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1. ZiR[O{EIR(F



CS100 Tutorial 11 Fall 2025

1. ZR[O{EIR(F

1.1. Motivation

PAESLIZ A — I RE
“ JE[E (min, max) HME

A2 A HISEBTTR?

-

777 getMinMax(const std::vector<int> &vec) {
int min = INT_MAX, max = INT_MIN;
for (auto x : vec) {
/] ...
}
return 77?

}

5/ 46



CS100 Tutorial 11 Fall 2025

1. ZiR[O{EIRME

1.2. tbTRBVGE: G

C B ryInE: Al — DA
o T£ C++ Bl —AiE BRI,

/

struct MinAndMax {
int min;
int max;
IE
MinAndMax getMinMax(const std::vector<int> &vec) {
int min = INT_MAX, max = INT_MIN;
for (auto x : vec) {
/] ...
}
return /* XEEAT? */
}
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1. ZR[EEHF
1.2. SRS K GiHD0E

- N
struct MinAndMax {
int min;
int max;
I
MinAndMax getMinMax(const std::vector<int> &vec) {
int min = INT_MAX, max = INT_MIN;
for (auto x : vec) {

/] ...
}

return MinAndMax{min, max}; // 2t& return {min, max};

}
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1. ZiR[OEIRF

1.3. B &3 (aggregate)

REXRE: FrE non-static HHR AR public . %A HE XAIE KEH e —

o O BUEGEE public, BERBWFER/ LN ZEEFTOAE R, XEZ

- L]

(0]

o MLRFR L 1A B8 SEREL, #laM = XA RRIE TRIE .
o HE%K ﬁi WJZZD;E%"Q%BE public 4k, A REREEE

AR MEE YA EEDE, 5 CHY struct JEH R,
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1. ZREIER(F

1.4. EFAXIES IR
p N
struct MinAndMax {
int min;
int max;
}
MinAndMax result{a, b};
L Y
; N

MinAndMax getMinMax(/* ... */) {
int min = INT_MAX, max = INT_MIN;
/] ...

return {min, max};
}

- J

gﬁfﬂ, WERHA {e1, e2, ...} FIBIL—"1 1 ?@i@ﬁ"]iﬂt%, #1401 x{a, b, c};:
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1. ZR[O{EIR(F

1.4. FEKESHIR
ANER MinandMax B — 1 H PR AR IS R EY
< N
struct MinAndMax {
int min;
int max;
MinAndMax(int min_, int max_) : min{min_}, max{max_} {}
Jis
\_ J

A2, MinAndMax LA FERR G2, HEBANMLHART LA {a, b} #laatt—MZRARN R, W528R LA

return {min, max};o.
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1. ZREIER(F

1.4. EAXIESHIR
B2, PHIZRMETE vl P, 2R
p )

MinAndMax result;
result.min = a;
result.max = b;

- J
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1. ZREIER(F

1.5. &5 4B%E (Structured binding)

struct MinAndMax { int min, max; };
MinAndMax getMinMax(const std::vector<int> &);

A 3 B 2R FIX IR EHE?

auto result = getMinMax(numbers);
std::cout << result.min << << result.max << ;

XEAA LA, B2, [ Barp/pENe?
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1. ZREIER(F

1.5. &5 4B%E (Structured binding)
GE BIFRIpENE?

H s

(H2 AL RIINE: aifedie

auto [minVal, maxVal] = getMinMax(numbers);
std::cout << minVal << ' ' << maxVal << "\n';
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1. ZR[O{EIR(F

1.5. &5 4B%E (Structured binding)

AP R IR DU const « 5IHSE, HA]PUBHERTVERINY for THHATHL:

-

enum class Gender { Male, Female };
struct PersonInfo {
std: :string name;
Gender gender;
int birthYear;
I
void foo(const std::vector<PersonInfo> &persons) {
for (const auto &[n, g, by] : persons) {

/] ...
}
}
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1. ZR[O{EIR(F

1.6. std: :pair

std: :pair JEE XAE <utility> FHHY—PERIE, BEE AV EHESTH,
- ™

std::pair<Tl, 72> pl{a, b}; // BEES WAL
auto p2 = std::make_pair(a, b); // HEMNMHNE*
std::pair p3{a, b}; // 4miF2SIRIE a A0 b HYKEIRESIREIRSEX
/] XBERRFESHEILL, B {} ¥ modern
N J

C++17 H 7 CTAD (Class Template Argument Deduction, EERSEKIES, RUFRIFIFIRIENIE
HRERIZEENESERZSE), P AHEFEZE std: :make_pair 1o
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1. ZREIER(F

1.6. std: :pair
WEIREIRZMNME, EiREEZEHE pair BT

e N
std::pair<int, std::string> foo() {
/] ...
return {42, };
}
N Y

il pair FHYITE: p.first, p.second

auto p = foo();
std::cout << foo.first << << foo.second << std::endl;
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1. ZR[O{EIR(F

1.6. std: :pair

ZER IR E ] AT std: :pair :

auto [ival, sval] = foo();
std::cout << ival << << sval << std::endl;

std::pair BRI ERT: &R first NS —REET. .second NEE _RHEFLEL,
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1. ZR[O{EIR(F

1.6. std: :pair

AEIMA std: :pair!

using Complex = std::pair<double, double>; // bad idea!
using Student = std::pair<std::string, int>; // bad idea!

AL std::pair fRFEAH BT IR !

std::pair U2 —Nm AT, BERRIEHESSH, B2R060H TR E@SdE, XA AINIZE0E ki —
IR SEERES R (,
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CS100 Tutorial 11 Fall 2025

2. EHEZEH T (Operator overloading)

2.1. &1

FIEZE R Overview

JBREATEER TR E X — 4N operatore HYRRIZL:

o FMBEXRRMIEREMIRNENIZA REHIZEL
o WIRZAARE, NE/MENaFEXNRIER *this,

THERBIIZ T, RN BRI E OB HHT,

REEMEEIAIZERT: 2, ., &, HERHEXBERY
REWEE: &, ||, ,, & (address-of)
o NA?
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2. EHEZEH T (Operator overloading)
2.1. EFIEEST Overview
RRER R,

o 7:, ., :: 7, BARIIENKIEETT
o 7: JLIAMER, FAER —TMENRAORE, X—RHEREUES Al REfi ]

AEWHER: Cfta? )

° &, ||, ,, & (—JCEMHIHLIZEFT)
o & M || UMEREKEZIN , F1 & ARFELREIEA T — U388,
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2. EHEZEH T (Operator overloading)
2.1. EFIEEST Overview
TR AR BT N S SER R LI —3, BR IO R A I A

o i JR[E] i WYSIH, i+ IRENSEHEFTRY @ B — 5 DL,

o W{H, BAMEARIRBEIEMIzFXRAIGIH,

o fiEg|H *p EHIRMEZE(ESIH

o WRIBRMFREMNFGEE: a=b EWEb=2a, al=bEKE !(a=Db)

C++20 W EEEGaBATHIAH SN & A 7 BRI AR :

o UFH] =default LEgRIFEAT S K

o M T operator<=> HKIE N E ¥ EX NP K FR (partial ordering, strong ordering, weak
ordering)

o TEX T operator== Kl operator<=> JGZRiFEdr = RILERRIZELF, =P FREE,
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2. EHEZEH T (Operator overloading)
2.1. EFIEEST Overview

BB ++, -, * (E5H), >, = (WE, BIE

1), FMESMERES (+=, =, ...)

pui

FRABRARRA B Al FEBUBTRAT <, <=, >, =, =, 1=, HKIETF
GRTE E R Ma RN RABRER L, WIEAFER R,

o r == 18U r.operator==(1), Bl r.operator==(Rational(1))
o H1==r =% H 1.operator==(r) (ﬁ%%%i?&), ANEHH— 20 W N Rational(1).operator==(r)
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2. EHEZEH T (Operator overloading)
AERK const!

4 N

class Rational {
public:

bool operator==(const Rational &) const;
I

bool operator!=(const Rational &, const Rational &);
N Y

R AN const, R BAAIRE N const, FHUBHA—PNERL TIXAN R KELHY qualifiers
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2. EHEZEH T (Operator overloading)
2.2. {55kEIERERT (1): FEEIE i+t

4 N

class Rational {
public:
Rational &operator++() { /* ... */ return *this; }
Rational operator++(int) {
/] BEERHER, BEREEEMN/IEEEeXEE
auto tmp = *this; // EBINERINR

++*this; // BIERY “BBiZ” HEiEhRAST
return tmp; // R[BIBIZFIAYEE U1
}
1
N Y,
o int ZH: N VXl BEMANGERA, HELREX, WAFEME, BAMIKEA
T

o NR—IEHEWHE, BERNATFA A5 R, el DAbs_E [[maybe_unused]]
o ++i HALNY i.operator++(), i++ AN i .operator++(0),



CS100 Tutorial 11 Fall 2025

2. EHEZEH T (Operator overloading)
2.2. 5% EST (2): I9HNEERS: -

- N
class SharedPtr {
public:

Object &operator*() const;

Object *operator->() const {

/] EXEFHER, SikERR/VFEEXEFEE, LUE p->mem F (*p) .mem FM
return std::addressof(this->operator*());

}
1
N J

o Tk p->mem FI (*p).mem FEHT, operator-> JL S MIZIXIEE Yo

o XMNAFFE—REE (bkun, BE2—JoiitE—ti? ). NHKRME,, SLfEG7n] PLEME,
o FETEARN|A operator* K operator-> #IE const: B TERIIFTE const SharedPtr _E1E .
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2. EHEZEH T (Operator overloading)
BRESE: LREEF

52 . operator= il operator<, LTI TFPUAMKI T,

-

bool operator!=(const Rational &lhs, const Rational &rhs) {
return !(lhs == rhs);

}

bool operator>(const Rational &lhs, const Rational &rhs) {
return rhs < Lhs;

}

bool operator<=(const Rational &lhs, const Rational &rhs) {
return !(lhs > rhs); // fRR= lhs < rhs || Lhs == rhs ?

}

bool operator>=(const Rational &lhs, const Rational &rhs) {
return !(lhs < rhs);

}
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2. EHEZEH T (Operator overloading)
BREES: BRAEHEF

XIS - M +=, B2+, -, -= AR L ETTSEE,

-

class Rational {
public:
Rational &operator-=(const Rational &rhs) {
return *this += -rhs;
}
I
Rational operator+(const Rational &lhs, const Rational &rhs) {
return Rational(lhs) += rhs;
}
Rational operator-(const Rational &lhs, const Rational &rhs) {
return Rational(lhs) -= rhs;

}
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2. EHEZEH T (Operator overloading)
2.2, 1% BNEEET (3): I, WmdiZESRF: operator<< #ll operator>>

BAREBRE: mAmM (HU0 std::cin) AYRAIZ std::istream, T (B0 std::cout) HYZEAYLZ

std: :ostream,

X2 FAT M 1% 02 i B2 AR R 51 ?
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2. EHEZEH T (Operator overloading)

2.2 {5%RNEEST (3): SN, WiE5 T (operator<< # operator>>)

AR (B0 std::cin) HYZRALZR std::istream, FtH{R (A0 std::cout) HYZRALZE std::ostream,
XM BT R EERAER R . PRICIRZS std::istream F1 std:ostream FNfNN A,

o H—NEEFFRNA, EHARE R /AMIZEN A,

std::istream F std::ostream %[%%‘E%U'\, %‘ﬁﬁ'_ﬁ'lﬁﬁfg@, m HARE R =T H,

std::istream &operator>>(std::istream &, Rational &r);
std::ostream &operator<<(std::ostream &, const Rational &r);

o N T XFFIESAIRIAFIL std::cin > a >> b > ¢, XM MaRAFFRZEAMIZERN GIR[E K,
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2. EHEZEH T (Operator overloading)
2.2. { RS ETT (3): AN, MHEET

i NIs BT TR 255 e A RAVTE O

/

struct Vec3 {
double x_, y_, z_;
double [2_norm_;

Ii¢

std::istream &operator>>(std::istream &is, Vec3 &v) {
IS >> V.X_ > V.y_ >>V.Z ;
if (lis) // WRWALREREIR, ERFNRETERIRS.

V.X_ = V.y_=Vv.z_ =0

v.l2_norm_ = std::sqrt(v.x_
return is;

}

* * *

V.X_ + VLY. T vy +v.zo tv.z));
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2. EHEZEH T (Operator overloading)
2.2. { RS ETT (3): AN, MHEET

RNEEEHEER is. os BN std::cin FI std::cout: FRENIZINEE H BRI S

p I
std::ifstream file( );
int x, vy, z;
file >> x >y > z;

- J

std::ifstream 4n/ std::istream, k& #7 std::istream & &
HIT std::if MAKH std::i AT AR std & HhE
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2. EHEZEH T (Operator overloading)
B e B H IEETRYE
AR BB RS, SRR

® a * b Fll dot_product(a, b)
® a<b A compare by id(a, b)
® a+ b Al concat(a, b)

e RGBT FRABX M s BT A ME IS HATE X, SNAEE X E,

o Nt std::string A] CAFH + J&E4%, T std::vector T~NT?
o MATLABM a*b#la .* b AYXH

operator+ NIZMNTMAZIK, operator< Wizsg /N7 MAE “KT7
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2. EHEZEH T (Operator overloading)
2.2, 15BN EET (4): BMPBURARIZEEST operator()

-

struct Adder {
int operator()(int a, int b) const {
return a + b;

}
b
std::cout << Adder{}(2, 3) << std::endl; // 5

o

o Adder{} B T — Adder KBNS, (HA] AT E Adder())
® Adder{}(2, 3) fH T Adder{}.operator()(2, 3)

—R%Hl,  fargl, arg2, ...) U9 f.operator()(argl, arg2, ...)o

COEIXHEE N SIE X! BRSNS ERIIRE, AEER.
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2. EHEZEH T (Operator overloading)

2.2, [9ARNERF (5): REFIRITHET
PR T 2 A SRS R, FRATIEA 55— R0y 2 A

/

struct Rational {
int n, d;
operator double() const { // EX T M Rational
return static_cast<double>(n) / d;

}
b

Rational r{3, 2};
double d = r; // 1.5

2l double RYZEEUEZHR
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2. EHEZEH T (Operator overloading)

2.2. {5HENE R (5): RBEFIREET

-

struct Rational {
int n, d;

operator double() const {
return static_cast<double>(n) / d;

}
IE
Rational r{3, 2};

double d =r; // 1.5

o KT operator Type

o NERZZY, T FIREHEZRA (ROYIREMESERRUE Type)
FAUE L — AN NN RA S,

o JHE & const:

36 /46



CS100 Tutorial 11 Fall 2025

2. EHEZEH T (Operator overloading)
2.2 85%BEEST (5): RBEMIERFT
std: :istrean B R AT DURTESHERRSY, FCHIBHX N AT IE AT

4 N

std::cin >> a >> b;
if (!std::cin)
handle_input_failure();

N )
Fit IFREEZEE ST std::istream [A) bool HYSEARUERH XFIL?
% ~

class istream {
bool fail, bad;
public:
operator bool() const {
return !'fail && !bad;

} [7/46
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2. EHEZEH T (Operator overloading)
2.2. 155%BEE A (5): KRR MEET

PRUEZETE N T std::istream [A] bool AYZRAUELHR  XFIL?

/

class istream {

bool fail, bad;
public:

operator bool() const { return !fail && !'bad; }
IE

istream cin;

o

SRS JE AR I 2R 1% 1 A

int ival;
cin << jval; // BER7T!
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2. EHEZEH T (Operator overloading)
2.2 85%BEEST (5): RBEMIERFT

PRUEZETE N T std::istream [A] bool AYZRAUELHR  XFIL?

p R
class istream {
bool fail, bad;
public:
operator bool() const { return !fail && !'bad; }
Jis
istream cin;
9 ‘/

N R fE AR g i 1 A

int ival;
cin << ival; // cin FazUsE#EAY bool KB, WigFAARL int: XN << HELZERATFTEN int B ALEER!
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2. EHEZEH T (Operator overloading)
2.2. 155%BEE A (5): KRR MEET

)T RESR std::cin << ival B ZRIE, fE£ C+H+11 PARTAREZEE X BYZA] void * BYSRAUERHL . i AT IE
HWHRHMEIR [F— DN EZS 85, PR RHEIR B2 f5 5

(since C++11): explicit AL HIZE LT

4 N

struct Rational {

int n, d;

explicit operator double() const {

return static_cast<double>(n) / d;

}
I
Rational r{3, 2};
double d = r; // Hiz: BRERAEMR
double d2 = static_cast<double>(r); // IE
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2. EHEZEH T (Operator overloading)
2.2. 155%BEE A (5): KRR MEET

T HER std::cin << ival XTI, 1£ C+H+11 DARTARIEEE B2 void * HYSANEEHL : fEfm NI (E
AR A — N EZR R, SIEE IR A 22165

(since C++11): explicit SRAFE KB ALT

- R
class istream {
bool fail, bad;
public:
explicit operator bool() const { return !fail && 'bad; }
I
istream cin;
- y

M istream [A] bool HYRALEL M 4,
HB if (cin) JOBERHNL?
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2. EHEZEH T (Operator overloading)
Contextual conversions (_ET355Hh)
THEHH, e [A] bool HYZRBIEML R VFHEH explicit REVFE LIS HAT

® if (e), while (e), for (xxx; e; Xxx)
® le,e8e,e||e,e?a:hb
o (PRMIT&FIER) static_assert(e), noexcept(e), explicit(e) (since C++20)

RILE if (cin) HLRLTREMAEE T
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2. EHEZEH T (Operator overloading)
2.3, R R EIREE TR

4 N

struct Rational {
int n, d;
operator double() const {
return static_cast<double>(n) / d;
}
operator std::string() const {
return std::to_string(n) + + std::to_string(d);
}
I

Rational r{3, 2};
std::cout << r << std::endl; // 1.5 X2 3/2 ?
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2. EHEZEH T (Operator overloading)
2.3, R R EIREE TR

AP 8 SO T Y PR Y

4 N

struct Rational {
int n, d;
auto to_double() const {
return static_cast<double>(n) / d;

}

auto to_string() const {
return std::to_string(n) + + std::to_string(d);
}
I
- J

—HORTE,  FUONREERHIRIIAT O R i, JUHRE AN B 7 X AN BRI S R A 4k
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2. EHEZEH T (Operator overloading)
2.4, RS | RBY W 1E

4 N

struct A {
A(const B &);
I
struct B {
operator A() const;

1

B b{};
Aa=b; // BIEZEAT ‘A::A(const B &) &E=Z 'B::operator A() const’?

- J
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2. EHEZEH T (Operator overloading)
2.4, RS | RBY W 1E

S RAEAGE FEREEY, IROUTIRELE T ...

4 N

struct Rational {
operator double() const;
I
struct X {
X(const Rational &);
IE
void foo(int);
void foo(X);
Rational r{3, 2};
foo(r); // BRI R double ZAIGEERK int ITED foo(int), MREEIEEER X LE foo(X)?

- J

EERIXFERIIOLR ! A 2R e B AT
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