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Standard Template Library

Eiocaywyn otnv STL
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Standard Template Library

Mepoc TN BIBAI0ONKNG TNG C++
Apxikn oxediaon: Alexander Stepanov
Meplexel XpnOIUEC UAOMOINTEIC:

o OOMWV OEdONEVWV

o aAyopiBuwv

[la va katahaBoupe os Baboc Tnv STL:

o templates
o operator overloading
o IEpAPXIEC KAATEWV
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Eloaywyn RS

 Adaptors . [ Container —

stack || queue | 1| array || vector

priority_queue | | deque || list

e / Algorlthm

— | find || binary_search
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Eloaywyn otnv ST

Container class templates

Sequence containers:
array !

vector

deque

forward_list <!

list

Container adaptors:
stack

queue

priority_queue

Associative containers:
set

multiset
map
multimap

Array class (class template )

Vector (class template )

Double ended queue (class template )
Forward list (class template )

List (class template )

LIFO stack (class template )
FIFO gueue (class template )

Priority queue (class template )

Set (class template )
Multiple-key set (class template )
Map (class template )

Multiple-key map (class template )

Unordered associative containers:

unordered_set <!

unordered_multiset !

unordered_map !

Unordered Set (class template )
Unordered Multiset (class template )

Unordered Map (class template )

unordered_multimap ©*" Unordered Multimap (class template )
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o TunoC string

o NEPITUAIyUa (wrapper) yia array ano char
o Xpnoluec pebodol

o size, length

o C str

o e;pty

o operator[], substr

o append, operator+=

o compare, operator==, operator<, K. Ar.

o insert, replace

o find, rfind
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string s
string q = s;

cout << q << endl;

to be, or not to be? that is the question!

q += " _W.Shakespeare!";
cout << q << endl;
to be, or not to be? that is the question! W.Shakespeare!

cout << "size=" <K<K s.size()
<< " length=" << s.length() << endl;
size=42 length=42

cout << s[l] << endl;
o

cout << s.substr (3, 2) << endl;
be

s.replace (21, 4, "maybe THAT");
cout << s << endl;
to be, or not to be? maybe THAT is the question!
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s.insert (34, " indeed");
cout << s << endl;

to be, or not to be? maybe that is indeed the question!
int w = s.find("indeed", 0);

cout << w << endl;

35

w = s.find("really", 0);

cout << w << endl;

-1

const char *raw pointer = s.data(); // or s.c _str()
cout << raw pointer << endl;

to be, or not to be? maybe that is indeed the question!
w = s.find("0") ;

int x = s.rfind("0");

cout <K w << " " KL x << endl;

1 52
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o Tunoc array<T, n>
o Napopola GUNNEPIPOPA PE TOUC anAouUC MiVAKEC
o 0TaBepou peyebouc, yvwoTou at compile time

#include <array>

array<int, 10> a; // napduoio pe int a[10];
array<string, 20> s;

al[l] 42 ;

s[2] = "Hello";
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o Xpnoluec pebodol TG KAaonc array
o size(): enoTPEPEl TO PEYEBOC TOU Nivaka
o at(): AeiIToupyei w¢ getter kai setter
o operator[]: onwc To at() aAAa xwpic EAeyxo opiwv

array<int, 10> a;

for (int i=0; i < a.size(); i++)

ariadi(i)-a= -k 0% // set
for (int i=0; i < a.size(); i++)
couts <liga va tdd Y- Al // get

© 10 20 30 40 50 60 70 80 90
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o for () pe iterator(*)

array<int, 10> a;

for (int i=0;
a.dpt (1) =

< a.size(); i++)
et S 05

// for |(int i#0; i < a.size(); i++)

// c#ut S atihal) <Gk Ty
for (type var : container)
for (int d : a) ... do something
COUE: €< d st alt

© 10 20 30 40 50 60 70 80 90
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o for () pe iterator(*)

array<i?t, 10> a;
// for [(int i=0[; i
// aljat(i) = [42;

l
for (int &d : a)
d = 42;

for (int d : a)
cout << d << "

< a.size(); i++)

for (type var : container)

. do something

"W .
4

© 10 20 30 40 50 60 70 80 90

MpoypappaTioTIKEG Texvikeg 2025

78



ontinerl‘IiKa |

o 2+ OIa0TACEIC
array<intt 10> a;

array<array<int, 10>, 10> b;

for (int 1i=0; i<10; i++)
for (int j=0; 3<10; Jj++)
ol L (o 9 (i G 5
/ol Fbatiiisatits =5 dd v d'

for (array<int,10> row : b) {
for (int d TrOwW)
cout << d << "\t";
cout << endl;

}

for (const array<int,10> &row

MpoypappaTioTIKEG Texvikeg 2025
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i 2 3 4 5 6 7 8 9 10
2 3 4 5 6 7 8 9 10 11
3 4 5 6 7 8 9 10 11 12
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6 7 8 9 10 11 12 13 14 15
7 8 9 10 11 12 13 14 15 16
g§ ¢ 10 11 12 13 14 15 16 17
9 10 11 12 13 14 15 16 17 18
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Containers: Aiavuopa

- ]

o Tunoc vector<T>
o NMApPOoWOIa GUUNEPIPOPA HE array
o METABANTOU peyeBouc
(eilcaywyn kal apaipeon oTo TEAOC)
o push back, pop back
o €10IKN anodoTIKN UAOMNOINON: vector<bool>

void showVector (const vector<int> &v) ;

vector<int> v;

for (int i=0; i<5; i++) v.push back(i);
showVector (v) ; | size= 5 contents= 012 3 4
v.push back(5); showVector (v) ; size= é contents= 0123 45
v.pop _back(); showVector (v) 6 |size=5 contents= 012 3 4
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#include <vector>

MAHOOZ APXIKH TIMH
vector<int> x(100), y (200, 42);

cout << y[199] << endl;
cout << x.size() << endl;

x.push back(1l7);
cout << x[100] << endl;
cout << x.size() << endl;

X .pop back() ;
cout << x.size() << endl;
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teraors S

o Iterators (nY) vector<T>: :iterator

o EMNITPENOUV TN dIACXION €VOC container iterable object
o OUUNEPIPEPOVTAl OAV va NTAV OEIKTEC

void showVector (const vector<int> &v) {

cout << "size= " K<L v.size() << " contents= ";
vector<int>::iterator it;
for (it = v.begin(); it !'= v.end(); ++it)
cout KR T T ERG TN
cout << endl;

Vil 2P 3P 4P5M

1 f i

v.begin () i v.end ()
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o EvaA\akTikn, anhouoTtepn diacyion (C++11)

vector<int> v;

for (int x : wv)
cout << x << endl;

for (int &x : 1)
o = Tl

for (const int &x : 1)
cout << x << endl;

void showVector (const vector<int> &v) {
cout << "size= " <K<K v.size() << " contents=

for (int d : v) cout << d<«< " ";
cout << endl;
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Containers: Aluoa

o T e

vector<int> wv;

for (int i=0; i<5; i++) v.push back(i);

showVector (v) ; size= 5 contents=01 2 3 4

cout << v.capacity() << endl; 8 YEVIKG > size, implementation dependent
v.push back(5); showVector(v); size= 6 contents=0 12 3 45
v.pop_back () ; showVector (v) ; size= 5 contents= 0 1 2 3 4
v.insert (v.begin()+2, 40);

showVector (v) ; size= 6 contents=0 140 2 3 4
vector<int> r (5, 10);

showVector (r) ; size= 5 contents= 10 10 10 10 10
r.resize(8); r[7] = 20;

showVector (r) ; size= 8 contents= 10 10 10 10 10 © 0 20

r.resize(3) ;

showVector (r) ; size= 3 contents= 10 10 10

r.reserve (100) ;
cout << r.size() << " " << r.capacity() << endl; 3 100
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o TunoC 1ist<T>
o OINAG ouvoedepevn AioTa, ypauuikn diacxion

o €l0aywyn Kal apaipeon o€ apxn, TEAOC
front, back, empty

&

O

O

o €loaywyn kai diaypagpn evolaueca

O

push front, pop front
push back, pop back

insert, erase
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Containers: /\a

void showList(const list<int> &l) {
list<int>::iterator 1it;
cout << "size= " << l.size() << " contents= ";
for (it = 1.begin(); it'!= l.end(),; ++it) cout << *jit << "
cout << endl;

list<int> 1;

for (int i=1; i<5; i++) l.push back(i);

for (int i1=0; i<5; i++) l.push front(-i);

showList (1) ; size= 9 contents= -4 -3 -2 -1 012 3 4

for (int i=1; i<5; i++) {

14

couts &< ST Bon .S < Wbl <<k Ba ok () < S e e

l.pop front(); l.pop back(); 44 -33-272-11
}
showList (1) ; size= 1 contents= @
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Containers: /\a Sandiin

P

size= 11 contents= 012345987675

l.reverse() ;

showList (1) ; size= 11 contents=56 7895432109
4
1l.sort();
showList (1) ; size= 11 «contents=012345567839
4
1l.push back(5);
showList (1) ; size= 12 contents= 012345567895
l.unique() ;
showList (1) ; size= 12 contents= 01234567895
’

o Tunog forward 1list<T>
o anAa ouvoedepevn AioTa
o TunoC deque<T>

o ONwC¢ To vector aAAa@ pe anodoTiKn €l0aywyn Kai
apaipecn oTnv apyn Kal oTo TeAOC
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template <typename T>
void showAnything(const T &iterable) {
cout << "size= " << iterable.size() << " contents= ";
typename T::iterator it;
for (it = iterable.begin(); it != iterable.end(); ++it)
EOUEC<GHF LT LA Ne
cout << endl;

E: Ti anaiteiTal yia va AsIToupyei N showAnything;

A: - To T va €ivail iterable object
- va £xel opioTei (av anaiTeital) o TEAEOTNG <<

template <typename T>

void showAnything(const T &iterable) {
cout << "size= " << iterable.size() << " contents= ";
for (auto element : iterable) cout << element << " ";
cout << endl;
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o TunocC stack<T>

o container adapter, oxi container
o default container: deque<T>

o €10aywyn KAl agpaipeon oTnv KopuPn
o push, pop, top, empty

stack<int> s;
for (int i=0;
while

}

i<5; i++) s.push(i*10);

(!s.empty()) {

cout <<Usy top () K<

s.pop()
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o Tunoc queue<T>
o container adapter, OxI container
o €1I0ayWYn oTo TEAOC, apaipeon ano TNV apxn
o push, pop, front, empty

o 2TOIPEC KAl OUPEC UNOPOUV va uAonoinbouv HE
xpnon O1apopETIKWV containers, ny:
stack<int, vector<int>> s;

%

Tunoc nou nepiexel To stack Container nou uAonolei To stack
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~2T0iBa Kai oupd

=

void showQueue (queue<int> q) {
while (!'g.empty()) {
cout << q.front() << " ";
q.pop() ;
}

queue<int> q;

for (int i=1; i<=5; i++)
q.push (i*10) ;

showQueue (q) ;

while (!g.empty()) {

q.pop () ;
showQueue (q) ;

}
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o TunoC pair<Tl, T2>

o make pair, first, second

#include <utility>

double measure (const pair<double, double> p) {
return sqrt(p.first*p.first + p.second*p.second);

}

int main() {
pair<double, double> cl1l(3, 4);
pair<double, double> c2;
c2 = make pair(l, 1);
cout << measure(cl) << " " << measure(c2) << endl;
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o Pair — noTe pou €ivai xpnoiuo
o 2uvoualw 2 avTikeipeva, 10Iwc oTav OV EXEl
vONUa va OUYXWVEUTOUV

o EnioTpepw 2 TINEC ano pia cuvapTnon
o ETOIdoI constructors, operator<

)

o MpoTiuNoN, TEXVIKN, OTUA, KAM
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o Tunoc tuple<Tl, ... Tn>

o make tuple, get

get<2>(...)

#include <tuple> get<1>(...)

get<0>(tuple object)

-
void f (const tuple<string, int, bool> &t) ({

if (get<2>(t)) cout << get<0>(t) << endl;
else cout << get<1l>(t) << endl;

}
tuple<string, int, bool> t("Hi", 1, true);

f(t), f(make tuple("No", 42, false));
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// dates are: day, month, year

typedef tuple<int, string, int> myDate; KaAry npakTikn!

using myDate = tuple<int, string, int>; EvaAAaKTIKG

void printdate (const myDate &d, const string &dateFormat) {

if (dateFormat == "us")
cout << get<l>(d) << " " << get<0>(d)
<", " << get<2>(d) << endl;
else
cout << get<0>(d) << " " << get<l>(d)

<" " <L getk2>(d) << endl;

myDate easter22, easter23(16, "April", 2023);

easter22 = make tuple(22,"April", 2022);

printdate (easter22, "us"); April 22, 2022
printdate (easter23, "eu"); 16 April 2023
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o Tuple — nOTE pou €ival xpnaoiun

o 2uvoualw N avTikeipeva, 10iwc OTav Oev EXE
vONUa va OUYXWVEUTOUV

o EmoTtpepw N TIHEC ano pia cuvapTnon
o ETOIdoI constructors, operator<

)

o MpoTiuNoN, TEXVIKN, OTUA, KAM

o Mpoooxn:
0 operator< Ogv €ival NavTa auto nou BeAw!
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typedef tuple<int, string, int> myDate; // day, month, year

void printDate (const myDate &d, const string &dateFormat) {
if (dateFormat == "us")

cout << get<l>(d) << " " << get<0>(d) << ", " << getk2>(d) << endl;
else
cout << get<0>(d) << " " <K<K getKl>(d) << " " << get<2>(d) << endl;

}

void tuple demo () {
myDate easter22, easter23(16, "April", 2023);
easter22 = make tuple (22, "April", 2022);

printDate (easter22, "us");
printDate (easter23, "eu");

if (easter23 < easter22)
cout << "something is wrong with time..." << endl;
else

cout << "time moves on!" << endl;
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TTAe1Gdeg - xpnon

o YAonoinon Tn¢ ouykpiong (operator<)

typedef tuple<int, string, int> myDate; // day, month,

// BAD implementation...
bool operator<(const myDate &a, const myDate &b) ({
int ml, m2;

if (get<l>(a) == "January") ml = 1;

else if (get<l>(a) == "February") ml = 2;

(...else)

else if (get<l>(a) == "December") ml = 12; else ml =
if (get<l>(b) == "January") m2 = 1;

else if (get<l>(b) == "February") m2 = 2;

(...else)

else if (get<l>(b) == "December") m2 = 12; else m2 =

int vall = get<2>(a)*365 + ml * 30 + get<0>(a);
int val2 = get<2>(b)*365 + m2 * 30 + get<0>(b);
return vall < val2;
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typedef tuple<int, string, int> myDate; // day, month, year
// BETTER implementation...

bool operator<(const

string allMonths =

myDate &a, const myDate &b) {
length=9 length=9 length=9

"Eanuary**gebruary*parch****
April**** ay une*****July***** ugust***

EéptemberOctober**November*December*";

length=9

int month a = allMonths.find(get<l>(a)) / 9 + 1;
int month b = allMonths.find(get<1>(b)) [/ ]9 + 1

14

int datelvalue = get<2>(a)*365 + month a * 30 + get<0>(a);
int date2value = get<2>(b)*365 + month b * 30 + get<0>(b) ;
return datelvalue < date2value;
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typedef tuple<int, string, int> myDate; // day, month, year

// EVEN BETTER implementation...
string canonical (const string &month) {

}

if (month.length() < 3) throw domain error ("invalid month") ;
string result;
transform(month.begin(), month.begin() + 3,
result.begin (), ::tolower);
result[0] = ::toupper (result[0]);
return result;

int numerical month(const string &month) {

}

static const string months = "JanFebMarAprMayJunJulAugSepOctNovDec";
int result = months.find(canonical (month)) ;
if (result == -1) throw domain error("invalid month") ;

return 1 + result / 3;

bool operator<(const myDate &a, const myDate &b) {

return make tuple (get<2>(a), numerical month (get<l>(a)), get<0>(a))
< make tuple (get<2>(b), numerical month (get<l>(b)), get<0>(b));
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vector<myDate> someDates = {
make tuple (16, "April", 2022), January 18, 2020
make tuple (15, "April", 2022), April 15, 2022
make tuple (14, "April", 2023), May 15, 2022
make tuple (15, "May", 2022), April 16, 2022
make tuple (18, "January", 2020) April 14, 2023
};

bool dateComparison (const myDate &a, const myDate &b) {
return a < b;

}

sort (someDates.begin(), someDates.end (), dateComparison) ;

for (const myDate &d : someDates)
printDate(d, "us");

(@a enaveNBoupe, otn oulnTnon yia STL algorithms)
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o TUnoc set<T>

©)

O

puovadika oToixeid (aAIWC multiset<T>)
uAonoinon ue 100luyiohevo Oevopo dUadIKNG
avadnTnong

gloaywyn, eupeon kai apaipeon os O(logn)
insert, erase, find, size

npa&eic cuvoAwv (uAonoiouvTal Kai yia aA\ouc

containers, AlyoTepo anodoTIKa):
includes, set union,

set intersection, set difference
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#include <set>

set<int> s;

while (true) ({
Mol e
el o > > T

i1f (s.find(x) == s.end())
S.insert (x) ;
else
cout << "You lose, I’'ve seen" << x
<< "before!" << endl;
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set<int> someInts= {10, 15, 3, 19, 2, 67, 69, 68};
for (int i : somelInts) cout << 1 << " "; cout << endl;

2 3 10 15 19 67 68 69

somelnts.insert(1l1l) ;
for (int 1 : somelInts) cout << 1 << " "; cout << endl;

2 3 10 11 15 19 67 68 69

set<int> moreInts= {70, 8, 81, 5, 10, 69, 67, 31, 3};

set<int> unionDemo;
set union(somelInts.begin(), someInts.end(),
morelInts.begin (), morelInts.end(),
inserter (unionDemo, unionDemo.begin()));

for (int i1 : unionDemo) cout <K 1 << " "; cout << endl;

2 35810 11 15 19 31 67 68 69 70 81

MpoypappaTIoTIKEC TeXVIKEG 2025

104



set<int> somelInts= {10, 15, 3, 19, 2, 67, 69, 11, 68};

set<int> moreInts= {70, 8, 81, 5, 10, 69, 67, 31, 3};

set<int> intersectionDemo;
set intersection(someInts.begin(), somelnts.end(),
moreInts.begin (), moreInts.end(),
inserter (intersectionDemo,
intersectionDemo.begin())) ;

for (int i : intersectionDemo) cout << i << " ";
cout << endl;

3 10 67 69
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_2UvoAo: napadelyya (set)

S N S il

AokipuaoTe va dwaoeTe dUo
idlouc aplBuouc e
OlIaPOPETIKEG GUPBOAOTEIPEC!

struct data {
int number;
string s;

I

bool operator<(const data &dl, const data &d2) {
return dl.number < d2.number;°

} o o mySet contents
1 one
void set demo() { 2 one
set<data> mySet; 3 two
int n; 4 four
cin >> n; 5 four
for (int i=0; i<n; ++1i) { 6 six
data d; 7 six
cin >> d.number >> d.s; 8 seven
mySet.insert(d) ; 9 nine
} 10 nine

cout << "mySet contents\n";
for (auto const &item : mySet)
cout << item.number << " " << item.s << endl;
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_Tunikn diaTpedn: iterators

struct data { set<data>:
int number; O TUNOG TwV SEBOPEVHV
string s; ToU cgntainer rnou
}; OIaTPEXOUME mySet:
, O container nou
dIaTPEXOULE
void set demo () {

set<data> mySet;

begin(), end(), ++:
Xpnon Tou iterator

R

set<data>: :iterator it;

for (it = Set.begin(); it !'="mySet.end(); ++it)" {
cout << jt->number << " " <K< it->s << endl;

}

}

AnAwon iterator: —
OpiCel iterator pe Tov onoio Xpnon iterator: : '
SIaTPEXOUE TOV container H peTaBAnTn iterator Me Tov TpONo auTo
TUnoc container::iterator A€ITOUpYEI OV OEIKTNG 31aTPEXOUHE ONOIOONNOTE

TURHa Tou container
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_EUkoAn diaTpeén: auto

struct data { set<data>:
int number; O TUNOG TwV 0ESOUEVIV
string s; TOU cgntainer nou
i OIATPEXOUE e
O container nou d1ATPEXOUME
void set o() {

set<data> mySet.

\

for (auto const &item : mySet) {
cout d< item.number " " << item.s << endl;

auto:
OpiCel auTOpaTa TOV TUMO TNG METABANTAC
ME TNV onoia d1aTPEXOUKE Tov container

item:

MeTaBANTA Nou naipvel
TIMEC anO TaA NEPIEXOMEVA
TOU container nou

Me Tov TPOMNO auTo JIaTPEXOUHE OIATPEXOUKE

oAOkAnpo Tov container
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_ZUvoho: napadelypa (set)

struct data {
int number;
string s;

I

bool tor< t data &dl t data &d2 EVGAAGKﬂKﬁ
ool operator<(cons ata , cons ata ) UAOHO"KH]TOU <

1T EHdI' I s™= d2ks)Rreturnidltis "< Wd2V's;
return dl.number < d2.number;

}

void set demo() {

set<data> mySet;

int n;

cin >> n;

for (int i=0; i<n; ++i) {
data d4d;
cin >> d.number >> d.s;
mySet.insert(d) ;

}

cout << "mySet contents\n";

for (auto const &item : mySet)
cout << item.number << " " << item.s << endl;
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TMoAugUvolo: napadelyua

e e el

struct data { myMultiSet contents

int number; 1 one
string s; 1 one

} e 2 two
4 2 two

bool operator<(const data &dl, const data &d2) { 5 three

if (dl.s '= d2.s) return dl.s < d2.s; z::ﬁe

return dl.number < d2.number; 4 four

} 5 five
> 5 fi

void multiset demo() { 6538
multiset<data> myMultiSet; 6 six

int n; 7 seven

cin >> n; 7 seven

for (int i=0; i<n; ++i) { 9 nine

9 nine

data d4d;
cin >> d.number >> d.s ;
myMultiSet.insert(d) ; myMultiSet.insert(d) ;
}
cout << "myMultiSet contents\n";
for (auto const & item: myMultiSet)
cout << item.number << " " << item.s << endl;
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ToAuouvoho: napdadelyua (Aabog

£ e = il

multiset<data> mySet;
int n;
cin >> n;
for (int i=0; i<n; ++i) {
data d4d;
cin >> d.number >> d.s ;
mySet.insert (d) ;
}
cout << "mySet initial contents" << endl;
for (auto item : mySet )
cout < "{ " << item.number << ", " << item.s << "} ";

14

// modifying contents

for (auto item : mySet) { ' ' :
Dot e DO T UL T S, T U Aev al\alel TinoTal

) To item €ival avTtiypago!

cout << endl << "mySet x2" << endl;
for (auto item : mySet)
cout << "{ " << item.number << ", " << item.s << "} ";

14

mySet initial contents

{1, one} { 2, two} { 3, three} { 4, four} { 5, five} { 6, six} { 7, seven} { 2, nine}
mySet x2

{1, one} { 2, two} { 3, three} { 4, four} { 5, five} { 6, six} { 7, seven} { 9, nine}
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ToAuouvoho: napdadelyua (Aabog

£ e = il

update?)

multiset<data> mySet;
int n;
cin >> n;
for (int i=0; i<n; ++i) {
data d4d;
cin >> d.number >> d.s ;
mySet.insert (d) ;
}
cout << "mySet initial contents" << endl;
for (auto item : mySet )
cout < "{ " << item.number << ", " << item.s << "} ";

14

// modifying contents J§>

R “um@item stYSeh) o Aev kavel compile!
item.number *= 2; item.s += " upd"; . .

} To item& eivail const!

cout << endl << "mySet x2" << endl;
for (auto item : mySet)
cout << "{ " << item.number << ", " << item.s << "} ";

14

mySet initial contents

{1, one} { 2, two} { 3, three} { 4, four} { 5, five} { 6, six} { 7, seven} { 2, nine}
mySet x2

{1, one} { 2, two} { 3, three} { 4, four} { 5, five} { 6, six} { 7, seven} { 9, nine}
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oAuouvolo: napadelyua (update

e e el

multiset<data> mySet;
int n;
cin >> n;
for (int i=0; i<n; ++i) {
data d4d;
cin >> d.number >> d.s ;
mySet.insert (d) ;
}
cout << "mySet initial contents" << endl;
for (auto item: mySet )
cout < "{ " << item.number << ", " << item.s << "} ";

// modifying contents ' '
multiset<data> myNewSet; AUT,O )\SITQUPYEI' \ )
{ £or/i(auto item : mySet) dTIaxvel OpwC Karvoupyio multiset!
myNewSet.insert ({item.number * 2, item.s + " upd"});
mySet = myNewSet;
}
cout << endl << "mySet x2" << endl;
for (auto item : mySet)
cout << "{ " << item.number << ", " << item.s << "} ";

mySet initial contents

{1, one} { 2, two} { 3, three} { 4, four} { 5, five} { 6, six} { 7, seven} { 9, nine}
mySet x2

{ 2, one upd} { 4, two upd} { 6, three upd} { 8, four upd} { 10, five upd} { 12, six upd} { 14, seven upd} { 18, nine upd}

| oxedov)
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Mapopoio napadelypa update oe

vector<data> myVector;

int n;

cin >> n;

for (int i=0; i<n; ++i) {
data d;
cin >> d.number >> d.s ;
myVector.push back(d) ;

}

cout << "myVector (std::vector) initial contents" << endl;
for (auto item: myVector )
cout << item.number << " " << jitem.s << endl;

// you need to use reference here

for (auto item: myVector ) { ' . '
o e i Kavel compile kar Asitoupyel!

: . '
item.s += " upd"; To item& Qev eivail const!

}

cout << "myVector (std::vector) x2" << endl;
for (auto item: myVector)
cout << item.number << " " << item.s << endl;
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o TUunoC map<K, T>
o Aneikovion KAEI®IwWV TUnou K O€ TIYEC TUMOU T

o MOVAOBIKEC TIMEC KAEIDIWV
(GAMIOC multimap<K, T>)

o uAonoinon He 100uyIouEVO OevOPO dUADIKNC
avalnTnonc

o €l0aywyn, eupeon kai apaipeon o€ O(logn)

o insert, erase, find, size

o operator|]
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#include <map>

map<int, string> m;
m.insert (make pair(l, "one"));
m.insert (make pair(2, "two"))
m.insert (make pair (3, "three"));

s X
cout << "what? "; cin >> x;

map<int, string>::iterator p;
p = m.find(x);

if (p '= m.end())
cout << p->second << endl;
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map<int, string> m;
m[l] ="one";

m[2] ="two";

m[3] ="three";

int x;
cin >> x;
if ('m[x] .empty())
cout << m[x] << endl;

for (x=0; x<5; x++)
COWE +C<H + < T =
<< m[x] <K ")" KL endl;

Mpoooxn!
Av dev undapxel To m[x] TOTE n avagopa o€
auTo Ba To dNUIOUPYNOEI PE TIUM £va Kevo string
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map<string, string> m;

stningien =1V one pktwoliis S three i outy'") «
sStELRAG LTS (R et tatuall o el it Haquat Bro )
; : ) . m["one"] = "uno"
for (int 1=0; i < 4; i++) m["two"] = "due"
m[en[1i]] = 1it[1i]; In[RSEhEe el Rt b e s
m["four"] = "quattro"

for (string n:en)
cout << n <K<K " => (" << m[n] << ")" << endl;

one -> (uno)

two -> (due)
three -> (tre)
four -> (quattro)
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int fib(int n) { O(2n)

return n < 2 ? n : fib(n-1) + fib(n-2);

int memo fib(int n) {

static map<int, int> cache; Memoization

// Av e&lvar eukolo, TeAEiwvE! O (ﬂ lo g ﬂ)
if (n < 2) return n;

// Avurndpxer non, unv 1o UrnoAoyioerc.

map<int, int>::iterator p = cache.find(n)
if (p '= cache.end()) return p->second;

// Aliwc urodoyioe kar aroBnkeuoe To.

int v = memo fib(n-1) + memo fib(n-2);
cache[n] = v; return v;
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o AvalnTtnon

o Ta&vounon

o Ne&ikoypapikn d1aTaén
o FevvnTpla peTaBecewv
o K.AM.

#include <algorithm>
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o find(first, last, wvalue)
o O€ Xpovo O(n)

o binary search(first, last, value)

o binary search(first, last, value, compare)

o o€ xpovo O(logn)
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vector<int> v;

vector<int>::iterator 1 =
find(v.begin(), v.end(), 42);
i1f (1 == v.end())
cout << "not found" << endl;

// Av or apiBuol eivar Taéivounuevor:

vector<int>::iterator 1 =
binary search(v.begin(), v.end(), 42);

if (1 '= v.end())

gy L // Allaée o 42 o< 17
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o sort(first, last)

o sort(first, last, compare)

o 0€ xpovo O(nlogn) oTn peon nepPIiNTwon

o stable sort(first, last)
o stable sort(first, last, compare)
o 0€ Xpovo O(nlogn) atn XEIPOTEPN NEPINTWON

o OlIATNPEl TN OEIpA I0WV OTOIXEIWV
M

O

Y1OTL VOU LOLG
EVOLULPEPEL OVTO;
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vector<int> v;
// 2€ avéouvoa oeipa:
sort(v.begin(), v.end())

// 2& @Bivouoa oelpa:
sort(v.begin(), v.end(), greater<int>());

o To greater<int> () kataokeuadlel eva
function object. Xpeialetar:

#include <functional>
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bool my less than(int x, int y) {
return abs(x) < abs(y):;
}

struct my comparator ({
bool operator () (int x, int y) {
return abs(x) < abs(y):;
}
}

vector<int> v;

// 2& aufouoa oeipa kat’ anoAuto Tiun, evalAakrtika:

sort(v.begin(), v.end(), my less than);
sort(v.begin(), v.end(), my comparator())
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o partial sort(first, middle, 1last)
o partial sort(first, middle, last, compare)
o 0€ xpovo O(n logm) oTn XEIPOTEPN NEPINTWON
(n = last—first, m = middle—first)
o Ta&IVOUEl JOVO TA /M NPWTA OTOIXEIA

vector<int> v;

partial sort(v.begin(), v.begin() + 10,
v.end()) ;
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o nth element (first, nth, last)

o nth element(first, nth, last, compare)
o 0€ Xpovo O(n7) oTn YeESN NEPINTWON
o To {nToupevo oToIxeio Oa €ival oTn BEon Tou

o Ta nponyoupeva Tou Ba gival JIKPOTEPQ,
TA €NOPEVA Tou Ba ival peyaluTepa

vector<int> v;

nth element(v.begin(), v.begin() + 10,
v.end()) ;
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o min element (first, last)

o min element (first, last, compare)
o max element (first, last)

o max element (first, last, compare)

o g€ xpovo O(n)
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