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1. E/R{ESIEN /35

—f&mE, FATHREEEE, BaGiiE,

o HANRBEHNREAATH, FATAEREEEEIGE,

-

class Message {
std::string m_contents;

public:
explicit Message(const std::string &contents) : m_contents{contents} {}
explicit Message(std::string &&contents) : m_contents{std::move(contents)} {}

1

std::string s1 = foo(), s2 = bar();
Message m1(sl); /] sl &3 contents #E#EDIZS m_contents
Message m2(sl + s2); // sl + s2 FHERIGBYEER#IZEHZE m_contents
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1. £/RESEN /D

Pass-by-reference-to-const RIBF T !

BANea ST NMERNSEGEIHN reference-to-const :

-

class Message {
std::string m_contents;

public:
explicit Message(const std::string &contents) : m_contents{contents} {}

b

o

(H2AREIERI T8 RAH, BRI S U BERINX N EE?
—MRR TR BRET— IOt —dHE R, Dl A EMNAE,
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1. £/ R{ES#ED [1Z5)
Pass-by-value, ZAIG#2 5l
Bz g

4 N

class Message {
std::string m_contents;

public:
explicit Message(std::string contents) : m_contents{std::move(contents)} {}
I
N y
B VR SR ZEL contents BIRIEECH HBIRE, THEANTHATEZ contents 47 m_contents,
e B
std::string s1 = foo(), s2 = bar();
Message ml(sl); /] FAEE sl a5 E contents , XEFEN
Message m2(sl + s2); // FBBA{E sl + s2 #J8A1L contents , XEHnf (5 /40
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HRFR " 4F 8" o

4. (?? points) Sorting Algorithm
Below is the initial definition of the Student class with areas marked (1),(2), (3) for potential modi-
fications or additions:

class Student {
private:
std::string m_name;
int m_age;
public:
Student() = delete;

Student(std::string name, int age): m_name(std::move(name)), m_age(age){} //(1)
~Student() = default;

std::string getName() const{
return m_name;
}

void setAge(int age){
m_age = age;
}

int getAge() const{

} return m_age;
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HRFR " 4F 8" o

(1) (10’) Analyze the use of std: :move( ) within the constructor’s initializer list. Discuss the com-
parative efficiency of this approach against passing the name parameter asa const std::string&,es-
pecially in the context of handling lvalues and rvalues.

Solution:

Student(const std::string &name, int age) : m_name(name), m_age(age) {}

Student(const std::string &name, int age) : m_name(std::move(name)), m_age(age) {]

Student(std::string name, int age) : m_name(name), m_age(age) {}

Student(std::string name, int age) : m_name(std::move(name)), m_age(age) [}
o The first constructor copies the string, which is inefficient for rvalues.

e The second constructor copies the string,m name(const std::string&&),similar to
the first one.

o The third constructor copies the string, which is inefficient for rvalues.

« lhe fourth constructor moves the string, which 1s efficient for rvalues and lvalues.
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1. £/R{ESHEN /3]

std: :move

std: :move(x) H A5 x » EBIRUIAE DA NEEL:

void foo(T &); // (1)
void foo(T &&); // (2)

ALK T —1 7 RBUAIAE & x, foo(x) =IEFE (1), foo(std::move(x)) =IEFE (2),

fIl:  std::vector<T>::push_back fEfit—2HEE#, FEUUEE, BihGHE,

4 N

std::vector<std::string> wordList;

for (int i =0; i !=n; ++i) {
std::string word; std::cin >> word;
wordList.push_back(std: :move(word)); // word ##5ah# wordList , MIAE#FEDLHE,
// word BOYERZIALE, FIMFRIIRHZEEBA wordList , FRIZHENE, (Fi/#)
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1. K/a{E5#EN /5
REERF, HErE

4 N

struct X {

std::string s;

// /T bad */ X(X &&other) noexcept : s(other.s) {}

/*  good */ X(X &&other) noexcept : s(std::move(other.s)) {}

b

- J

other &= —M/ifH, HiZEL other.s RAGEI—N/fH, IS NFRFEBREIFEIL

o HAHFIA, HEME": GESIHER FAENEwT, HAES RN RS H — > EEry

\E"
AN,

TS other.s , AIE—)RE std: :move ,
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1. K/a{E5#EN /5
SHEE

[B]Ji std: :make_shared K1 std::make_unique :

p
auto sp = std::make_shared<std::string>(10, ); // "ccececcecec”
auto sp2 = std::make_shared<std::string>( ); // "hello"
auto up = std::make_unique<Student>( , );

o

BE, MREANGH, eIZBtEimTaR:

auto sp3 = std::make_shared<std::string>(std::move(*sp));
std::cout << *sp << std::endl; // empty string

MR SRR R85 — D RE, XEERFFENTRMESE IR BRIEIM S 555 K (perfect forwarding)
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1. K/a{E5#EN /5
SHEE

std: :make_shared/unique<T>(...) ﬂ@(%%ﬁ%ﬁ%ﬁﬁ%?@@ﬁ@%%ﬁ, HEENRE Ao 245 1 MG
PRER, AERERI, ~EK const,

T TR, WURNERVERISH T,
P PETR 22 BRIESCRR SCRFIZFERIRAE,  FLrp R R HAYH 2 451 emplace SRANERAE:

4 N
std: :vector<Student> students;
students.emplace_back( , );
std::vector<std::string> words;
words.emplace_back(10, );
\_ J

14 / 40
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1. £/RESEN /D

FrERE A 230Y emplace

4 N

std: :vector<Student> students;
students.emplace_back( , );
std::vector<std::string> words;
words.emplace_back(10, );

- J

emplace RYIFRIEMHE NN S ERZFHMIE LI TNR, MASRAIEE IR U /B EEX,

o FRIHCK,

o WFF ARSI TR — SRR, TUER stdislistr> (BER) B CHrll EFHE 1 B (LN
PEUURSHIRIE, HTA A RIHEIT,

o sto:vector B FHEME (HKNEFIRAT), THEMRITHEIL FABHOEE, BRIERR
FECME.

15/ 40
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2. EDIZEFIRL G

o FEUIMIIER%L copy constructor
o PEUURIEIZESF copy assignment operator
o BAMIE%EL move constructor

o BINMKEHIZELT move assignment operator
o iK%k destructor

BRENETEES “BI7, BT “copy control members”,

M HRIER C++11 FFaE -,

17 / 40
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2. DI G

AR EE

B, TEAGIEARE,

o Wia B ERIHIERIFHY, BRI KA,

o IR(EZ—TMIBELF, BOARIELRIENAH,

o MIEMWER —EMEM:, BIFMRSEKE N EA R EL
BUUEE, BahGE, BUREshigEralH, GEM8HE DL,
KA eR B Y 8 FH B R AN R AR an B &5 R

o BHIEHINT, BFFASHRE, AN delete/delete[] FIRTN
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2. {EIEEIR G
BRiA{TH

FERLEENEN N (4G = default BINERIN), gwids =& — D E AT IS DRI R 5,

o BRINMTON: JEA, IRBCHRG, HALEIZ =N, BTN EE,
o AL FH B o
o NN INTH: FFETHR std::move YEATEEA,
o #T J& A REE T RBUSCRAR R RS 8 1 E
RERSBAEEN, RERS SIS UL

R EBNAT N H B BV — D ERAE IR IE 1T (ONMEEBCART TR, 31X A4 bR 25080 72 M B 7Y
(deleted function)s,
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2. ¥ENIFHIR 53
= delete

BRI (deleted function)

o RS EHEHIIIN,
o [HUNMHIPLACS], i) error,
o (TAAIEREER ] UBMIBRIY, FFARIRR TRk a2 BRI AR

Falflsh: R gmiEas ok 7 — BRI SIERIE, EASSEEFRI, X2N T iEGEME U,
[CWG1402] -

o (C++ Primer) fEIX A LA M B,

- ) -- (31730207



https://cplusplus.github.io/CWG/issues/1402.html

CS100 Tutorial 10 Fall 2025

2. {Z Dz HIRK 5
=/mEN
C++11 DApi2 “=", C++11 D= “H7

RIRIN A E B SOZX AR —A, 8 ERE X ILNMRENIZE o

"Define zero or five or them."

21 /40
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2. ¥E D= HIpk 53
=/H:EM

RiE “HIENT . WRADERBFEA—NEREEHP BE X (user-provided) BIMRAR, ZRiFEes it SN 1%
A R EARLE H A TE SR,

o EHZFIN —PRABER AR Bt —
o H—"MHAN: FEAIHAIHS
o 1E C++98 IR, “=IEM” FHRIEIFaRAIIT N T DAARTH,
o YNIR— KA B E XHHE VIS K E BT AT R 2L, TiRE B € X IUREIZEAF, C++98 diEds=a X
P VURMEIZEAT,  (F8 DA IE PR AL ] 3
o T IHAIHMH, FREEZEZ XA TN, HeEKeHE N deprecated,
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2. ENIEHIRL 53
Dynarray B9 DIK{EIZE T

XSRS ?

-

class Dynarray {
public:
Dynarray &operator=(const Dynarray &other) {

delete[] m_storage;
m_storage = new int[other.m_Llength];
std::copy_n(other.m_storage, other.m_length, m_storage);
m_length = other.m_length;
return *this;

23 /40
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2. ENIEHIRL 53
Dynarray B9 DIK{EIZE T

XSRS ?

4 N

class Dynarray {
public:
Dynarray &operator=(const Dynarray &other) {
delete[] m_storage;
m_storage = new int[other.m_Llength];
std::copy_n(other.m_storage, other.m_length, m_storage);
m_length = other.m_length;
return *this;
}
I
o J

IR ! AR H PR Z 4

24 /40
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2. ENIEHIRL 53
Dynarray B9 DIK{EIZE T

XSRS ?

-

class Dynarray {
public:
Dynarray &operator=(const Dynarray &other) {

auto new_data = new int[other.m_Llength];
std::copy_n(other.m_storage, other.m_length, new_data);
m_storage = new_data;
m_length = other.m_length;
return *this;

25 /40
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2. ENIEHIRL 53
Dynarray B9 DIK{EIZE T
1218 delete| HEYEHE !

-

class Dynarray {
public:
Dynarray &operator=(const Dynarray &other) {

auto new_data = new int[other.m_Llength];
std::copy_n(other.m_storage, other.m_length, new_data);
delete[] m_storage;
std::copy_n(new_data, other.m_Llength, m_storage);
m_length = other.m_Llength;
return *this;

26 / 40
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2. FEDERIRK 5
Dynarray B9 DIK{EIZE T

/

class Dynarray {
public:
Dynarray &operator=(const Dynarray &other) {
// if (this != &other) { // MIDFIBTtERETLEL
auto new_data = new int[other.m_length];
std::copy_n(other.m_storage, other.m_length, new_data);
delete[] m_storage;
m_storage = new_data;
m_length = other.m_Llength;
/] }
return *this;
}
Ir¢

27 | 40
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2. FEDERIRK 5
Dynarray BFSEhiZ(E

4 N

class Dynarray {
public:
Dynarray(Dynarray &&other) noexcept
: m_Llength{other.m_length}, m_storage{other.m_storage} {
/] REABELUTRE?
other.m_length = 0; other.m_storage = nullptr;
}
Dynarray &operator=(Dynarray &&other) noexcept {
if (this != &other) {
delete[] m_storage;
m_length = other.m_length; m_storage = other.m_storage;
/] REABEEUTRHS?
other.m_Llength = 0; other.m_storage = nullptr;
}
}

k (o)
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2. DI HIRE 5
Dynarray BYfZohi2{E

-

class Dynarray {
public:
Dynarray(Dynarray &&other) noexcept
: m_length{std: :exchange(other.m_Llength, 0)},
m_storage{std: :exchange(other.m_storage, nullptr)} {}
Dynarray &operator=(Dynarray &&other) noexcept {
if (this !'= &other) {
delete[] m_storage;
m_Llength = std::exchange(other.m_length, 0);
m_storage = std::exchange(other.m_storage, nullptr);

J

29 / 40
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2. FEDZHIpE 5

Copy-and-swap

RENBES H—TME B swap BREL, ZZHEPNS Dynarray MR AVE?

~

class Dynarray {
public:
void swap(Dynarray &) noexcept;

1

30 /40
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2. FEDERIRK 5
Copy-and-swap
REBES H— DA AT swap BREL, 24P Dynarray X RA{E?

~
J

class Dynarray {
public:
void swap(Dynarray &other) noexcept {
std: :swap(m_storage, other.m_storage);
std::swap(m_Llength, other.m_Llength);
}
I
N y

H{ZRZH m_storage T8EF, WLAT DUBRIEAZHEN S “BIASEAH”, X swap EZESE noexcept By, Blmixifid
R4 1Y auto tmp = a; a="b; b= tmp; 5k,

31/40
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2. FEDERIRK 5
Copy-and-swap

WAE = $EUMNE + i #EUUHTRIEERE, IR A FIEGE,
RENBEA FH 78 DAY 15 PR ESCRIATTAL PR 0S H — D98 DUR(E SR 7
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2. FEDERIRK 5
Copy-and-swap

MAE = $E UG + Aty BB DSOS, 135 E BIEUE,
A other N, —NME DL tmp, B H A tp 22!

-

class Dynarray {
public:
Dynarray &operator=(const Dynarray &other) {
auto tmp = other;
swap (tmp) ;
return *this;

}
1

-

o PG R T IEMFE UL other,
o tmp HYBTHYBRIEL = (EHAH B HHY B,

33 /40
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2. DRI 5
Copy-and-swap

B ] 7 L

-

class Dynarray {
public:
Dynarray &operator=(const Dynarray &other) {
Dynarray(other).swap(*this); // C++23: auto{other}.swap(*this);
return *this;

}
1

-

H TRME 22 =157

34 /40
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2. FEDZHIpE 5

Copy-and-swap

4 N

class Dynarray {
public:

Dynarray &operator=(const Dynarray &other) {
Dynarray(other).swap(*this); // C++23: auto{other}.swap(*this);
return *this;

}

I
N y

MY, KEBBEZ S, R4 22 RIE!

35/ 40
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2. FEDZHIpE 5

Copy-and-swap

Hit—0, ERELSHIN GG UL,

-

-

class Dynarray {
public:
Dynarray &operator=(Dynarray other) noexcept {
swap(other);
return *this;

}
1

HIg8—ESHIN AR A T # U1H?

36 /40
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2. FEDZHIpE 5

Copy-and-swap

4 N

class Dynarray {
public:
Dynarray &operator=(Dynarray other) noexcept {
swap(other);
return *this;

}
b
- J

MERSERAE, other KREANWIMGIL, M2 WNHILHIL,
iR, X MRERERR - IIUREEER, g - 1MBaiiiafiiry!
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2. {2 DRI 53

Copy-and-swap

I SZEH—MRIE,  noexcept HY swap PRIEN, —28%15,
FIFHIXAS swap SEHIREDZ LT NRERIMAEATHRAE,
o HIWMIEZS

o e (el Z2RIE)
o [AINRTSH5 VUREIZ BB S IR EIZ BT




CS100 Tutorial 10 Fall 2025

2. £ NizHIpk 5

B % Dynarray

A TREHE R 5T m_Length A1 m_storage “WUESR”, FFEN THMRE, BT AIFAL?

4 N

struct Dynarray { std::size_t length; int *storage; };
void createDynarray(Dynarray &array, size_t length) {
array. length = length; array.storage = new int[length]{};
}
void destroyDynarray(Dynarray &array) { delete[] array->storage; }
void dynarrayAssign(Dynarray &lhs, const Dynarray &rhs) { /* ... */ }

{ // EWER: JWEE
Dynarray a;
createDynarray(a, 10);
Dynarray b;
dynarrayAssign(b, a); [:EZZ;Z]

de<traovDvnarrav(a) -
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2. FEIEHIRK 52
Dynarray BY class invariants

A class invariant is a property that must always hold for an object of that class.

o f5EI m_storage BLIELFEE, EAIEMH new[] HECHY— N,
® m_length EUEF/R m_storage FRIAIMNINIFEIVICE, B (FE m_storage BZXFREMN) NZE,

AP HeEHHITNEXXNED, NEEER TP m_length BL m_storage , FTAAHER 5 W Yh class

invariants

o L PRI AL PR X RAR BRI B I < B B A, SEINORUE 1 IX — &, Bk 7 A7
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