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=i, BAWER T — N EMFEE R LA sEEETFRYSE shape wrapper., {HFIEB
NEReteEr, ITLBAKENEIE, MEXLBRER (8iER7F) tRiaIsett. X—iH
BAIIH—LHEE, AT shape_wrapper BUSRK— 1 TEAVEREEE. (FEEE,

BREEHAR AR, HLHE RAI BREEINENERREIMNE.

EFTX—HZE, RMIZEXT C++ B unique_ptr #l shared_ptr AITHREIFFEZE

7. B, MRESEEEXUNRFEEERSE, AR —HESE.
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BA I E—HEH T THEXAEE:

SH1
1 class shape_wrapper {
2 public:
3 explicit shape_wrapper(
4 shapex ptr = nullptr)
5 :optr_(ptr) {}
6 ~shape_wrapper ()
-
8
9

{
delete ptr_;

}
10 shapex get() const { return ptr_; }

12 private:
13 shapex ptr_;
14 3,

XNRA AT S s B IIREARIINEE: HEEIERBANSHITEN., BeRT 25k
[1i°

1. XPMERRIEATF shape £
2. IZEN R T AR BGIEET
3. BIIUZENRES | REFITHERE

TEHRE—FB— NEATRMX LR,

L AIEZ]

BN R R RERSRENTET, HNNFELCERM—EER. XLhR EESE5:

SH1
1 template <typename T>
2 class smart_ptr {
3 public:
4 explicit smart_ptr(T* ptr = nullptr)
5 :optr_(ptr) {}
6 ~smart_ptr()
7 {
8 delete ptr_;
9

}



10 Tx get() const { return ptr_; }
11 private:

12 T*x ptr_;

13 1}y

#0 shape wrapper tEE—TF, BT LIGINEIRERE template <typename
T>, SAEHREEPFRY shape BIAAIEIRSE T ME., XEEXIFEERBAR? HEIRAR
FHAR—MREZMIES., X MERERBREEER, BERM shape wrapper B

smart ptr<shape> AT,

BRIXA smart_ptr BUTAERIHET A RESHY:

EARER * BRI
EAEEA > EEFEEXNRMAR
EARREGIEH— R m/RRIATNE

A, XERBEERIEZHER, ML RREEEALL:

SHNE
template <typename T>
class smart_ptr {
public:

T& operator*() const { return *ptr_; }
Tx operator->() const { return ptr_; }
operator bool() const { return ptr_; }

}

0o N O U~ W N

F I3iSHIE

EIMIEMRE, BITEEERAEN, XENMURERNAR T, KEEAELAR,
MR ZIMEAEXETA., RIRE TEAYES:

SHIRE
1 smart_ptr<shape> ptrl{create_shape(shape_type::circle)};
2 smart_ptr<shape> ptr2{ptril};



MNTFHEAT, RENILRFNRERR, EEITUE—IESENITH? BlIRKE—1aE
— R RS,

RERRBRERERIFEN. F(IRTLUER T ERS:

SHNE
1 template <typename T>
2 class smart_ptr {
3

4 smart_ptr(const smart_ptr&)

5 = delete;

6 smart_ptr& operator=(const smart_ptr&)
7 = delete;

8

9

ZRAXE N REAER R, BAFR T —MAJeEHERYER. B, smart_ptr<shape>
ptr2{ptrl}); ERFERNASLE, BEEETHISAREXTHI—HBRTEUE—RE
BIFR, BEER FaSEEFRIR.

BAIRAEOILAESEE NS REEf IENSEN—D? A7, BEAMIASXAB, BX
(FREEEHNBIMEE RSN, 5%, BRFNIEFEEERE shape, B
SEPRMERAYAIANIZZ circle BY triangle ZEANIR, £ C++ BigBK Java By
clone FEAXMRINRE;, —RMs, FHBEANAETLIETEXRAGEERIGELE—
FRANIERK,

Bl TBR AR RS R IE s TRIRTE I ? KEECHAN T

SHIRB
1 template <typename T>
2 class smart_ptr {
3

smart_ptr(smart_ptr& other)

4
5 {

6 ptr_ = other.release();

7 }

8 smart_ptr& operator=(smart_ptr& rhs)
9 {



10 smart_ptr(rhs).swap(*this);
11 return xthis;

12}

13 .

14 Tx release()

15 {

16 Tx ptr = ptr_;

17 ptr_ = nullptr;

18 return ptr;

19}

20 void swap(smart_ptr& rhs)
21 {

22 using std::swap;

23 swap(ptr_, rhs.ptr_);
24 }

25

26 };

EENMNERES, BITEAR other By release FiEFEBENEXBEHIPAEN., EIRE
&, NETEIMEEFE— NGRS FH R swap RAIEIJIEFTRIFAEN, LM EE

REIRI.

NBRZRIBEREEE—NRUTF if (this !'= srhs) BIFIRTASE, BRMAIEER
1%z, MERELEUABF—NRAREIEFRESERE, this WRNREAEE
ZEWEBDIIAT , RABLT— 1R,

BHRIZMIRAEE (RSEEFH (1)) WRIETERERLME: WED 9 NS/
£, RERARESE—LTRE, MB—LURKERERNE, this WRTEAZEAEF
W, FieENWIEANSE, ERRBMEMDITIHEREIEREIPATS, MASKERN

TERIA T SRITSRIXFIA R,

INRREEXNEWERNERNE, BREMR, RIXET C++ ZERETE 1998 FRIRIKF:
FEEHANEN AR EHE C++98 A auto_ptr AIEN. WRIRIEEXANTIRBIHAY
&, EHRER, FA C++ EREWERIXATER: auto_ptr £ C++17 FHBEEMWIEIUA
C++ FEEMRRT .

ETHNSANEE, SOTASIIEFRIEEESIERE. — R AESERABHM—
smart ptr, (RRBEERANERT ...



BRI

ET—HBANNSEZENE—THBIMEN., X—if, FICEEE—T smart ptr BJLAINE
A "B KREETA.

BATEEX RSP IMERL:

SHB
1 template <typename T>
2 class smart_ptr {
3

smart_ptr(smart_ptr&& other)

4
5 {

6 ptr_ = other.release();

7 }

8 smart_ptr& operator=(smart_ptr rhs)
9 {

10 rhs.swap(xthis);

11 return xthis;

12 1

13 .

14 3,

ERNSHRIHT TIE? Bl TR M

B NSRS RIS EEEE smart ptre B S smart ptres; IEEHK 704
B ERZIPISEEE smart _ptre BT smart ptr, EMEESETERZEMGT

RUESREIEET, NMABREEREAPEEIRRYSR. AERERSNTAZBNER
Z, e TRIESHINENERIIMIEEEE IS,

HRIE C++ UM, WNRBARM T BaERETTRE FoRATE EIERE, BEEB
WER (BfE, C++ ERREEFIMUBRASEREMRMA) . T2, HMNEAMSE
ATLITER:

SHIRE
1 smart_ptr<shape> ptrl{create_shape(shape_type::circle)};
2 smart_ptr<shape> ptr2{ptri}; /] fwEHEE
3 smart_ptr<shape> ptr3;



4 ptr3 = ptrl; /] GwiEE
5 ptr3 = std::move(ptrl); // OK, ®JLA
6 smart_ptr<shape> ptr4{std::move(ptr3)}; // OK, &L

XTMBEREZ T .
XtE C++11 i unique ptr RNEARTA,

F RISt RESETRETRYEEHR

B, FEET—NNR. ABRERRIRE, —1 circle* 2RLSTVERME shape*
B9, (BEEEM smart ptr<circle> ZIFGAEDNEEHERL smart ptr<shape>, XPMTH
BRAREAE "BR

A, RFEFIMNI—RERAE, HMeEstIX—17A. EXRIIEREHASENE, RFE
IEBFA NI ANE R A — B — X B E ERA N MEREERE N / BaiiERE]

HISFRLE T,
SHNE
1 template <typename U>
2 smart_ptr(smart_ptr<U>&& other)
3 {
4 ptr_ = other.release();
5 }
XtE, FAIBAMARI A T IEsHVAERF . IFE smart_ptr<circle> AJLRBANG

smart ptr<shape>, {BABERENL smart ptr<triangle>, AIEMHAVEEIRSERD
RN EEREE.

ETHEECRYEHR, RARKHMEESHIARVAEIRRERY, BIIBEIX—HNREEITIE.

SR

unique_ptr ER—MERAREEREET. B, —IURRBEREBED unique_ptr
FHRE, XEATEREMEERRENER. —MELNERE, S EatEttRNEE



— IR, SE(IEEEES, XTMIREENSEMER. XBHME shared_ptr 7,

unique ptr # shared ptr NFEEXFIUTFEFR:

unique_ptr shared_ptr shared_ptr
£E K
S %
E1la: unique_ptr B 1b: shared_ptr

ZAOAER shared_ptr MYALHEE— MR, EHEE—MNREGDFERNHEZR—
ML, SRE—IMEENR (FIHFIE) B shared ptr 70T, SHEEMPRIRA
HEHEL. A TEMESSI—T.

HASRE HHEZIHERYEO:

B S5
1 class shared_count {
2 public:
3 shared_count();
void add_count();
long reduce_count();
long get_count() const;

~N o 0 b

XA shared count KPFMIEREZIME=AT0iE: — MBS, —DEDIHER, —
SRENTHEY. (EE EERVEROBINTAAFTERENTEE, ERDITHSREERETEE, LA
HEREF RS EEERRRE—MEEHFITEI shared_ptr 7, HTHRIEZHIER
ERINRAFERTFAIBRIEIRFERENR, FAIBRIFCEIR—MEERIATRRZAS :



SHIEE
1 class shared_count {
2 public:
3 shared_count() : count_(1) {}

4 void add_count()

5 {

6 ++count_;

7 }

8 long reduce_count()
9 {

10 return --count_;
11 }

12 long get_count() const
13 {

14 return count_;

15 }

16

17 private:
18 long count_;
19 };

DA IRTLASCERRA IRV | FETHEE BERSET 7. BRSCRMIEREL. FMOREFIFAGRLRZE

=.
2.

SHIED
1 template <typename T>
2 class smart_ptr {
3 public:
4 explicit smart_ptr(T* ptr = nullptr)
5 : ptr_(ptr)
6 {
7 if (ptr) {
8 shared_count_ =
9 new shared_count();
10 1
11 }
12 ~smart_ptr()
13 {
14 if (ptr_ &&
15 I'shared_count_
16 ->reduce_count()) {
17 delete ptr_;
18 delete shared_count_;
19 }
20 }
21
22 private:



23 Tx ptr_;
24 shared_count* shared_count_;
25 3

MIEREER ZBINEEARARRESHIE— shared count W3R, HHIREEEE ptr
JEZSAt (HRSHRIBAAGIEBIE, shared count WWMATERS) , BEXSSIHEE—, FHE3|
FErE2IFRIMEMRE SR, FRIEMRXE, 83

S, A ELMTHENE, ATHESE (REM—ERAE) | HIFE—H
HY swap PRLEIEREL:

SH1
void swap(smart_ptr& rhs)
{
using std::swap;
swap(ptr_, rhs.ptr_);
swap (shared_count_,
rhs.shared_count_);

~N o 00 b~ W N R

MEREFTLARRIE—F, RIS, (B MEBaER R T EEH— FY:

SH1S
1 template <typename U>
2 smart_ptr(const smart_ptr<U>& other)
3 {
4 ptr_ = other.ptr_;
5 if (ptr_) {
6 other.shared_count_
7 ->add_count();
8 shared_count_ =
9 other.shared_count_;
10 }
11 }
12 template <typename U>
13 smart_ptr(smart_ptr<U>&& other)
14 {
15 ptr_ = other.ptr_;
16 if (ptr_) {
17 shared_count_ =
18 other.shared_count_;
19 other.ptr_ = nullptr;



20 1
21}

BREFHEET 2SN, WTFEIMEENER, BIIEEAEHIESIES |IBEI—, HEFH=E
THEYIEET. MNTFBohiaiErIER, BRIIAEERES B, BEE other.ptr BN
=, A other ABIEAIZEEXISREANA],

Y, EEACEIBNEE: EREERRE. mERRE, &

fatal error: ‘ptr " is a private member of ‘smart ptr<circle>’

EIRFERZERIZNICNEHARAME friend XK, EAMAEERFAGRKRE ptr

shared count , HAJEEH smart ptr BEXPFEIFER:

SHRE
1 template <typename U>
2 friend class smart_ptr;

A, FAIZBIRSEI CGRUTFER—FFEINAY unique ptr ) HH release RFETFEN
Frat. EEBIRIS |BIHEEDIF, EMAKREIE T, MEMER. EFRNEIN—NXSERIE
FEERRL, RES|IFIHEE. EXUOT:

SHIEE
1 long use_count() const
2 {
3 if (ptr_.) {
4 return shared_count_
5 ->get_count();
6 } else {
7 return 0;
8 ks
9 }

XMEAZ B — IR ERS | TSRS RIS 7. Befi TR LA N EAMCABSRIGIE—
TERIREIES:



SHIRA
class shape {
public:
virtual ~shape() {}
s

class circle : public shape {
public:
~circle() { puts("~circle()");

O© o N o u b W N =

+s

= e
=

int main()

{

[
w N

smart_ptr<circle> ptrl(new circle());

=
N

printf("use count of ptrl is %ld\n",

[
(92}

ptrl.use_count());

=
(9]

smart_ptr<shape> ptr2;

=
~

printf("use count of ptr2 was %ld\n",

=
[ee]

ptr2.use_count());
ptr2 = ptrl;
printf("use count of ptr2 is now %ld\n",

NN
= © ©

ptr2.use_count());
if (ptrl) {
puts("ptrl dis not empty");

NONN
AW N
[

25 }

XERAIBHIEI TEERZE !

use count of ptrl is 1

use count of ptr2 was 0

use count of ptr2 is now 2

ptrl is not empty

~circle ()

FEFATLERS B EIRN, IAREEIIRERIIMER.



HaEHRBIER
XINTF C++ EBRIARREIRISRES R HI AR -

static_cast
reinterpret_cast
const_cast

dynamic_cast

He BB ESCIIRUREIER, SLIABHAES:, BATLIIXLEE, FBIIFER
IEIEREL, XIS ReEst S RUSEIISIR(ERT, FER— BN E s IIHET
#., WTFR:

SH1
1 template <typename U>
2 smart_ptr(const smart_ptr<U>& other,
3 T*x ptr)
4 {
5 ptr_ = ptr;
6 if (ptr_) {
7 other.shared_count_
8 ->add_count();
9 shared_count_ =
10 other.shared_count_;
11 }
12 }

R I AT LASCHNAE R AT B AU R EUEIR 7. FESEII— dynamic pointer cast 3K
~I—T:

SH1S
1 template <typename T, typename U>
2 smart_ptr<T> dynamic_pointer_cast(
3 const smart_ptr<U>& other)
4 {
5 Tx ptr =
6 dynamic_cast<T*>(other.get());
7 return smart_ptr<T>(other, ptr);
8

}



ERIERYIIE AR fRE R JRT AN L -

smart_ptr<circle> ptr3 =
dynamic_pointer_cast<circle>(ptr2);
printf("use count of ptr3 is %ld\n",

A W N

ptr3.use_count());

RFSEREY, FRRNEERHEER TERER:

use count of ptr3is 3

e, XNRIBAREBRIERRER. Xk I8 IERRT.

5=

AT HEIFSE, TERLEH T —157TEN snart_ptr {LHBFIE:

1 #include <utildity> // std::swap
2

3 class shared_count {

4 public:

5 shared_count() noexcept

6 : count_(1) {}

7 void add_count() noexcept

8 {

9 ++count_;

1}

11 long reduce_count() noexcept
12 {

13 return --count_;

14 }

15 long get_count() const noexcept
16 {

17 return count_;

18 }

19

20 private:

21 long count_;

22 };

23

24 template <typename T>

S

S
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48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

class smart_ptr {
public:

template <typename U>
friend class smart_ptr;

explicit smart_ptr(T*x ptr = nullptr)

ptr_(ptr)

if (ptr) {
shared_count_ =
new shared_count();

}
~smart_ptr()

{

printf("~smart_ptr(): %p\n", this);

if (ptr_ &&
!'shared_count_
->reduce_count()) {
delete ptr_;
delete shared_count_;

template <typename U>

smart_ptr(const smart_ptr<U>& other) noexcept

{
ptr_ = other.ptr_;

if (ptr_) {

other.shared_count_->add_count();
shared_count_ = other.shared_count_;

}
template <typename U>

smart_ptr(smart_ptr<U>&& other) noexcept

{
ptr_ = other.ptr_;
if (ptr_) {
shared_count_ =
other.shared_count_;
other.ptr_ = nullptr;

}

template <typename U>

smart_ptr(const smart_ptr<U>& other,

Tx ptr) noexcept

ptr_ = ptr;
if (ptr_) {
other.shared_count_
->add_count();
shared_count_ =
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78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
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114
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120
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125
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other.shared_count_;

}
smart_ptr&

operator=(smart_ptr rhs) noexcept

{
rhs.swap(xthis);
return xthis;

Tx get() const noexcept

{

return ptr_;

}

long use_count() const noexcept

{
if (ptr_) {
return shared_count_
->get_count();
} else {
return 0;

}

void swap(smart_ptr& rhs) noexcept

{
using std::swap;
swap(ptr_, rhs.ptr_);
swap (shared_count_,
rhs.shared_count_);

T& operatorx() const noexcept

{

return *ptr_;

}

Tx operator->() const noexcept

{

return ptr_;

}

operator bool() const noexcept

{

return ptr_;

private:
Tx ptr_;

shared_count* shared_count_;

}s

template <typename T>
void swap(smart_ptr<T>& lhs,
smart_ptr<T>& rhs)

noexcept



129 {

130 lhs.swap(rhs);

131 }

132

133 template <typename T, typename U>

134 smart_ptr<T> static_pointer_cast(

135 const smart_ptr<U>& other) noexcept
136 {

137 Tx ptr = static_cast<T*>(other.get());
138 return smart_ptr<T>(other, ptr);

139 1}

140

141 template <typename T, typename U>

142 smart_ptr<T> reinterpret_pointer_cast(
143 const smart_ptr<U>& other) noexcept
144 {

145 Tx ptr = reinterpret_cast<T*>(other.get());
146 return smart_ptr<T>(other, ptr);

147 1}

148

149 template <typename T, typename U>

150 smart_ptr<T> const_pointer_cast(

151 const smart_ptr<U>& other) noexcept
152 {

153 Tx ptr = const_cast<Tx>(other.get());
154 return smart_ptr<T>(other, ptr);

155 1}

156

157 template <typename T, typename U>

158 smart_ptr<T> dynamic_pointer_cast(

159 const smart_ptr<U>& other) noexcept
160 {

161 Tx ptr = dynamic_cast<T*>(other.get());
162 return smart_ptr<T>(other, ptr);

163 }

NFRBBAOANE, RERKIMBAERBEINT A noexcept, XWIXMEREEHEE
B REEERERR TSV ERN. BISE FENUHERZXMER.

RENMG

X—HEAIM shape_wrapper %, ST —PEARTEATSHS |BIHEEVEREEH. X
NEREIREHIRINERT shared ptr b, MRT—EFRA (WSEHM 2]) , EEERR
SRR IIREEREATEN. IR, (RNACEEXERRIHE — M RARNNERT .
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1. A&} shared_ptr BINH, {REESEAI smart_ptr MEFINHAIHEED?

2. {RBZEIRYIHBEEFNERY shared ptr BNG?

3. (RIS E R NI BT ARRIERERT £ 1?

WL EE SHFATRIRRIBIZ,
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[1] Stack Overflow, GManNickG" s answer to “What is the copy-and-swap
idiom?” . & https://stackoverflow.com/a/3279550/816999

[2] cppreference.com, “std:shared ptr” .

2 https://en.cppreference.com/w/cpp/memory/shared _ptr
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