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BEIZ1ME

FURM (min, max) MME, EAI?

p
77?7 getMinMax(const std::vector<int> &vec) {
int min = INT_MAX, max = INT_MIN;
for (auto x : vec) {
/] ...
}
return 77?
}
-

2/39



BEZ1ME
C BB AL Bl

o £ C++ HEL 2R B,

/

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 /* XEEALF? */
}
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%\ﬁ

° %

[
%
Heu

&2 (aggregate)

REREHLERNTA non-static BB RAZE public . & B E X 3E L H % E —
ODFRFR—: BUERAANE public, BEKRHMUWFER/ILNEETEAE R, XEZEARASHZ

o

DRFR T A B8 SIS REL, WAt = XA s T HIaa 1.
R, W'JZZDﬁ*%E public 4k, RHREREE,

XFERIRMBEHIRTAEYE, 5 CHY struct JEH I

BRI,

¥

/39



EAKESIIE

. ™
struct MinAndMax {
int min;
int max;
1
MinAndMax result{a, b};
§ J
B ™

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

return {min, max};
}

- J

— M, AR {e1, e2, ...} FMAML— T EAIRKIR, BIGH T x{a, b, c};:

e IR 1 B—ITRENK, MrX2—MRAVIGIL (aggregate initialization): e1, e2, ... {KIXHA R

STIHOAL B /N o9+ 55— /N 2294+ ..



EAKESIIE

GRER MinAndmax B — 1 PR ALY IE BRIEL

- N
struct MinAndMax {
int min;
int max;
MinAndMax(int min_, int max_) : min{min_}, max{max_} {}
I
\_ J

A2, MinAndMax LA FRER AL, HEBANMLHAT LA {a, b} ¥l —MZRARN R, 5288 A

return {min, max};

B2, NHEXMEEE e ] DU, 7 A

4 N

MinAndMax result;
result.min = a;
result.max = b;
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£EHLYPRE (Structured binding)

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

A& B 2R SR [BIE?

auto result = getMinMax(numbers);
std::cout << result.min << ' ' << result.max << "\n';

XA LA, (B2 AR IA: aifafedie

auto [minVal, maxVal] = getMinMax(numbers);
std::cout << minVal << ' ' << maxVal << "\n’;
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£EHLYPRE (Structured binding)

A R IR DU const « 5IHSE, HRA]DUBHERTVEREIR for THATHL:

/

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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std: :pair
ENAE <utility> H
—/MRE, FEEREES

-

std::pair<Tl, T2> pl{a, b}; // FREES AL

auto p2 = std::make_pair(a, b); // HEMHNE%

std::pair p3{a, b}; // FiFRIEIE a T b BILERHESIERSEK
/] XERBEESHALL, 8 {3} & modern

-

C++17 B T CTAD, JLFAHEFE std::make_pair I o
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std: :pair
SR ME: BT pair BT

e N
std::pair<int, std::string> foo() {
/] ...
return {42, "hello"};
}
\_ J

3R] pair FRYITE: p.first, p.second

auto p = foo();
std::cout << foo.first << ", " << foo.second << std::endl;
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std: :pair

gt et r] LA T std: :pair :

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

std: :pair A HBISERF: G first AHE—REF. .second N RPEF L

A std: :pair!

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

11/39



12/39



BeE 1B
BRI T REE X —1%N operatore HJERZEL:

o FMBERRMEREIRIENIX A REHIZEL
o MNFZAARE, NE/AMENaREXNRIER *this,

REER WIS RIT, RN B R,
ReE

o 1, ., &, FARHIE N AGEET
REWHES: ONFA?)

® &, ||, ,, & (address-of)




BeE 1B
BRI T REE X —1%N operatore HJERZEL:

o FMBERRMEREIRIENIX A REHIZEL
o MNFZAARE, NE/AMENaREXNRIER *this,

REERIIFTIZEIT, RRENA BRI SOEHT,
REE P

o 7:, ., :: %, BARIIENHIEER
o 7 LIXEE, WNERA - TIBENRAORIE, X— R HRBES A REE]

AR HEER: Ct4a? )

° &, ||, ,, & (—TCHUBIEIZFEAT)
o & 1 || HIREE RERRN, , M & AKFAEIEH T —VJ2RA,
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BeE. AR
EENITNFREMNEAT R EMARREE EI—2, FRIFRERITFNEER A IX 2

o i JR[E] i HYSIH, i+ IR[EGEMEHTAT @ BJ— 05D,

o W{H, EAMEARREIZEMIBFEXRAITIH,

o f@#5IH *p EHIRMIZEEHSIH

o WHIZANTFREMNGEE: a=bHEMKE b =2, al=bEKE I(a = b),

C++20 B EEBGa FEATHIAE SR A A4 T BRI AR (L :

o ITH =default LEGWIFEES K

o WY I operator<=> H K& X E ¥ EX M ¥ K & (partial ordering, strong ordering, weak
ordering)

e JEX T operator== Fl operator<=> JGdmiFar = MHERXRIBERF, MR FRE,




Bk 1R
BE B ++, --, * (BaIH), -, = (e, DIAERR), SEESREBZBRF (+=, -=, ...)
RABAER R ST OB EAT <, <=, >, >=, =, 1=, BARZEHFS

GERTEE MR R WRER e, WI'EARER MR,

=
pii

o r = 18U r.operator==(1), Bl r.operator==(Rational(1))
o {H1=r MMM 1.operator==(r) (BAZIEIR), PBHE—LHEWTN Rational(1).operator==(r)
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AERF const!

-

o

class Rational {
public:

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

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

AR BE NS const, AKAHAIRE N const, HUZHH— PR 7 IX R KEEY qualifiers
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1SHEIZEHAT: EEIBIE i+

4 N

class Rational {
public:
Rational &operator++() { /* ... */ return *this; }
Rational operator++(int) {
/] BEXHR®ER, BEREEEMR/IEEEXFEE
auto tmp = *this; // ENERHINR

++*this; // BIERY “&I8” HAIEMRASSTR
return tmp; // R[ELEIEFIEYE D
}
IE
g Y,
o int 240 (UL ¥ XIrRi EIRARGERA, RAELREN, WAFREHE, BRAUHEE#A
o

o NR—NIHEWHE], BERNAF A A5 2R, We] DAbs L [[maybe_unused]]
o ++i HAN i .operator++(), i++ AN i .operator++(0) .
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HHEEEAF: ->

4 N

class SharedPtr {
public:
Object &operator*() const;
Object *operator->() const {
/| BTHFHRIER, FkERR/IFEERXEFE, LUE p->mem #1 (*p).mem FMHN
return std::addressof(this->operator*());

}
b
- J

o T ik p->mem K1 (*p).mem ZEHT, operator-> JL - EEMIZIXFEE Yo

o EMHEMA - (btan, eR—Ithie2 —IthY? ). FHARAMES, LfEsra Al L EMAE,
o JERTEARNH operator”® A operator-> P42 const: EATEBRYFLE const SharedPtr 1,
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HRES: IEREEN

ﬁ)‘( operator== ﬂl operator<, U:i“”?@/l\ﬁ@ﬁﬂ:'zﬁjo

/

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%& Llhs < rhs || lhs == rhs ?

}

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

}
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HREE . BAEHF

EN—TLIE - M +=, W4+, -, -= BRAT DA EATISEE,

/

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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AN, WHEEA: operator<< #l operator>>

BAREE: AWM (B0 std::cin) AYEAZ std::istream, g (B0 std::cout) HYZRHYE

std: :ostreamo

X MBI 208 A U 2 AF AR I ?
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A BLEET

operator<< Al operator>>

BHoAREE: MAM (WA std::cin) BYZRAUE std::istream, FH T (HIA0 std::cout) MAYSEAIZE

std: :ostream,
XM NMBERHEGERIER R RICIES std: :istream K1 std:ostream INAIRK A
o E—"NERfTEKGR, BRI RERAMIZEXN R,

std: :istream A1 std::ostream &P REHE W ‘ﬁf%lﬁﬁﬁ%@ mAEAEEEE5 I H.

=

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

o N T XFHESHE AR std:icin >> a > b > ¢, XN MBENFRERAMIZEXZIREH K,
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A BHER

N B TR E S R ARG

/

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

1

std::istream &operator>>(std::

IS >> V.X_ >>V.y_ >>V.Z;

if (lis) // ARBWAERE
V.X_ = V.y_ = V.Z_
v.l2_norm_ = std::sqrt(v.x_

return is;

EHNO

Iglx,

:0’

*

istream &is, Vec3 &v) {

gi_};—}%%?ﬁx&ﬂ’]’b{lu\o

*

V.X_ + V.y_

V.y_ + V.Z_

*

V.Z_);

24/39



A BLEET

REEBEHRF is. os BHN std::cin I std::cout: FRENTZAINEEH BTN SR

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

- J

T std::ifstream 28K H std:: istream, ‘B A AR std::istream & ZFE
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B REFHIER T

MR AFRA] DUEBRZ(ER, MaBErFr 1T

® a * b A dot_product(a, b)
® a < b Fl compare_by id(a, b)
® a+ b A concat(a, b)

R E R FAT . FRABX MR A S HAE X, SNAEE X E,

o N2 std::string A] DAFH + 7&E+%, T std::vector 77
o MATLABM a*bHla .* b AYXHI

operator+ NMIZNNTMAZIK, operator< WiZse /N7 MHE “KT7

26/39



2R IZE R operator ()

- R
struct Adder {
int operator()(int a, int b) const {
return a + b;
}
IE
std::cout << Adder{}(2, 3) << std::endl; // 5
N y

o Adder{} BIIZ T — Adder BN Z,
o WA PAE{E Adder() .
® Adder{}(2, 3) tHX T Adder{}.operator()(2, 3)

*9@’@, f(argl, arg2, ...) AR f.operator()(argl, arg2, ...)o

OIS RS E X! EERENMESIUIERIIIRE, AR,
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RERIMEHET

PR 17 2 NS EBINEREL, AT 55— M5 20 B 8 SCRA L i

/

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

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

4 N

struct Rational {
int n, d;
operator double() const {
return static_cast<double>(n) / d;
}
I
Rational r{3, 2};
double d = r; // 1.5

- J

° X7 operator Type
o 22, AFIRENEZEE (FIVIREMEZETHZE Type)
o JHFEIE const: FAFH—ANBZXPHNRAE,
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RERIMEHET

std: :istream Xf R A] DUBAESRAFER 77, RAIMNZ M AARIE IR

- N
std::cin >> a >> b;
if (!std::cin)
handle_input_fai lure();
N Y
Fit IFRUEZERE ST std: :istream [A] bool FAYZRAIELHE  XFNE?
. N

class istream {
bool fail, bad;

public:
operator bool() const {

return !fail && !bad;

}

I
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RERIMEHET

FREEZEE X T std::istream [A] bool AR XJNE?

p N
class istream {
bool fail, bad;
public:
operator bool() const { return !fail && !bad; }
I
istream cin;
9 y

NEAY A fE PR R I g 12 T A

int ival;
cin << jval; // ERT!
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RERMEEH

PREZEE X T std::istream [A] bool AYZSRAUELHE X NE?

4 N
class istream {
bool fail, bad;
public:
operator bool() const { return !fail && !'bad; }
I
istream cin;
o %
AR B R R 2R 1% 17 A7
4 N
int ival;
cin << ival; // cin BRIVEEHRAL bool HRKHE, NIEFRK int
/] XN << HELZERTM®T int IBALEERT!
o J
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RERIMEHET

N TG std::cin << ival f@ﬁ@ﬂiﬁ%, 1 C++11 DABGAREE € X H2A] void * HYZRANEEHL: fEMI AR IE
HHOIHE R Bl — RS fEEE, AR RN EIR [E 2S5t

(since C++11): explicit AV HIZELY

4 N

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

}
b
Rational r{3, 2};
double d = r; // $Eix: BRTVELHR
double d2 = static_cast<double>(r); // IE
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RERIMEHET

N TR std:icin << ival JEAZIE, € C++11 DIRTARIEZEE XHYZ A void * HYZRAIEEHR . fER AT LE
HHIN IR A — N EZfRE, AR IR ERIR EI 255

(since C++11): explicit AV HIZELY

4 N

class istream {
bool fail, bad;

public:
explicit operator bool() const { return !fail && !'bad; }
b
istream cin;
\_ J

M istream [A] bool HYRANEL W T =4,

HB if (cin) JOEEAHNE?



Contextual conversions
THIEB, e [ bool [ISKBIEERLAYFEF explicit SO BT

® if (e), while (e), for (xxx; e; Xxxx)
® le;e8&e,e||e,e?a:hb
o  (IRMITEIERY) static_assert(e), noexcept(e), explicit(e) (since C++20)

Al if (cin) AL T,




i Eitt a2 S RG

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 &=2F 3/2 ?
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B RRB R IEH AT RS

SEAFRIIRTE 8 SOE T Y PR AN

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

R, SRR I T O MR i, JUHR AN B 7 XA B I S R A 4k
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KBRS | AR Z X

4 I
struct A {
A(const B &);
I
struct B {
operator A() const;
I
B b{};
Aa=b; // REEIEBT "A::A(const B &) i&=E "B::operator A() const’?
o %
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ik

RIS IRS| ARI = X1

SR EAGE FERERI, ROURIRELE T ...

\

struct Rational {
operator double() const;
Ii¢
struct X {
X(const Rational &);
Ir¢
void foo(int);
void foo(X);
Rational r{3, 2};
foo(r); // FIEEKEER double SAEHERL int ITED foo(int)
/] BEEZE¥%EK X LA foo(X)?

-

EERIZFERITG O A B 2R s BAT
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