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1. ObLuee

AOcTpaKkTHbIE CTPYKTYPBI JAaHHBIX — 3TO MOJEIN CBSI3aHHBIX JAHHBIX U CTPOTO OIMpPEeICHHbIN HA00p onepanuii ¢ HUMHU.

AOGCTpakTHBIE CTPYKTYpBI JAHHBIX IPOTPAMMUPYIOT Ha OCHOBE 0a30BBIX CTPYKTYp JaHHBIX. Mcronb30BaHHe aOCTPAKTHBIX CTPYKTYP 00yCIIOBICHO
OTPOMHBIM KOJMYECTBOM pa3pabOTaHHBIX BHIUMCIUTENIBHBIX aJITOPUTMOB U aJITOPUTMOB 00paOOTKH IaHHBIX ¢ J0Ka3aHHOH 3¢ dexkTuBHOCTHI0. Monenu

BBIYMCJICHUH 3THX AJITOPUTMOB IMMOCTPOCHDBI Ha KITACCUYCCKUX a6CTpaKTHBIX CTPYKTypax NaHHBIX.

K abcTpakTHBIM CTPYKTYpaM OTHOCSTCS CTEKH, OYePEe/It, 1€PEBbsl, rpadbl, MyJIbTUCIUCKH, TUHEHHbIC U HEJIMHEHHbIE CIUCKU U Ap. OTiuune

a0CTpaKTHBIX CTPYKTYp APYT OT Jpyra onpeaensieTcss HabopoM omeparuii 1 MOICTBIO CBA3EH MEXIy dIIEMEHTaMHU, Y3JIaMH CTPYKTYPBHI.

OnnHy U Ty )K€ aOCTPaKTHYIO CTPYKTYpy MOKHO IPOrpaMMHUPOBATh KaK HAa OCHOBE MAacCHBa, TaK U HA JMHAMHYECKOM CBSI3HOM CIMCKE WU Ha
KOMOMHAIIUH 3TUX CTPYKTYp. BpIOOp B 1ob3y TON MM HHOM 6a30BOI CTPYKTYPHI ONPEEIISIOT TPeOOBaHHS 33Ja4M K CITUCKY OTepaluii — airOpUTMOB,

KOTOpBIMU 3((hekTuBHEE 00padaThIBaTh JAHHBIC AJIS PEIICHUSI.

CTpyHTY b O3HHBIX

HEAWHEHHOH
CTpykTYp

HHEHHOH CTDYKTYDG

C MHOERCHDM

B e Hepapxvyecire Mpynnoewme

HenuHeRHBIRA

Cnucox, ACCOUMETHEHDIA

ad Jepees GnHapHos
MY NBTHCNHODK MACCHE Aepe R

CEASHLIA CHCON

Crpyurypa ] JEPEED NOWMCOHE

Ouepegt, ovepeb
NpHOPETETOE, AEH

Xew-rabnnua DIHN GECHHHLIHA Nupammaga Mpad, cete

BaHN TEKCTORBIH Dain HHgEKCHLR

Puc.32 Knaccudukanus abCTpakTHBIX CTPYKTYp JaHHBIX.

Knaccn(pnunpyeM CTPYKTYPbI JaHHBIX B 3aBUCUMOCTH OT JIMHEHHOCTH/HEIMHEHHOCTH CTPYKTYPbI U 10 KPUTCPUIO NJOCTYIIA K JICMCHTaM JTUHCHHOMN

CTPYKTYpBI, puc 32. [Jlocmyn k snemenny ONpeneseT IOCTPOSHNE alrOpUTMa 00X0/1a 3IIEMEHTOB.
[MocnenoBarenbHBIN TOCTYI — 3TO AOCTYII K N-MY JIEMEHTY NOCJIEI0BaTEIbHOCTH ITyTEM MPOXoJa 4epe3 n-1 AIeMeHT.
I[TpsiMOii TOCTYT K NIEMEHTY Ipe/roaraeT JOCTYII IO YKa3aHHIO TO3UIUH PACIIONOKEHUS HIIEMEHTa.

WHeKcHbIN JOCTYII IPEANOIAraeT HAIMYUeE Iaphbl «KI0Y-2JIEMEHT, I1€ KIIF0Y SBJISETCS NHIEKCOM U 110 MHIEKCY OCYLIECTBIAETCA NMPSMOM JOCTYII K

anemeHTy. OCHOBHAs Oneparysi CTPYKTYp ¢ HHAEKCHBIM JIOCTYIIOM — 3TO 3()()eKTUBHBII TOUCK.
OcHosHbie onpedeneHus

Crucok — 9To TocyeIoBaTelbHas OpraHu3alys JaHHBIX, XapaKTepU3yeTcsl OTCYTCTBHEM OTPaHUYCHUI B HA0OpE Omepanui, siBisieTcst 1 0a30BOH 1

a0CTPAaKTHOM CTPYKTYpOH.

CTek — 3TO JIMHEHHAs CTPYKTypa JaHHBIX, CIIMCOK JAHHBIX, I'/1I€ OIICPAllMKU BKIIOYCHUA U UCKITFOUCHUA 3JICMCHTOB OI'paHUYCHBI TOJIBKO OJJHUM KOHIIOM

CTPYKTYPBI, peain30BaH MPUHLHUIT «IIOCIEIHUIN MPULIEI - TIEPBbII yIIem.

Oqepez[b — 3TO JUHEHHAs CTPYKTYpa JaHHBIX, CIIMCOK JaHHBIX, IZIC OINCPAllU BKIIOYCHUA U UCKIIIOUCHHA SJICMCHTOB BBIIIOJHAIOTCA C pa3HbIX KOHIIOB

CTPYKTYPBbI, PeaJI30BaH MPUHLIMII «II€PBBII MPHILEI - IEPBBIN YIIEI.
Ouepenb NPUOPUTETOB — 3TO OUEPEb, [1I€ ONEpaLUs UCKIFOUEHHS pealn30BaHa JUlsl JIEMEHTA ¢ HAUBBICILIUM IIPUOPUTETOM.

Z[el( — 9TO O4YCPEAb, I'IC OIICpAllUN BKIITOUCHUA 1 UCKIIFOYCHUA 3JIEMCHTOB BBITIOJIHAIOTCS C obomx KOHIIOB CTPYKTYPHI.
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AcconaTuBHBI MacCUB — 3TO aOCTpaKTHAs CTPYKTypa JaHHBIX, KOTOPas COCTOUT U3 Habopa map «KII04Y-3HAYCHUE, HA3bIBAEMBIX ACCOUUAUUAMU.
JloCTyIl K 3HAYEHHIO JIEMEHTA MPSIMOiA, 10 WHAEKCY Kitoua. OCHOBHBIMH ONepalisiMU OyIyT BKIIOYEHHE, UCKITIOUEHHE Maphbl ¥ IOUCK O KITIOUY.

ACCOL[I/IaTI/IBHBIfI MAaCCHB HC MOXCT XPaHUTH [IBC IIapbl C OAMHAKOBBIMHA KIIIOYaMH.

CrnoBapb — 3TO acCOIMATHBHBIA MACCHB, IJIe pa3pelIeHO XpaHEHHUE Map C OTMHAKOBBIMU KiTtouamMu. OCHOBHBIMU OTepaIisiMu OyIyT BKIIOUEHHE,

HCKIIIOUCHHUC U ITOUCK Iap, pC€aJIM30BaAHHBIC C YUCTOM ITOBTOPAIOIINXCA KJIIOUCH.

Xem-Ta0nuua — 3T0 CTPyKTypa JAaHHBIX HA OCHOBE acCOLMALU, Map «KJII0Y-3HAYE€HUs», HO KIIIOY IIpeoOpa3yeTcsl B MHIAEKC 10 3aJaHHON TadnuLe.

Taxum o0pa3om, xem-Tadbauna — uHTepdenc Kioda B acColUaTUBHOM MaccuBe. OCHOBHBIE ONIEpallii BKIIFOUEHMSI, UCKITIOUEHHUS [ap U MOUCK MO KITIOUY.
MaccuB — 3TO MOCNEN0BATEIbHOCTh OOHOMUNHBIX TIEMEHTOB, I1€ K 3JIEMEHTY OIPEeIeH NPSAMON JOCTYI 0 MHJEKCY MO3ULMH (1eJ10€ 3HAaUEHUE).

CrpykTypa (3aIiCh) — 3TO MOCJIE0BATEIbHOCTD PAZHOMUNHBIX DIEMEHTOB, T/I€ K SJIEMEHTY OIPEENICH MPSIMON JOCTYI, MOXKET ObITh ONpeeieHa Kak

THUIT JAHHBIX A3BIKOB ITPOrpaMMUPOBAHHA.

dai — 3TO CIIMCKOBas CTPYKTypa JaHHBIX C PAa3JIMYHBIM JOCTYIIOM K 3JICMCHTAM, PACIIOJIIOKCHHAA Ha BHCIHIHUX HOCUTCIIX KOMIIBOTEPA, OIIPCACIICHA KaK

THUII JAHHBIX SA3bIKOB ITPOIPaMMUPOBAHUA.

Hepapxuueckas CTpyKTypa - APEBOBHIHAS CTPYKTYpa JaHHBIX, I7I€ €CTh Pa3/eJICHUE JEMEHTOB I10 YPOBHAM. DJIEMEHT IaHHOTO YPOBHS MOXKET UMETh

AOUYCPHUC DJICMCHTHI Ha CIICAYIOIICM YPOBHC.

I[epeBo — 9TO UCpAPXUUCCKAA CTPYKTYypa JaHHBIX, A€ BCC JICMCHTLI PACIIOJIOKCHDBI 110 YPOBHAM U ITPOUCXOAAT U3 OAHOTO POAUTCIILCKOTO 3JICMCHTA —
KOpPHSA ACPCBa, OH PAaCIIOJIOKCH HAa HYJICBOM YPOBHC. Kaxcnmﬁ 9JICMCHT HMXKHCTO YPOBHSA UMCCT POBHO OAHOI'O ITPEAKA. OcHOBHEIC ornecpanru BKIIFOUYCHUC,

HCKJIIOYCHHE, 00XO0/I U ITOUCK.

[Mupamua, 1BOMYHAS Ky4a — 3TO COPTUPYIOIIEE IEPEBO, Y KOTOPOTO MUHUMAJIbHBII/MaKCUMANIbHBIN 3JIEMEHT PACHOJI0KEH B KOPHE.
MHOX€eCTBO — HEYNOPAA0UECHHAs CTPYKTYpa JAHHBIX, KOTOPAs O3BOJISET XPAaHUTh TOJIBKO YHUKAIbHBIE 3HAUEHUS 3JIEMEHTOB.

I'pad — HenuHeHAS CTPYKTYpa JaHHBIX, 3aJJaHHAsI OTIMCAHHEM DJIEMEHTOB BEPIIUH rpada M 3IEMEHTOB CBSA3EH MEX/Y BEPIIMHAMHU.
Certp — 3710 Tpad, T7Ie 33aH BEC KaXKJ0U CBSI3H.

OcHoBHbIE onlepanuy a0CTPAKTHBIX CTPYKTYP JAHHBIX:

§ 00x0[ 2IEMEHTOB CTPYKTYpPBI JAHHBIX: TOCTYI K KaKAOMY 3JIEMEHTY 1JIs 00paboTKy;

§ noGaBiieHHe W/MIM BCTaBKa 2JIEMEHTOB B CTPYKTYPY JaHHBIX;

§ ynaneHue 3JIeMEeHTa CTPYKTYpPbl JaHHbIX;

§ TMOMCK 3JIeMEHTa B CTPYKType JIaHHbIX;

§ cospaHue U pa3pylLIeHHE CTPYKTYPbI JaHHBIX;

§ mpoBepka Ha HaJIMYUE 3JIEMEHTOB B CTPYKTYype (IIPOBEpKa Ha MyCTOTY).

Memoouka npozpammupoganue a6cCmpaKmuovix CMpPYKmMyp OAHHBIX:

1. BpiOuparoT onTUMaIbHYI0 0a30BYIO CTPYKTYPY JAaHHBIX Ul PeaTH3aliH.

2. OnpenpenstoT nepeMeHHbIE MaMATH U pa3padaThIBAOT (PYyHKIIMH aITOPUTMOB ONEpaIfii JaHHON aOCTPaKTHOM CTPYKTYPBHI.

3. OmuceiBaroT abcTpakTHbIA THI JaHHBIX (AT/I) U1 CTPYKTYpHI.

4. Cosnator 00bexT AT]] 1 pemraroT MocTaBICHHYIO 3a1a4y.

Tabmuma 2
CpaBHHUTENBHBIE BOBMOKHOCTH 0a30BBIX CTPYKTYP JTaHHBIX
Maccun JIMHAMUYECKHM CBSI3HBIN CITHMCOK
[TaMsTh BBIIENSAETCS €AUHBIM HENTPEPBIBHBIM [TamMsATh BBIIEISETCS IO Mepe JOOABICHUS
OJI0KOM T0]T BeCh OOBSBICHHBIN MacCUB Mepet 3JIEMEHTOB.

€0 UCIIOJIb30BaHHECM.

Omnepanyu no6asneHus/yaaneHus aneMeHToB |  Omnepanmu n1o6aBneHus/yaaneHus TpeOyoT
TpeOyIOT NepeMEIICHHUS BCEX AIEMEHTOB ITyTeM HIEPEOTPENCIUTh YKA3aTeNIN COCEIHIX

caBura. DJICMEHTOB U BBIACIICHUSA ITaMATH.
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O0BeM mmamaTu BBIACIAIOT C AOIIOJIHUTCIIbHBIM O0beM mmamaTu AJid XpaHCHHUA COOTBCTCTBYCT

PE3CPBOM IJid I[O621BJI$I€MBIX OJICMCHTOB. KOJIMYCCTBY 3JICMCHTOB B CITMCKC.

[IpssMo#t moCTYyI K AIeMEHTaM [TocnenoBarenbHBIN TOCTYH K JJIEMEHTAM

Ecnu onepanuu no6aBieHus U yajaeHus sIBISIOTCS YaCThIMU, TO MPAaBUIBLHO Oy/IeT BBIOPATh CBSA3HBIN CIHCOK, HHAYE YI0OHO MpOrpaMMHUpPOBaTh Ha

MaCCHBC.
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2. CTeK

Crex — 3T0 NTUHEWHAs CTPYKTypa TaHHBIX, CIIMCOK JIAHHBIX, /I ONEPAIliy BKIFOUYCHHS U UCKITIOYCHUS JIEMEHTOB OTPaHUYCHBI TOJIBKO OTHUM KOHIIOM
CTPYKTYPBI, peaTM30BaH MPUHITUI «ITOCIEAHUIN TpHIIeN - epBbid ymem. [Ipuanun o6o3Havaercs adbopeBuarypoit LIFO (last in-first out) u apyroe

Ha3BaHHUC CTCKa — Mara3uH.

Crek (Stack) mprMeHSIIOT KaK CTPYKTYpY AaHHBIX, €CIH B 00paboTKe HEOOXOANM TOCTYI TOJIBKO K TIEPBOMY AIIEMEHTY CIUCKA. DTOT DJIEMEHT B CTEKE

Ha3bIBAIO 8epUIUHOL CTEKA U 0003HAYAIOT OOBIYHO NEPEMEHHOM fop, cM. puc 33.

Bepumna

_ CTeKa
JobagnenHe

xl
~=-00000

Hagnewenne

Puc.33 I'paduueckas monensb cTexa
Onepanuu cTeKa 1 UX Kilaccuyeckoe 0003HaueHue, cM. puc.34:
§ moOaBneHue dIIeMEHTa B BEPIIMHY cTeka - push( val),
§ ynasieHHe/M3BIEUCHHE dJIEMEHTa U3 CTeKa (C BbhIJauel 3HAUYEHHUS yAAIsIEMOTO dJIeMeHTa) — < THI 3JeMeHTa> pop().
§ TpouMTaTh 3HAUCHHE BEPXHETO AJIEMEHTa (eciiu cTeK He mycT) — peek(),
§ mpoBepUTH, MyCT Jiu cTeK - iIsSEmpty(),
§ oumctka creka — clear(),

§ BBIBOJ pa3Mmepa cTeka- count().

LIFO
C C
| B B B | B
A | | A A A | A
Push (A) Push (B) Push (C) Fop Fop

Puc.34 I'papuyeckas Mmonenp onepauuii creka
[IporpammupoBaHue cTeKa BO3MOXKHO Ha 0a30BbIX CTPYKTypaxX OJHOMEPHBIA MacCUB U TMHAMHYECKUHN OTHOCBSI3HBIN CIHCOK.
IIporpaMMupoBaHue CTEKa HA MACCUBE XapaKTEPU3yeTCs:
- OTpaHMYCHHEM MaKCHUMaJIBHOTO pa3Mepa CTeKa pa3MepOM MacCHBa, YTO MOPOXKAAET OMINOKY IEPETOIHEHUs CTEeKa;
- IPOCTBIE AJITOPUTMBI PEATA3ALUHN OTIEPALIAIA.
[IporpaMMupoBaHue CTEKA HA CIIUCKE XapaKTEPU3yeTCs:
- HET poOJIeMBbl MIEPETONIHEHNS CTEKa, HO €CTh OTPAaHUYEHHE 110 pa3Mepy AMHAMHYECKOM MaMATH - Ky4H;

- HOCHCHOB&TGHBHBIP'I AOCTYII K DJICMEHTAM, YTO HC KPUTHYHO IJId CTCKA, HO YCJIOXKHACT.
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2.1. Peann3auns creka O0AHOMEPHbLIM MaCC1BOM

Pea/zu3auuﬂ cmeka OOHOMeprlM MACCUBOM

4 4
pop()
—— 3 1 top 3 1 3
2 0 pop() 5 0 top 2 0
1| -2 T o2 | PR g 2 e
0 4 0 4 0 4
-1 -1 -1
. top=2 top=1
top = PDP“ =1 pcpn =0

Puc.35 Peanusanus cteka Ha MacCUBE

1. OObsBUTH MaccuB S[MaxSize], Ans XpaHEHUS JIEMEHTOB CTEKa.

2. OOBsABUTH NEpPEeMEHHYIO tOp IETIOT0 THIIA, U XPaHEHHS WHIEKCa BEPIIMHBI CTEKa — yKa3aTtellb Ha BepiuHy. [loka crek myct top=-1, uHaue

AIIEMEHTHI CTeKa OyIyT PacIlOIOKEHBI B Uamma3oHe nHAekcoB MaccuBa ot S[0] mo S[top], puc 35.

3. Pa3paborarh QpyHKIMH OTIEpaAIIUii CO CTEKOM.

Hporpamma 2.1 OyHkuu npocTeiieil peaau3alnny onepanuil creka Ha MacCHBe.

[[~===m- NpoBepKa Ha MyCTOTY
bool isEmpty() {
if (top==-1)
return true;
else

return false;

}

// BCTaBKa dJIEMEHTA

void push(int val){
top++;
S[top]=val;

}

[[mmmmmmmm e yIAJICHHUE DIIEMEHTA
int pop() {

if (isEmpty()) return -1;

top--;

return S[top+1];

}

/l

Peanuzanus crexa Ha ocHoBe onucanusi AT/ (abctpakTHOrO THTA TaHHBIX).

Onucadus Tia JaHHBIX Stack:
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const int MaxSize=100;
struct Stack{
int S[MaxSize]; // MaccuB TIOJ| CTEK

int top=-1; // yxa3arenb BEpIINHBI

3

IIporpamma 2.2 OyHKIIUYK ONEepalfii cTeka Ha OCHOBE THIA JaHHBIX Stack.

El#include <iostream>
#include <iomanip>
[#include <stdio.h>
using namespace std;

const int MaxSize = 180;
—lstruct Stack {

int S[MaxSize]; // maccue nog cTek
int top = -1; Jf yxasaTens sepunAs
L3s
ffeeneess NPOBEPKA HE MY CTOTY == == sm e e e o
=lbool isEmpty(Stack &St) {
if (St.tep == -1)
return truej;
else
return false;
L}
fifeemmmmecccacnaas SobaBneHne 3NeMEHTA==-======-scccccccccccacccaan==

Flwveid push(Stack &St, int wval) {
if (5t.top == MaxSize - 1) return;
S5t.top++;
St.s[st.top] = val;

=lint pop(Stack &5t) {
if (isEmpty(5t)) return -1;
St.top--;
return St.S[St.top + 1];

setlocale(LC_ALL, "Russian™);

Stack 5; / fobrerT
push(5s, 25); push(5, 35); push(5, 45);
while (lisEmpty(S))

cout << setw(5) << pop(5)<< endl;
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ABCTPaKTHbIE CTPYKTYPbI AaHHbIX

2.2. Peanm3aling creka 0fHOCBSA3HbIM JMHAMUYECKMM CMINCKOM

Jl1st mporpaMMUpPOBaHHS CTEKa HENb3s HCIIOIb30BaTh BECh HA0OP aJIrOPUTMOB 00OPAOOTKH OTHOCBSI3HOTO CIIUCKA, TOJIBKO T€, YTO COOTBETCTBYIOT

ornepanuriaM CTCKa. AJIFOpI/ITMI)I OJHOCBA3HOI'O CIIMCKA, KOTOPLIC UCIIOJB3YIOT AJId pCain3allun onepaunﬁ CTCKa:

§ @ynknus addHead() - push();
§ Dynkmus removeHead() — pop();
§ Dynkmus retrieve() — peek();

§ @Dynkmus isEmpty() - isEmpty(),

Peaﬂus'auwz CcmeKa 0OHOCES3HbIM OUHAMUYECKUM CNUCKOM

§ ®ynkmus removeAll() - ounctka creka — clear(),

§ @ynkuus count() crucka - BEIBOJ pazMepa cTeka- count().

VxazaTeTs Ha
BEPIHHY CTEKA

Hignewenne l
-— » - - - NULL
_ —= | Bepmmsna . Hso
NoDagnenHe

Puc.36 Peanusanus creka Ha JUHAMAYECKOM CBI3HOM CITHCKE

OnucaHus THIA JAaHHBIX 3JIEMCHTA CTCKA — 3TO OIMMCAHUC Yy3JIa CIIMCKA:

struct Node {
int data;
Node *prev;
IE

Node* top=NULL;

IIporpamma 2.3 @yHKIMY onepalyii cTeka Ha OCHOBE JMHAMUYECKOTO OJJHOCBSI3HOTO CITHCKA.

/[=====- JloOaBiieHre AJIeMEHTa B CTEK

Node* push (Node *top, int val){
Node *temp = new Node;
temp->prev= top;
temp->data = val;
top = temp;

return top;

J/u——— VhnaneHue djIeMEHTA U3 CTEKA

int pop(Node *&top){

Node *temp;
int Value=-1;
if (top) {

Value=top->data;

temp=top->prev;

https://educon2.tyuiu.ru/mod/book/tool/print/index.php?id=558744
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delete top;

top=temp;

return Value;

[[~=mmm- [Toka3aTh 3HaUE€HUE BEPXHETO AIEMEHTa
int peek (Node* top){
if (top)
return top->data;

else return -1;

[]==mmmm- [TpoBepka Ha mycToTy
bool isEmpty(Node* top) { return !top; }

/1

int main(){
top = push(top, 25);
top = push(top, 35);
top = push(top, 45);

while (lisEmpty(top)) cout << setw(5) << pop(top);

/1
[Ipu peanu3zanuu creka HaJ0 MPETyCMOTPETh 00PaOOTKY BYX UCKIIOUUTENBHBIX CUTYaIIU:

- Ipn I[O6aBJ'IeHI/II/I QJICMCHTA KOHTPOJIUPOBATH NECPCIIOJIHCHUEC MAaCCUBA UJIN ﬂHHaMHqCCKOﬁ IIaMsATH,

- IpU yAAJICHUHU 3JICMCHTA KOHTPOJHUPOBATH HAJIMYHUEC 3JIEMCHTOB B CTCKC.
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3. Ouepens

Ouepenb — 3T0 NMHEHAasA CTPYKTypa AaHHbIX, CMUCOK AaHHbIX, [Ae onepauun BKITHYEHUS U UCKITHOYEHUS 3NTIEMEHTOB BbIMOSTHAOTCS C Pa3HbIX KOHLIOB
CTPYKTYPbI, peanv3oBaH NpuHUUN «NepBbi npuwen - nepebin yweny. MNpuHumn o6o3Havaetcs abbpesmnatypon FIFO (first in-first out). Mpumepom

MOXET CITYXXUTb obblyHaga o4yepenb B Kaccy.

Ouepenp (Queue) onpenensieTcs IByMs yKa3aTesIMU Ha HAa4ajI0 U KOHEI, X Ha3bIBAIOT 2010601 (head) u xeéocmom (tail) ouepenn. I'omoBa yka3piBaeT Ha
TIEPBBIN DJIEMEHT OYEPEIN U MCIIONB3YETCs IS OTIepaIliy H3BJICUCHHS JICMEHTA, @ XBOCT YKa3bIBACT Ha MOCIICIHUAN JIEMEHT OYEePEIH U UCTIONB3YeTCs

JUTSI oTiepaniy Jo0aBIeHUs B OYepe/Ib JJIEMEHTa, CM. puc 37.

Hasaao Konen
odepeTH o"epeIn
l { Jobasaenne

Hapaeqenne

Puc.37 I'padpuueckas monens ouepenu

Onepanuu ouepenu:
§ nmobGasneHue snemMeHTa B koHerl tail ouepenu - enqueue ( val);
§ ynmaneHwe/w3BICUCHHE IEMEHTa U3 Hadasna head ouepenu (¢ BbIavei 3HAYCHHS YIAISIEMOro dJeMeHTa) — < Tull aeMenTa> dequeue();
§ mpouuTarh 3HAYCHHE Hayaja M KOHIA ouepenu (ecnu He mycta) — peekHead(), peekTail();
§ mpoBepwuTh, MycTa ik ouepens - isEmpty();
§ oumctka ouepenu — clear();
§ BBIBOI pa3zmepa odepenu - count(), length().
Ouepenp peanusyroT:
Ha OCHOBE CTaTUYECKOTO I JUHAMUYECKOTO OJJHOMEPHOTO MACCHBA;
Ha IMHAMHYECKOM CBSI3HOM CITHCKE.
Peaﬂu3auuﬂ oqepedu HAa OaHOM@pHGM maccuee
JIBa criocoba peanusamnuu:

§ Ha oonomepnom maccuee nymem onepayuu coguza K Hadaiy 110 Mepe yaJleHHs YIEMEHTOB U3 O4epeIH U KOHTPOJIE IEPENOTHEHHS B IIPOLIECCe
n00aBIeHHs AIEMEHTOB B ouepeb. [Ipoucxonut koHTposb ykazatens Havana (head) u ykazaresst KOHIIA, I7le OHU JTUOO YBEIMUYMBAIOTCS ONepanueit
no6aBneHust, TMO0 yMEHBIIAETCs ONepalyell ynaaeHus seMeHTa U3 ouepeau. B mporecce KOHTPOIIs, O Mepe HEOOXOUMOCTH BBIIONHAIOT cABUT. Eciu

peayinzanus MPOUCXOAUT Ha TUHAMUYECKOM MAcCHBE, TO TI0 Mepe 100aBIeHUsI MOKHO pacIIupATh MacCuB. Anroput™ paboTs! Ha puc. 38.
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Yrazatens [ _ /
Havyana
Ykazatens
KOHUa
a) Nycran ovepens
Yrazarens _/
Havana
Ykasarens _‘/‘
KOHLA
8) Nocne smoyenua anemeqTa B

ABCTPaKTHbIE CTPYKTYPbI AaHHbIX

Ykalatens
Havana

_/"—.Iﬂi

Yxasarens
KOHUa

6) Nocne exnmoNeHHa anemenTa A

Ykasatens | - | B
Hauana
YasoTens f
KOHUA ]
r) Nocne yaanenna anemeHTa A

Puc.38 Peanuzanus ouepeu Ha OJHOMEPHOM MacCUBe

§ Ha konvyesom (yukauueckom) 0OHOMEPHOM Maccuge, TAE€ B OTPAaHUUYEHHOM pa3Mepe MacCUBa JIBH)KEHUS yKa3aTeell MPOUCXOANUTD O KOJIbLLY 110 Mepe

no0aBiieHust 37eMeHTOB U ynaneHus (puc. 39). KonnenTtyanabHO KOJIbLIEBOW MACCUB MOXHO MPEJCTABUTh KaK MACCHUB, IJI€ TTOCJE MOCIETHETO JIEMEHTA

CJIEAYET MEPBBIi.

Hcknowumenvnas cumyayuu.: 1ICPCIIOJIHCHUC MaCCHBaA.

a) [Mepaas meiua fnoe >
" 6)  Nepsansveica Gnoa
] \
Mocegsas
—— N /M \ " oeiabuon
0
Yiasarems cowa I :
K
- - Yeazatem wonla
et | B 310M KANER/E Ouepecs nepeueLerca
B 3T0M KANpaZAEHIN
Yeasarens nasana G — |
H Yicasanem Havana
I
J
K ]
L
Nocnefse
eica B00ca = M

Puc.39 Peanuzanus odyepcanu Ha OTHOMCPHOM KOJIbIICBOM MACCUBEC

Peanu3zanus npocreiiiieil ouepeny Ha 6a3e mMaccuBa:

1. B xauectBe 6a3bl BbIcTynaeT MaccuB Q pukcupoBaHHOM JuIMHBI N, TAKUM 00pa3oM, odepe/ib OTpaHuueHa H HE MOXKET coziepxkarhb 6osee N-1

OJICMCHTOB.

2. HWupaekchl 3IeMEHTOB MacCHBa MU3MEHSI0TCS B npeaenax oT 1 qo N.

3. Peanm3anus ouepequ XpaHUT JBE MPOCTHIC IEPEMEHHBIC: HHJIEKC Hadaia ouepeau (ronosa — head), manekc koHIa ogepeau ( XBoct — tail).

4. TlepsonagaibHo nmeeM head=0, tail=0, T.e. ogepenp mycra.

[TceBmokoIbI OCHOBHBIX OTE€palldii Ha KOJIBIIEBOM MacCHBE CM. Ha puc. 40.

IIporpamma 2.4 @yHKIIMK NPOCTEUIIEH peanu3anyy Olepauuil oyepeid Ha KOJIbIIEBOM MaCCHBE.

// BCTaBKa dJIEMEHTA

void enqueue(int val){

https://educon2.tyuiu.ru/mod/book/tool/print/index.php?id=558744
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Q[tail]=val;

if (tail==N-1)
tail=0;

else tail++;

//mpoBepKa KOHIIa MAaCCUBa

ABCTPaKTHbIE CTPYKTYPbI AaHHbIX

e yaaJeHue IEeMEeHTa
int dequeue (){
int val= Q[head];
if (head==N-1)
head=0;

else head++;

return val;
}
[[~==mmmm IpoBepKa Ha MyCTOTY

bool isEmpty() {

if ( tail==head)

return true;
else

return false;
}
/[-====-- MIPOBEpPKa

int main(){
enqueue(25); enqueue(35); enqueue(45);

while (!isEmpty()) cout << setw(5) << dequeue();

//

Puc.40 IlceBaokonbl OCHOBHBIX ONEpALMil ouepeau Ha KojableBoM mMaccue (Kopmen).

Peanuzanus ouepenu Ha AMHAMHYECKOM KousblieBoM MaccuBe kak AT/] (abctpakTHOro TMna naHHbix). Onucanus THna JaHHBIX Queue:

struct Queue{

int head; //yka3zarenb Hadaa

https://educon2.tyuiu.ru/mod/book/tool/print/index.php?id=558744

ENQUEUE(Q, T)

o

Qltail[Q]] — =

2 if tail[Q)] = length|Q)]

3 then tail|Q] «— 1

4 else tail[Q] «— tail[Q] + 1
DEQUEUE(Q)

1 z +— Qlhead|Q]]

2 if head|Q] = length|Q)]

3 then head(Q] — 1

4 else head|Q] «— head[Q] + 1
3 return x

13/33



13.01.2023, 23:37 ABCTpaKTHble CTPYKTYPbl AaHHbIX

int tail; // yxa3arenb KOHIA

int size; //pazmep odepenu

int *Q; //MMHAMUYEeCKUH MacCHB IIO/T OYePEe/Ih
¥

IIporpamma 2.5 ®ynkuuu onepanuii ouepenu Ha tune AT/ Queue.

Queue * NewQueue(int size){
return new Queue{ B8, 8, size, new int[size] };

void Engueue(Queuwe* g, int wval){

g-*Q[g-»tail++] = wval;
if (g-»tail == g-»size)
g-»>tail = @;

int Dequeue({Queue *g){
int val = g-»Q[g-rhead++];
if (g-rhead == g-»size)
g->head = &;
return val;

int PeekHead(Queus *g){
return g->Q[g->head];
}

int PeekTail{Queue *g){
return g->Q[g->tail];

¥
R DHMCTHUTE OYEPEIAE - - - - - - - - s - - o - mm o oo
void Clear{Queue *g){
q-rhead = 8;
g-»tail = 8;
}
Ff-mea- OCEODOOMTE MAMATE- === == == = f oo oo o e o oo oo oo

volid DeleteQueue{Queue *g){
delete[] g-»Q;
delete q;
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3.1. Peanu3aums oyepean Ha ba3e CBA3HOM MHAMUYECKOro Crncka

I[JISI pcaiu3zanuu o4Cpcau MOryT OBITH UCITOJIL30BAaHbI BCE BU bl JUHAMHUYCCKHUX CIIMCKOB KaK JIPIHefIHBIX, TaK H KOJIbIICBBIX. MOZ[GJIB oucpCau Ha

JIBYCBSI3HOM CITUCKE IMpejcTaBieHa Ha puc 41.
Ornucanus TN JTAHHBIX dJIeMeHTa ouepenb (puc. 41) — omucaHue y3ia IByCBS3HOTO CIHCKA!
struct Node {
int data;
Node* next;
Node* prev;
¥

Node* head=NULL; Node* tail=NULL;

Viazatess Ha Ykazarens Ha
HA9T10 o9epeTH KOHel o9epedH
Hagaeaenne . - &——> .+ —| NULL Jobagnenne
e NULL =5 ] e . = —— f—
Ha=ano . Konen

Puc.41 Mopenp ouepeau Ha ABYCBA3HOM JMHAMUYECKOM CIIUCKE

JU1st mporpaMMUpPOBaHHS OYePEeIN Hellb3s UCTIONB30BaTh BeCh HA0Op alropuTMOB 00pabOTKU CBSI3HOTO CITMCKA, HCIIONB3YIOT TOJIBKO TE, YTO

COOTBETCTBYIOT OIEPAIMSIM OYepear. AJITOPUTMBI CBSI3HOTO CITMCKA, KOTOPHIE NCTIONB3YIOT [T peau3alliy OTiepalii o4epeiu:
§ ®ynknus addTail() - enqueue ();

§ Dynkiusa removeHead() — dequeue();

§ Dynkmus retrieve(head), retrieve(tail) — peekHead(), peekTail();

§ @ynkmus isEmpty() - isEmpty(),

§ Dynkiusa removeAll() - ounctka ouepenu — clear(),

§ ®ynkuusa count() cucka - BEIBOJ pa3Mepa odepean- count().

HporpaMMa 2.6 cDyHKI_II/II/I OTACIBbHBIX onepaunﬁ odepeau Ha OCHOBC JTUHAMUYCCKOI'O OAHOCBA3HOTO CITMCKA.

e DMMCEHME HaHHB{ - - - - == = - - o - m oo m oo
struct Node{
int data;
Node* next;
}s
Node®* head=NULL; Mode®™ tail=NULL;
ffr--—-- OOD3BAEHWE 3NEMEHTE B O4EpPEedb------------——-——-——-—————-——-

void engueue(Node *&head, Node *&tail, int wval){
Node *temp=new Node;
temp->data=val;
temp-> next = MNULL;
if (head==NULL) head=temp;
else tail-»next=temp;
tail=temp;

fFf------ YOANEHHWE 3NEMEHTA M3 OYEPEfM-----------—---—-————————-—— -
int degueue(Node *&head, Node *&tail)

MNode *temp; int Value=-1;

if (head==tail) tail=NULL;

if (head) {
Value=head-»data;
temp=head-» next;
delete head;
head=temp;
¥

return Value;
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I EEEEEE MOKa3aTe IHAYEHUE MEpPBOTD IMEMEHTE------------------=---=-=
int peekHead (MNode * head) {
int Value=-1;

if (head) Value=head->data;
return Value;
¥
ff------- OYHCTEE OHEPEAM- - - - = = == = == m = m mmm oo m oo

void clear (Node *&head, Node *&tail){
Mode* temp; tail=MULL;
while {(head) {
temp=head-> next;
delete head;
head=temp;

[Ipu nporpaMMHUpOBaHUM OYEPEAN HEOOXOIUMO MPEAYCMOTPETh 00PaOOTKY JBYX MCKIFOUUTEIbHBIX CUTYalUM:
- IpH J00aBIECHUH SJIEMEHTa KOHTPOJIMPOBATh NEPENOIHEHNE MAaCCUBA UM JUHAMUYECKOM MaMsTH;

- IpyU yAaJICHUHU 3JICMCHTA KOHTPOJIHUPOBATH HAJIUINUEC SJICMCHTOB B O4YCPCIH.
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3.2. JleK, ABYCTOPOHHSS 04epesb

HCK — OTO ABYCTOPOHHAA OUYCPCb, I/IC OIICpalliu BKIIFOYCHHNA U HCKIIFOUCHUA 3JICMCHTOB BBIIIOJIHAKOTCA C oboux KOHIIOB CTPYKTYPHI.

ABCTPaKTHbIE CTPYKTYPbI AaHHbIX

Hex (Deque) (GyHKITMOHUPYET OMHOBPEMEHHO MO ABYM MpuHIIaM opranm3anuu JaHHbX - FIFO u LIFO. OnpenenuTs ek MOXKHO Kak Ouepe/lb C IByMsI

CTOpPOHAMHU, WJIK CTCK, IMErOIIniA Ba koHNa. [lek (deque, double-ended queue) — 310 odepens ¢ AByMs KOHIIaMU, puC. 42.

obaeaenue

¥»

Jleprit
KOH eu Jeka

[Tpaesrit
KOH -.‘:I.t dexa

HoGasaernne

OOQOO

H IBJICHCHHE

Jlex monaepKuBaeT ciaenyroluil Habop oneparuii:

§ 10o6aBUTH AMEMEHT B Hauaso (JIeBbIil KoHel) neka - pushHead();

Puc.42 I'paduueckas moaensb aeka

§ W3BJIEYb DJIEMEHT U3 Havala Jieka ¢ BO3BparoM 3HaueHus - popHead();

§ nmoOaBUTH 7IeMEHT B KoHel] (1paBblif) aeka - pushTail();

§ W3BIEYB BJIEMEHT M3 KOHIIA JeKa C BO3BpaToM 3HaueHus - popTail();

§ mpounTaTh 3HaUEHHWE Hayaa M KOHIa aeka (ecnu He mycta) — peekHead(), peekTail();

§ mpoBeputsh, myct Ju JeK — isEmpty();

§ oumctka neka — clear();

§ BBIBOI pa3Mmepa jaeka - count(), length().

Jlex peann3yloT Ha OCHOBE JIByX 0a30BBIX CTPYKTYp: KOJIbLIEBOI MacCHUB U JABYCBSA3HBIN CIMCOK. Peanu3anus geka - 3T0 ajJropuUTMbI peaau3aluu o4epeau

H CTCKa.

Mopens neka Ha ABYCBA3HOM CIIMCKE IIPEACTABJICHA HA PHUC. 43.

Viazarens Ha

TeBHIH KOHEU JeKa

Hseregenne
e

L —
Hooaeaenne

'

Vikazarens Ha

Npaesif KOHE JeKa

!

. - — : + » —=| HNULL
NULL | - e * + + ——y
Haugazo .. Konen

Puc.43 Mopens nexa Ha JBYCBS3HOM JMHAMUYECKOM CITUCKE

[IpocTreiimas peanusaius aeka Ha KoiblieBoM MaccuBe kak AT/ mpeacrasnena B [Iporpamme 2.7.

Hzenegenne
—_—

-—
JobaeaeHne

IIporpamma 2.7 Peanuzanus nexa kak ATl Deque Ha 6a30B0ii CTPYKTYpe — KOJIBIICBOW OHOMEPHBIN MacCHB. 371eCh (PYHKIMH ONepanuii peain30BaHbI

B COCTaBe CTPYKTyphl. OOparieHue K noysM U QyHKIUSIM CTPYKTYpPbI UJET Yepe3 OOBEKT.

struct Degue {

int a[leee];

J"rj'rpEEMEp MNOZE0NAET WMETE pPe3epEHLIE ZNEMEHTH KakK CNeBa, TakK W CNpaBa

int head =
int tail =
void pushHead{int wval) {

head--;
a[head] = val;

¥

void pushTail(int wval) {

a[tail] = val;
tails+;

¥

int popHead() {

if (head != tail) {
head++;

https://educon2.tyuiu.ru/mod/book/tool/print/index.php?id=558744
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return alhead - 1];
1 else {
SIVCKNNHMTENEHEA CUTYaUMA:
[/ NombITEa WM3EMAEYE SNEMEHT W3 NYCTOro OEKa

¥
int popTail() {
if (head != tail) {
tail--;
return a[tail];
1 else {
SIMCKRMOHMTENBHEA CUTY3UMA:
[/ NomeiTKa W3EfEYE 3MEMEHT W3 NYCTOro OeKa

}

bool isEmptv() {
return head == tail;

void clear() {
head =588; tail =588,
¥

int peekTail(){
return a[tail-1];

b

i

int main(){
Degue D; //oBtaennn obrexT ATI
D.pushHead(25); D.pushHead(45); //obpaweHwe kK @yHKUMAM obLekTa
D.pushTail(35); D.pushTail({55);
cout << D.peekTail()<<endl;
while (!D.isEmpty()) cout << setw(5) << D.popHead();

¥

L et i e e
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4. bUHApHOe aepeRo

Z[epeBo — OTO UEpAPXHUYICCKas CTPYKTypa JaHHBIX, II€ BCC DJICMCHTBI PACIIOIOKCHEI 110 YPOBHAM U IIPOUCXOAAT U3 OAHOT'O POAUTEIIECKOTO DJIEMCHTA —

KOpHsI JIepeBa, OH PACIOJIOKEH Ha HYJE€BOM YpoBHE. KaxKblil 371EMEHT HUKHETO YPOBHSI KMEET POBHO OJHOTO MpEaKa.
OcHognble onpeoenenus

DJeMeHT JiepeBa Ha3bIBACTCS 8epuluHOlU (V310M) Oepesa, BEPUINHBI IepeBa COSANHEHb! HANIPaBIECHHBIMU yTaMHt - gemeamu oepesa. Jlucmuvs nepesa -

BEPILUHHBI, B KOTOPbIE BXOAUT OJJHA BETBb U HE BBIXOJUT HU OJJHOM BETBHU.
CaoiicTBa nepeBa:

- CYyILIECTBYET BEpIIMHA, B KOTOPYIO HE BXOAUT HU OJHON AYT'H (KOPEHB);
- B KQ&XKIYIO BEpLIMHY, KPOME KOPHS, BXOAUT OJIHA JyTa.

BepIHI/IHBI, B KOTOPBIC BXOJAAT BETBH, HA3BIBAIOTCS ITIOTOMKAaMH, a CaMa BEPIIMHA — ITPECIKOM. ypOBGHI: MMOTOMKAa Ha CAVMHULLY OoJiblie YPOBHA €TI0 MMpeaKa.

Kopensb nepeBa He uMeeT npeka, a JUCThS JIepeBa HE UMEIOT IIOTOMKOB.

KonnuecTBo ypoBHEH B iepeBe Ha3bIBalOT IIIyOMHOI (BbICOTOI) AepeBa. IlycToe nepeBo nMeeT NyOMHY HOJIb, NTyOMHA JepeBa U3 OHOTO KOPHS —

eAnHUIA. YPOBHU HyMEPYIOT, HaunHas ¢ 0, puc. 44.

Cmenenvio (apHOCTHIO) BEPIIMHBI B IEPEBE HA3bIBAIOT KOJMYECTBO YT, BHIXOJAIINX U3 HEE. APHOCTD JIepeBa ONpeeIseTcs 0 MAKCUMaJIbHOM apHOCTH

(cTeneHn) BepIIMHBI, BXOJAIICH B IepeBO. B 3aBHCHMOCTH OT CTETIEHH BEPIIWHBI BBIICISIOT CIEAYIONINAE Pa3HOBUIHOCTH JCPEBBEB:
-OMHapHBIE IEPEBhS — CTEIICHB JIepeBa He OoJiee ABYX, puc.45 (0);

-N-apHble, IPOU3BOJILHBIE IEPEBhS — CTETICHB JiepeBa N, puc. 45 (a).

Puc.44 bunapHoe nepeBo

3nas apHocThb faepeBa (N) u HoMmep ypoBHs (/) MOXKHO pacCUMTaTh MakcuMalbHoe Yucio eepuiur (y37I0B) B IEpeBE Ha 3TOM ypOBHE 1o (hopmyre:
Hanpumep, B GuHapHOM ziepeBe Ha 3-M ypoBHe Oyznere He 6onee 8 BepInH (

Hoddepeeo — 4acCTb z[peBoo6pa3H0171 CTPYKTYPbI JaHHBIX, KOTOpAasa MPEACTABIICHA B BUAC OTACIILHOI'O ACPCBA. CJIe):[OBaTCJIBHO, ACPEBbA - 3TO PCKYPCUBHBIC
CTPYKTYPBI, A€ KAXKAO0C NOAACPECBO ABJIACTCA ACPCBOM. Onepaum/l C PCKYPCUBHLIMU CTPYKTYPAMU PCAIU3YIOT PCKYPCUBHBIMU AJITOPUTMAaMHU. Ecau

JIEpEBO OIPENIENIUTh KaK PEKyPCUBHYIO CTPYKTYPY, TO KaXK/bIi 3JIEMEHT SIBIISCTCS:
1) nmubo mycThIM 1epeBOM;

2) nu0o 3IEeMEHTOM, C KOTOPBIM CBA3aHO KOHEYHOE YHUCIIO MO/IJIEPEBLEB.

(1) (4) (4)
OO (3) (7) (2) <
LOOOL @6 OO0 @

a) &) &)

Hepeso Bunapnoe fnepeso  BasapHoe AepeBo NOACKA

Puc.45 PazHOBUAHOCTH J€pEBHEB

Onepayus 06xo0a depesa — 3TO yNOPSAJOYCHHBIN JOCTYII K KaXKJI0i BepIInHe JAepeBa. JoCTym K BeplIrHaM JepeBa OCYLIECTBIISAECTCSA B ONPEAeIEHHOM

nopsnke. CylecTByeT Tpu nopsiaka ooxoaa aepesa (puc. 46):
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- mpsiMoii (preorder) — moOpsiIOK 00X0/a, IPU KOTOPOM KOPEHB MPEIIISCTBYEeT 000UM MOIICPEBbIM;
- oOparHbIi (postorder) — mopsiiok 00xo/a, MPU KOTOPOM KOPEHB CIEAYET 3a MOAIEPEBSIMU;
- cuMMeTpuuHbIi (inorder) - mOpsI0K 00X0/1a, IPHU KOTOPOM CHauaia ClIeAyeT camasi JieBasi BepIliiHa, KOPSHb, IIpaBasi BEPIIIHHA.

Bce onepanuu o0xona sBAAIOTCA PEKYPCUBHBIMU aITOPUTMaMH.

Hpaweon Crsmempuyneii Dépamnwi

ABDECF DEBEEACF DEBFCA

Puc. 46 OO6xons! 1epeBbEB

JIJist anropuTMHU3alUY UCTIONIB3YIOT MMPOCTEUIITYI0 Pa3HOBUIHOCTD JiepeBa — OnHapHOe. Eciiu Moienb JaHHBIX HE COOTBETCTBYET OMHAPHOMY JIEPEBY, TO €ro

OIIpEeAETICHHBIMI METOJaMHU IIPE0Opa3yIoT U3 N-apHOTroO K OMHAPHOMY JAEpeBY Al 00pabOTKH.

BunapHoe (1BoM4YHOE) TepeBO — HEepapXUIeCKas CTPYKTypa JTaHHBIX, B KOTOPOU Kaxas BepimHa (y3el, Node) nMeer He Ooliee IByX MMOTOMKOB
(mereit). Kopens (root) aepeBa/monaepeBa Ha3bIBACTCS POAUTEILCKUM y3JI0M, a IOTOMKHU Ha3bIBatoTcs JieBbIM (left) u mpaBwiM (right) HacaemHuKaMu

(moromkamu), puc. 45 (0).

Kopens nepera
Koot

Jleroe noLepero [Tparoe noepesoe

Lefi Right

Puc. 47 OGo3naueHusi B OMHapHOM JepeBe
Jnist 06paboTKu OMHApHBIE AEPEBbS pa3InyaroT, puc. 48:
§ IomHoe u HenmomHOe 6uHapHOE NepeBo. [oaHOe 1epeBO COAEPIKUT TOIBKO MOITHOCTHIO 3alI0JIHEHHbBIE YPOBHH, HHAYE OHO SIBIISIETCS] HETIOJIHBIM.

§ Ctporoe u HecTporoe OuHapHOe aepeBo. CTporoe JepeBo UMEET BePIIMHBI cTeneHbIo ) (JTUCThsI) WK 2; HECTPOTrOe UMEET BEPIIUHBI cO cTeneHbio 0, 1

o8P BB

Cmpoczoe Hecmpozsoe IHaawoe Henoanoe

Win 2.

Puc. 48 Pa3noBugHOCTH OMHAPHBIX I€PEBHEB

OcHoBHbIE oTepanuy ¢ ONHAPHBIMU JEPEBbIMHU:

§ co3manue OmHapHOTO JepeBa Ha 0a30BOM CTpyKType naHHbIX — makeTree();

§ obxom GmHapHOTO NepeBa (MPSIMON, CAMMETPUYHBINA, OOPATHBII) — preorderTree (), inorderTree (), postorderTree ();
§ BcTaBka aneMeHTa B OuHapHOe aepeBo — insertTree();

§ ymanenwe syneMeHTa u3 OuHapHOTO naepeBa — removeTree();

§ mpoBepka IMyCcTOTHl OMHAPHOTO JepeBa — isEmpty();

§ ymanenme OmHapHOTO nepeBa — clear().

bunapHbie nepeBbsi IPOrpaMMHPYIOT Ha ABYX 0a30BbIX CTPYKTYpaxX: MacCUBax U CBSI3HBIX cUCKaX. CBsI3HbIE CIIMCKU Ul OpraHU3aluy epeBa

HEJTMHEHWHBIE IBYCBA3HBIC WM TPEXCBSA3HBIC.
Peanusayus 6unapnozo depesa na maccuge

Jlemma. JIBondaHOE IepeBO MaccuBa JJIMHBI M uMeeT TTyOuHy (4ucio ypoBHei) log, M.
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Hcnonb3yst 3Ty 3aBUCUMOCTh, MOJKHO OTIPENIEIIUTh pa3Mep MacCHuBa JJIsi XpaHEeHUs] OMHAPHOTO JIepeBa.
Anroput™m onepayuu cozoanus makeTree() - 3amoHEHNs MAacCUBA 3HAUYCHUSIMU BEPIIUH - OMHAPHOTO JIepeBa:

1. B kauecTBe momist cTpyKTypbl Tree i XpaHeHHsI IepeBa BHICTYIIAET OHOMEPHBIN MaccuB a[ | PUKCHPOBAaHHOMN JJTMHBL. 3aIOHIEM €ro 3HAYCHUSIMHU

BEPIIUH OMHAPHOTO JIEPEBO 10 IMPABHITY MPEIACTABICHHOMY Ha puc. 49.

2. Kopenb nepesa xpanutcs B anemenTe maccuBa al0]. Mnnekc xopus 1= 0.

3. Hnpaexc ieBoro moToMKa paccumThiBaeTcs 1mo hopmyne 2*i+1, rae 1 — MHACKC KOPHS TEKYIIETO MOIepeBa.
4. Hupaekc mpaBOro MOTOMKAa pacCYUThIBaeTCs Mo opmyre 2*1+2, rae 1 — MHAEKC KOPHS TeKYIIEro mojepeBna.
5. Hoctyn K poauTenbCcKoi BepIIMHE U3 TeKyIei no npasuiy (i-1) div 2, rae i — Homep TeKyIel BepIInHBI.

OmnuceiBaeM onepayuu oepesa 6 suoe Gpyukyuii 0opabomku ooHomepHoz2o maccusa a[] umu AT Tree. YnoOHO mporpaMMupoBaTh JOCTYII K JICBOH,

MPaBOi ¥ POUTENLCKON BEpIIMHE uepe3 Habop PpyHKIuH, mpeactaBiaeHHbli B [Iporpamme 2.15.
a[7]=8
a[3]=4 <
a[8]=9
a[9]=10
a[4]=5 <
a[10]=11
a[11]=12
a[s1=6 <
al[l2]=13
al[l13]=14
a[61=7 <
al[l4]=15

Puc. 49 CooTBeTcTBHE MHIEKCOB MAaCCHBA M BEPIIIHMH OMHAPHOTO JIepeBa

al[l]=2

a[0]=1

al[2]=3

PaccmotpuM B kadecTBe mpuMepa elie oaHo aepeBo Ha puc. 50. B maccuse OynyT cnenyromue 3Hauenus int A[] ={5,1,3,9,6,2,4,7, 0, 8};

AT A9]

Puc. 50 bunapHoe nepeBo Ha MaccuBe

B ClIy4dac€ HCIIOJHOI'O AC€pEBa B MAaCCHUBEC 6y,Hy'T IMIYCTbIC 3HAYCHU A, IIOOTOMY HYKHO 00s13aTeIbHO BBECTH 0003HAYEHHE IMPpHU3HaKa IIyCTOI'O 3HAYCHUA U 110

HEMy ONpEeNeNaTh He3Havallue 3eMeHThl MaccuBa. K HefjocTarkaM peann3anuu JepeBa B MAaCCUBE OTHOCSITCS:
- HETOJIHOE JiepeBO Hed((HEKTUBHO HCTIONb3YeT MaMsITh MaCCHBA, MHOTO MYCThIX AIIEMEHTOB;

- pa3Mmep AepeBa OrpaHUYEH Pa3MEpPOM MacCCHBA.

Peanuzayus 6unapnozo oepesa Ha OUHAMUYUECKOM CBA3HOM CHUCKE

CriucouHoe npeacTaBieHHe OMHAPHOTO JIepeBa OCHOBAHO Ha onucanuu y3i10B (Node) criucka, COOTBETCTBYIOIIUX BEPIIMHAM JEpeBa, U yKazaTelsl KOpHs
JiepeBa root Ha Hayaso CIHCKA. Y3JIbl JIMCTOBBIX BEPIIUH COAEPIKAT B yKa3aTessax jeBoi v npasor BepminHel NULL. B03MOXHO /1Ba BApHaHTa ONIMCAaHUS

y3JI0B TAKOTO CITMCKA. BTOpOi BapuaHT onmucaHus CTPYKTYPhI UCTIONB3YIOT ISl pAOOTHI C IEPEBhSIMHU MTOKCKA.
Ornucanue y3J10B U KOpHSA JIepeBa:
1. Kaxxnprit y3en UMeeT 1moJjie TaHHbBIX | JIBa MOJIsl yKa3aTeneu (puc. 51): Ha JIeByIo BEpUIMHY U MPaBYIO.
struct Node {

int d;

Node* left; //lyka3aTenb Ha MPaBoOro MOTOMKA

https://educon2.tyuiu.ru/mod/book/tool/print/index.php?id=558744 21/33



13.01.2023, 23:37 ABCTpaKTHble CTPYKTYPbl AaHHbIX

https://educon2.tyuiu.ru/mod/book/tool/print/index.php?id=558744

Node* right;  //yka3arens Ha 1€BOTO MOTOMKA
¥
Node* root=NULL; //ykazarens Ha AepeBO

2. Kaxnplii y3en uMeeT moJjie JaHHBIX U TPHU OISl yKa3aTenen (puc. 52): Ha JIeByIO U IIPaBYIO BEPILUHY, a TAKXKE YKa3aTellb Ha POIUTEIBCKYIO BEPILIUHY.

Kopenp nepeBa B ykaszarene Ha pogutens coaep:kut NULL.
struct Node {

int d;

Node* father; //ykazarens Ha ponutens

Node* left;

Node* right;

¥

Node* root=NULL;

YrazaTens Ha
OHHADHOE JEDEBO

(a1) -
@ @ dg// d3
H @ @ e &

purzhouny]  peunchaurs) Lo

dl

Puc. 51 bunapHoe nepeBo Ha CBA3HOM CIIMCKE — 2 yKa3aTels

] L™
= TR T
T Ty T If:: [ —
g aE, TN el
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SN 77 Ml i)
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e

Puc. 52 bunapHoe niepeBo nmoucka Ha CBSI3HOM CITUCKE — 3 yKazarens
Bce onepanuu nepeBa nporpaMMUpYIOT Ha OCHOBE aJITOPUTMOB 00OpaOOTKH CBSI3HBIX CITHCKOB.

W3 onHoOTrO M TOTO %K€ Habopa y3JI0B MOXKHO CKOHCTPYHPOBATh pa3/InyHbIE BAPUAHTHI IBOMYHBIX JepeBbeB. B mpocTeiiiiem ciiydae 1epeBo MOKHO
MIOCTPOUTH TaK, YTO €ro NIyOuHa OyJeT paBHA YHUCITY AJIEMEHTOB, U AEPEBO BHIPOAUTCS B OHOCBA3HBIN criucok. Ha mpaktuke no0aBieHue U yaaaeHue

OJICMEHTOB B JICPCBO MOXKET NPOUCXOAUTH B IMIPOMU3BOJIBEHOM IMOPAJAKE, YTO MPUBOJAUT K CO3JaHUIO PA3JIMYHBIX ACPEBBEB, B TOM YHUCJIC U BBIPOKIACHHBIX.

Onepayus coz0anusi OWHAPHOTO JepeBa CTaBUT 3aj7ady pa3padboTaTh nmojaHoe aepeBo ¢ N BepmmHaMu (y3J1aMHi) 1 MUHUMAJIBHOW TTyOnHON. MUHUMaIbHas

[TyOMHA MO3BOJIUT OCYIIECTBUTh MAKCUMAJIbHO OBICTPBIN JOCTYI K Ka)/10M BEpIIMHE. DTO CO3/IaHUE COANAHCUPOBAHHO20 DUHAPHO20 depesa.

C6aﬂaHCLlp06aHHO€ ()epeeo — 9TO ACPCBO C MAKCUMAJIbHO BO3MOXHBIM YHCJIOM BCPIIWH HA KAKJIOM YPOBHE, KPOMC HHIKHCTO YPOBHA. B Taxom JACPEBC AJIs

Ka)kJJOH BEPILUHBI B JIEBOM H IIPABOM ITOJIEPEBE YUCIIO BEPIINH pa3nnvaeTcs He Oomee yeM Ha 1.
PexypcuBHbIN aneopumm nocmpoenus coOanancupo8anto2o buHaprno2o oepesa ¢ N BepIIMHAMHU:
1. IlycTb onHa BepiinHa OyJeT KOPHEM IOJ/IepPEeBa.

2. Co3naem neBoe nojaepeBo ¢ NL=N/2 BepuUIMHAMU 3TUM aJITOPUTMOM.

3. Cosznaem npasoe noxnepeBo ¢ NR=N-NL-1 BepuinHamMu 3TUM aIropuTMOM.

IIporpamma 2.8 OyHKIUSA MOCTPOSHHS cOaIAaHCHPOBAHHOTO OMHAPHOTO AepeBa ¢ N BepIIMHAMH Ha CBSI3HOM CIIHCKE.

/1
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Node* makeTree( Node* root, int N){

int NL, NR, val;

if (N==0) return NULL,;

NL=N/2;

NR=N-NL-1;

Node* temp= new Node;

cout<<’3Hauenue BepmuHbl:"<<endl; cin>>val,
temp->d=val;

temp->left=makeTree(root, NL );
temp->right=makeTree(root, NR);

return temp;

}

//

// mepBbIi BBI30B (pyHKIIMU
root = makeTree(root, 12);

/

[IceBmokon pexkypcUBHOMN onepayuu npsamozo 06xo0a OUHAPHOTO JIEpEBa, TIE p - yKa3areilb Ha KOPEHb MoJIepeBa:
void preorderTree (Node * p) {
if (p) {
// MEWCTBHS C Y3JIOM BEPIIHHBI
preorderTree (p->left);

preorderTree (p->right);

}

IlceBnokon peKypcUBHOU onepayuu obpamno2o 06xo0a GUHAPHOTO JIEpeBa, IIe p - yKa3aTellb Ha KOPEHb MO1epeBa:
void postorderTree (Node * p) {
if (p) {
postorderTree (p->left);
postorderTree (p->right);

// nEeNCTBUS C y37I0M BEPILUHBI

}

[IceBnokon peKkypcUBHOM onepayuu cummempuuHo2o obxooa OGUHAPHOTO JepeBa, Te p - yKa3arelb Ha KOPEeHb Mo epeBa:

void inorderTree (Node * p) {

if (p) {

inorderTree (p->left);
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// necTBUS C y3JI0M BEPILUHBI

inorderTree (p->right);

Paccmotpum dyHKIMIO onepayuu npsamo2o 06xooa OUHAPHOTO AepeBa JJisl OpraHU3aly BbIBOJIA HA SKPaH.

IIporpamma 2.9 OyHKius BeIBoAa OMHAPHOTO JIepeBa Ha OCHOBE MPSAMOTro 00X0/a, I1ie p — yKa3areiab KOpHs nojaepesa, | — Homep ypoBHs. BoiBon Ha

9KpaH JiepeBa Oy/ieT TOpU30HTAIbHbBIN, KOJIMYECTBO OTCTYIIOB OT Ha4aJjla CTPOKU — HOMep ypOBHS 1.

/!
void preorderTree(Node * p, int 1) {
if (p) {
for (int1=0; 1 < ; i++) cout <<''; //BBIBOZl OTCTYTIOB
cout << p->d << endl; //BBIBOJ] 3HAYEHUS U3 BEPIIMHBI
// peKypCHBHBII BBI30B YBEITHMYMBAET HOMEP YPOBHS
preorderTree(p->left, 1 + 1);

preorderTree(p->right, 1 + 1);

int main() {
root = makeTree(root, 5);

preorderTree(root, 0);

/l

I[J'Iﬂ IporpaMMHupOBaHus IIPOHU3BOJILHOIO ACpPEBa €10 Hp606p8.3y1-0T B 6I/IHapHOC JACPEBO. O,Z[I/IH n3 MCTOA0OB Hp606pa3OBaHI/I${ — HUCIIOJIB30BaHUC

npezncrasieHus aepeBa moaenbto “left child — right sibling representation” (LCRS, «i1eBblil peOeHOK — npaBblii coceny), puc. 53.

CHLHoRETRANICECA JICPERo

5

nil

Junamuueckas
PEATHAAIHA
VEAATENL HA IEPe R0
dl
—
I mil
a2 w3 d
!ri-—l nil nil
s d7 B
nil nil nil
o—t—o | S—t—a=| mnil

Puc. 53 Monens nepesa “left child — right sibling representation”

AnroputM npeodpazoBaHus IepeBa C MPOU3BOJIbHBIM BETBICHHUEM K OMHAPHOMY JIEPEBY:

1. neBbIil peOEHOK KaX/101 BEpLUIMHBI OCTAETCS TEM XKE;

a5

nil

nil

2. mpaBbIM PeOEHKOM TEKYIlIeH BEPILIMHBI CTAHOBUTCS €€ MpaBblil coces (T.€. AIIEMEHT, SBISIIOIIMICS CIeTyIOIIMM PEOSHKOM OJTHOTO U TOTO YK€ POAMUTEIIS).

Ha BrIxoze Oyzmet nepeBo, rie Kakaas BepluHa UMeeT He 00siee IBYX IOTOMKOB.

B InporpaMMHupOBaHUC HauOobIIIEE IMPUMCHCHNUC HMCIOT JIBa BUJld IBOUYHBIX JICPCBLCB: C6aJ'IaHCI/Ip0BaHHO€ JACPEBO IMMOHCKA U COPTUPYIOLIEC ICPCBO

(mupammua).
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4.1. BUHApHOe AepeBo Nomcka

B ocHoBe npencTaBieHus JepeBa IMOUCKA JIeXKAaT CBOWCTBA YIOPSI0YEHHOCTH U COaTaHCUPOBAaHHOCTH JiepeBa. HazHaueHne Takux 1epeBbeB -

3¢ (EeKTUBHBIN TIOUCK.

CaoiicTBO cOaaHCUPOBAHHOCTHU MO3BOJISIET MUMHUMHU3UPOBATh BpeMs IIOMCKA U APYTUX ONEpaluid B TaKOM JepeBe. Bpems noucka no JBOMYHOMY J€pPEBY
3aBHCHUT OT ITyOHMHBI (BBICOTHI) A€pEBa, U UeM ITyOske (BBIIIE) IEpeBO - TeM OOJIbIIe BpeMEHHU TpeOyeTcsl Ha MOUCK OTPENIEIIEHHOTO y3JIa B IepeBe U

Ha00OpOT.
YhnopsiioueHHoe AEPEBO — 3TO AEPEBO, Y KOTOPOTO BETBH, UCXOSIINE U3 KaXKA0W BEPIINHBI, YIIOPAIOYEHBI MO ONPEAEIEHHOMY KPUTEPHIO.

Bbunapuoe nepeBo noucka, BST - nepeBo (Binary Search Tree) — 3To aBonunoe aepeBo (puc. 54), rue:

®

Kaxxnas BepmmnHa/y3en (Node) umeet He 6onee nByx motoMkoB (child nodes);

b. Kaxnmas Bepmmna/y3en umeet kirod (key) u 3nadenue (value), rae KIitod COOTBETCTBYET KPUTEPHUSIM:

KJIFOYH BCEX Y3JIOB JICBOT'O MOAACPEBA MCHBIIC 3HAUYCHUSA KIIKOUa POAUTCIIBCKOI'O y3Jia,

KJIFOYH BCEX Y3JIOB IMMPAaBOTo NoAACPECBa OOJIbIIIE HITH PpaBHBI 3BHAYCHUTIO KJIKOYa POAUTCIIECKOIO y3JIa.

Puc. 54 Co6anancupoBaHHOE JepeBO MOUCKA

B npocreifiem ciaydae kiarouoM OyneT 3HaYeHHE BEPIIMHEI B y3JI€.
IIycTh X — IpoU3BOJIBHAS BEPILIMHA JBOUYHOTIO JI€PEBA ITOUCKA:

- €CJIM BEpUIMHA y HAXOJUTCS B JIEBOM IOJIEPEBE BEPIIMHBI X, TO Y < X!

y—>d < x->d
- €CIJIA B TIPaBOM, TO
y->d >=x->d.
3HaK paBEHCTBAa MOXKHO CTABHUTh B JIFOOOM yCIIOBUH.
Omneparuu ¢ OMHAPHBIMU JIEPEBbSIMH ITOUCKA:
§ nmobGaBneHue/BcTaBKa HOBOTO ArieMeHTa - insertBST();
§ obxom GuHApHOTO JepeBa MoucKa (MPSMOM, CHMMETPUYHBIN, 0OPaTHBII): preorderTree(), inorderTree(), postorderTree();

§ mowuck sneMeHnTa B aepese — searchBST();

§ MOMCK MaKCMMaIbHOTO, MUHUMAIBHOTO A5ieMeHTa — minBST(), maxBST();

§ TOMCK CIEIyIONIero U Mpeablayiero mo 3uadeHuto — succBST(), predBST();

§ ymanenwme snmementa — deleteBST();

§ ymanenwme Bcero aepesa — clear();

§ mpoBepka Ha mycToTy — isEmpty().

Peanuzanus aTux onepaiuii MOXKET OBITh UTEPATUBHOM — IIUKJIOM, U peKypcuBHOW. Ha HEeKoTOpHIX onepaniys OyayT moka3aHbl 00a BapuaHTa pealn3aliii.

Omnucanue y37a JepeBa MOUCKa:
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-l struct Node {
int d;
Mode* father;
Mode* left;
MNode*® right;
Mode() { father = right = left = NULL; }
Is

Node* root = NULL;

Onepayus oobasnenus/ecmasxu dneMenTa insertBST() HaxoauT 111 3HaYCHUS/KITF0Ya HOBOTO JIEMEHTa TOIXOIAIIEe MECTO U BCTABIISCT €ro, COXPaHsIs

CBOMCTBO YNOPSIIOUEHHOCTH.
IIporpamma 2.10 OyHKIMS BCTaBKM HOBOTO 3HAUEHUSI B IEPEBO MOMUCKA.

e

L

-1 void insertBST(Mode*& root, int wal) {

Mode* z = new MNode: z-»d = val;
if (root == NULL) root = z3 return; } //inycToe pepeso
Mode* y = NULL, * x = root;
- while (x) { J//nowcka kopHA  ONA BCTaBKMW
},l':

if (z —>d € w-»d) x = w-xleft;
else x = w->right;

z-»father = y; // npuceownw ykasaTens Ha pogWwTenA
if (y-»>d > z-»d) // noguennAem Kk poguTEnD CNeBa WAM Cnpasa
y-rxleft = z;

else y-»right = z;

Onepayuu 06xo0a fepeBa MOKCKa MOBTOPSIOT ONepaly IPOCToro OuHapHoro aepea. Ho CBONCTBO ynopsj0ueHHOCTH TO3BOJIIET 00pabaThiBaTh BCE
3HauUEHUs B HEYOBIBAIOIIEM TOPsIZIKE B MPOLIECCe CHMMETPUYHOTO 00xo/a iepeBa. B aTom ciyyae Mbl 00X0MM OTCOPTHPOBAHHBIN CIIMCOK 3HAYCHHUN

y3J10B.

Onepayus noucka searchBST() — ocHOBHas 1ieneBast GyHKLHUS IepeBa MOUCKA, pUC.55 . DTy onepanuio pacCMOTPUM B PEKYPCUBHOM U UTEPaTUBHON

peanm3anuu. teparnuBHas BepCcHs TPAIUIIMOHHO OoJiee ObIcTpasi.

21 24 > 21

\ 7] 32

24 <27

@
24<25

©
3¢
\J - -

Ko HAWOEH

Puc. 55 Monens noucka 3nauenust 24 8 BST - nepese

IIporpamma 2.11 OyHKIMM NOKCKA 3HAYEHUS B JEpEBE NIOMCKA, PEaIN30BaHHbIE PEKYPCUBHO U UTEPATUBHO, ITIE€ P — KOPEHb J€peBa WM KOPEHb

nmogacpena, key- HCKOMOC€ 3HAQUCHUC .

—| Mode* searchBST(Mode* p, int key) {
if (p ==8 || p->d == key) return p;
if (key < p-»d) return searchBsT{p->left, key);
else return searchBST(p->right, key);:

ff-—— WTepaTusHan sepcua (Bonee sddexTwBHa — BuwcTpaA)-----------
-] Nede* iterative searchBST(MNode® p, int key) {
while (p !'= 8 && key != p-»d)
if (key < p-2d) p = p-»left;
else p = p->right;
return p;

Onepayuu noucka MakCUManibHO20 U MUHUMAILHO20 TI0 3HAYEHUIO 3JIEMEHTA B IEPEBE SBIISAIOTCS CUMMETPUUHBIMU 110 CBOEH peainzanui. MuHUMallbHOE
3HaYEHHWE B JIEPEBE TIOMCKA MOYKHO HAWTH, PO BCIO IIIyOMHY JiepeBa 1o ykaszaressMm left 1o nmucteeB. MakcumanbHOE 3HAUCHHUE HAMIeM aHaJIOTHYHO,

HO CITyCKaThCs HaJO IO yKa3aTtessim right.

IIporpamma 2.12 ®yHKIMA NOKCKa MUHUMAJIBHOTO 3JIEMEHTA B JIEPEBE MOUCKA.
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=] Node* minBST({Mode* p) {
while (p->left != @)

p = p-xleft;
return p;

Onepayus noucka ciedyiouje2o 0 3HAUSHUIO 32 BEPIIMHOHN p TPEOYIOT yUECTh B aJITOPUTME JIBA CITydasi:
- €CJIM IPaBO€ MOJIEPEBO p — HE IMYCTO, TO CIEAYIOIINIA 3a p 3JIEMEHT — MUHUMAJIbHBINA B 3TOM IOJI€PEBE.
- €ClIM IpaBoOe MOJIEPEBO — IYCTO, TOTJAa Mbl UAEM BBEPX OT p, MOKa HE Hal/IEM BEpILUHY, SBJSIOLIYIOCS MPABbIM CHIHOM.

Onepayus noucka npeovidyuwje2o — CUMMETPHUYHA OTepaliy MOUCKA CIIEAYIOIIEro.

IMporpamma 2.13 OyHKIMA MOKUCKA CIAEAYIOIIETO 3HAYEHUS OTHOCUTEIILHO BEPIIUHBI p B IEPEBE MOUCKA.

-1 Mode* succBST(Mode® p) {
if (p-@right) return minBST(p->right);
Node* y = p-»Tather;

= while (y != 8 && p == y->right) {

p=Y;

y = y-»Tather;
¥
return y;

AnroputM™m onepayuu yoanenue snemenma JA0JIKEH NPEAYCMOTPETh TPHU CIIydasi paCIOJI0KEHUS yJaIseMbIX JIEMEHTOB, CM. puUc. 56:

1.  pl —nucroBas (TepMHHAJIbHAS) BEPIINHA, €€ YAAJAIOT, OOHYJISAS yYKa3aTesb y ee NpeKa;

2. p2 — KOpeHb HEMOJIHOIo MoAiepeBa (0IMH NOTOMOK), IEPEHANPaBIISAIOT YKa3aTeau Mpesika, Bbpe3asl ylaasieMylo BEpUIMHY U YIAJSIoT e€;

3. p3 — KopeHb OONBLIOTO MOAEPEBA, UAET OUCK CIEAYIOIIEH 110 3HaUCHHUIO BEPILNHBI, HAWJICHHOE 3HAYE€HUE IIEPEHOCAT B KOPEHb MOJIEPEBA, a €€
YAAISIOT.

IIporpamma 2.14 OyHkus ynaieHus 3J€MEHTa U3 IepeBa MOUCKa, p — yKa3aTelb Ha yIadseMbIi JIEMEHT, V- (aKTHUYECKH YIalsIeMbli DJIIEMEHT, X —

YKa3aTcJib IIOTOMKaA yAAJIIEMOI0 2JICMCHTA.

-] wvoid deleteBST(Node*& root, Node* p} {
Mode* x = NULL, * y = NULL;
= if (rooct &8 p) {

if (p-rleft == || p-»right == 8) //daxTudeckn yaanAeman
¥ = P

else ¥ = succBST(p);

if (y-rleft) = = y-rleft; J {Haxogum noTomka

else  x = y-rright;

if (%) w-xFather = y->father; //BHipesaem BepuWHy

if (y-»father == 8) root = x; /{ ecnn kopeHe

- else {
if (y == y-»father-:left) /{ nepeHanpasnAaem CBASW
y->father->left = x; /f Ha noTomka

else y->father->right = x;
if {y != p) p->d = y->d; J/nepeHocuM gaHHwe
delete y;

¥

B anroputMme ynaneHusi CHadajga HaXoJUM yAAJIseMYIO BEPIIMHY ) — 3TO JIMOO SIBHO BEPIIMHA Ha BXOJIE, TMOO BEpIINHA, CIEAYIONas 110 3HAYCHUIO
(succBST). lanee HaxoquM yKa3aTeib Ha CyIIECTBYIOLIET0 MOTOMKA (X) BEpIIMHEI y. Bripe3aeM BepiInHy y, MeHsIs yKa3arenu. PaccmarpuBaeTcs ciaydaid,

Korza y — KopeHs aepeBa. Eciu ciyuait p3, nepeHoCUM JaHHBbIE.

p3 15 p2

Puc. 56 Cnyuau ynanenus 3JIEMEHTOB B JIEpPEBE TIOUCKA
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ANTOpUTM yoanenus 6ce2o depeéa UCTIONb3YET 00paTHBINA 00X0/1, TaK Kak MPH 0OpaTHOM 00XO/i€ CHavajIa MOCEIAIOTCs IIOTOMKH, a TIOTOM POAUTENbCKUN

y3ei1. DTO 1aeT BO3MOXKHOCTb yAAJINTh CHayajla HUKHKE 110 YPOBHIO BEPLINHBI, a 3aT€M KOpeHb. [Ipu 3ToM 11715 yaneHus ouepeiHOi BEpUIMHBI

UCTIONB3YyeM ormepaluio delete.

JlepeBo HE0OXOMMO OaJlaHCHPOBATh B TPOLIECCE ONEpaIlHii JOOaBICHHS/ yIaICHHUs, HO TpeOOBaHUE UICATBHON COATAHCUPOBAHHOCTH JIETAET ATOT

MPOIIECC JOCTATOUHO CIIOKHBIM, TaK KaK JTOJDKHBI OBITH 00pabOTaHbI BCE BEPIIUHBI IEPEBa.

JIBa OCHOBHBIX THIIa COAJTAHCUPOBAHHOTO JIepeBa MOUCKA, UCTIOIB3YEMBIX B MporpaMMupoBanuu: AVL-nepeBbs| 1| u kpacHO-UepHBIEC 1€PEBbSI.

AVL-nepeBo (ABJI-nepeBo) - cOamancupoBaHHOE OWHAPHOE JEPEBO MOUCKA, TAC JJIS KAXKIOTO y3Jia BEICOTA €T0 JIBYX IMOMAIEPEBbEB PA3INIACTCS HE

6onee yem Ha 1. UneanbHo cOanancupoBanHoe OnHapHOe AepeBo ¢ N y31aMu UMeeT NIyOHuHY (BBICOTY) paBHYIO 1enoMy unciy log(N+1) no ocHoBanuto

2.

Kaxnprit y3en AVL-aepeBa onpenensercs nokasamenem coaiaHcuposaHHocmu — 3TO Pa3HOCTh MEXKIy TTyOMHOM (BBICOTOI) MPaBOTO U JICBOTO MOJIepEBa

nanHoro y3na. [Tycts hR - my6una npaBoro nonnepesa, hL - mmyOuna neBoro noaaepesa. JlepeBo Oynet AVL-cOanancupoBaHo, eciiu oKa3areib

KaXXI0I0 y3Jjila COOTBETCTBYCT HCPABCHCTBY:

hR - hL| <= 1.

(a) AVL- cBanavcupoBaHHble OepeBbA

0O A P
PN ™ “,
AR R ° g p
o o0 0 C O ¢ pd
C

(b} Nepeewn, He AaenAowmreca AVLD - cBanancupoBaHHBIMK

" /'D f"D“\
D/Oc\(z D/Q\'D ci?p ?

Puc. 57 Ilpumepst AVL-nepeBbeB u Apyrux

[Tokazarens c6anancupoBanHoctd (hR —hL) B AVL-nepeBe MoxkeT NpUHUMATh OTHO U3 TPEX 3HAYCHUI:

-1, ecnu 1eBOE MOAIEPEBO HA €AMHMILY BBIIIE TIPABOTO;

0, ecmu BBICOTBI 000X IMOJIEPEBHEB OJMHAKOBHI,

+1, ecu paBoe MoAIepEeBO HA SAMHMILY BBIIIE JICBOTO.

Ecnu xoTst ObI OIMH y3€7 UMEeT Apyroe 3HaueHue MmoKaszares, To 1epeBo He sBiuserca AVL-cOanancupoBanubiM. [Ipumepsr AVL-cOanancupoBaHHBIX U

AVL-HecOanaHCHpPOBaHHBIX JIEPEBHEB MPECTABICHBI HA pHC. 58.

VY nUCTOBBIX y37I0B NOKa3arenb Bcerna paBeH (0. Y octanbHbIX y3710B Beruncisercs no gopmyne (hR —hL). [Tokazarens cOanancupoBannoctu (balance)

6yI[eT IMOJIEM B OIIMCAHUC CTPYKTYPHI y3Jia. Vkazarenau Ha JICBYIO U IIPAaBYI0 BECPHINHY NPCACTABJICHBI B BUJAC MAaCCUBA yKasaTeﬂeﬁ. Eciu HCO6XO,[[I/IMO,

MOXXHO Il06aBI/ITB B MacCCHUB €IIC OJUH YKa3arecJib Ha pOI[I/ITCJ'IBCKI/Iﬁ Yy3€CI1. Bce onepannuun IIO63.BJ'ICHI/I}I/Y,[[8.HGHI/IH Y3JIOB COMMPOBOXAAIOTCA NCPECUCTOM

I10JIA I10Ka3aTCiIsd C6aHaHCI/IpOBaHHOCTI/I.

Onucanue y3na AVL-nepesa:

- struct MNodeAvl {

int data;
ModeAVL* link[2]; //maccue ykasaTeneid Ha Nesoe W Npasce NoLOEpeEc
int balance; //nokasaTens cBanaHCcWpoBaHHOCTK

bi

ModeAVL* root = MULL;
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(D) Not an AVL Tree

AVL Tree

Puc. 58 Ilpumepsr AVL-c6anancupoBanabix 1 AVL-HecOalaHCUPOBAaHHBIX JIEPEBHEB
AnropuTMm n00aBieHusi HOBOTO y3ia B AVL-aepeBo:
1. MOuCK MO3UIMH B JIepeBe, I7I€ T0JKEH HAXOIUTHCS HOBBIN Yy3€ll;
2. n00aBWTH y3eJI Ha HAWJCHHYIO TMO3UIINIO;
3. mepecuuTaTh MOKa3areiau cOaJaHCUPOBAHHOCTH AJIS y3JI0B, HAXOSIIMXCS BhIIIE 100aBIEHHOTO y3Ia;
4. ecnu AepeBo CTallo HecOaNTaHCUPOBAHHBIM, TO BBIMIOJIHUTH OaTaHCUPOBKY.
banancupoBKka BBITIOTHSAETCS aNTOpUTMaMH, Ha3bIBAEMBIX TOBOPOTAMHU y3710B. OnUcCaHUe 3TUX alTOPUTMOB BHE JAHHOTO Y4€OHOTO MOCOOUSI.
Kpacno-uepnoe nepeBo (Red-Black-Tree, RB-Tree) — 370 OuHapHO€ JepeBO CO CIEAYIOIUMU CBOMCTBaMH, pHC.59:
a. KaKJas BepIIMHA JOJDKHA ObITh OKpaIlleHa JIMOO B YEPHBIi, MO0 B KPACHBIN I[BET;
b. KopeHb AepeBa AOKEH OBITh YSPHBIM;

C. JIUCTbsSI JepeBa JIOJHKHBI OBITh YePHBIMH U 00BABIATHCS Kak NULL-BepimHbl (HACTEIHUKN Y3JI0B, KOTOPBIE OOBIYHO HA3BIBAIOT JIUCTHSIMH; HAa HUX

"ykaszpiBatoT" NULL ykazarenn);

d. Kaxmplil KpacHBIN y3€J IOJHKEH HMETh YEPHOTO MPE/Ka;

€. Ha BCeX BETBSIX JEPEBa, BEAYIIUX OT €r0 KOPHS K JIUCTHSIM, YHCIIO YEPHBIX BEPIIMH OJHHAKOBO.

XapaKkTeprucTHKa KpaCHO-YEPHBIX JIePEBhEB:
KpacHo-uepHble 1epeBbs SBISIIOTCS METOJIOM OaTaHCUPOBKU JIEPEBBEB, UTO OIPEEISIETCs] CBOMCTBAMU IaHHOM CTPYKTYPBI.
KpacHo-4epHbie nepeBbsi 00pabaThIBAOTCS TEMH )K€ ONEpaIUsIMU, YTO U OMHApPHBIE IEPEBbSI.
Onepanuu g00aBIeHUs/yIaleHUus AIeMeHTa TpeOytoT OallaHCUPOBKH JIepeBa.

Onucanue y3na RB-nepesa:

-] struct NodeRB {

int data;
NodeRB* 1link[2]; //maccwe ykasaTeneld Ha Nesce W Npasoe NOLOEpPEBO
char red; //nokasaTens cbanaHCUpoBaHHOCTH

s

ModeRE* root = NULL;

/K f . \ ﬁf Kn
o, I o | oy om on om

Puc. 59 Kpacno-uepnoe nepeBo
CpaBHHTENbHAS XapaKTEPUCTUKA METOAOB OamaHcupoBKH AVL-1epeBa u KpacHO-4epHBIX JePEBHEB:

- 3 }EKTHBHOCTH aNTOPUTMOB BCTaBKH/y/IaJCHUS OJMHAKOBAs, BBIYUCIISETCS B KaK JBOWYHBIN JOrapu(M OT 0OIIETo YKCiIa BEPIIUH B JICPEBE;
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- €CJHM YHCJIO BEpLIMH JiepeBa OIMHAKOBO, MaKcUMaibHas IimyonHna AVL- nepeBa Bceraa OyaeT MEHbIE, YeM MaKCUMalibHasl IITyOMHA KPacHO-4epHOTO

JiepeBa, IOITOMY ISl TTOMCKA 0 KPaCHO-4YepHOMY JIepeBy TpeOyeTcst Ooblliee YHCI0 ONepalluii, 4TO CKa3bIBaeTCsl Ha OBICTPOICHCTBUU AITOPUTMOB;

- €CIIM YHCIIO BEPIIHH JIepeBa OMHAKOBO, XpaHeHne AVL-nepeBa TpeOyeT OoJbIe maMsITH, TaK KaK KaK/IbIi y3el JOJHKCH XPaHUTh IYOHHY Kak IeJioe

YHCII0, a B y3JIe KPACHO-YEPHOTO JIEPEBa XPAHUTCS TOJIBKO OUH 0alT (MOXKHO OTpaHMYUTHCS OMTOM!), OTIPEEIISIONINIA [IBET y37Ia.

[ 1] AVL, ABJI — cokparienue u3 nepBbix OykB (haMuiInii co3faresiel CTPYKTYpPHI - COBETCKUX MaTeMaTtukoB [.M. Anenscona-Bensckoro u E.M. Jlannuca.
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4.2. CopTUpYIOLLee epeBo, nupaminaa

IIupamuna, nBonyHas ky4a (binary heap) - 3To ynopsioueHHOE ABOMYHOE JIEPEBO, Y KOTOPOTO MUHUMAIbHBIN/MaKCUMAIIbHBINA 3JIEMEHT PACIOI0KEH B

kopHe. Jlns nepeBa o0s13aTenbHBI TPH CBOMCTBA!
a. KaK1as BepIIMHA [0 3HAYCHUIO He OOJIbIIe/HE MEHBIIIE, YeM 3HAYCHUS €€ TTIOTOMKOB.
b. paznuna mexay ryOuHOM JTHCThEB HE Oosiee 1 ypoBHSL.

C. HWIKHHMH ypoBEHb ()OPMHPYETCS CIIEBA HAPaBO, CTPEMSCh K CO3/IaHUIO TIOJIHOTO JIEPEBa.

[Tupamusy, y KOTOpO# B KOPHE PaCIoIOKeH MUHUMAJIBHBIN AJIEMEHT, Ha3bIBAaIOT MUHUMAJILHOW WIJIM HEyObIBaromias (min-heap), a riue B KOpHE

MaKCHUMaJIbHBINA AIEMEHT — MaKCUMAJIBHOW MJIM HeBo3pacTatomas (max-heap) (puc.60).

OcHoBHas LEJIb MOCTPOCHUA TAKOTO A€PEBA — YIIOPAAOUYNUTHb, OTCOPTUPOBATE HCXOJHYIO HEYIIOPAAOUCHHYIO ITOCIICAOBATCIIBHOCTE JAHHBIX IIYTEM

CO3JIaHH TUPpaAMHUABI. AHFOpI/ITMBI O6pa6OTKI/I nUpaMu bl JOJDKHBI CaMHU OOHOBIIATH JACPEBO U NOAACPIKHUBATL YIIOPAAOUCHHOCTL BEPIINH. PCaJ'II/I?:y}OT

AJITOPHUTMBI ITUPAMUJIbI HA baze OAHOMCPHOI'O MaCCHUBaA.

min
o =5

2 3
() () &
) (2
Puc. 60 MakcumanbHas ¥ MUHUMAaJbHAS TUPaMUIA
OCHOBHBIE OIEpaluy € MTUPaAMHJION:
§ moctpouts nupamuny — buildHeap(), npeoObpazoBare HEyNOPsI0UCHHBIH MAaCCUB B TUPAMULY;
§ nmoGaBuTh neMeHT B mupamuny — pushHeap();
§ ymanuTh KOpHEBOU (MHUHUMAJIBHBIN/MaKCUMaIbHBIN) 371eMeHT — popHeap();
§ ymopsimounBanue nmupamuabl —heapify();
§ mokasarb KopHEeBO# memeHT — peekHeap();
§ mupamupanbHas coptupoBka — sortHeap().
Aneopumm nocmpoenus XpaHHUT THPAMHY B OMTHOMEPHOM MacCHBE TI0 CIIEAYIOIINM TPaBUIIaM:
1) xopenp umeeT uHAEKC 0;
2) motomkw (left, right) i-ro kopHs momepeBa UMEIOT MHIEKCH 2*i+1, 2*i+2;
3) pomutenbckas BepmuHa (father) i-ro smemenra (i-1)/2.
[Ipumep npencrasieH Ha puc. 61.
5“\
. 5'\'-
)0C) Pkl
5 |8 |6 [11]10[1afo |14 |13

Puc. 61 IlpencraBnenue nupamuabl B MaCCUBE

IIporpamma 2.15 OyHKIMK pacyeTa HHICKCOB CBS3aHHBIX BEPILIMH MUPAMUIbI B MACCHBE MO MHAEKCY 1 TEKyIIeH BEpIINHBI.
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-l int father(int i} {
return (1 - 1) / 2;

- int left(int i} {
return 2 * 1 + 1;

}
= int right({int i) {
return 2 * 1 + 2;

Aneopumm npeobpazosanus buildHeap() ncXoqHOTO HEYTOPSAOYCHHOTO MaccHBa pa3MepoM N B MUpaMUIy OCHOBAH Ha IMEPECTAHOBKE JICMEHTOB
MacCHUBa o0 NPasuiam aieopumma noCmpoenuss MUHUMaIbHOW/ MaKCUMaJIbHON MUpaMuibl. [1oCIeIHUI SIeMEeHT MUpaMHIBI — JIUCT - UMeeT uHaekc (N-

1), cnemoBarenbHO, €ro MPENOK pacioyiokeH 1o uHaekcy (N-2)/2. PaccMoTpuM JaHHBIN alrOPUTM Ha TIPUMEDPE.

ITycts umeem maccu int H[10]={9, 12, 17, 30, 50, 20, 60, 65, 4, 19}; Ilupamuna Oynet umets Tpu ypoBHs (log N) — 0, 1, 2. IIpeoGpa3yem 3TOT MaccuB B

MHUHHMAJIBHYIO TUpaMuay. PaccunTaem MHAEKCHI TUCTOBBIX BepIivH (5, 6, 7, 8, 9). IHaeKchl KOPHEBBIX BEPIIUH COOTBETCTBEHHO (4, 3, 2, 1, 0).
1.  VYposens 2: kopenb nogaepesa H[4]=50 > H[9]=19, nomeHnsem ux mecramu;

2. VYposens 2: kopeHb nogyaepea H[3]=30 > H[8]=4, momeHsem ux Mectamu (eciii MmoToMka JiBa {4, 65}, MEHsIeM MecTaMi C HAMMEHBIITUM U3 HUX);
Pesynwrar: H[10]={9, 12, 17, 4, 19, 20, 60, 65, 30, 50};

3. VYposens 1: Kopenb nopnepesa H[2]=17 u on menbiie uem H[5]=20 u H[6]=60, Bce ocTraBuM Ha MecTe;

4. VYposens 1: Kopens nonaepesa H[1]=12 > H[3]=4, nomeHsieM ux Mmectamu (31ech 1Ba motomka {4,19});

Pesynwrar: H[10]={9, 4, 17, 12, 19, 20, 60, 65, 30, 50};

5. VYpogens 0: Kopens nupamuast H{0]=9>H[1]=4, nomensiem ux mecramu. [Iporecc 3akoHYMIICS, TaK KaK JOCTUIIIA KOPHS MUPAMHU/IBI.
Pesynerar: H[10]={4, 9, 17, 12, 19, 20, 60, 65, 30, 50};

Aneopumm dobasnenus: SIeMEHTa B MUHIMAJIbHYIO/MaKCUMAaJIbHYIO THpaMHLY, pucC 62:

1. DnemeHT 100aBiseTCs B KOHEL MAacCHBA KaK JIMCT MUPAMUJbL.

2. CpaBHMBaeTCs C POAUTEIHCKON BEPIIMHOM, €CIIM OH MEHbIIIE/00IbIIIE, TO MEHSAETCS MECTaMU C HEH.

3. B cBoro ouepens U3MEHEHHBIN JIEMEHT CPaBHUBAETCSI CO CBOMM POJUTENIEM Ha YCIOBHUE MUPAMUIATIBHOCTH, B Clly4ae HE0OXOJUMOCTH MEHSETCS

Mectamu. [Iponecc 3aBepmiaercs, eciaun oOMeHa (swap) He ObLIO.

(a) (6
=
CIEA 15 <16
(10) “Y10)

’"‘1
4

g ® gg \@’/\J\@
@® 6 ®

15 > 7 => swap{15, 7)

() 15>14= => swap(15, 14) (r)

Puc. 62 JlobGaBneHue aneMeHTa B TUPaMULLY.

AnroputM 106aBlIeHUsI MOYKHO MPEICTaBUTh KaK 0OpaTHBIN MPOXOJ 10 MHUpaMUe CHU3Y BBEPX — OT JIUCTA JI0 KOPHSI C LEJIbI0 MTOMCKa MeCcTa HOBOTO

QJICMCHTA.

Aﬂzopunww y()aﬂeHuﬂ alemenma u3 KOpH:s MHUHHUMAaJbHON IMUpaMUuabl — 3TO HpHMOﬁ MpoxoAa IO IMUpaMUJI€C OT KOPHA 0 JIMCTA IJIs1 ITIOUMCKAa HOBOT'O KOPH:A

nmupaMubl.
1. Vnanuth KOpHCBOI\/'I QJICMCHT MUPAMHUAbI 1 3aMCHUTD €I'0 MOCIICAHUM JINCTOM.
2. Ecnu HOBBIM KOPCHb 0oJIbIlIe CBOMX IIOTOMKOB, MCHACM MC€CTaMU C HAUMCHBIIINM ITIOTOMKOM

3. HpO,[[OJ'DKaCM CpaBHCHHA C 3JIECMCHTAMU ITOTOMKOB, IO IIEPBOI'0 HEBLIITIOJHCHUSA YCIOBUA U OTCYTCTBUSA oOMeHa.
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AﬂzopumM ynopﬂdoqueaHue SIBJISIETCS 0OA30BBIM AJId BCCX AJITOPUTMOB MUPAMUBI, TAK KaK €TI0 3a/la4a OCYIICCTBUTH IMOUCK MECTa AJId 1-TO DJIEMEHTA B

nupamuje. Mimeer pekypCcUBHYIO peaiu3aiuio.

IIporpamma 2.16 OysHkius ynopsaodnBanus nupamusl, e H — maccuB nupamuel, N — pazmep MaccuBa, 1 — HHAEKC BEPIIUHBI, TSI KOTOPOU UET

IIOMCK MECTa B IMUPpaMH/IC.

L e e T TR
void heapify(int H[], int i, int N} {

int temp;

int left =2 * 1 + 1;

int right = 2 * i + 2;
= if (left < N) {
= if (H[1i] < H[left])} {
temp = H[i];
H[i] = H[left]:
H[left] = temp;
heapify(H, left, N};
¥
¥
= if (right < N} {
- if (H[1] < H[right]) {
temp = H[1];
H[i] = H[right];]
H[right] = temp;
heapify(H, right, N};

ANTOpUTM NHPaMUAATIBHON COPTUPOBKH — 3TO MPSIMOU 00XO0J] MUPAMHIBI C ITOCIIEJOBATEIbHBIM YIAICHHEM JIEMEHTOB.

1. IIpeoOpa3oBarb MaccuB B nupamuay - buildHeap();

2. TlocnenoBaresnbHO yAaNsATh KOPHEBOW IIEMEHT MUPAMUIbI M YIOPSIOYUBATH TUPAMUTY.

[Topsimox copTUpOBKE 3a7aeT BU MUPAMU/Ibl MUHUMAJIBHBIA - COPTUPOBKA 0 BO3PACTAHMIO WIM MAaKCUMAJIbHBIM — COPTHPOBKA MO YOBIBAHUIO.
Ha 0aze nupamubl CTpOSIT emie oHy a0CTPaKTHYIO CTPYKTYpPY JaHHBIX — OUepeab IPUOPUTETOB.

Ouepens NPUOPUTETOB - OYEPElb, B KOTOPOU BCE AMEMEHTHI nMetoT ipuoputeT ( key= Priority), Tie n1Be o0s3aTeNbHBIE ONepanul — J00aBUTH JICMECHT

Y U3BJIEYb B COOTBETCTBUU C MAKCUMyMOM (MUHHUMYMOM ) IPUOPHUTETA.

OcHOBHBIE OIeparyy OUYepeId MPUOPHUTETOB:

§ moGaButh snemeHT B ouepenb — Enqueue(key, value);

§ ymaiuTh U3 OYEpEr AIIEMEHT ¢ MUHUMAJIbHBIM /MakcUMaIbHBIM KiTrouoM —DeleteMin(), DeleteMax();
§ TOKa3aTh AEMEHT ¢ MUHHUMAaJIbHBIM/MaKCUMAIIbHBIM KiTtouoM —Min(), Max();

§ M3MEHUTH 3HAYCHUE KIIIOYA DJIEMEHTA M YHOPSIOYUTh ouepenb —DecreaseKey().

I/ICHOJ'IBBYH AJITOPUTMBI TUPAMHABI, JICTKO PCAJIU30BaATh OIICpAllHUU OUCPCAN ITPUOPUTETOB.
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