StringBad: :~StringBad() { // necessary destructor
15. --num_strings; //I
16. delete[] str; //
17.3
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U ENEEFIES

REFHEK R

> FrANAARARmFSFENERMIRERESE, XL 1. void callmel(StringBad & rsb){
R BV TAS T AR 2. cout << " \"" << rsb << "\"\n";
>B§‘Eﬁ'§%‘]$’]ﬁt_m’£&- StringBad sailor = sports; 3. 1}

K {EZERF: knot = headlinel;
4. void callme2(StringBad sb){

1. StringBad::StringBad(const char *s){

2 len = std::strlen(s); // set size > cout << Vs sbos< TN

3 str = new char[len + 1]; // allot storage ° }

4 std: :strcpy(str, s); // initialize pointer 7. int mainO{

5. 1 8. StringBad headline1("Celery Stalks");
6. StringBad::StringBad(){ // default constructor 9. StringBad headline2("Lettuce Prey");
7 len = 1; 10. StringBad sports("Spinach Leaves Bowl");
8 str = new char[4]; 11. callmel(headlinel);

9. str[0] =\0’; 12. callme2(headline2);

10. } 13. StringBad sailor = sports;

11. StringBad::~StringBad(){ // necessary destructor 14 StringBad knot;

12, if (str) delete[] str; 15 knot = headlinet;

13. 3 16. return 0;
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HESAFEME IR E

1.2 FFRAl 5 R #

> C++ B AR R R B (AR EF B ENX)
> ERTA 1S R 2

£

> BRI
&2

> S HlH1E
>MEEEST
>t E B (— A= BI0RL)
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AR
A WA F 15 BR L
> MRIFBREEMWERE, C++FEIE/4 EFABIEERE MyClass()
>
> ARATIET3RE
PIMREX THIEERE, CHRIFASENFANEERH
> B S HANMAER BB A LZ2ERAERB(RERAESHEABTIAE)

»Klunk(int n = 0) { klunk ct = n;)
»Klunk() { klunk ct = @) / / constructor 1

»Klunk(int n = 0) { klunk ct= n;) // ambiguous constructor 2

Al BE R Z X%
»Klunk kar(10); // clearly matches Klunt(int n)

»Klunk bus; // could match either constructor

12 RS AEFESLD 2024/3/18



FFoR A 53 BR 3

S HltE R

> EFMERE, ATR—IMNREFRFHZENXR P
>»ERTVRLERET(BRRERZSE), FTEEANKEIRES

»Class_name(const Class_name &)

> ERT—NMEREMNERNEESI HIEASH
»StringBad(const StringBad &)
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AT A EHE R

> HIE—TXNRABENBUARKRUENRES, SHERKERFEIER, 4M1ER

StringBad ditto(motto); // calls StringBad(const StringBad &)
StringBad metoo = motto; // calls StringBad(const StringBad &)
StringBad also = StringBad(motto); // calls StringBad(const StringBad &)

StringBad *pStringBad = new StringBad(motto); // calls StringBad(const StringBad &)
> F
> e 2 = RR Al g B i EFIE R 2 ) Emetooflalso, HAIREEFIMIEE BIGRTITER, ARIFIGET I RN AN Zemetoo
Flalso, HURTEIKAISCIN
—HhEEAE AmottofIIR I —ME BN R, FHIFFXIRIIMUIKL pstring $55t.
> BHEFERMREIARE, RIEFRER SIS SR H
> HERBIREFIEN R, SRBOREIXTRET, EAFEREHIHISER K
>IZEREEREUERBETEN—1EIER
> dmix e ARIRET XS SR BT, W EAEFIMERH
> RRIEET X REERIERR M, (BEXIEEWMamIERR, SREFEMREIXIRE, #IFEREHIERH

)Ic
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A WA Y S A4 1E eR 2 RO T RE

>%um§ﬁﬂﬁxﬁ
ENEHIRER R (RREFI B AXEH)
> FHIMERANE. RENESTRRE
>NRBAE B ZLIR
> AR XM S HIERHR EHI RS
>EFS RN Z RN
>EAENBFENE, AF2EIHR

12 MR EFESHE

FFoR A 53 BR 3

L. ﬁome Sweet Homej

— Address: 2400

SEr: 2400
T motto.str points to string
- 27 5 I

motto object

[ num_strings: | ]

static class variable

2. String ditto(motto); // default copy constructor

3.
Flome Sweet Homej

Address: 2400
motto.str and
ditto.str point to same string

PEp: 2400 — rs‘cr‘:&
16 16

Y

Y

len:

len:

\

motto member values copied to ditto object

motto object i ¢
corresponding ditto members

[num_strings: 1 ]

static class variable
static member unchanged
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S HfIE R

1.3 El&JStringbad: EHItERHAVHPE L T o)7E

> ﬁ%’ iﬁ]tljﬁﬁﬁa *ﬁ*@@?&ﬁgiﬁﬁﬁ>£§&tt$@iﬁ® L F—Iome Sweet Homej

WEERR M S, EETAE ARSI By
R CR AR IR MR TR i IR
>HORE: EMEXEH 1SR motto object

StringBad: :StringBad(const String &s)
{

[ num_strings: | ]

static class variable

1 . 2. String ditto(motto); // default copy constructor
num_strings++; ing ditto( ) Py

// important stuff to go here

) 3 [Aﬁome Sweet Humég]
> HOR, BRSNS RS R E T P e
SR EHEEY, SHNATRSHE, mE— =3 .
AR B ST —
BN, %deleteFl— M SR HA L T
SRR HETREEEH] (deep copy)

static member unchanged

Y Y

len:

motto object motto member values copied to

i ¢ ditto object
corresponding ditto members
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el o o o

TREZEE

StringbadfYHfbjo)dl : M{EEHFT

> StringBad metoo = knot; 1. StringBad & StringBad::operator=(const StringBad & st)
_ 2. {
NS \ '5‘_' m A 435 kS s I-I-‘ =\ b
> AT RE (RSB FIEH N RERFME=E5 3. if (this == &st) // object assigned to itself
> SFRBAREEEETAETMSRMOEE, B + return *this; // all done
RPERREREERFGHTREESDEY > delete st // free old strine
>HATBEAFRNRAEES AT IR EC A HHE, R8N 6. len = st.len;
{EHdelete[ 1RFEHUX LE203E 7. str = new char [len + 1];// for new string
>R AR B SR AR S, BN, A B 8. std: :strcpy(str, st.str); // copy the string
sz mo s T s ’ T . 9. return *this; // return reference to invoking object
MAERT, BRAFERIETEMPRNRIAR 10}

>S0 = SO;
> RBURE—MEEIERAXN RIS I H. A THRIELLT
»>S0 = S1 = S2;
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Kt R FTstring2s

2 BUHEBRRIFstringds
> Es, RMEEE RS E, FREBERESEXNKERNAE

>,=Jﬂ, i iN— ‘u:k'HZ_E

int length() const { return len; }
friend bool operator<(const String &st, const String &st2);

friend bool operator>(const String &st1, const String &st2);
friend bool operator==(const String &st, const String &st2);
friend istream &operator>>(istream &is, String &st);

char &operator[](int 1);

const char &operator[](int i) const;

static int HowMany();
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it fERYHistring 21T ERIROAE R H

2.1 BT ERRNARIE R B

> BIAfIE
»new char[1]; //A génew char, [RERT EHERE, S—EH deletel ]

String::String()

{

len = 0;

str = new char[1];

str[0] = '\0@'; // default string
3
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K EEFistringZ  ELER R R

2.2 EEBIRGIER ¥

> flif/elsefE LA — R 2

bool operator<(const String &st1, const String &st2)

{
return (std::strcmp(sti.str, st2.str) < 0);
3
bool operator>(const String &stl, const String &st2)
{
return st2 < sti;
3
bool operator==(const String &st1, const String &st2)
{
return (std::strcmp(sti.str, st2.str) == 0);
3
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it ERYFHistringK  ERPIESRIEEIFH

2.3 {EARPIESTREIHRBFRF

> ERFHESKIEEPHFR:

> BRF, C(++EXEEMNEEERHFHERS, BEtEZRMEHR— DN Hconst StringXREMAY
operator[ JORRZN

// read-write char access for non-const String
char &String::operator[](int i)
{

return strlil];

// read-only char access for const String
const char &String::operator[](int i) const

{

return strlil];
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BRI Fistring2  BRSEMRERH

2.4 FFSAGERE

> BRSNS R B AN BRI X R A

static int HowMany() { return num_strings; }
int count = String::HowMany(); // R EEEIIString: :HowMany )X #8975 = 1E A

> T &SR RN S E BT R HH KB
»ETLA, RRSEG R R aelE AR SHIBE A
>0, B&7F7 EHowMany A] LA [o)58 7S A Ginum_string, {BANgETF[A)strfilen
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Mt e Estringt H—SEHMETES

2.5 H—PEHREEES

P12.4 stringl.h P12.5 stringl.cpp P12.6 sayings1.cpp

BERIERICRBENANTE, FAFAEIEREBHART

// assign a C string to a String
String &String::operator=(const char *s)
{

if (str)

delete[] str;

len = std::strlen(s);

str = new char[len + 11];

std: :strcpy(str, s);

return *this;
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SourceCode/Chapter12/04-string1.h
SourceCode/Chapter12/05-string1.cpp
SourceCode/Chapter12/06-sayings1.cpp

T ) 38 R B P 158 A newt B2 3 B AV S IR




EREEH P ERnew IS R 5 A newtd NIEERIEIN
3 TEAIE R H P A newl RE B HI IR

> newFldelete

> 1E K #inew, TR #delete
»new/delete, new[ ]/delete[ ]

> LG R AT, T Hnew, delete[TEM

> ZBiEE
>C++11 TE@#T?&%E?—nullptr

»NEX—NEFEERY, BIREEFR—IMNRDVGBULAZ IR
»String: :String(const String & st)

»NEX—NMREZESN, BEREEHE—INREFEHZ—ITIR

»String & String::operator=(const String & st)
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EMERB P ERAnew  FIZAANIZ

3.1 MiZXFMAPRiZ

1. String::String()

2. {

3. str = "default string"; // oops, no new []

4. len = std::strlen(str);

5. %}

6. String::String(const char *s)

7. {

8. len = std::strlen(s);

9. str = new char; // oops, no []

10. std: :strcpy(str, s); // oops, no room

11.3

12. String: :String(const String &st)

13. 4

14. len = st.len;

15. str = new char[len + 1]; // good, allocate space
16. std: :strcpy(str, st.str); // good, copy value
17.3
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AEMEERH P ERnew B XATAILERR L5 EH

3.2 BFRMARNKNZRRAZH
> SR R RUBRL RS RIFI SIS BRI EHIEES, WEBLMEN
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BXRIE[E XK A AR

4 BB AR
> 4 Bk 5 0R Bk I ST B R B0 B 3 R A AT LU B

>IREIXTREYS| A
> EXT R B const 5| FH
>constif R
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BAXRIBEENRAIEAR  1R[ElE[Econst RIS A

4.1 IRE3EEIconst T &R BS|
> 1R Bl & 28 S SIS F

>1REIS| FHAS
> constg| EERIF—H
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BXRIBEEMRAIEAA REEEIEconstX RAY5|H

4.2 1R[EI3EEHEconst X TR AT | B

> BEHMESER
>ME, REMERATEEWIE.
>TEEEE, THESIA

» <<
>l ostream;% A RIS HIHE iR B
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BRIREIX KA  IREIX S

> EE T =RR[E
> Z1EE R S5IME Rk 8 BB E AT R BTSN, ikl

Vector Vector::operator+(const Vector &b) const

{

return Vector(x + b.x, y + b.y);
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BXRIREXEAEA  RE constITHR

4.4 jR[EconstXf&R
> A HEFEER !
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(EEEEIDPOES: DE )

5 fERRRAXNRAIET

P12.7 sayings2.cpp

>IEETANR A ZIEBE S AR
>IX LIRS HAEKRER new RAOBATE
>t AEEHdelete BHATEF
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SourceCode/Chapter12/07-sayings2.cpp

(EEEEIDPOES: DE )

5.1 HiknewHldelete

> £ NRER SR B A H
> ERRZEE

PUNRMNREBNSEE, MIHMITTEE ZITRIVIE

FriRE, BRIZAT S EAT R R

— Act nice; // external object
> &FRTE -
int main()
>ﬁﬂ%i¢%%§%?§§%(9l‘%ﬂ\ ﬁ%?&\ ﬁ%?&?l\%ﬂﬂ;ﬁg i Act *pt = new Act; // dynamic object destructor for automatic object up

g, NERFERNGRANRMTNESR | calld when exeeion reaches nd

Act up; // automatic object ’ofdefining block
_ ///
> fat :

destructor for dynamic object *pt
[ C Pt < called when delete operator
IR REMnew BIER, NNHENEMdelete | applied to the pointer pt
- Hk 7 Dz destructor for static object nice
i IJ B'%X?‘I-% H—‘I- R 1-)?1:,5‘] 24 %I 7'|_ = ?& Lok called when execution reaches end
of entire program
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(EEEEIDPOES: DE )

5.2 FEETFITRING

> EREIRRERARIEENRAVIEET
String* glamour; a class object: String object

> 1%—*5’%1‘7‘)]&31{%*5@5%#9%#% Initializing a pointer to String * first = &sayings[0];

an existing object:

Declaring a pointer to String * glamour;

String* first= &sayings[0];

> ATLUE AnewsRANIa 16 ST, BIE—THETRIMIER e b e String T gleep = new String;

String* favorite= new String(sayings[choicel); class constructor:

> 1EFH neW*%ﬂ&ﬁ'f’K%ﬁﬁ']EE’\]iﬂ'% Initializing a pointer using new String * glop = new String("my my my");

and the String(const char*)
// invokes default constructor class constructor: String object

4 hl

String *gleep = new String; Initializing a pointer using new String * favorite = new String(sayings[choice])

. . and the String(const String &)
// invokes the String(const char*) constructor Slass construcior

String *glop = new String("my my my");

. . . Using the -> operator if (sayings[i].length() < shortest->length())
// invokes the String(const String&) constructor to access a class k__j?___J ;_.r_;
. . . . . thod vi inter: object pointer to object
Strlng *xfavorite = new Strlng(saylngs[chome]); method via a pointer
object
N N— Febe fofr s Y B [ PR NEN LN
- = \ ol Z= D mi —_—r
> m- l’/{'{EFH >EE—1TEEJ:—_‘:*E $-|_1ﬁ| —‘I géﬁ/i ' Using the * deferencing if (sayings[i] < *first)
. . . tor to obtai — ——
if (say1ngs[1 1 1ength() < shortest—>1ength()) gg;é:t?fl;oﬁloa pE:)l?n?:r: object pointer to object
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FeEtMA R NG

String *pveg = new String("Cabbage Heads Home");

1. Allocate memory for object: R

len:

Address: 2400

2. Call class constructor, which /"Cabbage Heads Home\®
» allocates space for "Cabbage Heads Home" — =
* copies "Cabbage Heads Home" to allocated space Address: 2000
» assigns address of "Cabbage Heads Home" ( 2000
string to string to str pitr:
» assigns value of 19 to len . 19
glen:

e updates num_strings (not shown)

Address: 2400

3. Create the pveg variable:

pveg — Address: 2800

4. Assign address of new object to the pveg variable: 2400

pveg — Address: 2800
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5.3 ﬁiﬂiﬁinewﬁﬁf“'f
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B3 {MEA

6 BIJZMENR

> TSR ENRE S 22/
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B RHRAR EH<<SEH

6.1 EH<<TEEEF

>EFHEN<<EBER, UEBEMcout —ERXRERIRIA
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B RMRAR  EHREHY

> BRBEMERRARKE, FTERUERBENMTE/RIERIER R

c_name(type_name value);

> B R AEMER, FEERBEWTARAYZEA SR

operator type_name();
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B RMRAR  HA9iE & B £ Fnewdy£

6.3 HAIE R E A newhyE

> IR K[ EMnew BEFARSECKRSIERANATF, XTI REN—LE TR 15 (Y

e AEX LN, E

It Fo iR & TR 1R)

>N iaEINAF 2 HnewsTBCRUFR B RS, NAEMIE B HXTEEMdelete RHATF
>N AR 2 FdeleteERMAE, NSNS RME N EFHnewk#iatigst, SREATIEST
> $4) 1 2R B P FNAT AL 2R B P Bnew/delete 2L E
>N EX— P ECAEF(MAZRFESHERE B NF)NEFIE R

> XFREFRFEBEENRVBU AT —TETR

»className(const className &)

PNENX—TEHMESEFHIEBRRERY

»c_name & c_name: :operator=

(const c_name & en)

12 EMENSHAFESE 2024/3/18



YR EED



BAZ A=

7 BASIERH
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> QueueF1iE B3 L
>BAFIFHE B R E 5
> BAFI B BE S ANV I H 218 — E Y PRI E i i ﬁ “
>N BETE B = RAF
>N EHEBRENIIRETAST FIBAE 5L
>R BB BN S 2 =
> [ = Be 5 7 BA R AR N1 B o ii kﬁ EPMABRE
> Bz 2 5 % M BA & MER 10 B

>N HeEBiAERS P E
> P12.10 queue.h, P12.11 queue.cpp, P12.12
bank. cpp

TV
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SourceCode/Chapter12/10-queue.h
SourceCode/Chapter12/11-queue.cpp
SourceCode/Chapter12/12-bank.cpp
SourceCode/Chapter12/12-bank.cpp

> ZFRERIA R B
>R, FEN

12 EMENSHAFESE 2024/3/18



	12 Classes and Dynamic Memory Allocation
	12 类和动态内存分配
	前言
	示例和静态类成员
	1 动态内存和类 
	1.1 复习示例和静态类成员 
	内存相关函数
	内存相关函数
	1.2 特殊成员函数
	默认构造函数
	复制构造函数
	何时调用复制构造函数
	默认的复制构造函数的功能
	1.3 回到Stringbad: 复制构造函数的哪里出了问题
	Stringbad的其他问题：赋值运算符
	改进后的新string类
	2 改进后的新string类 
	2.1 修订后的默认构造函数
	2.2 比较成员函数 
	2.3 使用中括号表示法访问字符 
	2.4 静态类成员函数
	2.5 进一步重载赋值运算符 
	在构造函数中使用new时应注意的事项
	3 在构造函数中使用new时应注意的事项
	3.1 应该和不应该
	3.2 包含类成员的类的逐成员复制 
	有关返回对象的说明
	4 有关返回对象的说明
	4.1 返回指向const对象的引用 
	4.2 返回指向非const对象的引用 
	4.3 返回对象
	4.4 返回const对象 
	使用指向对象的指针
	5 使用指向对象的指针 
	5.1 再谈new和delete 
	指针和对象小结
	5.2 指针和对象小结 
	指针和对象小结
	5.3 再谈定位new运算符 
	复习各种技术
	6 复习各种技术 
	6.1 重载<<运算符 
	6.2 转换函数
	6.3 其构造函数使用new的类 
	队列模拟
	7 队列模拟 
	7.1 队列类
	8 总结 


