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Jleknua 2. CTpyKTypsl AaHHBIX. Cy1oBapu. MHOXKecTBa

Cmanoapmnuas oubauomerxa wabaonos STL. AccoyuamusHvle KOHMEUHEPbL: MHONCECMEA,
cnogapu. Ilapvl. Memoow: pabomul ¢ muoscecmeamu u crosapamu. I[lpeocmaenenue o bunapHom Oepese
noucka. Ilpumepul 3a0au, peuwiaemvix ¢ ucnovsosanuem cmpykmyp Set u multiset.

O611ee npeacTaBJIeHHE

AccoIMaTHBHBIE KOHTEHHEPH 00eCMeYnBAIOT OBICTPBINA JOCTYN K JAHHBIM MO Kirouy. Takue
KOHTEHHEphl MOCTPOCHBI HA OCHOBE COANAaHCHPOBAHHBIX JIepeBbeB. K accOIMaTHBHBIM KOHTEHHEpam
OTHOCATCs: cioBapu (map), cimoBapu ¢ myOmukaramu (Mmultimap), mHoxectBa (Set), MHOKecTBa €
nyomukatamu (multiset) u 6uroeie MHOXkecTBa (bitset). J[ist ucmonb30BaHus yKa3aHHBIX KOHTEHHEPOB
HEOOXO0IMMO TIOAKIIOYNTE 3arojI0BOYHBIE (aiiisl: map, set, bitset.

MHoO:xecTBO set

MHOECTBO COCTOWUT W3 JJIEMEHTOB. 3amnuch X € A O3HAYaeT, 4YTO X SIBIISETCS DJIEMEHTOM
muoxectBa A. IIprMepaMu MHOXECTB SIBISIOTCS MHOXECTBO HaTypaibhbix uncen N ={1,2,3,..},
MHOX€eCTBO mpocThix umcen P ={2,3,5,7,..}. C MaremMaTH4eckoil TOYKH 3PEHHS OTHOCHTEIHHO
KOKIOro O0bEeKTa MOXKHO JIMIIb YTBEPXKAATh, MPUHAUIEKUT OH MHOXKECTBY WM HE TPUHAIJIEKUT,
JIPYTUE YCJIOBHS HA 3JIEMEHTHI MHOKECTBA HE HAKJIAIBIBAIOTCSA. DJIEMEHTHI B MHOXXECTBE MOTYT OBIThH
MPEICTaBICHBI B HEYMOPSAOUYEHHOM BHJE, a TAKXKE B MHOYKECTBE MOTYT OBITh HECKOJIBKO 3K3EMILIIPOB
OJIHOTO DJJIEMEHTA. DJIEMEHTAaMH MHOXECTBA MOTYT SBJISITBCS CJIOKHBIC OOBEKTHI, HANPUMEpP Iaphbl.
[IpumepoMm MHOXKECTBA, COCTOSILIEIO U3 Map IENbIX YUCEI, IPOU3BEACHNUE KOTOPHIX paBHO 15, sBisercs
muoxectBo {(5,3), (1,15), (-1, -15), ...}. MHOXeCTBO MOXKET COCTOSATh U U3 TEOMETPHUUECKUX OOBEKTOB,
HalpuMep, MHOKECTBO OKPYHOCTEH Ha IJIOCKOCTH, MHOKECTBO NPSIMBIX — KacaTeIbHBIX K 3aJaHHOU
okpykHOCTH. Oc000 BBIACISIOT IyCTOC MHOXECTBO () — MHOXECTBO, HE COJEpIKallee HH OJHOTO
JJIeMEeHTA.

B s3pike mporpammvupoBanus C++ koHTeHEp Sel SBISETCS MHOXKECTBOM, B KOTOPOM 3JIEMEHTHI
YHOPSIOYCHBI, U KaXIbIA SJIEMEHT NPECTABICH B €IUHCTBEHHOM JK3EMIUIIpE (HET MOBTOPSIOMIUXCS
aneMeHToB). Oneparuu 1o0aBIeHUS, YAAJICHUS U MMOUCKa B MHOXecTBe BenoaHstoTcs 3a O (logn), roe n
— TeKyImuii pa3mep MHOXxecTBa. [Ipu 0OBsSBICHNN MHOKECTBA YKA3BIBAIOT €TI0 MMSI M THIT DJIIEMEHTOB, U3
KOTOPBIX MHOKECTBO OyJIET COCTOSTh.
set<int> x; // OOBABISEeTCS MHOXECTBO X LEJIEIX 4YMCeJ

st paboThl ¢ MHOYKECTBOM HCIOIB3YIOTCS CIEIYIOIIHE METOIBI.

Meton Onucanne MeToaa

insert(value) JlobaBinsieT 31IeMEHT B MHOKECTBO

erase(value) VY nanset 3JeMeHT W3 MHOYKECTBa

erase(it) VY ianser 3neMeHT, COOTBETCTBYIOIINI UTeparopy it

find(value) Bo3sBpamaer utepatop Ha 3iaeMeHt value B MHoxkectBe. Ecnu Takoro
3JIEMEHTA HeT, TO Bo3Bpariaet end()

lower_bound(value) BosBpamiaer wurepaTop Ha TEPBBIH 3NEMEHT B  YHOPSIIOYCHHOM

JMara3oHe, KOTOPbI UMeeT 3HaueHue Oosblinee win paBHoe Val. Eciu
TAKOT0 dIIEMEHTA HET, TO METO. Bo3Bpainaer ureparop end().

ITpumep.

set<int> v = { -1, -1, 1, 2, 2, 3, 3, 4 };

auto result = v.lower bound(3);

// *result = 3

auto result = v.lower bound(5);

// result = v.end()

upper_bound(value) BosBpariiaer uTeparop Ha TMEPBBI JJEMEHT B  YIOPSIOYECHHOM




I'OAOY  «llentp monnepkku  onxapeHHbIXx  gere  «Ctparerus»  Jlumenkoit — oOnacrtu,
K.T.H., fou. IllyiikoBa N.A., ctrynear U'TMO, npuzep BcOLL no nndopmaruke 2018 Ilepsees M.B.

JMAaIa30He, KOTOPBIA UMeET 3HaueHue ctporo Gounkiie Val. Eciau takoro
3NIEeMEHTa HeT, TO MeTOJl Bo3Bparuaet ureparop end().

IIpumep.

set<int> v = { -1, -1, 1, 2, 2, 3, 3, 4 };

auto result = v.upper bound(3);

// *result = 4

auto result = v.upper bound(4);

// result = v.end()

PaccMoTpumM paboTy ¢ MHOXKECTBOM Ha MPUMEPE PsIia HECIOKHBIX 3a71ad.
KosanuecTBO pa3inyHbIX 3J1€MEHTOB MOCJ€10BATEIbLHOCTH
Ha xoopauHatHyro npsiMyto 1o oaHoi no6aeisitor N touek. HyHO y3HaTh, CKOJIBKO CPEIH HUX
Pa3NMYHBIX, TOCIE KAXKAOTO JOOABICHWS HOBOW TOYKH. Tak Kak MHOXKECTBO XPaHHWT YHUKaIbHBIC
3JIEMEHTBI, TO KaX/bIi pa3 Mmpu H00ABICHUH 3JIEMEHTa, YK€ UMEIOIIEroCs B MHOXKECTBE, 0OOABICHUS Ha
caMoM Jiele He IPOUCXOoauT. TakuM 0O0pa3oM, KOJMUYECTBO IIIEMEHTOB B MHOXKECTBE TOCIE J00aBICHUS
OYepeTHON TOUKH OYAET SBISTHCS OTBETOM K 3a/1a4e.
#include <iostream>
#include <set>
using namespace std;
int main ()
{
int n, x;
set<int> a;
cin >> n;
for (int 1 = 0; i < n; ++1i)
{
cin >> x;
a.insert (x);
cout << a.size () << endl;
}

return 0;

3aMeTHM TakKe, UYTO Ha KAKIOM IIare aJrOpUTMa Mbl TOIy4aeM OTCOPTUPOBAHHOE MHOXKECTBO
TOYEK.

IMouck 31eMEHTOB B MHOKecTBe. BbIBO/I 271eMEHTOB MHOKEeCTBA

PaccMoTpum n00aBiIeHHe TOYEK HA MIIOCKOCTh. ByneM 00aBisATh TOYKH B MHOXKECTBO TOYEK .
JIst onieprpoOBaHUs TOYKAMHU yI0OHO UCIOJB30BaTh CTPYKTYPY map pair, mo3BOJSIONLy0 00padbaThiBaTh
IBa O0BEKTa Kak OJUH OOBEeKT. [Ipw moMoImy MHOKECTBa peanusyercs J00aBJCHHE TOYEK TOJBKO B
OJTHOM 3K3eMIULIpe. 3aMeTHM, YTO MHOXECTBO Map OyAeT OTCOPTHPOBaHO. [lapbl COPTHPYIOTCS CHavana
0 TIEPBOI KOOpIHMHATE, 3aTeM 10 BTOpoi. [locne 3anmonHeHns: MHOXKECTBa TOUEK MOCTYMaeT 3ampoc Ha
HaJMYHEe TOYKH C 3aJaHHBIMH KOOPJMHATAMH BO MHOKecTBe. J[iis 0TBeTa Ha BOIIPOC UCTIONB3YETCsl METO
find.
int main ()
{

int n, x, y;

pair<int, int> c p; // llapa cocToMT M3 IOBYX KOOPIMHAT TOUYKMU

set<pair<int, int>> p; // MHOXeCTBO TOUYEK

cin >> n;

for (int 1 = 0; i < n; ++1i)

{

cin >> x>> y; // BBOOSATCS KOOPAMHATE TOUYEK
c_ p = make pair(x, y); // KoHCTpyupyeTcsa mnapa
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p.insert (c_p); // Touxa moOaByigIeTCs B MHOXECTBO

}

cin >> x >> y; // KoopIMHaTE TOUKM

c p = make pair(x, y);

if (p.find(c p) != p.end()) cout << "YES";
else cout << "NO";

return 0;

DJIEeMEHThl MHOXKECTBAa MOXKHO BEIBECTH Ha OKpaH. T0 ACHAacTCA IIpU IMOMOIIXW HUTEparopa,
YKa3bIBaromiero Ha 00BEKT MHOKECTBA. HOCKOJ’ILKy HUTECPATOP TOJIBKO YKAa3bIBA€T Ha 3JICMCHT, TO IJIA
neé4aTu Ha 3KpaH CaMOro 3HAa4YCHUSA 3SJICMCHTA HCO6X0):[I/IMO Pa3bIMCHOBATHL UTCPATOp MPU NOMOIIU
oreparopa «3BE€3409Ka» *, KOTOpas 3alucCbIBACTCs IIEPEA UTEPATOPOM.

for (auto j = p.begin(); j '= p.end(); ++7)
{
cp = (*3);
cout << c¢ p.first << " " << c p.second << endl;

}

3aMeTHM, 9TO 3JIEMEHTHI MHOKECTBA BBIBEJIMCH HA OKPaH B OTCOPTHPOBAHHOM (II0 BO3PACTAHHIO)
nopsizke. JIjist Toro, 4To0Obl BHIBECTH JIEMEHTHI MHOKECTBA B OTCOPTHPOBAHHOM 110 YOBIBAHHIO TIOPSJIKE,
MO’KHO HCITOIB30BaTh urepatopsl rbegin(), rend().

for (auto j = p.rbegin(); J != p.rend(); ++J)
{
cp = (*3);
cout << ¢ p.first << " " << ¢ p.second << endl;

}

PeldTHHI 00bEKTOB

ITpy mTOMONIM MHOKECTBA YIOOHO pPAHKMPOBATh OOBEKTHI 10 KaKOMY-JIHOO TPHU3HAKY.
Hampumep, eciii B MHOKECTBE XpaHUTh OOBEKTHI Tap: (CPeIHss OlEHKA YJaIerocs, HOMep ydarierocs),
TO MBI ITOJYYHM PEUTHHT ydammuxcsi. To ecTb, 00BeKTHl OyIyT OTCOPTHPOBAHEI 110 CPeTHEN OLIEHKE. DTOT
(akT ym00HO UCTONL30BATh B PAC 33/1a4.

Bynem n06aBisiTh B MHOXKECTBO MAapbl, COCTOSIINE U3 CPEAHEro Oajia yUeHHKa U ero Homepa B
XKypHaie. BeiBeeM Ha 3KpaH IeMEHThI MHOXKECTBA — MOyYUM PEHTHHT YICHUKOB IO CPEAHEMY 0asly.
#include <iostream>
#include <set>
using namespace std;
int main ()

{

int n;
double x; // CpemHad OLIEHKA yYeHUKA
pair<double, int> c p; // Hapa - oueHKa, HOMEP MO XyPHAJy

set<pair<double, int>> p; // OObABJIEHME MHOXECTBA
cin >> n;
for (int 1 = 1; i <= n; ++1i) // lukg BBOIA CpemHUX OAaJlJIOB
{
cin >> x;
c p = make pair(x, 1i);
p.insert(c_p);
}
for (auto j = p.rbegin(); J !'= p.rend(); ++7)
{
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// BHBOI B2JIEMEHTOB
cp = (*3);
cout << ¢ p.second << " " << c p.first << endl;

}

return 0;

B set Bce oaseMEHTHl MOCIENOBAaTENBHOCTH 3alMCBIBAIICH B OJHOM DJK3EMIUIApE B
OTCOPTUPOBAaHHOM BHie. EciM HCIONB30BaTh CTPYKTYPY MHOXKECTBO IJIsI COPTHPOBKH 3JIEMEHTOB, TO
HEO0X0IUMO, YTOOBI B MHOKECTBO MOKHO OBIJIO 100aBUTH BCE 3JIEMEHTHI, a HE TOJBKO YHHKAJbHBIE.
Taxyto JOTUKY paboThI C JaHHBIMU OOECIIEYMBACT MHOKECTBO ¢ qyOnukaramu multiset.

MHO>KeCcTBO ¢ Ay61MKaTaMy multiset

B s3eike nporpammupoBanus C++ konrteiinep Multiset sBiseTcs MHOXECTBOM, B KOTOPOM
DIIEMEHTHI YIIOPAMOUYEHBI, U MOTYT XPaHHThCSA HOBTOPSIOMIMECS dleMeHThl. Onepanuu H00aBIeHHs,
yIaJeHus ¥ IIOKMCKA, TaK e, KaK U B 00BIYHOM MHOKECTBE, B MHOKECTBE C JIyOJIMKATAMH BBITIOJIHSIOTCS
3a O(logn), rme n — Ttekymmii pasmep multiset. OOBsBIEHHE MHOXECTBA C JyOJIMKAaTAMH
OCYIIECTBJISIETCS TI0 TEM K€ TPaBUiIaM, YTO U ISl OOBIYHOTO MHOKECTBA.
multiset<int> x; // OOBaBIAETCH MyJIbTHMMHOXECTBO X LEJIBIX YMCEe]l

Jlnst paboThI ¢ MHOKECTBOM UCIOJIB3YIOTCS TAKUE K€ METOIbI, YTO M JuIs Set.

C noMoLIbI0 MHOXKECTBA ¢ JAyOJIMKaTaMK yI00HO COPTHPOBATh OOBEKTHI — OJJMHAKOBbIE OOBEKTHI
OCTaHyTCsI B HY)KHOM KOJIMYECTBE DK3EMIUIAPOB B MHOXECTBE B OTCOPTHPOBAHHOM BHje. Vcmonb3ys
crpykTypy Mmultiset u cranmapTHele MeTOAbI Pa0OTHI ¢ HEH, yA00HO OTBEYATh HA 3alPOC — KAKOE
KOJIMYCCTBO OJMHAKOBBIX 3JICMCHTOB B MHOKCCTBC, paBHBIX 3allaHHOMy 3HAYCHUIO.

KoJ/in4ecTBO 0JHHAKOBBIX 3JIEMEHTOB, PABHBIX 32lAHHOMY 3HAYEHHIO

int n, x, val search, count=0;

cin >> n;

multiset<int> a;

for (int 1 = 0; i < n; ++i)

{

cin >> x;
a.ilnsert (x); // BanojiHeHME MHOXeCTBa C OybJimMKaTaMu

}

cin >> val search;

auto itl = a.lower bound(val search);
auto it2 = a.upper bound(val search);
for (auto i = itl; i !'= it2; ++1)
{

count++;

}

cout << count;

PaccmotpumM paboTy mporpaMMbl Ha IPUMEpe MHOXecTBa ¢ ayomukaramu {1, 1, 2, 2, 2, 3, 3}.
Beoaurcst val_search = 2. TIporpamMma ompeessieT KOJHYECTBO 3JIEMEHTOB MHOECTBa, paBHBEIX 2. Ha
pHCYHKE MOKa3aHO, Ha KaKOW 3JeMeHT ykas3biBaeT urepartop a.lower_bound(2) — Ha mepBbiii 3yeMeHT,
OoNbIIMI WM PaBHBIA 2, U Ha KakOW 3JEMEHT yKa3blBaeT uTepatop a.upper_bound(2) — na nepBsIit
crporo Oosbimii 2. Takum 00pa3om, mporpaMMBbl BBIBEIET 3Ha4eHHe count = 3.

1 2 2 2 3 3

Ta.lower bound(2) Ta.upper_bound(2)
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Ecimm B MHOXECTBE HET 3JIEMEHTOB, PaBHBIX 2, TO yKa3aTenu OyIyT HAXOAWTCS Ha IMEPBOM
3JIEMEHTE, OOJBIIKM 2.

1 1 3 3 3 3 4

Ta.lower bound(2)Ta.upper_bound(2)

3aMeTHM, 9TO MOXHO OBLITO MOJYYHTh 3HAYCHUE KOJMYECTBA 3JIEMCHTOB, paBHbIX Val_search mpu
ITOMOIIIK CTaHAapTHOTO MeTozma count().
cout << a.count (val searsch);

Hcnoan3oBanue npequkara greater u co0CTBEHHBIX MPETHKATOB

B cranpaptHoii OubnroTeke onpeseneHbl mabioHbl QYHKIIMOHATIBHBIX OOBEKTOB JUTS OTIEPAIlHii
CpPaBHEHHS WM JIOTUYECKUX OIEpaIvii, OnpeaeneHHbX B a3bike C++. OHM BO3BpANIAIOT 3HAYCHUS THIIA
bool — ux HaspiBaroT npemukaramu. [0 yMOJYaHHIO 3JIEMEHTHI B MHOXECTBax M cioBapsx B STL
YIOPSIIOYCHBI B IOPSKE BO3pacTaHus. DTO 0OecIeunBaeT 1o YMOIYaH o peaukar less. B ssHoM Buze
MOJKHO HCIIOJIb30BaTh OPYroM IMpeauKar, 00ecleUHBAIOIIMN COPTUPOBKY 3JIEMEHTOB MO yOBIBAaHUIO —
greater.
multiset<int, greater<int>> a;

Jns wucnonmp3oBaHUS TpenuKara greater NMPU CO3MAaHMM MHOMECTBa (cioBapsi) HEOOXOIUMO
yKa3aTh €ro Iociie THIa 3JIEMEHTOB MHOXKecTBa. [l mpenmkara yka3pIBaeTCs THIT CPAaBHHUBAEMBIX
3JIEMEHTOB.

UToOBI TIPUMEHHUTH CBOW KPUTEPHHA COPTHUPOBKHU, HANO TNPEIACTABUTh OWHAPHBIN TpenIuKaT B
bopme Kilacca WM CTPYKTYpBI, peanu3yroluii omneparop operator(). Hmwke B npumMepe MPUBEIACH TEKCT
MIPOTPaMMBI, KOTOpas 3aroJIHseT MHOKECTBO @ TOUYKAMH TakuM 00pa3oM, 4TOOBl OHH COPTHPOBAIHCH TI0
yOBIBAaHMIO PACCTOSIHMN OT HHMX JI0 Hayaja KOOpJMHAT. BbUHApHBIA mpeaukar MpeAcTaBlicH B (opMme
knacca Sort_set.
struct point
{

int x;

int y;

i
class Sort_ set
{
public:
bool operator () (const pointé& pl,const pointé& p2)
{
return pl.x * pl.y > p2.x * p2.y;

)7
int main ()

{

set<point, Sort set> a;

int n;
cin >> n;
for (int 1 = 0; i < n; ++1i)
{
int x ¢, y ¢c;
point p c;
cin >> x c >> y c;
p cC.Xx = X C;

p.c.y =y C;
a.insert(p c);
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return 0;

CsioBapu map

CroBapp MOCTPOCH Ha OCHOBe Map 3Ha4yeHWil. l[lepBoe 3HAYCHHE mMmapbl — KIHOY Ui
UICHTH(HUKAIIMA 3JIEMEHTOB, BTOPOE - COOCTBEHHO 3neMeHT. Hampumep, B TelieOHHOM CIPaBOYHUKE
HOoMepy TenedoHa cooTBeTcTBYyeT (ammius aboHeHTa. B crosapsax onemenmsl Xpawamcs 6
OMCOPMUPOBAHHOM nO Ktouy eude. 1103TOMy IS KJIFOYCH JOJDKHO OBITh OIPEAEICHO OTHOIICHUE
«MeHbIe». B croBape map, B ominume oT cioBaps ¢ ayoimkaroMm (multimap), Bce KimouM SBIAIOTCS
YHUKAJTbHBIMHU.

PaccMoTpuM  3ajady OmNpeleieHHs CJioBa — CHHOHMMA. BHawane paboThl MPOrpaMMbl
3aIlOJIHACTCA CJIOBApPb, B KOTOPOM KJIIOY 6y,HCT ABJIATHCA IIEPBBIM CIIOBOM, 3 CHHOHUM — BTOPBLIM CJIOBOM.
Hanee ucrnosb3yercs: GYHKIHsS TOUCKA 3JIEMEHTOB B CJIOBape 1o Kio4y. Eciu mouck man pesysbrar, TO
ureparop Oy/AeT yKa3biBaTh Ha HAWICHHBIN SJIEMEHT CIOBApsl, €CJIU )K€ TMOUCK HE Jall Pe3ysIbTaToOB, TO
utepatop Oyner ykaspiBaTh Ha end() cioBapsi.

#include <iostream>
#include <map>
#include <string>
using namespace std;
int main ()

{

string word first, word second, word find;

map<string, string> voc;

int n;

cin >> n;

for (int 1 = 0; i < n; ++1i)

{

cin >> word first >> word second;
voc[word first] = word second;
// CosmaHue sJIeMeHTa map

cin >> word find;
if (voc.find(word find) != voc.end())
{
// TIOMCK IIO KJINUY
cout << voc[word find];
}
else
for (auto c : voc)
{
// Tpoxom mo BJIeMEeHTaM map
if (c.second == word find)
cout << c.first;
}

return 0;

MeTtoabl padoThl ¢ Map

lower_bound(key) VYka3pIBaeT Ha TMEPBBIA AIEMEHT, KJII0U KOTOPOrO PaBeH
i Gosplne ykazanHoMmy kimoay Key wian Ha end(), ecnn
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TaKoOM KJIIOY HE HailleH
upper_bound(key) VkaspiBaeT Ha OJEMEHT, KIIOY KOTOpOro OoJbIie
yka3aHHoro kiroua Key wiu end(), ecim Takoro Her.
find(key) BosBpaniaer urepaTop Ha HaIEHHBIH YIEMEHT
count(key) BosBpalaer KOJMYECTBO 3JIEMEHTOB, KIIOY KOTOPBIX
pasen key

CrnoBaper Map XpaHHAT DIIEMEHTHI B YIOPSIOYEHHOM II0 BO3PACTAHWIO Kifoda mopsiake. s
pearm3anuy APYroro TMOpsAKa YHOPSAOYMBAHUS JJIEMEHTOB HEOOXOAWMO HCIIONB30BaTh COOCTBEHHBIC
MIpeTNKaThl WA TpeuKaT greater.

CroBapu ¢ aybonukaramu Multimap gomyckaiT XpaHeHHE JIEMEHTOB ¢ OJIMHAKOBBIMH KITFOYaMH.
OJneMeHTHl ¢ OJUHAKOBBIMH KJIIOUYAaMH XPaHATCS B CIOBape B IMOPSJIKE MX 3aHECEHHs B cioBapb. llpu
yIaJIeHHUHU 3JIEMEHTOB yAISIOTCSA BCE IK3EMIUISIPHI 3JIEMEHTOB, COOTBETCTBYIOLIUE KITIOUY.

Bm-lapl-loe A€peBO MIOUCKa

Peanmmzamms set/map B STL ocHoBaHa Ha KPacHO-YEPHBIX JEPEBBSX, MPEIACTABISIFOLIMX COOOM
OIIMH W3 BUJIOB cOalaHCHPOBAHHBIX JepeBbeB. llpencTaBneHne o AEpeBbAX M UX HCIOIB30BAaHUU IS
peanu3anuy acCOUMAaTHBHBIX KOHTEHHEPOB JaeT OMHApHOE JEepPeBO MOMCKA (IBOMYHOE AEPEBO IMOUCKA).
PaccmoTpum uzero mocTpoeHus OMHAPHOTO JiepeBa moucka u padoty ¢ HuM. [IpenBapurenbHO mpuBeneM
OCHOBHBIC TIOHSTHSI, HEOOXOAUMBIE TS U3yUYeHUs1 OWHAPHOTO JIepeBa MOUCKA.

Opuenmuposannvim Oepedom Ha3BIBACTCSI OPHUCHTHPOBAHHBIM Tpad Oe3 IUKIOB, B KOTOPOM
BXO/IAIIIME CTEIIEHU BCEX BEPIINH, KpOME OJHOM, paBHbI 1.

EnvHcTBeHHAs BeplIMHA, BXOJIIAS CTENEHb KOTOpod paBHa ( (B Hee HE BXOJIUT HU OJHOTO
pebpa), Ha3bIBaeTCs KOpHeM Oepesd. BepIMHBI IBOMYHOTO JepeBa, UCXOIIasi CTENeHb KOTOPBIX paBHA
0 (13 HUX HE BBIXOJUT HU OJHOTO peOpa) HA3BIBAIOTCS JUCHbAMU Oepesd.

Opuenmupogannoe 08ouyHoe 0epeso — 3TO OPHUEHTHPOBAHHOE IEPEBO, B KOTOPOM HCXOAALINE
CTeTeHn BepyH paBHbl 0, 1 nn 2.

Cmpykmypa 0anHbIX «060UUHOE depesoy - 3TO MHOXecTBO 3amuceit Buaa (key, |, r), roe key —
K04, |, I — ykasarenu Ha JBe Ipyrve 3alucH. 3alicy Ha3bIBAIOTCSA y3iaMu naepeBa (tree nodes). Vaiei,
Ha KOTOpbIC YKa3bIBatoT | ¥ I', HAa3BIBAIOT JIEBBIM M IpaBbiM pebenkoM y3ia N = (key, |, r), npuuem kirou B
Tr000M y3iie OoJIbIe WM PaBeH KJIF0YaM BO BCEX y3Jax JIEBOTO IMOJJIEPEBa STOTO y3Jia M MEHbBIIE HITH
PaBeH KJI0YaM BO BCEX Y3Jax IMPaBOTO MOJJEPEBA 3TOTO y3la. To ecTh, KIIOY POJUTENS HAXOIUTCS
MEX]y KJIFOUaMH CBOETO JICBOTO U MpaBoro pedenka: n = [ - key <n — key <n - r — key.

Vkazarenu | u r Moryr ObITh IYyCTBIMH, TO €CTh PaBHBIMHU crenuaibHON KoHcTante NULL.
COBOKYIHOCTB Y3JIOB CTPYKTYPBI JAaHHBIX «JIBOMYHOE JIepeBo» 00pasyer rpad, B KOTOPOM BEpLIMHAMH
SIBJISIIOTCSL y3JIbI, @ pebpaM COOTBETCTBYIOT ykaszarend | u r. DTOT rpad sBISETCS OPUCHTHPOBAHHBIM
JIBOUYHBIM JICPEBOM.

st 0603Ha4YeHHss OMHAPHOTO JlepeBa MOUCKa MCTIONb3YIOT abOpeBuarypy BST — binary search
tree. Hwxe Ha pucyHKe H300pakeHO IBOMYHOE JIEPEBO MOUCKA, KaXK/Iash BEPIIMHA KOTOPOTO X PAHHUT KITIOY
B BUJIE LIEJNOTO Yuciia. Takke MPHUBEJCH MAcCCHB YHCE] B TMOPSJIKE UX J00aBleHUs] B OMHApHOE JIEPEBO
MIOUCKA.

Onepauuu, MoAgep>KUBaEMbIe JJIs1 CTPYKTYPBI JAaHHBIX «JBOUYHOE JIEPEBO MOKMCKa»: J00aBICHHE
9JIEMEHTOB, IOUCK DJIEMEHTOB, YAaJCHUE 3JIEMEHTOB. OTH OINEpaldH IOBOJBHO NPOCTHL U OOBIYHO
peanu3yoTCsl peKYPCUBHO.

1. Onepaunusi 106aButh. insert (value). Eciu nepeBo mycro, B h (kopeHb aepeBa) 3aHOCHTCS
CCBUIKa Ha HOBBIM y3€l, COAep Kalluii JaHHBIA 37eMeHT. Ecnu ko4 100aBiIsieMoro 3JeMeHTa MEHbIe
KIIf04Ya B KOPHE, TO BBI3bIBacTCS (DYHKIMS BCTABKH JJIEMECHTA B JIEBOE TOJJIEPEBO, UHAYC BBI3BIBACTCS
(yHKIUS BCTABKM 3JIEMEHTa B TpaBoe TojepeBo. DyHKIUs MPUHUMAET JIEPEBO B Ka4eCTBE MEPBOTO
napaMeTrpa W KJII0Y BCTaBJIIEMOIO DJIEMEHTa B KadecTBE BTOpOro. B Tom ciydae, ecnu jieBoe (mpaBoe)
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noaacpeBO HE COACPIKUT ,I[CTeﬁ, TO CO3JacM pe6eHKa: nomMemacM B HETO AAaHHBIC, U YCTaHABJIMBACM Ha
HETr'0 yYKa3aTcJib.

2. Omneparus noucka. find (value). Eciu mepeBo mycTo, T0o, 04eBHAHO, MOUCK HeyaadeH. Eciu
KJIFOY MOMCKA PaBeH KOy B KOPHE, TO TMOWCK yCrelieH. MHaue BBIMOJIHIETCS PEKYPCHBHO IMOWCK B
COOTBETCTBYIOLIEM ToaepeBe. DYHKIUSA NPUHUMAET JEPEBO B KAYeCTBE MEPBOrO MapaMerpa M KoY B
KauecTBe BTOPOro. IToMcK 3aBepliacT CBOKO paboTy, JIMOO KOIja TEKYIIEe IMOAAEPEBO CTAHET IMyCTHIM
(HeymauHbIH MOKCK), TMOO0 KoTaa OyJeT HaliIeH 3JIEMEHT ¢ HY>KHBIM KITFOUOM (YCIICIIHBIN TTOUCK).

(8)
(37 10

O Q@

Puc.1. bunapHoe nepeBo noucka

'8 |3 | 10 | 6 | 14 1 | 4 | 7 | 13

[IpuBeeM TEKCT MPOrpamMMBbl, B KOTOPOM OMMCHIBACTCS CTPYKTypa NOde mjis mOCTpOeHWsI
JIBOMYHOTO JiepeBa moucka. Peanmmsyercss (GyHKIMs A00aBICHHS SJIEMEHTOB B jepeBo insert(value),
¢bynkims moucka smementoB find(value).

#include <iostream>
using namespace std;

struct node
{
int key; // Kiou y3zia
node *1, *r; // YkaszsarTenu Ha JIeBOE€ U NpaBOe IMONINEPEBbLA
node *tree = NULL; // Mumumanmsauus BST mepeBa tree
void insert (node *&t, int x)

if (t == NULL)

// Eciu mepeBO MNyCTOe
T = new node; // Buomenunu HaMATh
t->key = x; // IoBaBuUiIM SJIEMEHT X
t->1 = NULL;
t->r = NULL;
return;
}
if (x < t->key) // BcTaBJgeMblll 2JIEMEHT MEHbIIe KJIoua
insert (t->1, x); // llepexom B JIeBOE MNOIOIEPEBO
else
insert (t->r, xX); // B NPOTMBHOM CJIyuyae B MIpaBoe
}

int find(node *t, int x)
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{
if (t == NULL) return 0; // IepeBo mycToe
if (x == t->key) return 1; // Kimou coBmaj C MCKOMBEIM 3JI.
if (x < t->key) // VICKOMBIA BJIEMEHT MEHbIIE KJIOUa
return find(t->1, x); // llepexom B JIEBOE MOOIEPEBO
else
return find(t->r, x); // VHaue B npaBoe
}
int main ()

{

int n;
cin >> n; // KoamMuecTBO SJIEMEHTOB B IepeBe
for (int 1 = 0; 1 < n; ++1i)

{
// Huky moBaBJIeHUS 3JIEMEeHTOB
int a;
cin >> a;
insert (tree, a);
}
cout << find(tree,100); // Tlowuck zJjgeMeHTa
return 0;

Yrobsl pa3obpaThCss B JIOTHKE pPabOTBI MPOTPaMMBbI, PEKOMEHIYEM 3alOJHUTh MHOMXECTBO
JJIEMEHTAMM MAacCHBa, MPUBEICHHOTO HA PUCYHKE |, U M3YYUTh CTPYKTYPYy MOJIYUEHHOTO JAepeBa IMpH
oMoty okHa «KonTpossHbie 3HaueHus» Visual Studio.

OneHKa CJI03KHOCTH ONePaIuii, MPOU3BOIUMBIX Ha OMHAPHOM JEepPEeBe MOUCKA

Inybunou ys3na nepesa N Ha3bIBaeTCs BeiuduHa d(n), paBHas KOJMIECTBY peOep B MyTH OT KOPHS
JI0 9TOTO y37a. Beicomoii depesa H HaspiBaeTcs TiyOMHA CcaMOro TIyOOKOTO JIUCTA. PeKypCHBHBIE
MPOIIEYPHI J00aBICHUSA W MOUCKA JJIA JBOUYHOTO JepeBa paboTaroT 3a BPEMs, OTPAHHMYCHHOE CBEPXY
BBICOTOH JepeBa. B XyjiieM ciiyyae YHCIO IIaroB pPaBHO TJIyOWHE caMOro riybOKOTO y3ia, TO eCTh
BBICOTE JIEPEBa, a B CPEAHEM — CpenHel riyOuHe y370B. [loHOe JABOMYHOE NEPEBO — 3TO JCPEBO, Y
KOTOPOTO MyTh OT KOPHS JI0 JiF000To Jrcta coneput H pebep. Ecnu B TakoM nepese N y3710B, TO BHICOTA
JepeBa oreHuBaeTcs Kak log n. TIpuBeeM OLEHKY CIIOKHOCTH OIEpaldii Ha MOJHOM BOUYHOM JepEeBe
MTOMCKA. 3aMEeTHM, UTO B OOIIEM CiIydae CI0KHOCTh OIEPAIlHii 3aBUCHUT OT BBICOTHI J€PEBa.

Onepauus Crnoxnocts. BST CnoxHocTb. OTCOPTUPOBAHHBII MacCUB

BcraBka snemeHTa O(log n) 0o(n)

ITouck sremMeHTa no KIrouy O(log n) O(log n)

Hpyrue oneparuu ¢ BST: monyyenue orcoprupoBanHoro maccusa u3 BST 3a 0 (n), mouck mopsaKoBoi
cratuctuku (K-s mopsikoBast craructuka — K-e mo BenmumHe umcino B MaccuBe) 3a O(log n),
ompe/ieliCHHE TMOpSIKOBOr0 Homepa odnementa 3a O(logn) (B OTCOPTUPOBAaHHOM  MAacCCHBE,
COOTBETCTBYIOIIIEMY 3JIEMEHTaM JIepeBa).

Peanuzanusa GyHKIUM yZaneHus 3J€MEHTOB M3 OMHApHOIO JiepeBa IIOHMCKA 3aBUCUT OT TUIIA
yAaIsieMOro 2JIEMEHTa B JiepeBe:
- TIpH yAJICHUH JIUCTHEB OYMINAETCs yKazaTesb U3 MpeJika Ha JTaHHBIN JINCT;
- IpU yJAJIEHUU y371a ¢ OAHUM IIOTOMKOM MEPENUCHIBAETCS CChUIKA M3 MpeaKa yAaasieMoro ysja Ha
MOTOMKA yJAIISIeMOTO y371a (paHblie OHA YKa3blBalla Ha YAAJSIEMbIi y3em);
- IIpU yAAJCHUH Y3714, Y KOTOPOro J1Ba MOTOMKa JCHCTBYEM II0 aJITOPUTMY: BHIOMpaeM caMblii PaBBIN
y3el B JIEBOM MOJICPEBE YIAIsIeMOro y3ia (MakCHUMAaIbHBIA D3JE€MEHT H3 3JIEMEHTOB, MEHBIIUX
yIAJIIEMOTr0 y371a), 3allMChIBAEM €T0 3HAYEHUE B yAAISEMBIN y3ell, ylaJiieM HalIeHHbII 31eMeHT.
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[pouwmmocTpupyeM QyHKIUIO yIalleHUs dJeMeHTa § B OMHAPHOM JIepeBe TIOMCKa Ha PUCYHKE 2.
CHavana HaxOJIWUM CaMbIil TIPaBbIi JEMEHT B JIEBOM MOJJIEpEBE AJIEMEHTA C KIFOYOM §, 3TO AJIEMEHT C
KIIOUOM 6. 3aMEHsIEM KIIIOU 8 B «yAalIIeMOM» 3JIEMEHTa Ha KIto4 6. YaanseM 3JeMEHT ¢ KIH4oM 6 u3
nepesa. HaiineHHbIi seMenT Oyaer 1o TiucToM, THO0 OyaeM UMETh OJTHOTO JIEBOTO peOeHKa.

(8) ()
(3) 10) (3] 10)
(4) (4)

Puc.2. Y nanenue snementa Key=8 B OuHapHOM JepeBe Mmoucka

Yﬂan;m QJICMCHTBI, KOTOPbIC UMCIOT ABYX HCTCﬁ, MO>KHO HMCKaTh HE CaMbIi HpaBLIﬁ OJICMCHT B
JIEBOM IOAAEPEBE, a CaMBbIi JICBBIHA 2JIEMEHT B IIpaBOM IOAACPEBE.

3ajgaHue
1. Peanusyiite QyHKIHIO yaaaeHHUs SJIeMEHTa U3 OMHAPHOTO JepeBa moucka erase(value).
2. N3obpasnure MBOWYIHOE AEPEBO NOWCKA W3 DJIEMEHTOB (TMIEPEUUCIICHBI B TOPSIAKE WX

nmobasmenust B nepeso): 10, 20, 30, 40, 50, 9, 8, 7, 6, 11, 12, 13. Bel momyuute npumep «ciaabo
BETBSIIEroCs» OMHAPHOTO JiepeBa morcka. OIEeHUTE ero BhICOTY.

3. CrnydaliHoe TBOMYHOE JEpEeBO MOMCKA pa3mepa N — 3TO JAEepPeBO, KOTOPOE MOIyJaeTcs U3
MyCTOr0 ABOMYHOTO JiepeBa, MOociie 100aBIeHUs B HETO N 3alucei ¢ pa3TuyHbIMU KJIIOYaMHU B CIIy4aiiHOM
nopsiake. (Bce n! BO3MOKHBIX IIOCIIEIOBAaTENbHOCTEH 100aBieHus] paBHOBEpOATHHI). llomyuute
PEKYPPEHTHYIO NOCIEA0BAaTEILHOCTh CPEeIHEH BBICOTHI Y3JI0B IepeBa.

4. Hamumure nmporpammy, peanm3yromniyo Tene(OHHBIH CIIpaBOYHHK 1jisi a0OHEHTOB IMPHU
moMomw cTpykrypsl map. Ilpemycmorpure (yHKINIO n0OaBICHHS HOBBIX a0OHEHTOB B Tele()OHHBII
CIIPaBOYHUK, yAaJIeHHs1 aDOHEHTOB, TIONCKa GamMminu aOOHEHTA 0 €T0 HOMEPY.

5. CroBapb Map ¢ KiI0YaMu THMA String MMeeT Mo yMOJTYaHUIO KPUTEPUIl COPTUPOBKH Ha
OCHOBAaHUH ofepaTopa <, OMpPENeICHHOro B Kiacce String u MpUMEHsSeMOro 3aJaHHBIM [0 YMOIYaHHIO
npenukatoM coptupoBku less. Tlpeaukar uyBcTBUTENCH K periucTpy. OHUM U3 CIIOCOOOB PEIICHHS TOM
npoOJieMbl SBIISICTCSl CO3[aHUE TpEMKaTa COPTHPOBKHM, BO3Bpallarolero 3HaueHue true wim false B
3aBUCHMOCTH OT pe3yJbTaTa COPTHPOBKH Oe€3 ydeTra perucrpa: MAap<kimod, 3HAYCHHE DJIEMEHTa,
npenukar>. Moauduiupyite nporpamMMmy 3aaaHus 4 TakuMm o0pa3oM, 4TOObl (DYHKIMH JTOOABICHUS U
ITOVICKa He OBUTA YYBCTBUTEILHBI K PETUCTPY.

6. [IpoBenuTe nexcukorpaduyeckuii aHaINW3 TEKCTa IEpPBOW TIaBbl pomaHa «EBrenmit
Oueruny. [Ipu oMo CTpyKTypbl map <string, int> nosy4yure gaHHBIE O TOM, KaKHe CJIOBA BCTPEYAIOT
B pOMaHE B KAaKOM KOJHYECTBe. BriBemuTe 3TH ciioBa B MOpAAKE YyOBIBaHWA YaCTOTHOCTH HX
BCTPEUAEMOCTH B TEKCTE.
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