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BEIPLATES IN C el



LANGUAGE C

#define max(x,y) ((xX) > (yD) ?2 (XD : (VD)

#detine min(x,y) ((x) < (y) 72 (x) : Y))



1n
1n
1n
1n

| ANGUAGE C++

line int max(int x, int y)

line long max(long x, long y)

line float max(float x, float y)
line double max(double x, double y)
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FOINC TTON TEMPLATES

template <parameter-1list> function-declaration



FOINC TTON TEMPLATES

template <parameter-1list> function-declaration

template <typename T>
inline T const &max(T const &x, T const &y) {
return x >y 7 Vs

¥

template <class T>
inline T const &min(T const &x, T const &y) {
return x <y ? e/

¥



FOINC TTON TEMPLATES

template <parameter-1list> function-declaration

template <typename T>
inline T const &max(T const &x, T const &y) {
return x >y 7 S

)
typename and class

¥ |
/ are equivalent.

template <class T>
inline T const &min(T const &x, T const &y) {
return x <y ? e/

¥



template <typename T>
inline T const &min(T const &x, T const &y) {
REEL R DX <y e

¥

A compiler is
looking for min
function.
Finds this template
and infers type Tby /
type of function /
arguments. g
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NiErat= 10
int b = minCa, 7);




template <typename T>
inline T const &min(T const &x, T const &y) {
REEL R DX <y e

¥

A compiler is
looking for min
function.
Finds this template
and infers type Tby /
type of function /
arguments. g
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Template
instantiation

NiErat= 10
int b = minCa, 7);

e ——

inline int const &min(int const &x, int const &y) {
BEBUEN X < Va2 X Sy

¥




template <typename T>
inline T const &min(T const &x, T const &y) {
REEL R DX <y e

¥

A compiler is
looking for min
function.
Finds this template
and infers type Tby /
type of function /
arguments. g

Template
instantiation

NiErat= 10
int b = minCa, 7);

e —————

Instance Function
Substitution

inline int const &min(int const &x, int const &y) {
BEBUEN X < Va2 X Sy




min(l, 1.2); // Error: different types
min(double(1l), 1.2); // OK. typecasting
min<double>(1, 1.2); // OK. explicit typesl



MULTIPLE PARAMETERS

template <typename T1l, typename T2>
inline T1 const &min(T1l const &x, T2 const &y) {

return x <y ? S5
¥
el AR
min(l, 1.2); // OK. The return type 1s determined
// by the type of Xx.

template <typename RT, typename T1l, typename T2Z2>
inline RT const &max(T1l const &x, T2 const &y) {
REEEIRN X >y 7 SV

/\

max<doub1e>(4 4.2); // Type inference is not possible for RT

}




-UNCTION TEMPLATE OVERLOADING

inline int const &max(int const &x, int const &y) {
return x >y ? Sy

}

template <typename T>
inline T const &max(T const &x, T const &y) {
return x >y 7 AR

I

template <typename T>
inline T const &max(T const &x, T const &y, T const &z) {
return max(max(x,y), z);

3

int main() {
max(7, 42, 68); // use template with 3 arguments
max(7.0, 42.0); // max<double> (template argument deduction)
max('a', 'b'); // max<char> (template argument deduction)
max(7, 42); e/ UISEal S FUncEron
max<>(7, 42); // max<int> (template argument deduction)
max<double>(7, 42); // max<double>
max('a', 42.7); // usual function with 2 int arguments



// From <algorithm>

template<class InpIt, class OutIt>

OutIt copy(InpIt first, InpIt last, Outlt result)
{
while (first !'= last) {
fgesylit = *first:
++result; ++first;

¥

return result;



Templates

Function templates Class templates




template <typename T>

class Stack {
std: :vector<T> elems;

public:
volid push(T const &);
TEMPLATES
T top() const;

bool empty() const {
return elems.empty()

}
It

template <typename T>
void Stack<T>: :push(T const &elem) {
elems.push_back(elem);

}

template <typename T>

void Stack<T>::pop() {

1f (elems.empty())
throw std: :out_of_range("empty stack");

elems.pop_back();
}

template <typename T>
T Stack<T>::top() const {
1f (elems.empty())
throw std: :out_of_range("empty stack");

elems.back();



int main() {

try {
Stack<int> 1ntStack;

Stack<std: :string> stringStack;

1ntStack.push(7);
stringStack.push("hello");

stringStack.pop();
stringStack.pop();

¥

catch (std: :exception const &ex) {
std: :cerr "Exception "
ex.what() std: :endl;
Rettien ~ 1



SPECIALIZATION

RENC THON [EMPLAT

template<typename T>
inline void exchange(T *a, T *b)

i
T tmp(*a);
*a = *b;
*b = tmp;

¥

.

vold swap_arrays(Array<int> *al, Array<int> *a2) {
exchange(al, a2);

}

T

template<typename T>
class Array {

T *data;
Kak 3acTaBnTb exchange -
public:
VSR
ICTIOABSOBA T ; void exchange_with(Array<T> *b) {
Array::exchange with! T “tmp - data;
e data = b->data;

b->data = tmp;

¥




// template 1
template<typename T>
inline void quick_exchange(T *a, T *b)

i

T tmp(*a);

*a = *b; «More specialized template»
} “b = tmp; for a G = cormElSg

// template 2 i
template<typename T> =
inline void quick_exchange(Array<T> *a, Array<T> *b)

i
I

a->exchange_with(b);
void demo(Array<int> *al, Array<int> *a2) {
Biiepe =1,y = 2

guick_exchange(&x, &y); // template 1
quick_exchange(al, a2); // template 2



EEASS | EMPLATE SPECIALLZAFCES

template <typename T>
class Storage8 {
T objects[8];

public:
void set(int 1dx, const T &) { ' Storage8<bool> can be optimized.
objects[1dx] = t;
I

const T& operator[](int 1dx) {
return objects[idx];

}
5

R —— T




template <>
class Storage8<bool> {
unsigned char bits;

public:
volid set(int i1dx, bool t) {
unsigned char mask = 1 << 1dx;

R G
bits |[= mask;
else
bits &= ~mask;
5

bool operator[](int 1dx) {
return bits & (1 << 1dx);

}
e



PARTIAL TEMPLATE SPECIALIZATION

template <typename T>

class List {

public:
i A
void append(T const &);
inline size_t length() const;
)

b

T ———— T

» Kaacc List OyAeT MHCTaHUMPOBATHCA AAS BCEX BapmaHTOB T. B BoAbLIOM
MPOEKTE 3TO MOXET MPMBECTM K pa3byxaHmio koaa (code bloat).

» C HM3KOYPOBHEBOW TOYKM 3peHMa peaam3aLin List<int *>:append() v
List<void *>::append() naeHT1YHbI.

* HeAb3a AM MCMOAB30BaTb 3TOT PAKT AAS OMTUMM3ALMM CMIUCKOB YKa3aTeAen!



aExpliicit or full specialization of List<void *>
template<>
class List<void *> {

7 R

void append(void *p);

inline size_t length() const;

o .

I

// Partial specialization of List<T *>
template <typename T>
class List<T *> {
List<void *> impl;
public:
.
void append(T *p) { impl.append(p); }
inline size_t length() const { return impl.length(); }
/A

b



template <typename T> M E M BE R

class Vector {

B TEMPLATES

e

// Dynamic polymorphism
volid print(ostream &os) {
for (auto const &v : *this)
0S << V;

¥

// Static polymorphism
template <typename Out>
void print(Out &out) {
for (Cauto const &v : *this)
out << v;

i



SRAlLTS> CLASSES

* | L1abAOHbBI MO3BOASAIOT MMETb MPOM3BOABHOE KOAMYECTBO
apryMeHTOB.

* MOXHO HacTpOUTb AOBOM acMeKT MOBEAEHMS KAACCA AW
PYHKLN,

* Ho nepeaaBaTb Bceraa v Besae no |00 aprymeHTOoB
HEYAODHO. . .



template <typename T>
inhline T accum(const T *beg, const T *end) {

T total = TQ); // T() Bo3BpaAuwaeT HOJb

// Ho nydwe nucatb T{}
while (beg '= end)
total += *beg++;

return total;

I

L e

sntEnpmpE="{ 1, 2, 3, 4, 5 };
int avgl = accum(&num[@], &num[5]) / 5; // 3

char name[] = "templates”;

int len = sizeof(name) - 1;

int avg?2 = accum(&name[@], &name[len]) / len; // -5
WAT



* [ lepemerHas total umeeT TN char (8 6uT),
KOTOPOro He xXBaTaeT AA CYMMMPOBAHMS.

* MOXHO THM CYMMBbI CAEAATb apryMEHTOM
11abAOHaA. .. HO 3TO OYeHb HEYAODHO.

* BOCMNOAB3YyEMCSA APYTMM MOAXOAOM.



template <typename T>
class AccumulationTraits;

template<>
class AccumulationTraits<char> {
public:
typedef int AccT;
55
template<>
class AccumulationTraits<short> {
public:
typedef int AccT;
5
template<>
class AccumulationTraits<int> {
public:
typedef long AccT;
55

// unsigned int -> unsigned long
// float -> double
Ve



template <typename T>
inline typename AccumulationTraits<T>::AccT
accum(const T *beg, const T *end) {

typedef typename AccumulationTraits<T>::AccT AccT;

AccT total = AccT(); // AccT() BoO3BpawaeT HyneBOe 3HaYeHue

while (beg '= end)
total += *beg++;

return total;

¥

char name[] = "templates”;
int len = sizeof(name) - 1;
int avgZ2 = accum(&name[0], &name[length]) / len; // 108



template <typename T>
class AccumulationTraits;

template<>
class AccumulationTraits<char> {
public:

typedef int AccT;

static AccT zero() { return 0; }

it
template<>
class AccumulationTraits<short> {
public:

typedef int AccT;

static AccT zero() { return 0; }
I
template<>
class AccumulationTraits<int> {
public:

typedef long AccT;

static AccT zero() { return 0; }
I

template <typename T>
inline typename AccumulationTraits<T>::AccT accum(const T *beg, const T *end) {
typedef typename AccumulationTraits<T>::AccT AccT;

AccT total = AccumulationTraits<T>::zero();

while (beg !'= end)

S T Member function
return total; zeroo



template <typename T, typename AT = AccumulationTraits<T> >
inline typename AT::AccT accum(const T *beg, const T *end) {

[
I

Traits as template parameters



SRAlTS CLASSES

* BMecTo TOoro 4tobbl CBOMCTBA (MuNbI, KOHCMAHMBI, ...) AEAATb
napameTpamu WabaoHa no T, nomellaem mx B
AOMOAHUTEABHbBIN KAACC CBOMCTB (Traits).

* Co3paemM Habop MOAHbBIX crnieupaAmsaumii Traits AAa BCeX
HY>KHbIX T



#1include
#1include
#1include
#1include

using namespace std;

int main(Q) {

<10stream>

#include <type_traits>

1s_array:
<array> :
<string> 1nt: false
<type_traits> 1ht 3] e

array<int,3>: false
string: false
string[3]: true

cout << boolalpha; JE— T —
cout << "is_array:" << endl;

cout << "int: " << std::i1s_array<int>::value << endl;

cout << "int[3]: " << std::is_array<int[3]>::value << endl;

cout << "array<int,3>: " << std::1is_array<array<int,3>>::value << endl;
cout << "string: " << std::is_array<string>::value << endl;

cout << "string[3]: " << std::is_array<string[3]>::value << endl;
return 0;



POLICY CLASSES

class SumPolicy {
public:
template <typename T1l, typename T2>
static void accumulate(Tl &total, const T2 &value) {
total += value;

¥
i Onepauua cyMMuMpoBaHunA

BbiHeceHa B Policy
template <typename T,
typename Policy
typename Traits

SumPolicy,
AccumulationTraits<T> >

inline
typename Traits::AccT accum(const T *beg, const T *end) {
typename Traits::AccT total = Traits::zero();

while (beg '= end) {
Policy: :accumulate(total, *beg);
++beg;

¥

return total;



class MultPolicy {
public:
template <typename T1l, typename T2>
static void accumulate(Tl &total, const T2 &value) { \/MHOH{eHV]e
total *= value;

}
+s

| OHKas HacTpoMKa CYMMMPOBAHMS

template <bool use_compound_op = true>
class SumPolicy {
public:
template <typename T1l, typename T2>
static void accumulate(T1l &total, const T2 &value) {
total += value;

}
+s

template <>
class SumPolicy<false> {
public:
template <typename T1l, typename T2>
static void accumulate(Tl &total, const T2 &value) {
total = total + value;

}
+s




#include <functional>



#include <iostream> /7 std:rcollE

int main() {
dgi tirst[] = {1, 2, 3, 4,55
int second[] = { 10, 20, 30, 40, 50%;
int results[5];

golesCrinkE 1 = @: 1 < '5; ++1)
results[i1] = first[1] + second[1];

BeElnt 1 = 0; 1< 5; i+t
silEd: cout << resul s <<

std::cout << '\n';
return 0;



#1NnC
#1NC
#1NnC

1nt

lude <iostream> // std::cout

lude <functional> // std::plus

lude <algorithm> // std::transform
main() {

gessarestEl = { 1, 2, 3,4, 5};
int second[] = { 10, 20, 30, 40, 50%;
int results[5];

std: :transform(first, first+5, second,

std: :plus<int>());

RoER@int 1= 0; 1 < 5: i+t+)
std: :cout << results[i] << " ';

std: :cout << '\n';
return 0;

results,

. <—— How fix!



#1nclude <iostream> [/ std S iCOuE
#1include <functional> // std::plus
#1nclude <algorithm> // std::transform

int main() {
i mirst] = § 1, 2, 3, 4, 5};
int second[] = { 10, 20, 30, 40, 50%;
int results[5];

std: :transform(first, first+5, second, results,
std: :plus<int>());

std: :copy(result, result+5,
std: :ostream_iterator<int>(std::cout, ' ');

std: :cout << '\n';
return 0;



template <class _Argl, class _Arg2, class _Result>
struct binary_function

{
typedef _Argl first_argument_type; ///< the type of the first argument
/// (no surprises here)
typedef _Arg2 second_argument_type; ///< the type of the second argument
typedef _Result result_type; ///< type of the return type
¥

template <class _Tp>
struct : public binary_function<_Tp, _Tp, _Tp> {
_Tp operator()(const _Tp& __x, const _Tp& __y) const {
return __XxX + __Yy,;

}
e



#1nclude <iostream>
#1include <functional>

int main() {
Emeraey] = § 1, 2, 3, 4, 5 }, res[5];

using namespace std: :placeholders; aRt .
auto 1nc_10 = std::bind(std: :plus<int>(), _1, 10);

std: :transform(ary, ary+5, res, inc_10);

for (1nt x: res)
std: :cout << x << std::endl; /7 11.. 12.. 13 S l4re]
return Q;

3

Currying



bool all_under_20 = std::all_of(Cary, ary + 5,
std: :bind(std: :less<int>(), _1, 20));



bool all_under_20 = std::all_of(Cary, ary + 5,
[1(int n) { return n < 20; });

Lambda-expression



// CKONIbKO 3/1eMEHTOB BeKTOpa V npuHaanexat oTtpe3dky [loBo, upBo)?
size_t rangeMatch(const vector<int> &v, int 1loBo, int upBo) {
return std: :count_if(v.begin(), v.end(),
[loBo, upBo](int _n) {
return loBo <= _n && _n < upBo;

s

"Capturing” variables



[1loBo, upBo](int _n) {
return loBo <= _n &% _n < upBo;

¥

// NpuUMepHO COOTBETCTBYeT:

struct AutomaticallyGenerated {
AutomaticallyGenerated(int lo, int up)

: 1loBo(lo), upBo(up) {}

bool operator()(int _n) {
return 1loBo <= _n & _n < upBo;

¥

1nt loBo, upBo;

s



#include <iostream>
#include <functional>

int main() {
isEceaEE=1 1 2, 3,4, 5 }, res[5];

auto i1ncGen = [] (int _val) -> std::function<int (int)> {
return [_val] (int _n) -> int { return _n + _val; };

b
auto 1nc_10 = 1ncGen(10);
std: :transformCary, ary+5, res, inc_10);

RGNt x: res)
std: :cout << x << std::endl; [/ 1. 12,0013 A

return 0;

} Lambda-expression generates lambda-
expressions



SFINAE

struct Bar{
typedef double internalType;

+s

template <typename T>

typename T::internalType foo(const T& t) {
std: :cout << "foo<T>" << std::endl;
return Q;

}

int main(){
foo(Bar());
foo(0); // error
// no matching function for call to 'foo(int)'
A7
// template argument deduction/substitution failed:

Substrtution Failure Is Not An Error



SFINAE

.,

’ Reject if substitution fails...

Name Lookup &‘/lj

Template Argument Deduction

N ~ \} -

Final Viable Function Set |

Selection of the best viable function

Compiling a function call... Error when cannot find the

single best candidate...



EINADLE 18

std: :enable_if<condition, T>::type

template <typename T>
typename std: :enable_if<std: :is_arithmetic<T>::value, T>::type

foo(T t) {
std: :cout << "foo<arithmetic T>" << std::endl;
return t;

ks




[ TERATORS

// Until C++17 // Since (C++17 std::iterator - deprecated
class num_iterator : class num_iterator
std: :1terator<std: :forward_iterator_tag, int> {
{ LRSI
113 cE A public:
public: explicit num_iterator(int pos = 0) :
explicit num_iterator(int pos = 0) : 1{ pos } {} 1{ pos } {}
int operator*() const { return i; }
I
num_iterator& operator++() {
++1; namespace std {
return *this;
+ template <>
struct iterator_traits<num_iterator> {
bool operator!=(const num_iterator &other) const using iterator_category =
{ std: :forward_iterator_tag;
return 1 != other.1i; using value_type = 1int;
} /AUSTNET POTREC RS ="
//using reference = ...;
bool operator==Cconst num_iterator &other) const //using difference_type = ...;
{ s
return !(*this != other);
} }
I S — ————




KOHELL MEPBOWV AEKLIN

When | wrote this code,
only God & | understood what it did.

HuUs

S 'y
.
& :

\ [o) T
only God knows.




