TTTARA A4
1J1ADA U
) [
11npaMmnialibHdia CODINDOBRaA
| — r r

B 3T0i1 raBe onucrIiBaeTcd eiie OOUH al
JajbHasg COpTUpoBKa. BpeMs paboTel 3TOro anropurma, kak 4 BpeMs paboThl aIrOpHUT-

BcTaBKoM), paBHO O (nlgn). Kak U copTupoBKa METONOM BCTaBOK, U B OTIHYHE OT
COPTHPOBKH CIIMSHHMEM, IIMpaMHUalibHasi COPTHUPOBKA BBIIIONHAETCH 0e3 IMpHUBJICYEHHS
JIOTONIHUTENLHON NaMATH: B 11000i1 MOMEHT BpeMeHHU TpelyeTcs MaMsTh A XpaHEHUS

B NHpaMUAAJIbHON COPTHPOBKE COYETAIOTCS JIYHILH {HOCTH 4 {OTpEH
HEIX DAaHee aJITODUTMOR CODTUNORKHU
r - ~r ~ i yiiniahy) wdditih

B xome paccMOTpeHHMs NMpaMHUIanbHOM COPTUPOBKH MBI TAKOKe IMO3HAKOMHUMCS

aIropuT™Ma. B paccMaTpuBaeMoOM Cllydae Takas CTpyKTypa JaHHBIX Ha3bIBaeTcs “‘Iupa-

aMHUIAJIBHOM CODTU-

v X1
JIM3MPOBAHHBIX CTPYKTYP JAHHBIX JJIs yrpaBlieHHs MHpopMalueit B Xozie BBITIONHEHHS

Munoit” (hean) u MOXeT OKazaTLCH [ONe3HOM He TOJBLKO I

AVARALANI XX \llv“yl Xid AVANJJI\W L A A4

POBKE, HO U IIpH co3aaHuu 3¢ eKTUBHOI oyepenu ¢ npHopuTeTaMu. B nocnenyromnux

AVAKALAGRJALIAANI XA UU!J 4xa

poBkH (heapsort), HO B IocieaHee BpeMsl €r0o OCHOBHOM CMBICT M3MEHWICA, H OH CTall

copa, B

0603Ha4aTh MaMATh Co cOOpKOH My YaCTHOCTH, B A3bIKaX MpOrpaMMHpPOBaHMA
Lisp u Java (u nepeBoautbcs kak “kyda’). OnHako B JaHHOH KHHUre TepMuHY heap (ko-

TOpBIN 3A€Ch NEePEeBOAUTCA KakK “IHUpaMKaa’) BO3BpallleH ero nepBOHavyaJIbHbIN CMBICIL.
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6.1 IlIuna 1N

S ‘.‘.llt’“l'lllg”.

ITupamuoa (binary heap) — 3To cTpyKTypa IaHHBIX, IpeACTaBIfOLas coboi 00b-
€KT-MacCHB, KOTOpbI#i MOXHO paccMaTpHBaTh KaK [OYTH MOJIHOE OWHapHOE AEpEBO
(cM. paznen 5.3 npunoxenus b, a taxxe puc. 6.1). Kaxarliit y3en atoro nepesa coor-
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TETMA MR STTYYIEA YT A YIS AT TYAYITYYAATE ¥Y

lll’ldel/lJ.lC, 1ipcjdvilabiicnnoun Ha p!’l

1 JiepeBa, ABNSAETCS 3HAY
Y3JIOM — 3TO OOTBCTCTBYIO[I.[PIﬁ HHJCKC MacCHBa. JINMHHUH, IIONNAPHO COCAHHAIOLIHE JJIC-

U

1

(2 0t [ TTYITOITL _TT Tn\lnff’, Df\"'l"‘ﬂ"l NLrTID

ALOITTYTY AL NITALTA TAT TIRNANN n t a 70 . n
YLLlQ PU I1lVJIDTIIVIVUNIVUN .« 1 VAN LVJIIDVINYI

ar~runa nAn DN nany
lvivill D1 lviavwvryipa, vuvvoinaiarvi DJal’llVlU\lelJD
p

B
aCITIOJIOXKECHEI CJlI€BAa OT OOYCPHHX. II‘aHHOC OEPEBO UMEET BI:ICOTy,

PaBHYIO 3; y3el ¢ HHAEKCOM 4 (1 3HayeHHeM 8) pacrooXKeH Ha IIEPBOM YPOBH
Ha AanLuiuucToe AMTLINTANNR Arenarua 22 n mnorenvne | EET RrLinanugeTed nnu
AAGE VUNJJAMDLMILIILILLV A DWW I.\VA'LI.LUJVJ.\JVVU vllvy““lll‘ -V AD Llyqu Jyv Bt A A A SFAJALANIJALAJANG A VIA l‘y“

IIOMOILIM OAHOM KOMaHAbI Mpoleccopa MyTeM NoOUTOBOrO CABUra YKCIa ¢ Ha OOUH OUT
Bieso. Onepauus 2¢ + 1 B npoueaype RIGHT TOXe BbII sl
CTaTOYHO OUTHI ABOMYHOIO MpeACTAaBIEHUS YUCTIA ¢ CABUHYTh Ha OJHY ITO3MIIMIO BJIEBO,

a 3aTeM MJIaALIUI OUT yCTaHOBUTH PABHBIM 1. Hpouenypa PARENT BbINONHAETCS IIyTEM

~
£

O4Y€Hb OBICTPO — HO-

rYYYYY K - e 'l NAYYYITY NASYTYYTN r A 7 4

YHcia ¢ Ha O4WH OHT BIipaBO. up pcajir3aiivi IMpaMKiajibHOKW COPTHPOBKH

~

CIIBHT
3TH QYHKIMH YacTO NMPEACTABISAIOTCA B BUJE MaKpPOCOB WIM BCTPaHBaeMBbIX IPOLIERYP.
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WWWWWWW

Puc. 6.1. IInpamuna, npeacrasneHHas B BUIEe a) OUHaApHOro nepeBa U 6) MaccHBa

Paznuuyaror nBa BHAa OMHapHBIX MUpaMUI: HeyObIBaloOIME M HEBO3PACTAIOLLME.

v2AMTAY uvnoapmneTnn
JIidan, NI L DN

cmey nupamuost (heap property), SBIFIOIIEMYCS OTIMYMUTENbHOK YEpTOil NMUPaMUJIBI
- " s _
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C NUpaMHAaMH Kakoro BMAa Mbl OyeM MUMETh AeN0 — C HeyObIBalOIIMMU WIIK HEBO3-
pactaroiiuMu. IIpy onucaHUH CBOMCTB KaK HeyOBIBAIOIIMX, TAK U HEBO3pacTAIOLIUX
nupaMuz OydeT UCIONb30BaThCcs OOIIMIA TEpMUH “THpaMuna’.

PaccmarpuBas nupamMuny Kak J€peBO, ONPENENHM 6blcomy €€ y3la KaK YHCIIo pe-
6ep B caMOM JUIHHHOM IPOCTOM HHCXOZSAIIEM IYTH OT 3TOro y3ja K KakoMy-TO M3
JIMCThEB JepeBa. BricoTa nupaMuabl onpenenseTcs Kak BoicoTa ero kopHs. Ilockonbky
n-3JIEeMEHTHas MUpaMUJIa CTPOMTCA MO MPHHIMIY NOJHOro OMHapHOro nepesa, To €e
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Mupam naasbHaa COPTUPOBKa

lhasa 6.

ne-
| A

OJIM3UTENBHO MIPOIOPLIHOHAIIb-

MA BBIINNOJIHEHHUA OCHOBHBLBIX OII€pallMH B IMTHpAaMHUAC IIPpH

Heayp ¥ IPOAEMOHCTPHPOBAHO X HCIONb30BaHHE B AJITOPUTME COPTHPOBKH U B CTPYK-

ax

Ipouenypa MA

o’ & kS

&

3Ta mpolenypa npeaHa3HayeHa g CO3IaHuUs

KOJIHYECTBA 3JIEMEHTOB JIMHEHHO.

\

]

/

e IIpouenypa HEAPSORT BhinonHseTcs B TeyeHue BpemeHu O (n lgn) u coprupyer

v _

-—

HCIIONIb30BATh NMHPAMHUAY B KAYE€CTBE OUCpE€AU C IPHOPHTETAMH.

6.1-4. T'me B HeBO3pacTarollie

H MUpaMHUIE MOXET HAXOAUTbCA HAUMCEHBIIHHU €€ JJjie-

oit?

a

Talolle MmUupaMul

7

i

'

i

o

’

6.1-7. ITokaxxure, 4TO €CNIU N-3JIEMEHTHYIO TUpAMHUIY NIPEICTABUTH B BUIE MACCHURA,

TO €€ JTUCTBbAMH OYyAYyT 3JIEMEHTBI C HHACKCAMH |/

-~
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~

6.2 IlonnmenikkKa CBOMCTRBA na kI
9 am P 9 HHVI"I“‘“ B EA N A BAFOS .l.lr “L'l-lH.’-

IIpouenypa MAX HEAPIFY sBISeTCA BaXXHOH NMOANpPOrpaMMoOM, MpenHa3HaYeHHOH
nsst paboThl C 37ieMEHTaMH HEBO3pacTalolinX nupaMui. Ha ee BXo4 MOAaeTCSs MacCuB
A n unHgekc 1 3Toro Maccusa. Ilpu Be13oBe npouenypst MAX_HEAPIFY npennonaraercs,
4yTO OHMHapHBIE JepeBbs, KOPHIMH KOTOPHIX ABJISIOT emeHThl LEFT(7) U RIGHT(7),
HBHHII\’I‘I‘" ITODAMMANATATNAYITIIIALIY TTIIMAMIITTAAITY ITMA NAAOAAL ATTIOALIOLTT A r’;] ALMNYFOT ﬁl""[ ALOLIT _

viwva nunuoyauxamu.u’uun lll’llJalVll’lAalVlfl, nv valivi gJiviviviIill J[1 lb] WVMIV/NV1 VUDIL1D IVMIVI1D
Ille CBOMX JOYEPHHUX 3JIEMEHTOB, Hapyllas TeM CaMbIM CBOMCTBO HEBO3pacTalollei
nupamuasl. ®yHkuus MAX_HEAPIFY omyckaer 3HaueHHe 3jemeHTa A [i] BHU3 10 nu-
NAMUTTES TN TAY IMMNAN IO IMManmenennN ¢ KONUHAM ATRLUTAINITIIAANM U NTAKLCYV 2 He CTAHNRUTC
Pul‘l'le AN A \wan llvy’ AANJ ANGA Auv;_wvyvuv - l\\.’yllvl’t, NS A AN/ ASAANJAALN/LVA llLle‘\vJ ll, AANW W ARALAINISAIXZL A Wik
HEBO3pacTarolllel MupaMua0u
MAX HEAPIFY(A 1)

AVAL Ill_&‘ld‘ A A4 & \“-, V/

1 |« LEFT(i)

~ ~n Drr\vr-r/,.'\

& I < I\1urni \6}

3 ifl < heap_size[A] u A[l] > Ali]

~ —_— L= "J (] L7J

4 then largest — [

£ alea Jhamnonet . 2

J CIo¢ twiycouv v ¢

6 if r < heap_size[A] u A[r] > Allargest]

7 then largest — r

R if lnrnect - 4

v AR VWi HUUU 7_ v

9 then O6menars Ali] « Allargest]
in AA sy Y¥=amerme,l A 7 4\

1V WVIAX_NEAFPIFY| A, laTgeSt )

HeiictBue npouenypsl MAX HEAPIFY npoumiiocTpupoBaHo Ha puc. 6.2. Ha kax-
noM Tane ee paboThl ompenensercs, Kakoit us anemeHtoB — A [i], A [Left ()] wn
A [Right (i)] — aBngeTcs MaKCHMANIBHBIM, U €10 MHJEKC NPHCBAUBAETCS NEPEMEHHOM
largest. Ecnu Hanbonbiumii 3nemMeHT — A [i], To moanepeBo, KOpeHb KOTOPOro Haxo-
IWTCA B y3Ji€ C MHAEKCOM %, — HeBO3pacTaroiljasd MUpaMuAa, U HpoLeAypa 3aBepiuacT
CBOIO paboTy. B mpoTHBHOM cllyyae MakCHMabHOE 3HaUeHHEe HMEET OIMH U3 JIOYEPHHX

[¢] MeHsieTcs mecTamu ¢ snemeHToM A [largest]. ITocne aToro

VDATY N VILTTTAL NN 2 1A
JQ\/JL Vv YLl AWV U X1

Taroweit mupamuzasl. OQHAKO Temepb MCXOOHOE 3HaueHHe 3neMeHTa A [i] mpHcBoeHO

3JIEMEHTY C HHAEKCOM largest, U CBOMCTBO HEBO3pAaCTalOLIEH [THpaMUJibl MOXET Hapy-
IMUTLCT R TTOTITANARAS C ATIAM NNHA Tlm:r VCTNAHAHUG HHANVIITAHUG NG ATOATNN Teneri
IIMTLCA B MOAAEPEBE C 3TUM KopHeM. g ycTpaHeHHs HapymeHus IUIf 3TOro Jepena
Heo0XoauMo pe YPCHUBHO BBI3BaTh INpoueaypy MAX_ HEAPIFY

Ha pHc. 6.2 1noka3aHa paﬁula npoucaypbi MAX HEAPIFY
ro pUCYHKa MOKa3aHa HayankHasg KoHdurypauus, B

CBOMCTBO HEBO3pacTalolllell NMUpaMHJbl, OCKOJIbKY OH MEHbIIE, yeM 00a JoYepHHX
y3na. [TomeHsB MecTaMu 3neMeHTs! A [2] U A [4], MBI BOCCTaHaBIHBaeM 3TO CBOHCTBO
B y3/1€ 2, HO HapymiaeMm ero B y3ne 4 (yactb 6 pucyHka). Tenepb B peKypCHMBHOM

A aN

BbI30Be mpoueaypsl MAX HEAPIFY( A, 4) B kauecTBe mapaMeTpa BBICTYINAeT 3HauYeHHE
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c o,
y37I0B y37a t. Pagrv{ep Ka)XJIOTO M3 TAKUX JOUYEPHHUX MOANEPEBbEB HE MPEBHIIACT BENH-~
4YyHy 2n/3, npuyeM HaMXYAIIMH Clydyad — 3TO Korja NOCHeIHHI ypOBEHb 3alOoyHEH
HanojoBuHY. TakuM oOpa3oM, Bpems pabotsl npouenypbt MAX H Y ol
CNIEYIOHIMM PEKYPPEHTHBIM COOTHOIIEHHEM

PelieHne 3TOro peKyppeHTHOIO COOTHOIIEHMS, B COOTBETCTBHU CO BTOPBIM CIy4daeM
OCHOBHO# Teopembl (TeopeMsl 4.1), pasHo T (n) = O (lgn). ITo-apyromy Bpems pa-
6otel npouenypbl MAX_HEAPIFY ¢ y310M, KOTOpBIif HAXOOUTCS Ha BbICOTE h, MOXXHO
BbIpa3uTh kak O (h).
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6.2-1. Hcmone3ysa B KadyeCTBE MOAENH pHUc. 6.2, MpOULTIOCTpUpyiiTe paboTy Mpoiie-

nypsl MAX HEAPIFY(A, 3) ¢ maccurom A = (27,17,3,16,13,10,1.5,7,12,

J I — \ ? /] \ 7 ? ? 7 ? 7 ? 7 7 7
4,8,9,0).

6.2-2. Hcnonp3ys B Ka4eCTBE OTIIPAaBHO
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C nomoiiipio npoiienypbi MAX_HEAPIFY MoxHO mpeobpasoBath Maccus A [1..n),
rne n = length [A], B Hero3pacTalomyio NUpaMuay B HamnpaBleHHH CHHM3Y BBEDX.
W3 ynpaxHenus 6.1-7 u3BecTHO, YTO BCce dneMeHThl noaMmaccusa A [([n/2] + 1) ..n]
ABJIAIOTCA JIHCThAMM HA€peBa, MO3TOMY KaXIbi M3 HHX MOXXHO CYMTaTb OJHOJJE-
MEHTHO# IMUpaMHUION, C KOTOpOH MOXHO HayaTh mpouecc moctpoeHus. IIpouenypa
BUILD MAX_HEAP npoXoauT IO OCTaJIbHBIM Y3JIaM U JJIs1 KaXXA0I0 U3 HUX BBIIIONHSAET
npouenypy MAX_HEAPIFY:

1
2 fori — |length[A]/2] downto 1
3 do MAX_HEAPIFY(A, ©)

IMpumep pabotsl npouenypsl BUILD MAX HEAP noka3aH Ha puc. 6.3. B 4acTtH a
3TOr0 pUCYHKa HM300paxkeH 10-3eMEHTHBIH BXOAHOH MaccHB A M mpeacTaBisioLIee
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pHcyHKa. OOpaTHTe BHUMaHHE, UTO IIPH BbI-

30Be npouenypbl MAX HEAPIFY ns mo60ro y3na noanepeBbs ¢ KOpHIMU B €ro Jouep-

BUILD MAX HEAP noka3aHbl B YaCTIX 6—0

@

BUILD_MAX_HEAP.

P

Tarollas MUpaMMuaa, oly4yeHHas B pe3yJbTaTe paOoThl Mpoueaypsl BUIL
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nonb3yeMcs chopm _y HUPOBaHHBIM HHXXE MHBAPHAHTOM LIMKJIA.

Ilepen xaxxmoit urepauueit nukia for B crpoxax 2-3 npouenypsl BUILD
NMAVY HEAD nra vanry ~ uunmarvecazsr 2 1.1 2 1.9 M aDTMAINATOAT UANLTIarILy
1v1r\A_11L,r\r DWW JJJIDI v xiriJA\vnvaivixi ¢t L, T ‘l, 9 [ X7 IIDJIII.I\JL\/II I\UHHIILVLII

HEBO3PaCTAIOMIMX MHPAMHUIL.

i{KJia, YTO OH COXpaHﬂeTCﬁ pH Kaxaoi mepau'n"yi ¥ YTO OH [O3BOJIAET IPOAEMOH-

CTPUPORATH KOPPEKTHOCTE aNITOPUTMA IIOCIIE €T0 3aBeplIEHUS

Muunmuanuranmaa Tlonamr mannnatiy uranarmaats rrurng 4 — 1on /91 Res vanrr ~ urnrnearra.

KNANMFKIMA NI GJINIOQGLAXLT e LLUPUA ll\alJDUl'l l’l.l\./l}a Yivrl LixyinJia v — le/ LJ. AN ]JJLDL W riIijivinNwQ
mu |n/ 1, Ln/ 2J + 2. , JIUCTBS, IO3TOMY KaXXIblii U3 HUX SABIAETCS

Coxpanenune. UtoOnl ybequThCs, YTO KaXKas UTEpalUs COXpaHsAeT HHBApHaHT LMKJIIA,

1 7d V40 22 4 ¥4 ”‘/ 1 INT LTNAAIANA IYNATNANLTIA Rf\"L

AOTIIAL ITTYN TINITS NATLINTITOIY ALD
YiivivwInvJ 1 nuxuvyu I\UI.UIIDJ\J UNJLIDT

3a].lV{\/11'11V1, 11V AU'IUpH}{e llc v;nvmvn}{m n JJJ].]
ule ¢. B coOOoTBETCTBUM ¢ HHBapUAHTOM LMKJIa, 00a 3TH y371a ABISAIOTCS KOPHAMHU
HEBO3PACTAIOIIMX MMHPAaMHUI. OTO UMEHHO TO YCIIOBHE, KOTOpOe Tpedy

BEI30Ba NPOLEAYDE] MAY EAPIFV( A a\ uTofhL
J A, A AA \

DDIJVDQ iy pos ivas ll 44

COM % B KO D €BO3pacTarollei I DaMHIIb K

2aAN D ~sads W Jadl A GIVA X2

HHB"pHaHTa LHHKJIa JJiA CICAYIOLICH HTCpalkHn.
[ P o S Y N o YN o TE O TIANE A
24BCpPUICHHUC. 110CJIC 3aB CHNA LNMKJIAd ¢ — U. D CO0Ol1BClClBnn C HBapnaniom
IIUKIA. BCEe V3INLI ¢ yaHnexcamu 1. 2 n GRNIFIOTCS KONHIMU HEeBOHACTAXITUX
...... , BCC Y3JIBI C HHACKCAMHU 1, 2, ..., N ABJIAIOTCA KOPHAMH HEBO3PACTAIOI]

nupaMua. B 4aCTHOCTH, TaKUM KOpPHEM sIBNII€TCS y3€l .

I[TpocTyio BepXHIOIO OLIEHKY BpeMeHH pabotsl mpolenypsl BUILD MAX_HEAP Mox-

HO MOJIyYHTh CJIENYIOIIMM HpoCThIM crnocoboM. Kaxnaplit BbI30oB mpoueaypsl MAX

AT DNnOeNa n(]n'rn\ 41 D
o L Dy\ulvlll \15 Ill} XX D

:hl

X BLI2OBOR. Tagwun
Ha DDAILAINIIDINI LD A GAANIAL
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obnazom
obpazoM
lign| / lign] \
F oA [ B\
| I O (lu\ - O ' n -1 l N
Lo IQ’H—] | \"% | ya 9 ]
N\ 7/
CvMMV B IIOCHEenHeM BBID2XEHHU MOXHO OlIeH ONCTaRruRr r = 1/2 » dhonmvnv
N JAVALYA Y I 1AV WYINVpaSIViIE DOApQANVIRAL NAVNIGY Vi Vil LDy aavaviQDhan w Aj e D PPN YLy
(A.8), B pe3yneraTe 4ero nojxy4ymum
oo .
— N 1/2
) ; 2h = ,1 1 “\2 =
=2k T (1-1/2)
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6.4 AJroputM nUpPaMUIAJbHON COPTHPOBKH

PaboTra anroputma NHpaMHAAJIBHON COPTHPOBKM HAauyMHAETCS C BbI30Ba IpOLE-
nypsl BUILD_MAX_HEAP, ¢ momomibio KoTopoit U3 BXomHoro maccuBa A [l..n], rme
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AEPIXKATCA TOJIBKO Y3JIbl, SaKpaHICHHBIC CBCTJIO-CEPBIM LIBETOM. B 4acTH

r\n\nvrxnvvvvxvlna N IFALTAITITALL TITATO A A~ cTID A
11U, l] YiDUIYiIYIVZI D DNUIMVTIIVN Y11V Vv ViavwuwirlD J[1.

Bpems paboter npouenypst HEAPSORT paBHo O (nlgn), mockonbKy BBI3OB IpO-
ueaypsl BUILD_ MAX_HEAP Tpebyetr Bpemenu O (n), a Kaxabiif U3 n — 1 BBI30OBOB
nnotrenvnkr M EAPIFY — nnemeuu () (lomn)

IIPVL{VHJPUI .I".l\l\—ll.ldl Al 24 1 UPVL'L\IIIII v/ \16 'Ilj.
X7 —

6.4-2. Jlokaxxure KOppeKTHOCTh Mpouenypbi HEAPSORT ¢ noMomuibio chopMyHpo-

BaHHOI'O HHUIXKC nnbapnarnia Lll’ll\Jld
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MeHee, CprKTyp JaHHBIX, ucnonwyromaacx npn nnpaMpmaanon COpTPlpOBKe
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npuopumemamu (priority queue) — 3TO CTPYKTypa AAaHHEIX, NpeaHa-

TINN rrraviracTna O A 170 TTTIA ATTARMAIITAM IFATANATA ATann
¥Yipanrxia vinu/mvvibpa vy V RNA/MNJDILIIVI JJiviVivIlivuM l\UlUl}UlU vDzaoanv

olpelieNieHHOe 3HaYeHue, Ha3biBatoleecs kaouom (key). B nesospacmaroweii ouepe-
Ou ¢ npuopumemamu NOAJEPKUBAIOTCA CIEAYIOLIHE ONEpPaLUH.
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) BCTaBJmeT 3JIEMEHT T B MHOXECTBO S. 3Ty ornepauuio
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M 33 UX NPHOPHTETaMH. Eciiu 3aqaHie IpE€pBaHO HJIH 3aBEPILINIIO CBOIO p
u EXTRA CT_ MAX BeIOUDaEeTCS crnenyoniee 3aa
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pe]_'l‘ﬂ C IMOMOIITBKD nnen anuy
OonbmuM npuopureToM. B

MINIMUM, EXTRACT _MIN u DECREASE_KEY. Ouepenu Takoro Buaa MOTYT UCIOJb-

TLCO D MNANTATTIINADALITITI OTINTON VITMADITaORMLIVY f‘f\ﬁLY'l‘I’I(l\ITJ n NATII NAITARMMALITND
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odepely B TAKOM CiIy4ae BBICTYNAIOT MOAENUpYeMbie COOBITHSA, ANA KaXIOro M3 KO-
TOPBIX COIIOCTABNIAE€TCA BpeMs IIPOUCILIECTBHS, MUrpalolliee pojb KIo4Ya. JJIEeMEHTH
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npoliecc MOJAETUPOBAHUSA MOXXET BBI3BaTh I'eHEpalUIo APYrHX COOBITHIA uwnen.,pyw-
111as [MporpaMma BbIOMpaeT ouepeHOe MOAEIUPYEMOE COOBITHE C ITOMOIIBIO ONEepaluu
EXTRACT_MIN. Korna WHHLIMHPYIOTCA HOBbi€ COOBITHS, OHHU MOMEILAIOTCA B OYEpEdb
c noMoipio npouenypsl INSERT. B rmarax 23 u 24 HaM NpencTOUT NO3HAKOMMTHCS
U C IpYTHMH Clly4asiMHU IIpMMEHEHHS HeyObIBalOIIMX O4epeael ¢ NpUOpUTETaMH, Koraa
0c060 BaXKHOMH CTAHOBUTCA pOJib onepa" _KEY.
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COOTBETCTBYIOT OOBEKTaM, C KOTOPHIMH paboTaeT 3TO IMpuioxeHUe. YacTo BO3HMKa-

eT HeoOX0aAuMOCTh ONpCAcC/inTh, KakOn K3 06beKTOB IIPpUIIOKCHHA OTBCYACT TOMY WIIH

HHOMY 3JIeMeHTY odepenu, uiu HaobopoT. Ecnu ouenenk ¢ nmpuopUTETAMU Dealuiver-
J J | e btl) r r-— r=~r r J

CA C MoMolllbi0 NMHpPaMHUALI, B KaXXIOM JJIEMECHTE INNUpaMHUABI IIPUXOOHUTCA XpaHHUTh

"Aﬂ'lm 'l‘k"'fnmn" IkﬁnAla\ I\r\r\'hnﬁ'hl\'hh!lrl\"'am AE" arsrmTnN TTMMTE TT MA\Y,PATYYTI T T TrPOAYATIAE E‘ | SN

UoermupuKkamop \(Nnanaic; COOTBECTCTBYOUIEINO OOBCKTa IPHJIOKECHMA. 10, KAaKHM OY

JIET KOHKPET HbIN BHJ 3TOTO PUICHTHd)I/IKaTODa (VKa3aTCJII> LI€IOYHCIIEHHBIA MHAEKC WIH

\o
™

T K
4yTO-HUOYIb Ipyroe), — 3aBUCHUT OT NPWIOKEHHSA. B KaxaoM oObeKTe MPUIOKEHHUS
164

TOYHO TaK e HeoOXoAMMO XpaHMUThL HAEHTH(PHKATOp "oorsercrsymmero 3JIEMEHTa
nupaMuasl. B D1aHHOM kHUre TakuM HAEHTU(HHUKATOPOM npaBuio, OyoeT UHIEKC
MaccuBa. 110CKOIbKY B XO[€ Omepalui Haj ﬁifipaM"ﬂo” €€ JJIEMEHTbI U3MEHSIOT CBOE
pacnonoxeHue B MacCHUBe, NpU ..epeMemeH.... 3NeMeHTa NUpaMUIE HeOOXONUMO Tak-
e OOHOBNATH 3HaUCH JIeKCa B COOTBETCTBYIOIEM 00beKTe NMPHIIOKEHHS. Tak Kak
IeTalnd AOCTyNa K 00beKTaM IMpUIOKEHHA B 3HAYMTENbHONK Mepe 3aBHCAT OT CaMOro
MPUIIOXKEHUS ¥ ero peanulaliuy, Mbl HE CTAHEM OCTAHABIIUBATLCS HAa 3TOM BOIpOCe

Orparmqumcx JIMIIBb 3aME€YaHHUEM, YTO HA IIPAKTHKE HEO oxoauMa OpraHu3anus Hanje-

avrn "'nﬁ AK“Q Rn"‘"" A P ¢ "ﬂl"""‘&\""ﬂ"‘n“nﬂ
maliCn OUPavOTRn HACHTHYPYNRA1IUDUB.

Teneps nepeiinemM K peanu3alldd onepalyii B HEBO3pacTalolled ouepea ¢ npHo-
puretamu. [Ipouenypa HEAP_MAXIMUM peanu3yeT BBINONHEHUE onepauud MAXIMUM

29 pnema (A (1)
v L3 UyVLvm A\ 4 \‘-/
7 \A

nontenvna HEAP EXTRACT AX neanuaveT ornenanu EXTRACT MAYXY QOua wa-
AA’IV‘-‘VHJ !I“ A Aboté DA —‘-ll‘ 4 ANd AN l_LVLl LY 4N BVW‘IIJJ - A vllvr““lllv e 4™ A ANE BN A—A"l BERe S LAV AAWA
[IOMHHAET TeJIo HUKJIA for B cTpokax 3-5 mpoueaypsl HEAPSORT:

if heap_size[A] < 1

then error “Ouepens mycra”
maz — All]
A[l] « Alheap_size[A]]
heap_size[A] «— heap_size[A] — 1
MAX_HEAPIFY(A, 1)
return max

qoxu:.huwo—-%
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NLTAONATITY TINANLY 'ra'ht)\tvx TATTINIT TZ7ATANATA TTAITITAA,TIT MATITIITA ITOLT
U"l\.rl.}b,u.l’l \4 llyl’lUlJl’ll ilLaiiri, NJIIVU™1 l\ULUl}UlU llU/_lJl\;Il\l’ll yDUJlﬂ‘l\./nl’l.IU, X111

€TCS B MacCHBE C MOMOIIbIO MHAEKCA ?. Cuavana npoueaypa oOHOBNISAET

AT vr

MEHTaA A [t]|. 110CKOJIbKY 3TO MOXET HAapyUIHTb CBOMCTBO HEBO3pACTAKOLIHUX

NN nnnnpnvna TNOYNTTUAT n\l'l"‘t. l\'l" L
ViV LpuULnVAy PG LBPUVAUAXIL diy 1 X1
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HaJJexaniero Mecta Ajis HOBOro Kito4ya. JTa onepauus HalloOMUHAET peali30BaHHYIO

B LIMKJIE mpoieAypbl INSERTION _SORT (cTpoku 5-7) u3 pa3zaena 2.1. B npoiiecce npoxo-
J1a BHITIONTHAETCS CPAaRHEHUE TEKYIIETo 3NIeMeHTa ¢ poauTensckuM. Ecnu okasbiaercs,
YTO KJIFOY TEKYILEro 3JIEMEHTA MpEBbIIIAET 3HaYeHHE KIIF0Ua POIMTENIbCKOIO 3JIEMEHTa,
TO MPOMCXOOUT OOMEH KJIIOYaMHU 3IEMEHTOB M Npolenypa mpoAoiKaeT CBOIO pabo-

Ty Ha 6osee BHICOKOM ypoBHe. B mpoTHBHOM ciyyae mpoueaypa Inpekpamaer pabory,
HOCKOJIbe eil ynajJoch BOCCTAHOBUTH CBOMCTBO HeBO3pacTaloIMX mupamui. (TouHas
A’\nr\\nlnunn A AUDANAALITA TTIAKLITA ATNATN AaTIMNNNMNUIITAMA TTNUADATTAITIA D UIMMNMAWLIALITATL A <_<‘
“IVIJAVLJJJ'IHV ANGS Xllll)“l.l ACRAL L A qlll\dl“  ANJANJ AJAL \IH'ALLVA“ IAHIID\JA\II.IH o Jllyul‘\llvllllll ot Jo}
HEAP_INCREASE_KEY(A, i, key)

1 if Lor [41

’ s aa n/\./y ~ .‘LlUJ

2 then error “HoBblif K110Y4 MEHbIIIE TEKYLIEro”’

3 A[LJ — key

4 while s > 1 u A[PARENT(3)] < A[{]

5 do O6MeHsaTb A[i] < A[PARENT(Z)]

£ a Danravrrl 2

O ¢t «— IFAKLCINI] \l/}

Ha puc. 6.5 npuBeneH npumep pabotsl npouenypbl HEAP INCREASE _KEY. B ya-

CTH @ 3TOr0 pUCYHKa H300pakeHa HeBo3pacTarolillas nupaMuia, B KoTopoit Oyner yse-
JIMYEH K04 y3Jia, BBIIEIEHHOrO TEMHO-CEPhIM LBETOM (KpoMe BBIIENIEHHUS I[BETOM,

BO3JIE 3TOrO y3Jia yKa3zaH MHAEKC %). B yacTu 6 pucCyHKa [OKa3aHa 3Ta e NHpamMHIa
w he

IIOC/Ie TOrO, KaK KJIIOY BhIAENEHHOro y3na Obin yBenuueH Ao 15. B yactu ¢ obpaba-
ThiBaeMas Nupamuaa u3obpaxeHa nocnie nepsoit urepauuu uukia while (ctpoku 4-6).
31ech BUOHO, KaK TEKYLIUMK U POAMTENbCKUH [0 OTHOLLUEHHIO K HEMY Y3Jibi OOMEHI-
JUCH KIIOYaMH, U UHAEKC ¢ Mepellen K pOAUTeNnbCKoMY y3ny. B yacTu 2 rmoka3saHa 3ta
e upamujia nocie eule ogqHoN urepaluuu uMKia. Tenepb ycioBHUe HEBO3pacCTAIOLUX
MpaMUI BLIMOJHAEICH, U NpolieAypa 3aBepiiaeT pabory. Bpems oﬁpaﬁorm n-37ie-

MEHTHO# MHpaMHUJIbl C MOMOILBIO 3Toi Hpoueayps! pasHo O (Ign). ITo obwACHIETCA
TEM, YTO JJIMHA NIyTH OT OOHOBJIAEMOro B CTpPOKe 3 3neMeHTa a0 KopHs pasHa O (Ign).

IIpouenypa MAX HEAP_INSERT peanusyer onepauuio INSERT. B kayectse napa-
METpa 3TOI mpolieflype nepeaaercs K4 HoBoro 3neMeHta. CHayana npoueaypa Jo-
OaBysieT B MMpaMHy HOBBIH JIUCT U IIPUCBAMBAET €My KJIFOY CO 3HAYeHHEM —oo. 3aTeM
BbI3bIBaeTCs npouenypa HEAP_INCREASE KEY, koTopast IpUCBauBaeT KOPPEKTHOE 3Ha-
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