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IR

AREMRREL, PR, R, Al R,

/

template <typename T>
const T &max(const T &a, const T &b) {
return a <b ? b : a;

}

template <typename T> class vector { /* ... */ };

template <typename T>
inline constexpr bool is_abstract_.v = /* ... */;

template <typename T>
using MyPair = std::pair<T, T>; // MyPair<T> is an alias of std
// for any type T.

cipair<tT, T>,
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BIRFZ ..., = ...

AR AR EIERIRE, BB RMGAHFESN TR, WMFSERERZ "X RIEFZES
AR E IERY R

GBS S — R

‘%zﬂﬁ4U@Wﬁ$m%@ﬁ , R0 s. HORHBEMFFHEIRSBOI,
. ﬂﬁf@ﬁ¢ﬁﬁﬁ%ﬁ%%%%“@*%%ﬁ%1% [ERS IR
'%MZ%,HZ%$M,&$é$WEﬁ%ﬁ@o

2 IX AR PR R BITERS (FEREE R R R SR e 4 -

o FilEATRIEMRSES AR LA, S2— D EERREL
o ZiFan X X EHIEHY BRI BT ERA R AT A, HAR R B YA,

https://godbolt.org/z/b7TP5v8ca ->



https://godbolt.org/z/b7TP5v8ca

BIRFZ ..., = ...

AR AR EIERIRE, BB RMGAHFESN TR, WMFSERERZ "X RIEFZES
AR E IERY R

R, AR B, SRR IR SR
X FIAEAR, AR BRI AR PR A ZHSEBIME, WRIHIX D EBESEBNE T,

4 N

template <typename T> struct A {
T X;
void foo() { ++x; } // FRMAAEREZHF + W
b
A<std::string> a; // T = std::string BERARZIF ++ ,
/] BE&EXER, Fi1HFRAER a.foo()
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1R Ik (instantiation)
He R TR S, Y SRR, B2 E S R,
o HLUN, BRI N SIOIRR AR, QR T RBURATE NSRS,

template <typename T> void f(T x);
f(0); // BaXSLflME f<int>(int)

el DU ASEBIfE: rlRER A ZNIZ N SEHPRE R, Fr AR E R G a {E B SE B oK,

/’ B
template void f<double>(double); // EX LIk f<double>(double)
template void f<>(char); /] BRERFIY f<char>(char) , BEIRSEEIERR
template void f(int); /] BREFIKE f<int>(int) , RIRSEIEIERT

g Y,
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IRHRE R IF BT BB

R SLBI e R AEAERTEN , /iiXA C++ RS AR Python (B3R  BRECEARA I X,

4 N

template <typename T>
T add(T a, T b) {
return a + b;

}

o

def add(a, b):
return a + b

FTAERSE (RIS < ZRIFNE) IEGRER EA,
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A E SRR

4 N

template <typename First, typename... Rest> // Rest B—MEIRSIE
void read(First &first, Rest &...rest) { // rest B— 1 EREESHE
std::cin >> first;
if (/* rest 7FE'V‘“E’J “/)
read(rest...); // BEF

}
int i; double d; std::string s;

read(l) // First = int, Rest 1 rest &#=EZTH
N Y,

read(i, d, s) SEBIfLHE DA BRI

® void read(int &first, double &rest_1, std::string &rest_2)
® read(rest...) X =AM read(rest 1, rest_2), S 3 void read(double &first, std::string &rest_1) 1% 52 4]
fb., T'ER read(rest_1) =321 void read(std: :string &first) #SLHI{k.,
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sizeof...(pack)
NSRRGSR R sizeof... BEM, XNEEIAERIEN R,
* FZRAX o S ERI ... BB ... Fl sizeof... HHRY ... !

s N
template <typename First, typename... Rest> // Rest B—NMEIRESEE
void read(First &first, Rest &...rest) { /] rest @—NRBSEHE
std::cin >> first;
if (sizeof...(Rest) > 0)
read(rest...); // BEF
}
N J
7R IR? EEE IR read()
s A

a.cpp: In instantiation of ‘void read(First&, Rest& ...) [with First = int; Rest = {}]’
a.cpp:12:7: required from here

a.cpp:7:9: error: no matching function for call to ‘read()’
- cmAadl A~ \ . !/ /] AR IT

—
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If constexpr
RGFAEE Y Rest = {1 WAIEEEA A FE:

4 N

template <typename First>
void read(First &first) {
std::cin >> first;
if (false) // sizeof...(Rest) == 0
read(); // Ooops! read EZZE/D—NSE!

- J

MR AEIXAS if SEIa T RGP, WRIEIX D& 100% 2 false, XD EBHLAIMRESIFA 1T !
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If constexpr

if constexpr (condition): ZwiEMIHY if (since C++17)
o condition AIARETEZRIENTSRAE

o IBTE condition 4 true B, statements A =#miE,

if constexpr (condition)
statements

o FRHE condition HY{ERIRTELRIFE statementsTrue & statementsFalseo

/
if constexpr (condition)
statementsTrue
else
statementsFalse
I\




If constexpr

4 N

template <typename First, typename... Rest>
void read(First &first, Rest &...rest) {
std::cin >> first;
if constexpr (sizeof...(Rest) > 0)
read(rest...);

}
- J
QRARIRAE if constexpr, TATHLTR BT EHKEM: OXEHEAYEFRBAHREZE)
4 N

template <typename T> // A—1MESHHIBREIHE X

void read(T &x) { std::cin >> x; }

template <typename First, typename... Rest>

void read(First &first, Rest &...rest) {
read(first); read(rest...);

}
N /[ 14/48
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S-IR Dynarray<T> B4 operator<

FRb RS M E < 4, K2

/

template <typename T>
class Dynarray {
friend bool operator<(const Dynarray<T> &, const Dynarray<T> &);
Jis
template <typename T> // 3= 7 #&Ei=FA
bool operator<(const Dynarray<T> &, const Dynarray<T> &) {
/] SEINXPERER. ..
}

Dynarray<int> a, b;
if (a<b) // ld #&EE undefined reference to operator< 2?7

/] ...
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AFIRMREVIGHS

-

o

class Dynarray {
friend bool operator<(const Dynarray &, const Dynarray &); // (1)
I
bool operator<(const Dynarray &, const Dynarray &) { // (2)
/] RILXERER. ..
}

ZIokEN, (1) AR BEFT (2) AEYE SO Rl — DR
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RRIEH

4 N

template <typename T> class Dynarray {
friend bool operator<(const Dynarray<T> &, const Dynarray<T> &); // (1)
1
template <typename T>
bool operator<(const Dynarray<T> &, const Dynarray<T> &) { /* ... */ } // (2)

- J

o LIFRATEH pynarray<int> B, X NRBSLHIH R,

o XMIET A HH T (1) friend bool operator<(const Dynarray<int> &, const Dynarray<int> &), IXDERE A2
Bib, M (2) B—DEREENR, FWiEss A 1) Al (2) ﬂzl_J—‘/\lZlﬁ(

o FKIKIX a < b X T operator< fREEZLILININ, BEREFKE| (1) XREHZF| (2), HEHEFAMHFMHEFERIEN ~E
BRI T B, FrPAEIEE T (1) M2 (2).

o ENRENGEIR . (1) RAAAMREENX, Bk,
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N

RRBFE 1. FH friend

template <typename T>

class Dynarray {

// BB operator< A friend

I

template <typename T>

bool operator<(const Dynarray<T> &, const Dynarray<T> &) {
// “ikiE] Dynarray<T> FYFAE LG

}

- J
EREY AT AMED) friend SEIE (T HAEFAMIRDT), RXIARMEDINE,
X a < b B operator< IEXTAM. [ IXMEMPRIEL, BEWS (L Mg IEAI BERL

IXHEHE— operator<, PTETEM™ operator< FFHIF .
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fRRFE2: 158 friend HNREIFNENE

/

o

template <typename T>
class Dynarray {
friend bool operator<(const Dynarray<T> &, const Dynarray<T> &) {
/| EEREXELNE
}
b

XA HH — operator<,
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N

R E 3. BiFmESR "ER

template <typename T> class Dynarray {
friend bool operator<(const Dynarray<T> &, const Dynarray<T> &); // (1)
b
template <typename U> // AT AS[HCES, XEH U
bool operator<(const Dynarray<U> &, const Dynarray<U> &) { /* ... */ } // (2)

- J

FiEar A (1) AR, (2) @i, (1) F (2) A2FR—TERE

HAH: (1) ™1 (2) ME2R—1MEEE, £ 1 aciER T, (1) H5Z (2) BY v = 1 15ERISEA,
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ARG 3. GikdmiFss "Hif

/

// 1. & friend’ FBHZATRAXMRIREKER
// A TE operator< WS, E1FHE N class Dynarray #hsz— N
template <typename T> class Dynarray;
template <typename T>
bool operator<(const Dynarray<T> &, const Dynarray<T> &);
template <typename T> class Dynarray {
// 2. BEBR friend NEREHREEIMLE < (3 <T>)
/] BEAE RIS RSB — MER K ERRY— 52
friend bool operator< <>(const Dynarray<T> &, const Dynarray<T> &);
I
// 3. IEE4AE “operator<’ BIENX
template <typename T>
bool operator<(const Dynarray<T> &, const Dynarray<T> &) {

/] ...
}
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std: :distance



std: :distance

TE ST <iterator> HH, MHIRAYHKEGLH std: :advance, std::next %,

template <typename Iterator>
auto distance(Iterator first, Iterator last);

HEM first 8] last Y “BEE:

e Iterator £/DF2 Inputlterator,
o XfF RandomAccesslterators, iR[A] last - first,
o X F—&H Inputlterator, M first FFUEARWT ++, EHRIRIZ] last A1k,
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BREEREEFA?

BEEOE, —MENSGN S EA —DRAGIZ A difference_type, RN MIENARHT “HE" AIE

s

7
I

XANEAGEFE std: ptrdiff_t CRIFFEMRHIRAVZRAHE]), HIXFHA—E -,

Fr

N5 BT distance, AT IZ A XA difference_type:

template <typename Iterator>
typename Iterator::difference_type distance(Iterator first, Iterator last);

LA IX A typename EME? QIR Iterator B NMEENEL? —=LH...



https://stackoverflow.com/questions/52371645/is-there-an-example-of-an-iterator-which-wouldnt-use-ptrdiff-t-as-its-differenc

SnRIENEECIREV R ?

BEERTY, —MNERESNYEA - PREIFIZ R iterator_category, B 2 PA N NRA 2 —AY7144

4 N

namespace std {
struct input_iterator_tag {};
struct output_iterator_tag {};
struct forward_iterator_tag : input_iterator_tag {};
struct bidirectional_iterator_tag : forward_iterator_tag {};
struct random_access_iterator_tag : bidirectional_iterator_tag {};

}
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Tag dispatch

Re AR E R SEIL S £, 20l E—A4> tag 248

/

template <typename Iterator>
auto distance_impl(Iterator first, Iterator last,
std: :random_access_iterator_tag); // (1)
template <typename Iterator>
auto distance_impl(Iterator first, Iterator last,
std::input_iterator_tag); // (2)

template <typename Iterator>
auto distance(Iterator first, Iterator last) {
using category = typename Iterator::iterator_category;
/] fB—1 category EEHHREANE=1SE
// 308 category & std::random_access_iterator_tag, FLSITE (1), [MITE (2)
return distance_impl(first, last, category{});

}
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Tag dispatch

-

template <typename Iterator>
auto distance_impl(Iterator first, Iterator last,
std::random_access_iterator_tag) { // (1)
return last - first;
}
template <typename Iterator>
auto distance_impl(Iterator first, Iterator last,
std::input_iterator_tag); { // (2)
typename Iterator::difference_type result = 0;
while (first != last) { ++first; ++result; }
return result;
}
template <typename Iterator>
auto distance(Iterator first, Iterator last) {
using category = typename Iterator::iterator_category;
return distance_impl(first, last, category{});

}

/[ 28/48



HRITEAD?

PA_ESEFNARES T Iterator: :difference _type A Iterator::iterator _category, W Iterator IEANEIREAE
V)Y

SRR DLE RO TR — T 2

4 N

template <typename T>
auto distance(T *first, T *last) {
return last - first;

}

- J

(HEESL EATRZ REGER T ImiX A, 2l 22—y B R 1,
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Traits AR

-

o

template <typename Iterator> // —f&IE/R: Iterator @—NJELE
struct Traits {
using difference_type = typename Iterator::difference_type;
using iterator_category = typename Iterator::iterator_category;
I
template <typename T> // J3gsHH4F{L
struct Traits<T *> {
using difference_type = std::ptrdiff_t;
using iterator_category = std::random_access_iterator_tag;

1

& Traits<Iterator>::difference_type K Traits<Iterator>::iterator_category, BIa] X C A 1B o
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iterator_traits

FHEPIXA Traits EXﬂLE‘ZT*f?\@}E std::iterator_traits,

4 N

namespace std {
template <typename Iterator> // —fgI&/i: Iterator @—N3E3EE
struct iterator_traits {
using value_type = typename Iterator::value_type;
using pointer typename Iterator::pointer;
using reference typename Iterator::reference;
using difference_type typename Iterator::difference_type;
using iterator_category = typename Iterator::iterator_category;

31/48



iterator_traits

FHEPIXA Traits EXﬂLE‘ZT*f?\@}E std::iterator_traits,

4 N

namespace std {
template <typename T> // J#EFHEAFIL
struct iterator_traits<T *> {

using value_type = std::remove_cv_t<T>; // XZEE?
using pointer =T
using reference =T &;

using difference_type std::ptrdiff_t;
using iterator_category = std::random_access_iterator_tag;
};
}

- /

std::remove_cv_t<T>: & T ZEBRAJREAYTIR const B volatile EH’\J%’@E'—J, TE ST <type_traits>,
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FA if constexpr 35

RENREERIXFEE?

~
J

template <typename Iterator>
auto distance(Iterator first, Iterator last) {
using category = typename std::iterator_traits<Iterator>::iterator_category;
if constexpr (/* category == std::random_access_iterator_tag */)
return last - first;
else {
typename std::iterator_traits<Iterator>::difference_type result = 0;
while (first !'= last) {
++first; +tresult;
}
return result;
}
}

- J

ST AT 2




FA if constexpr 35

std::is_same_v<T, U>: bool ZRMAIIRIEHAR &, X 701 v BRI —DRENN true, BN false, X T
<type_traits>,

-

template <typename Iterator>
auto distance(Iterator first, Iterator last) {

}

using category = typename std::iterator_traits<Iterator>::iterator_category;

if constexpr (std::is_same_v<category, std::random_access_iterator_tag>)
return last - first;
else {

typename std::iterator_traits<Iterator>::difference_type result = 0;
while (first != last) {
++first; ++result;

}

return result;

}
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Hello world

4 N

template <unsigned N>
struct Factorial {
static const auto result
I
template <
struct Factorial<Ou> {
static const auto result
I
int main() {
const auto n = Factorial<10>::result; // 3628800
int a[n]; // IEfflc n B—1RIENEE, nILIBERFEA,
}

- J

HIRE modern C++ B R PLTEEH constexpr RECER, HZE2X{1E TMP BUREELH] hello world,

N * Factorial<N - 1>::result;

lu;
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std::tuple >: —14RIFHAA

A]REAYSEEL :

/

template <typename First>
class tuple<First>;
template <typename First, typename... Rest>

class tuple<First, Rest...> : public tuple<Rest...

// f5l: tuple<A, B, C> #*&B tuple<B, C>

>l

)

std::tuple<int, double, int> t{0, 4.0, 42};
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https://en.cppreference.com/w/cpp/utility/tuple

std::ratio ->: YRiFHABIRENE
PRIEEJZE <chrono> FI|FH std::ratio SKRF/REFIN R BAAL, FH HARUE T = ANAY IER T

o filtn, WMAPRIZRAREELUE L E RN,
— IR T R REARY BB N MRS

-

template <int mass, int length, int time, int charge,
int temperature, int intensity, int amount_of_substance>

struct quantity;

o

o filtn, J1 (4 W2 quantity<, 1, -2, 0, 0, 0, 0>, Elkg-m/s?
o [FHHE N quantity ZRIFVIEER, AT CATESREN AL 40 = 4055 1R
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https://en.cppreference.com/w/cpp/numeric/ratio/ratio

ERIENGIF (FLLBPRTFEIRTREE)

CH+ HyZm B TR RE TR H 38K (turing-complete) .
1£ ria XK TH
® merge_sort: eI R PR E 52

o ctjson: ZwiERT json parser (FFE C++20)
BHIXERY:
I N (ENZRIRTC

ZwEN raytracer -
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https://github.com/hanickadot/compile-time-regular-expressions
https://github.com/tcbrindle/raytracer.hpp

HEABERRMF

o FIAFUBitR expression templates
o F¥{k serialization
e Embedded Domain Specific Language

HE IR Z AR F AR 2 —LE TMP 0K, WA 2R & 849 specialization 8¢ SFINAE -

g
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file:///home/heyx/VSP-Web/content/courses/cs100/recitations/fall2024/r14/sfinae.md
file:///home/heyx/VSP-Web/content/courses/cs100/recitations/fall2024/r14/sfinae.md
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TAREE

THAGERES, SBIeMERS, TR HMZRERN—E 7,

e VSCode HYREE json XHER BT ABERA? B "—#4iE" B2 "%l g, 2Rk
ETH27? “Problems”, “Output” “FHEIH AR ELERE?

o MIFIHTEALE? B MEIHA R A5 X?

o 9t 2 MRE— SRS ALFN TR AT — T A AR R AN ] 2

N T ETIEME S, fefh—ENRESE S TR B2 eENn, KRN T AR ZAE,

“EANAZT WS ARG
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pii

o WESRMEMEE, MBIRANERRTH, TAMREZE,
o gifelEs (PL) 2 MREMSHIFRIGUE, BARE ERKTRIIARD,
o WETRIMERTEMEENIERE " IrHmENXAE" BITE.

4 N

// C++98
for (std::vector<int>::reverse_iterator rit = v.rbegin();
rit != v.rend(); ++rit) {}

// C++11

for (auto rit = v.rbegin(); rit != v.rend(); ++rit) {}
// C++20

for (auto x : v | std::views::reverse) {}
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https://stackoverflow.com/help/how-to-ask ->

~
L

o 82 5|%/StackOverflow/ 5/ T /AR _LREERIRI A ZE ],
o FiRIEH—T StackOverflow (PAK StackExchange #1720, AERN “BRIIEN sE “ME%
18”7 miEdaed], XERZEEEFUR, FERNRETTETEL,
. f@ﬁ’]@?ﬂbﬁ%ﬁﬂéﬁlﬂ% B A? RGURAT LY D ERRARZTA?
M‘ﬁﬁ—j ﬁiﬂlﬁ'ﬁ&*ﬁ?ﬂn Cho
o ABHZUL "Wt 17 FElk Mt2am? SRS R
o EMAfEH AL,
o THEEMIWT Al AT4A H Y [E]
o AEIE AT FREBETRA N2 BRI R



https://stackoverflow.com/help/how-to-ask

XERA/LF2HTRENMR, BREFRIAMES

e Git
e Python HHAIES

e Markdown
o YNHEA Marp, RMAEZRIX 28 1> Lecture F1 14 (X S EURRY slides 2/ EAETETC LB HIE L M HIE,

KTEX
FIAREE

¥R H A,
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