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AccomuaTuBuie koHTe#Hepr (C++ 98)

AccoumaTrBHbIE KOHTENHEPDI:
> nepeynopsAoHnBatoT snemeHTbl ans Geictporo noucka O(logN)
> BO3MOXHble peanunzauun: gepeso noncka O(logN)
> set, map, multiset, multimap

OcobenHocTtn:

© TpebyloT OTHOLIEHNE NOPsIAKA: A SNEMEHTOB AOJIXKEH ObiTb
onpegeneH operator<(...)

© HeT npon3BonbHOro JoCTyna no MHAEKCY

(@bl 2 /33



ObLive YneHbl KOHTeliHepoB

MeToabi:

©Q KOHCTpYKTOp MO YMONYaHWIO, KOHCTPYKTOP KOMMPOBAHUS, ONepaTop
NpUCBaNBaHUS, AECTPYKTOP.

@ begin(), end()

Onepatopsbl CcpaBHeHus: ==, =, >, >=, <, <=,
size(), empty ().

swap (obj2)

© 00O

clear.
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AccounaTuBHble KOHTEHEpPbI

Obwune meToapi:

o
Q

o
o
o

erase no key

insert c noackaskoii (ntepatop)

count 4MCNO 3NEMEHTOB € 3aAaHHbIM key

find nomck Ha To4HOe coBnageHme (BO3BpaLLAeT NTepaTop)

lower_bound, upper_bound, equal_range — BO3BpaLlaeT
UTEPaTOpP Ha MEPBbLIA NEMEHT He MeHbLue key, ..., ...
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set, multiset

> set — 3eMEHTbI SABASIOTCS yHUKanbHbiMI (gyOnnkat He gobasmtcs)
» multiset — aybnukaTel gonycTuMbI
> peanusytoTcs BuHapHbLIM LEpeBOM MOWCKa, B BEpLIMHE XpaHUTCs key

#include <set>

std::set<int> s;

s.insert (10) ;

s.insert (20);

s.insert (10);

//NnTaeMca mobasBurh 10, HO B set He MOXeT COZepXaThbCs
//HeckonbKO ONVHAKOBHX Ob6bEKTOB, IO3TOMy 06beKT He nobaBuseTcs
//B nauHH# MoMeHT s.size() ==

[/ —mmmmmm e

std::multiset<int> ms;

ms .insert (1) ;

ms.insert (2);

ms.insert (2); // ms.size() == 3

std::cout << ms.count (2) << ’\n’;
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set, multiset

MNMopsapok He coxpaHsieTcs:

std::set<int> s;
s.insert (10) ;

s.insert (6);

s.insert (20);

s.insert (5);

s.insert (1);

for (std::set<int>::iterator it = s.begin();

it !'= s.end(); ++it) {
std::cout << *it <" ";
}

//BuBemeT, cooTBeTcTBeHHO, 1 5 6 10 20.
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set, multiset

N3meHnTb 00b6aBneHHbIR 3N1eMEHT HeNb3s:

std::set<int> s;
s.insert (10);

std::set<int>::iterator it = s.find (10);
*it = 5; //mpucBauBaHHe 3ampelmeHo!
Q MMouemy?
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set, multiset

N3meHnTb 00b6aBneHHbIR 3N1eMEHT HeNb3s:

std::set<int> s;
s.insert (10);

std::set<int>::iterator it = s.find (10);
*it = 5; //mpucBauBaHHe 3ampelmeHo!
Q [MMouemy?

© Ecaum npocTo nsmeHuTh 3HaYeHMe B BEPLUMHE AEPEBA NOMCKA, TO
HapPYLINTCSA NOPSIOK.
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map, multimap

> map — 3/eMeHTbI SBASIOTCS YHUKaNbHbIMU (AyOnukat He
pobasuTcs)

» multimap — gybnukaTel gonyctumsl

> peanunsyloTcst BUHapHBLIM AEPEBOM MONCKA, B BEPLUMHE XPaHUTCS
napa: key, value

Ocobble meToabl: operator]]
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BcrnomoraTtenbHbiii knacc:

template<class F, class S>
struct pair {
// constructors
F first;
S second;

3

template<class F, class S>

pair<F, S> make_pair(F const& f, S const& s);
template<class Key, class T, ...> class map {

typedef pair<const Key, T> value_type;
T
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map, multimap

std::map<string,int> phonebook;
phonebook.insert (std::pair<string, int>("Mary", 2128506));
// A mouemy paboTaeT Marus make_pair?

phonebook.insert (std::make_pair ("Alex", 9286385));
phonebook.insert (std::make_pair ("Bob", 2128506));

std::map<string,int>::iterator it = phonebook.find("John");

if ( it !'= phonebook.end())
std::cout << "Jonh’s p/n is " << it->second << "\n'l;
for (it = phonebook.begin(); it != phonebook.end(); ++it)
std::cout << it->first << ": " << it->second << "\n";
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OrpaHnyenus map: :operator []

©Q PabortaeTt TONBLKO C HEKOHCTAHTHBIM Map.

© Tpebyer Hannyme KOHCTpyKTOpa MO ymon4yauuio y T.

T & operator[](Key const& k) {
iterator i = find(k);
if (i == end())
i = insert(value_type(k, T())).first;
return i->second;

@ Paboraet 3a O(logn). = He crout paboratb ¢ map Kak ¢
maccusom!
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OrpaHnyenus map: :operator []

m["vasya"] = 1000000;
m["petya"] = 2000000;

int p = m["kolya"];

// ecmu "kolya" Her B map, To 6yZeT CO3LaH HOBHH 3IJEMEHT C
("kolya", 0)
L
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HuBannpayus B set n map

HenpaBunbHblli BapnaHT

if (it->second ==
else ++it;

std::map<string, int> m;
std::map<string, int>::iterator it = m.begin();
for( ; it !'= m.end(); ++it)
if (it->second == 0)
m.erase (it);
MpaBunbHbIl BapuaHT
for( ; it !'= m.end(); )

0) m.erase (it++);

else ++it;

C++11
for( ; it !'= m.end(); )
if (it->second == 0) it = m.erase(it);

C++
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N1b30BaHNe CODCTBEHHOTO KOMMapa

struct Person {
string name;
string surname;
3
bool operator<(Person const& a, Person const& b) {
return a.name < b.name ||
(a.name == b.name && a.surname < b.surname);
}

std::set<Person> sl1; // unique by name+surname

struct PersonComp {
bool operator () (Person const& a, Person const& b)
return a.surname < b.surname;

}
};

std::set<Person, PersonComp> s2; // unique by surnames

¢

C++
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NTepaTops

“BcnomMunTh BCe'
» ltepaTopsbl npeaHasHadeHbl ans nepebopa 371€MEHTOB KOHTERHEPOB
o std::vector<int>::iterator
o std::list<double>::iterator
» VIx yHuBepcanbHOCTb NO3BOMSIET NUCATh KOA, HE 3aBUCALWMN OT TUNa
KoHTelHepa (Hanpumep, anroputmbl B STL)
> VlTepaTopbl NMEIOT CEMAHTMKY N CUHTAKCUC yKa3aTenei:

o MopaepxusatoT onepaunn ++, *, ->
o MocnesoBaTenbHOCTL 3a4a€TCs ABYMSI MTEPATOpPaMiA
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DyHKTOPbI — 3TO KNACChl, 0BBEKTHI KOTOPbIX NOXOXMN Ha (DYHKLMIO, B
HUX neperpyxen onepatop ().

struct sum_sq {
int operator () (int a, int b) const {
return a * a + b * b;
}
3

sum_sq f;
int res = f(3, 4);
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Moxoxe No cuHTakcncy Ha PyHKUMIO, HO 3TO Bee-Takum knacc ('BHyTpu'
MOXHO XPaHUTb AaHHbIE).

struct cmp {
int value;
cmp (int v) : value(v) {}

bool operator () (int a) comst {
return a < value;

¥
};

cmp f(2);
bool b = £(13);

» Ecnn dyHkTop BO3Bpawaer bool, To ero HasbIBalOT NpeankaTom

» template <class It, class UnaryPredicate>, Tun UnaryPredicate —
NpeAnKaT C OAHUM NapaMeTpoMm.
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Ewe npumep.

struct accum {
int acc;
accum() : acc(0) {}

void operator () (int a) {
acc += a;
}
};

accum f;

£(13);

£(16);

cout << f.accj; // 29

(@bl 18 / 33



AnropuTMe

» B STL 6onee 100 anroputmos.
» Mbl pacCMOTPUM TONILKO HEKOTOpPbIE NPUMEPSI.

Mukpo-anropntmbi

Anroputmel, He MOgUMUUMPYIOWIME NOCNEL0BATENBHOCTY
Anroputmbl Tuna find

Mogudununpytowme anropntmesl
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MyKpoO-anropuTM

> swap(T &a, T &b)

» iter_swap(lt p, It q)
MeHﬂeT MeCTaMM 3HAYEHNA SN1IEMEHTOB, HAa KOTOpPbIE yKa3b|Ba|'0T
nTepaTophl.

» max(const T &a,const T &b )
» min(const T &a,const T &b )
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[lpuMep KMCHONB30BAHUA IpeluKaTa

» VY max n min anropnTMOB €CTb BEPCUN C TPeMsl NMapaMeTpaMu.
» Tpetnii napameTp npuHuMaet GuHapHbId (gBa napamertpa)
npegukaT, 3a4atoWwuii ynopsio4eHHOCTb OO BEKTOB.

struct Person {
int age;
string name;
string city;
Person(...) {...}
3
struct by_city {
bool operator () (const Person& pil,
const Person& p2) const {
return pl.city < p2.city;

}
};
Person p1(30, "V", "Msc"); Person pl(15, "K", "Spb");
by_city f;

std::max<Person, by_city> (pl, p2, f);
std::max (pl, p2, by_city());
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HeMopuduuupyommye aaropuTMbl

> size_t count(lt p, It g, const T &x)
BosBepalyaer, CKONbKO pa3 37IEMEHT CO 3HAYEHUEM X BXOAUT B
NOCNEA0BATENLHOCTb, 3afaHHYIO UTepaTopamMm p 1 d.

> size_t count if(lt p, It q, Pr pred)

Bosspaluaet, ckonbko pa3 npeamkat pred Bo3spallaeT 3HaveHune
true.

vector<int> v;

v.push_back (...);
vector<int>::iterator p = v.begin();
vector<int>::iterator q = v.end();

count_if (p, q, divides_by(8)); //how many elements
divisible by 8
L
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AnropurmMe Tuna find

» find(It p, It q, const T &x)
BosBpawaer ntepatop Ha nepsoe BXOXAEHME INEMEHTA X B
NOCNEAOBATENbHOCTb, 3aaHHYIO NTEpaTOpaMu p 1 q.

» find_if(It p, It q, Pr pred)
Bozspalyaer ntepatop Ha nepebiii 31EMEHT, A4Jisi KOTOPOroO NpeamnKaTt
pred BepHyn 3HayeHue true.

» min__element(lt p, It q)
» max_element(It p, It q)
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AnropurmMe Tuna find

> equal(lt p, It q, Itr i)
CpaBHVlBaeT AB€ NocnenoBaTeNIbHOCTUN HAa KBUBAJIEHTHOCTb. BTOpaﬂ
NOCNEA0BATENBHOCTD 3a[AaETCA OAHUM UTEPATOPOM, TaK Kak
NOCNeA0BaTENbHOCTY JOKHbI ObITh OANHAKOBOW AnnHbl. Ecan
BTOpas Kopou4e, To undefined behaviour.

> pair <lIt, Itr> mismach(lt p, It q, ltr i)
Bo3sBpalyaeT napy ntepaTopos, yKasblBaloLLyO Ha NepBoe
HECOBMaAEHNE NOCAEA0BaTENbHOCTEN.

» F for_each(lIt p, It q, F func)
[na kaxgoro snemeHTa NOCAea0BaTENbHOCTI NPUMEHSET (PYHKTOP
func. Bosepawaet cyHkTop func nocne ero npumMeHeHust KO BCEM
2N1EMEHTAM.

accum a; // from slide 5
a = for_each(v.begin(), v.end(), a); // Sum all elements
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Mopupunupyomee aaropuTMh

> fill(lt p, It q, const T &x)
3anosHAOT NOCNe[0BaTENbHOCTL 3HAYEHNSIMU, PABHBIMU 3HAYEHUIO
X.

» generate(lt p, It g, F gen)
3anonHAIOT NOCNEeA0BATENBHOCTD 3HAYEHNSIMU, CTEHEPUPOBAHHBIMI
pyHkTOpPOM gen (Hanpumep, reHepaToOpoOM CAyHaRHbIX YMcen).

» copy(lt p, It q, Itr out)
Konupyert B out

> reverse(lt p, It q)
» sort(lt p, It q)

» transform(It p, It g, Itr out, F func)
K ka>kgomy anemeHTy BXOAsALWER NOCNea0BaTENbHOCTN NPUMEHSET
dbyHkTOp func 1 3anucbiBaeT pesynbTaT B NOCAEA0BATENLHOCTD,
HAYMHAIOLWYIOCS C UTepaTopa out.
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Peanusanus amropuTMOB

template<class InputIt, class OutputIt>
OutputIt copy(InputIt first, Inputlt last,
OQutputIt d_first) {

while (first != last) {
*d_first++ = *xfirst++;
}

return d_first;

vector<int> v;
list<int> 1;
copy(v.begin(), v.end(), l.begin());
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Peanusanus amropuTMOB

template<class InputIt, class Outputlt,
class UnaryPredicate>
OutputIt copy_if (InputIt first, InputIt last,
OutputIt d_first,
UnaryPredicate pred) {

while (first != last) {
if (pred(*first))
*d_first++ = *xfirst;
first++;
}

return d_first;
}
copy_if(v.begin(), v.end(), l.begin(), divide_by (8));
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value_type

Kak zanucaTe Tun pivot?

template<class It>
void q_sort (It p, It q) {
???7 pivot = *p;

}

“NMpoTawum” T uns vector B vector::iterator.

template <class T>
class vector {
T *array;
class iterator {
typedef T value_type;
3
3

template<class It>

void q_sort (It p, It q) {
It::value_type pivot = *p;

}

Ecre ewe i ::poi
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iterator_category

» Random access iterator (RA)
Camblil cunbHbIl nTepaTop: NoaaepXuBaer ++, - -,
apudmMeTunyeckne onepauun Tuna +=.
» Bidirectional iterator (BiDi) Mopaepxneaer Tonbko ++, - -. 310
6onee cnabwbiii utepatop.
» Forward iterator (Fwd) (obcyaum B gpyroin pa3) MNoaaepxusaer
TOJIbKO ++.
V std::vector un std::deque RA utepaTtopbl, Y OCTaNbHbIX KOHTEiHEPOB —
BiDi.
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iterator_category

template <class T>

class vector {
T *array;
class iterator {
typedef ra_tag iterator_category;
}s
3

template <class T>
class list {
Node x*head;
class iterator {
typedef bidi_tag iterator_category;
3

};
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distance u advance

» std::advance(it, n) Mpogsuraer utepaTtop Ha n No3MumMi Bepes
(aHanormuHo p += n pns ykasateneii).
Ona RA utepaTtopos ucnonbsyetr +=, gna BiDi - ++.

» std::distance(itl, it2) Bosspawaet paccrosiHue mexay
nTepaTopamu.
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Peanuzanusa advance

template <class Iterator>
Iterator advance(Iterator it, int amount)
{
typedef Iterator::iterator_category tag;
advance (it, amount, tag());

}

Ho MoXHO Bb1n10, KOHEYHO, N TaK:

advance (it, amount, Iterator::iterator_category ());
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Peanmuzamnus advance. RA um B .

template <class RAIterator>
RAIterator advance(RAIterator it, int amount, ra_tag t) {
return it + amount;

}

template <class BiDilterator >
BiDiIterator advance(BiDi it, int amount, bidi_tag t)
{

for (;amount; --amount) ++it;

return it;
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