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9.16. (3a 3TMM yNnpaXHEHUEM Ha CaMOM Aeje CTOAT 24 ynpaxHeHus.) JokaxuTe npa-
BWJIbHOCTb TPaHUL, yCTaHOBJ]CHHbIX Wi 4 3JIEMEHTApHbIX peaJiM3allui, NpeacTaBlieH-

a o TYeATs ~ FAMATIIITA A TT A AT T LS o3 A tma own sz san s

AJis AOKa3aTcC/ibCTBa pCain3aliiio ONicCpaiMi ecmasiib
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HbiX B laUJll’lu\.« Z.1y VIVIIOI
(insert) M yoaaums Hau60ﬂbwu° remove the maximum) U3 nporpammbl 9.2, U peanu3auuu,
BbIMOJIHEHHbIE B ynpaXHeHusax 9.7—9.9, a takxe dopmanbHOoe onucaHUe METOOOB pe-

o o
T KacasTea arenattuits vAs 10 )
ATH3aUHHn pr}‘}{x Gﬂcpau‘.‘.}‘.. q 70 KadaclTln Olicpauin yoaaumeo {(remove,, Usmenimo hpu-

opumem (change priority) U ob6sedunums (join), NPEANONOXKHUTE, YTO UMEETCS CPEACTBO,
obecneyuBaloliee NpPsIMOM HOCTYN K OOBEKTY CCbUIKH.

9.2. MNnpamupanbHas CTPyKTypa AaHHbIX

OcHOBHO# TeMO} HaCTOsILUCH T1aBbl SIBISETCA MPOCTas CTPYKTypa AaHHbBIX, MOJTyYdBLIas
Ha3BaHUE copmupytoweeo depesa (heap), kotopast MoXxeT 3¢ GeKTUBHO NOMLEPXUBATb OCHOB-
HbI€ OllEpalMu B OYEPEAM N0 MPUOPUTETaM. B copTUpyIOLEM ACpeBE 3alUCH XPaHATCH B
BMIE€ MacCHBa TakMM 00pa3oM, YTO KaXIblid K104 00653aTeIbHO NPUHUMAET 3HaYeHUe 6OJb-
iee, YeM 3HaAYeHMUA IBYX APYIMX KIIIOYEH, 3aHUMAIOLLUX OTHOCUTENbHO HEro CTPOro oil-
peleseHHbIe MnoJjioxeHus. B cBoio odepenb, Kaxablit

g<n

M3 3TUX KJIOYed JONXeH ObiTh Oonbllie, YyeM IBa Jey

ApYTUX onpeleeHHbIX Kio4ya U T.4. IlonobHoe yno- ,(T/v\ 3@\

psipodeHue Jierko obOHapyXuTb, eciy paccMaTpUBaTh ﬁ 7‘@

3TH KJIIOYM KaK BXOJsiiMe B GMHapHYIO APEBOBUIA- 8@ B® "B

HYIO CTPYKTYpY € peOpaMM, MAylIMMHU OT Kaxaoro

KJIIOYa K ABYM APYTMM KJIIOYaM, O KOTOPBIX M3BECT- 12345678 9101112
XTOGSMNAERA/

HO, YTO OHHW MEHBIIC €ro MO 3HAYCHHIO.
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Onpenenenne 9.2. Jepeso nazvieaemcs nupamu- PACYHOK 9.2. NPEACTABEHUE
daavno ynopadouennvim (heap-ordered), ecau  NONHOTO BOUYHOTO QEPEBA B BUAE

KAt04 8 Kaxcdom ezo ysne Goavute uu paser karoyam  TPAMUAANBHO YNOPAAOYEHHOTO
MACCUBA

Ecau paccmampusame 3nemenm ¢ nozuuuu
Li/ZJ maccuea Kak podume/m I1emMeHma
nozuyuu i, 012 2 < i £ N (uau, umo
IKGUBANEHMHO, CHUMAS I-Ul INeMeHm

6CeX NOomoMKO8 3ITioco yJ’./la (eutu' MAaKoebi€ UMEroii-
cs). DxsusareHmuas (opMyauposKa: Kaw4 6 Kaxic-
oM y3ne nupamudanbHoO YNopsadoveHHo020 Oepesa

QJ

podumenem OaHHO20 y34a.

Jlemma 9.1. Hu odun u3 y31068 nupamudansHo yno- Mo CMaHOGUMCA 603MONCHbIM yO0OHOE
PAOOYEHHO20 Jepesa He MOXCem umemb KAlo4d, boab- ~ Npeocmaenenue CO0KynHocmu 3nemennos

wez0 yeMm K104 KOpHA Oepesa. Mmaccusa 6 gude depesa. Takoe
coomeemcmeue K8 UBAIEHINHO HYMEPALLUY
Ha siio60€e nepeBo MOXHO HANOXWUTL OTPAHUYE-  noanoeo dsounnozo depesa (anemenmul na

HH4, 06yCJIOBJICHHbIc rmpaMldIIaJleOffi YHOPAIOYEH- HUNCHEM YDOBHE HYMEepYOMmCsa, HAYUHAA C

HOCTbi0. OHaKO OCOOGEHHO yHOOHO MONb3OBAThCst ~ CAMO20 1€6020) no yposHam. lepego
Ha3vledemcia nupa)uudaﬂbuo

YHODAOOHEHHBIM, ecau KA4 1106020
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rnaBbl 3 M3BECTHO, YTO MbI MOXEM HAYepTUTH Ta-
KYIO CTPYKTYpY, TOMECTUB B BEPXHEi 4acTH CTpaHu-

noan vana An neans

3adarioes y3aa Oosblue unu pasew
KAR4am Y3108 NOMOMKOS. Copmupyiouqee
bl KOPHCBOH ¥3€j, a 3atcM CIIyCKasiCb BHHM3 11O aepego ecmbs npeacmaeﬂeHue 8 sude

CTpaHUUC M IICpEMCEILAsACh CJI€Ba HanpaBbo, NMoacoe- MACCU8a NOAHO20 YHODAOOHEHHO20
AUHATb K KaXIOMY KOHKPETHOMY y3JIy Npeabinylue-  060u4Hozo Oepesa. i-it anemenm

ro ypOBHﬂ JIBa y3na TCKy].lICFO ypOBHﬂ 0 TeX ﬂOp, Copinupyrwuieco uepeuu boabuie wiu paeer

no eeauvune 2i-eo u 2i+1-e0 sasemennios.
1MOKa He ﬁvnvr nmoMenieHn BCe N Y3JI0B. Jocraroy- ’ SneMenNI08
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364 Yacme 3. Copmupogka

HO TNPOCTO INPEACTAaBUTH MOJHOE GUHApHOE NepeBO B BHME MAacCCHMBa, MOMECTUB KOPHEBOIA
y3eJ B MO3MLIMIO 1, ero MOTOMKOB B MO3MUHMIO 2 M 3, Y3/l CIIEAYIOIIETO YPOBHS B MO3ULIMH
4,5, 6,7 v T.4., KaK nNoKa3aHo Ha puc. 9.2.

Onpenenenne 9.3. Copmupyrouee depeso ecnb COBOKYNHOCMb Y3108 C KAIOHAMU, 06paA3YIOWUX
NoAHOE NUPAMUOANBHO VNOPAOOUEHHOe OUHAPHOE Oepeaon, NPedcmaslieHHOe & RUOe MACCUBA.

JOYEHHBIX OEpEeBbLEB, HO MNOJIHbIE AEPEBbs MPEAOCTABIASAIOT BO3MOXHOCTDb 3aJICHCTBOBATb
KOMIIAKTHOC NpEACTABJCHUE B BHAC MACCHBA, B KOTOPOM JIETKO NMEPEXOINUTL C HEKOTOPO-
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3J1a K €ro poauTen X CBA
3eit. PoauTens y3na, HaXoIsIErocs B NO3ULMK i, HEO6XOAMMO uckaTh B nosuumn Li / 2], u,
COOTBETCTBEHHO, [Ba NMOTOMKA Yy3Jla B MO3UMLUMH i HAXo4sATCA B no3uuusax 2i u 2i + 1. Ilpu
Noa00HOH OpraHMU3aluU IIPOXOXIEHHUE 110 TAKOMY [EPEBY BBIMOJIHIETCS 11POLIE, YEM €CIIU
Obl 3TO AepeBO ObUIO PEAIM30BAHO B CBSI3HOM NPEIACTaBICHUHM, NIOCKOJIbKY B TAKOM Cly4dae
MOTYT MOHAA00MTLCA CBA3M [epeBa, NMPUHALIEXAlMe KaXAOMY KoYy, 4ToObl UMETb BO3-
MOXHOCTb MMEPEMELIATLCA BBEPX M BHU3 110 AEPEBY (KaXAblH SJIEMEHT OyAeT MMETb OJMH

ykasarejlb Ha pOAUTENS U ONMH YKa3aTelb Ha KaXIA0ro NOTOMKA). ITonHbie OuHapHbie ae-

w10 LR D4 ) VAT J et Aas

peBbsl, NMpPEACTaBlIeHHbIE B BUAE MACCHUBOB, SIBJISIOTCS XECTKMUMH CTPYKTYpPaMH, HO BCe Xe
06,1a1a10T JOCTaTOYHON I'MOKOCTBIO, YTOOB! MO3BOJUTL peann3oBaTh 3(PPeKTUBHbIE aNro-
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B paznene 9.3 Mbl yOeauMcs B TOM, YTO MOXEM BOCIMOJIb30BATLCS COPTUPYIOLIMMH A€-
PEeBbLSIMU [UIsl peasiu3alMy BCEX OMNepaluii Ha ouyepensix Mo NMPUOPHUTETAM (3a UCKIIIOUEHM-
€M OlepauMM o6seduHUmb) TAKMM 00pa3oM, YTO HA CBOE BBHIIIOJIHEHUE OHU B XyIILEM CITy-
yae notpebytoT norapudmuueckoe Bpems. Bece Takue peannsauuu GyHKLMOHUPYIOT BAOb
HEKOTOpPOIo NMyTH B COPTHUPYIOLIEM [epeBe (MepeMellasicb OT POAUTENsl K MOTOMKaM 110
Hanpapl€HUIO BHU3 UM OT NMOTOMKA K POAMUTENIO MO HANpPaBJEHUIO BBEPX, HE MEHAS NpH

3TOM HannaBiaeHus jnBuxeHug). Kax yXe OLIJIO NMOKA3aHO R rnage 3, BCE IIYTU B NOJHOM

[ I V) peBaa s FER o3 VAN B Y ARG SN RDNLINS ARG SQY

aepese, cocTodleM U3 N y3noB, cogepxar B cebe nopsiuka Ig/N y3nos: npuMepHo N/2 y3-

JIOB HaXOJsTCSl HAa CaMOM HMXHEM ypOBHe, N/4 y310B — MOTOMKHM KOTOPBIX 3aHHUMAIOT
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HVOXHHY YPOBCHD M T.4. naX-

nJ
Y MCHbLIIC Y3JI0B, YEM IIpEAbIAY-
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HUXXHMI ypoBeHb, N/8 y3i10B — "BHYKM" KOTOpPbBIX 3aHMMa
Jo€ cieayiouiee MOKOJEHUE Y3JI0B COAEPXHUT HAMOJOBUH
iee, BCEro Xe MOXET OblTb MakCUMyM Ig/N nokojeHui.
MOXHO TakXe BOCIOJIb30BATbCA SIBHbIMM CBS3HBIMH 1IPEACTABJIECHUSIMHU [PEBOBUAHOM
CTPYKTYpPbI st pa3paboTku 3O@EKTUBHBIX peanu3aumii onepaumii Haa odepeasiMU 1O MpU-
opuTeTaM. B kauecTBe NpuMEpoB paccMaTpHBaIOTCs MOJIHbIE AEPEBbs C TPEMsl CBA3AMM (cm.
pasaen 9.5), copTHpOBKa NOBTOPHOI BbLIOOPKOW (CM nporpaMMy 5.19) ¥ 6uHOMHUaNbHbBIE

ouepenm (CM. paszaen 97). Kak u B ciyyae npocThiX CTEKOB M OYePEeNed, OJHA U3 IIABHBIX
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NNPHYHNH, n06y>1<11aioumx paccMaTpuBaTb CBA3HBLIC NMPEACTABICHUSA, 3aKMOYACTCA B TOM, 4YTO
OHMU OCBOOOXAAKT OT HEOOXOAMMOCTH 3apaHee 3HaTb MAKCHUMAJIbHBIC PA3MEPLI OYEPECOH,
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TAKXKE MOXEM M3BJIeUb B HEKOTOPBIX CUTYaUMsX ONpPeAEICHHYIO MOJb3y U3 TMOKOCTH, obec-
MeYMBAEMOM CBA3HBIMU CTPYKTypamH, npu pa3paborke 3¢hPeKTUBHBIX anroputMoB. Yura-
TEJNSAIM, KOTOpbleé HE HMMEIOT JOCTAaTOYHOrO ONbITa MCMOJb30BAHUS SBHBLIX APEBOBHMIHBIX
CTPYKTYpP, Mbl HAaCTOSTEJNbHO PEKOMEHAYEM MpOYUTaTh maBy 12, yTobbl U3yuuTh Ga3oBbie
METOAbI peajin3aluu naxe 6ojiee BaXHbIX aOCTPAKTHbIX THUIMOB AAHHBIX, TAKUX KaK CUM-
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Thaea 9. Ouepedu no npuopumemam u nupamudanbHas copmuposxka 365

60abHble Mabauybl, IPEXIEC YEM MMETb AEN0 CO CBSA3HBIMM NPEACTABICHUSIMU JEPEBLEB, pac-
CMaTpMBaeMbIX B YIIPOKHEHHUSAX 3Tod rasbl U B pasgene 9.7. OgHako BHUMATEIbHOE U3Y-
YEHUE CBA3HBIX CTPYKTYp MOXHO OCTaBUTb JO BTOPOTO YTCHMs, MOCKOJbKY OCHOBHOM Te-

19€TCSl COPTUDPYIOLlee NepPeBo (npencraBiecHUe B BUAE MAcCCUBA

BN NP VAN TaBJI A& MALLYIDA

MOM HAcTOsUlel I'NaBb! 9RJ
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0e3 cBsi3eil MOJHOTO MMPAaMHUAAILHO YHOPAAOYEHHOTO JAEpeBa).

_Vnnam-_:el-_: - ]

,D;CpeBOM?

> 9.17. AsnsieTcs 1M MacCUB, OTCODTUPOBAHHBIA B HUCXOISILIEM nopsiiKe, COPTUDPYIOIIUM

0 9.18. Haubosblinii 31eMEHT COPTHPYIOIIETO ACPEeBa NO/MKEH MOSIBUTHCS B NMO3ULMHU 1,
a BTopO# HanboJibliiKii 3EMEHT JOJIKEH 3aHMMaTh no3uunio 2 win 3. TlpedctasbTe Cin-
COK MO3MLUIA B COpPTUPYIOLLEM acpeBe U3 15 31EMEHTOB, B KOTOpPOoM k- HauOonblIMiA
aneMeHT (i) MOXeT MosABUTbCs U (ii) He MOXeT nosABMTLCA, IS k = 2, 3, 4 (B npeano-
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IIero c060u paamcp copmpyxomcro epcBa

¢ 9.20. Pewunthb 3amauu 9.18 v 9.19 mna k-ro naumenvwiezo 3neMeHTa.

9.3. Anroputmbl AN COPTUPYIOLLUX _Ll_EpEBbEB

Bce ANITOPDHUTMBI O‘ICDCHCH no NMPpUOPHUTETAM I CODTUDYIOLIUX Jepe DﬂﬁOTaIOT Ta-
KMM 00pa3oM, YTO CHa4yajla BHOCAT NMPOCTOE U3MEHEHHUE, CIIOCOOHOE HApYUIHMTb CTPYKTY-
py NMpaMHuibl, 3aT€M BBINOAHSIOT MPOXOA BAOJAb NMUPaMUAbl, BHOCS [PU 3TOM B COPTUPY-

nNnIige Nenenn TAVHESe U2MeUusHUAT Vn"l"nﬂLIP rannu"run\lm'r uTn r"'r*n\n{"r*\tna I"(\ 'T‘blﬂ\lu\"lnl"n
Wilve AV WD 1GNF FIoNvIlviirs, VDIV 1Qpaniirpyiv 11V wipyiniypa VpL1nipy o

JepeBa COXpaHSAETCs Be3e. DTOT MPOLIECC MHOTAA Ha3bIBAIOT YCMAHOBACHUEM RUPAMUOANb-
Ho2o nopsadka (heapifying). BoamoxHbl aBa ciyyasi. Korna npuopurer kakoro-au6o ysia yse-
JaMyrBaeTcs (MM B HHXHUA ypOBeHb COPTHPYIOLUETO AcpeBa A06GaB/iseTCA HOBbiM y3en),
Mbl ZTOJIXHbI JBMTaTbCsl BBEPX MO JepeBY, YTOObI BOCCTAHOBUTb CTPYKTYPY COPTUPYIOLIETO
aepesa. Korma npuopuTeThl KakUX-JMOO y3J0B YMEHBUIAIOTCA (HalpuMep, NMpH 3aMeHe
KOPHEBOI'o y3Jla HOBBIM Y3JI0M), HEOOXOAMMO NPOMTH BHM3 MO AEPeEBY, YTOOBI BOCCTAHO-
BUTb CTPYKTYPY copTupyollero aepesa. [Ins Hadyaia obcyaum, Kak peasn3oBaTh IBE 3TH
6a3oBbie GYHKIIMHM, a 3aTeM noayMaeM, KaK MX MCIOJIb30BaTh B Pa3IMYHBIX ONepauusx ¢

odyepeasiMH MO npnopnTcTaM.

Ecnu ¢cBoOlCTRa cONTUDVIONIETO

ALl Bl VIONHAVI DG VAL RL sy SSass

y3/ia CTAHOBHMTCS GoJibllie KJII0Ya POAMTENBCKOTO Y3714, MOXHO CAENaTh Hialr B HalpaBICHUM
MCTIpABJIEHHs] 3TOTO HapylUEHMs, OOMEHSB MECTaMM 3TOT y3en c ero poaurteneM. Ilocae
obMeHa 3TOT y3¢Ji CTAHOBUTCA 6UJIDLI.IC, yem 006a ero nmoTomka {OAWH W3 HUX — 3TO npe-
XHUIA pOOMTEND, APYrOil MEHbLIE, YEM CTapblii POAUTEND, ITOCKOJIbKY OH ObUI MOTOMKOM
3TOTO y3Jia), HO BCe €le MOXET OCTaBaThCsi Gonblie CBOEro poauTtess. Mbl MOXeM ycTpa-
HUTb M 3TO HApylUeHUE AHANOTMYHBIM CNOCOOOM M NMPOABHUIaThCsl fajnee BBEPX MO JEpeRy,
MOKAa He JAOCTUIHEM Y3Jla C HauOOJNBIUMM KIIOYOM, KAaKOBBIM SIBISIETCS KOPEHb JAepeBa.
IIpuMep onucaHHOro mpouecca nokasaH Ha puc. 9.3. [IporpaMma mpocta U NOHSTHA, B €€

OCHOBE JIEXHUT TOT (axT, YTO POAMTEND y3ja, 3aHMMAIOIIETO MO3ULMIO kK B COPTUPYIOILEM

nenere wavonutTca n norunuu k /2 arorn JAenesa TTnorarvma O 2 mnenpcTanrnageT coBoll ne-
Avrlvllv BRGANNIAATLR A NVIL AF LANJNLLAANIXL E ’ A 2 ANIANT Pvu“ A‘l.lv‘ yu]vll‘lu rFExei lvaAv‘uwll‘vl ACAVAVAVY §§ 'JV

ann3aumio QYyHKIMH, KOTOpasi BOCCTAHABIMBAET BO3MOXHbBIE HapylieHUsi, 0GyC/IOBICHHBIE
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YBEJIMYEHUEM NPUOPHTETA B 3aLAHHOM Y3JI€ COPTH-
pytouiero nepesa, 6rarogapa NpOABUXEHHUIO BBEPX
1o AEpeBY.

Nporpamma 9.3. Bocxopsias ycraHoBKa CTPYKTypbl
rnm‘umnnmn 0 nnnna

L i g

470661 BOCCTAHOBUTL NMPaMUAANibHYIO CTPYKTYpY nocne

TOro, Kak NpvopuTeT O0AHOro M3 Y3/I0B COPTUPYIOWEro

nenapa MQMQHMI"IPQ Mhl nnnnnmrnnupu rRRany NO nenepv
A oG ViIoW Wikt Y AT ML oo ATy

MeHA] Npu H606X0,DMMOCTV| MecTaMu y3en B no3vuunn kc
ero poavtenem (KOTOpbi HAxXoAMTCs B NO3vumn K/2) w
npoaonxaeM 3T0T npouecc A0 Tex Nop, Noka
BoinoniHseTcs ycnosue afk/2] < a[k] vnn noka He

BbifileM B BepPLMHY COPTMPYloulero aepesa.

template <class Item>
void fixUp(Item al],
{
while (k > 1 && a[k/2] < alk])
{ exch (alkl, a[k/21): k = k/2; }

int k)

Ecnan cBOWCTBO NMUpaMUAQIBHOCTA COPTHpPYIOLLE-
ro nepesa 6blIO HApYyLIEHO B CUJY TOro, 4TO K104
Kakoro-aubo ysjia CTaHOBUTCS MEHBLUE, YEM OAMH
KJ1104a €ro NMOTOMKOB,

C UENbI0 YCTPaHEHWs HapylIeHMs NYTEM 3aMEHbI
y3ia Ha 6oJibliMit U3 ero AByX NMOTOMKOB. Takas 3a-

Uiau oba

RADIIN RANLOST DIIDATE
wvivria mMuMmvl DbDIlopalb

IOIIEr0 JepeBa Ha y3/e-TIOTOMKE; 3TO HapylieHHe
YCTPaHAETCS aHAJIOTMYHLIM MYTEM M BBLITTOJHSAETCS

llﬂn\nllnlllte

fad°¥a Fal
ﬂay_y mavrirxi wvDUrYIL

NPOABUXEHHME BHHU3 10 [AEPEBY IO TEX TOP,
6yaer IOOCTUTHYT y3ea, oba IIOTOMKa KOTOpOro
MEHBLLUE €ro camoro, JM6o HHMXHUI YpPOBEHB lepe-
Ba. IIpuMep mpoliecca nokasaH Ha puc. 9.4. Onste-
TAKH, nnOFnﬂMMHHM Kono V'JI/ITHBHCT TO OGQTO_HTC_JII_)—
CTBO, YTO IOTOMKHM y3J1a COPTHPYIOLLETO 1€epeBa B

no3uumu k 3aHumaror B HeM no3vuud 2k v 2k+1.

IoKa HeE

MNMnnarna a 04 ranenwuT neanuna
Ao T \IUM\JHIK\'II ].lelrlJuurllU
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PUCYHOK 9.3. BOCXOAALLAR

YCTAHOBKA CTPYKTYPbl
COPTUPYIOLLErO REPEBA

17(1 GEPDXHEM Ut’[}t’b’f.’ NOKA3AHHOM HA
duazpamme, yCmano6aeH NUPAMUGAIbHbIl
NOpPAOOK, 8 KOMOPbIll He BNUCHI6AENCA
y3ea T na nuxcrnem yposue. Ecau mut
nomensnem T mecmamu c e2o pooumenem,
depe6o ocmaemcsa nuUpamudansHo
YROPAOOHEHHBIM, 34 UCKAIOHEHUEM pa3ee
ymo mozo cayuas, koeoa T oxasvieaemcs
60nbe CaOC20 HOBO20 POOUMENS.
ITpodoaxcas o6men mecmamu yzra T co
ceoumu pooumensmu do mex nop, Hoka
Mbl He @bllideM HA c80eM nymu HA
KopHeeou y3en, aubo na y3en, Komopuii

ﬁn/"-lllﬂ 7; Mbl MOMCOM Vl‘mﬂManlmh

LAVl O

nupamudansvHutii nopadox 60 eceM depeee.
Mbt Moxcem ucnonszoeams 3my
HpOUEOYPY 6 Ka4ecmee OCHO8bI 04
onepayuu insert (ecmasums),

I"’ oNeRLaY
UL Gonn

GO

BhINnpAuae] unu Ha copmiu n\}mluu
b b dided S ahd

C Ueabio 80CCMAHOBACHUNA
nupamudasbHoze nopadka nocae
dobaenenus 8 3mo depeso HOB020
nemenma (KpatHiow npagyro no3uyuio

LT MO A4 \7"/‘]0“0 DDI‘IAG 2 A ono2o NNl
IEits JiMUTLIIC U YR UUSIC, UUVULS U ULphul nipa

~

JEpEeBO MOC/IE BO3MOXHBIX Hapymeunﬁ MO NMpHYNHE NOBLILIEHHUSA NPUOPHTETA 3a]aHHOrO

y3ja, NnepeMelascb BHU3 N

.................. P

ple]J_lClU AcpeBd \l‘), YTOULI 4
HYT HWXHMI ypOBEHb Jepena.

O6e 3TH onepauuM He 3aBMCAT OT cnocoba NMpencraBieHHMs CTPYKTYPHl IepeBa, €CiH

BO3MOXEH AOCTYN K POAUTENAM (BOCXOUSIIMHA METOH) U K NMOTOMKAaM (HUCXOISAIUMH METON)
nmﬁnrn V’Ula R cnvuae BROCXOQOAIero MeTola Mkl nenememaemcq RRCHX no nenenv 3aMe-

(e L4 W DS JURAW BV, AR P 1% (S E LAl

HSfist KJII0Y 3aJaHHOrO y3ja KJII0YOM €ro poAauTens N0 Tex MOop, NMOKa He BHIiIEM Ha Kop-
HEBOM y3e1 WM Ha poauTensi ¢ 60onblUMM (MAM paBHbIM) KIO4OoM. B cayuyae Hucxozswero
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METOoda Mbl nEpeMellacMcsa BHH3 o JZEPEBY, 3aMe-
HAa KJIIOY 3aJaHHOTO y3Jia GosiblIMM M3 KJII0YeH ero

MMOTOMKOB A0 TEX MOp, MMOKA HE JOCTHTHEM HHXHC-
ro YpOBHSI WJIH TOYKH, B Kn"mnnu HET NOTOMKOB C

DOJBLIMMH KITIOYAMHU. B 00600LI€HHOM BHAE YIIOMsI-
HYTble Omepauyu NPUMEHUMBbl HE TOJNbKO K OH-

DY Tas A 12 v nwnAAl

HapHbiM LACPEBbAM, HO W K JIHOOOM LAPCBOBH HoM
CTPYKTYpe. YCOBEpILUEHCTBOBaHHbIE aJIFTOPUTMBI, Ma-
HUNYJIUPYIOLLUE OYepeasiMy MO NPUOPHUTETAM, OObIU-
HO OPHUEHTHpPOBaHbl Ha [APEBOBHMAHBIE CTPYKTYpDhI
obero BMAa, HO B TO Xe BpeMs [10J1aTaloTcsl UMEH-
HO Ha 3TH 0Oa3oBble onepauuu, obecrneyusaolue
JOCTyn K HanboJbLUMM KIl04aM 3TOH CTPYKTYpHI,

COCpPEIOTOYEHHBLIM B €€ BEepXHEil YacTH.

Ecin BoobpasuTb cebe, UuTO HEKOTOpOE COPTH-
pyollee JepeBO NPEACTABIASET HUEpapXHUIO0 HEKOH
KOpiiopailiii, B KOTOpPOM KaXZIbiii NOTOMOK
CTaBJIsieT NOAYMHEHHOE noapa3aelieHue (U KaxIbli
podMTENb mnpeacTaBiaseT coboi  BplllecTosLEe
nogpasfeneHue), TO 3TH ONEPALMU [OMNMYCKaioT
nmobornbiTHLIE aHajdoruud. Bocxoasduuuii MeTon co-
OTBETCTBYIOT MOSBJAEHUIO HA CLI€HE HOBOIO Nepc-

NEKTUBHOTO YNPaBJsIOILEr0, KOTOPbli NpPOABUIaeT-

cqd MO cCcnvxebH
cqa 1o

Wil y AR n

IOy

npoi-

i1 JIecTHULle ¢ OJHOI'0 IMOoCTa HAa
1 JIECTHUIe ¢ OOHOro ITocTa Ha

-

apyroii, 6onee BhICOKMi (OOMEHHMBAsICh CyXeOHBIMU
00513aHHOCTSIMM C MIOObIM Ha4aibHUKOM, UMEIOIUHM

ibUuKaLHIo) o TEX MoD
HPHWKaALWio) 010 TCX Mop,

AATioo wrvans Vio KBajii

¢Q0Jicc nYlJl\yl\) KB
3TOT HOBbI pabOTHUK He crosikHercd ¢ Bonee KBa-
AMuuMpOBaHHBIM HavyaibHUKOM. Hucxonsuui me-
TOJ aHAJIONMYEH CUTyalMM, KOrla Npe3nieHTa HeKo-
TOPO KOMNAHMUM CMEHSIET Ha €ro mnocry HEeKTO,
ycrynalouuii eMy no kBanudukauuu. Ecau kakoii-
Aubo M3 NMOAYWHEHHBIX MNpe3UAeHTa, O0MUYEHHBIN

12 7Y
HURA

HaubONBIIUMHY NOTHOMOUUSAMU, NDEBOCXOAUT IO COBROK

AAGAANRIGR DA A XA VI XD ARV ANANARS R MR Ae Aipw

ORONGORORORC)
PUCYHOK 9.4. HUCXOQALASA
YCTAHOBKA CTPYKTYPbI
COPTMPYIOU.[EI'O JEPEBA

nnnnn sz Ain s 3 aoEtaes PR

A({[J({UU, uJuupu.m,crmue [+ UI{[J.&HE“ HACIiiu
duazpammbi, nOMMU 6e30e NUPaMUuUdarbHO
YROPAOOHEHO, UCKAIOHMEHUEM S6ASemCs
Kopenb depesa. Ecau 3amenums yzen O
boaviuum u3 e2o nomomkos (X), mo
paccmampueaemoe 0epeéo npuobpemaem
nupamudarsHutli NOPROOK, 3a
ucKkaloueHuem noodepesa ¢ KopHem 8 yiie
O. ITpodoaxcas obmen mecmamu ¢
bonblUUM U3 20 08YX NOMOMKOG 00 mex
nop, noka ie 6ydem 60CmMueHym HUMCHUL
YDOGHA RUPAMUObI UAU MOYKA, 8 KOMOPOU
O 6oabue 2106020 u3 C60UX ROMOMKOE,
MOMNCHO 80CCMAHO8UMb YCAOBUE
nupamudsl Ha écem Oepege. Imoli
NDPOUEOYPOil MONCHO 80CROAL3I0OBAMBCA 6
Kavecmee OCHOB8bl 04 Onepayuu remove

the maximum (yoaaums naubosbuuii) 6
rnnmum)mumu ﬁpnmw f'og uo/mm

80CCMAHOBUMYb NUPAMUOANbHBLI NOPACOK
nocae 3amMendl KA0Ma 6 KOpHe depesa Ha
KAI04, KOMOPbIll HAX00UMCA HQ HUNCHEM

YPOBHe 6 KpalHell npagol no3uyuu.

Ka, OHU OOMEHMBAIOTCSl CBOUMM OOSI3aHHOCTAMH, U Mbl JBMIaeMCsi BHU3 NO cayxebHo#
JeCTHULE, NOHUXAasA B [JOJXKHOCTU HOBOro paboTHMKa U MOBbIIAsA APYyruxX, Moka He Oyaer

I‘\I"I'\ vrnbDo Il’ln"l‘

OITITII1A 1TADATN afRATur wArna iIra
leUDUnD l\UVl IvVINNTLIAKLYL MIVD

MO T ras o V-
iV PGUUI nru\a, nUL QA Iiw U\/la\vl\/)'l nn UJJ.nUlU IIU/J._

HUW1F11 y

YUHEHHOro, NPEBOCXOAAILEr0 HOBOro paboTHMKa no KBanu@ukauuu (3TOT HUIealUu3upo-
BAHHBIA cueHapuil B peajJlbHOW XHM3HM BcTpeuyaercd penako). [lpomonxkad 3Ty anajioruio,
IBUXEHHE 110 COPTHPYIOLLEMY IEPEBY 4acTto OyleT Ha3blBATbCS HMPOOBUNCEHUEM.

fporpaMMa 9.4. Hucxopsdwjaa yctaHOBKa CTPYKTYPbi COPTUPYIOLLEro gepesa
Lh-nﬁu DNANCATALRNDIATL MIANAMMIANANL LAWY NATNUY T\ln\l (=] [adahViSEaY =Y virnna MNIANRNIATAT van
AR YAV V] LUV ITAQATTIVOLDFI LD IIVlPuIVIVlHUIIUII’l\I UIP’ ’P’ o Ull"lu\a, I\UIHU lIPVlUPVll\;! ’Ql

NOHWXAETCs, Mbl ABUraeMcsl BHU3 NO COPTUPYIOWEMY AepeBy, MEHAs NP1 HeoBGX0ANMOCTH
MecTamu y3en B nNo3vumn K ¢ GONbLUMM M3 ero AByx NOTOMKOB, M OCTaHaBIMBAaeMCH, KOraa

y3en B NO3NLNK kK He npesbiliaeT Kakon-nnbo w3 AByX CBOWX NOTOMKOB, nau koraa
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BOCTUTHYT HUXHUI ypoBeHb. OBpaTute BHMMaHKWe Ha TO 06CTOATENbCTBO, 4TO ecnu N eCTb
yeTHoe 4ncno n k pasHo N/2, To y3en 8 noanumn k nMeeT TONbKO OAHOrO NOTOMKE — 3TOT
cny4ai tTpebyet ocoboro noaxona!

BHyTpeHHWI Unkn B 3TOW NporpaMme UMeeT [Ba Y4EeTKO onpefeneHHbIX BuiX0Aa: OAWNH A9
cnyyas, Koraa OOCTUMHYT HUXHWIA YPOBEHb COPTUPYIOLLLEro AepeBa, a Apyron Ans cnyyas, Koraa
YCNOBMSA COPTUDYIOLLEro fepesa YNOBNETBOPSIOTCA rAe-To BHYTDW AepeBa. 3TOT cny4ain MoxeT
CNYX1Tb NPOTOTMNHBLIM NPUMEPOM HEOBXDAMMOCTH CyLLECTBOBaHNA KOHCTPYKUnK break.

template <class Item>
void fixDown(Item a[ ], int k, int N)
{
while (2*k <= N)
{ int j = 2*k;

if (9 <« N g££ al4d41l < al4411) <G44
if (3 < N g& al[j] < al[j+l]) j++;
if (!'(a[k] < a[j])) break;

o~ s o ln 1o Fs1 - rF21y . - -

A =2 ¥% \aljn] ., GLJ]’, N - J'

Mporpamma 9.5. Oyepeab nNo npuopuTeTam Ha base copTupyioLlero gepesa

Yto6bl peann3oBaTb onepaunio BCTaBku, Mbl yBennunsaem N Ha 1, nobasnsem HOBbIW
aneMeHT B KOHel, copTupylolero pnepesa, a 3aTeMm npu nomowm oyHkumn fixUp
BOCCTaHaBNMBaeM NMpamMuaanbHold Nopsaok. Mpu sBbinonHeHnn PyHkuumM getmax (nonyuntsb

HanbonbliMii) pa3mep copTupylllero aepesa fonkeH ObiTb ymeHbilleH HA 1, Takum
06pazom, Mbl BrIBUDaeM R KauyecTBe BO3RPALLAEMOro 3HadveHus BenuyuHy palll, 3atem

U MO, jodo L0, v DT DUSIDRaAlL et L 18

yMeHbllaem pasmep comepylomero nepeBa Ha 1, nepemellas 3HadveHne pq[N] 8 pql[1],
nocne 4ero BbiNnoNHAEM prHRLI,VHU fixXDOWii C LiefibkKy BOCCTaHOBHTD B aepeee |mpa|vw|,«'lai‘|nnnm
nopapok. Peann3aumn KoHCTpykTopa v dyHkumn empty npeaenbHo TpusnanbHbl, Mepsas
no3anumna pq[0] maccuBa 3pech He MCNONL3YEeTCH, HO OHA MOXeT ObiTh 3aieMCTROBAHA B

Ka4ecTBe CUrHanbHOW MeTKW B OpYruX peann3aumsx.

template <class Item>

class PQ
{
private:
Item *pq;
Int N;
Public:

PQ(int maxN)

{p9d = new Item[maxN+l1l]; N = 0; }
int empty( ) const

{return N==0; }
void insert (Item, item)

{pg[++N] = item; fixUp(pg, N;}
Item getmax()

{

}:

Kak nokasbiBaeT nporpamma 9.5, 3TW AB€ OCHOBHbIE ONEPALIMM MO3BONAIOT MMOCTPOUTD
apdekTBHYIO pea.nmaumo AT/l ouepean no npuopureraM. Ecian odepenp no npvopure-
T

o O TY O
aM 1puis
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gcmaeumb (insert) paBHOCUJIbHO NOOABIEHHIO HOBOIO 3Jie- ®
MEHTa B KOHELl MacCHBa U NepeMellleHHe 3TOro 3JIEMEHTa
o
110 MAacCHUBY C 11€]1bl0 BOCCTAHOBJIEHHSI CTPYKTYpBl COPTUPY- @LS)
RC

IOLIEro AepeBa; onepauus ydarums Haubosvwull (remove the

maximum) paBHOCWJIbHAa YIAIEHHIO HaWOOJbILEro 3J1€MEHTa
M3 BEPLUMHbBI Ie€peBa C MOCAEAYIOIUUM pPa3MELICHUEM die-

MeHTa, Haxonsulerocss B KOHile A€peBa, B €ro BEPLUHHE U & e
NepeMeLIEHMEM €ro BHU3 BAOJIb MaccHBa C LIE/IbIO BOCCTa- ®"
HOBJIEHMSl CTPYKTYpbl COPTHPYIOLLEro Aepesa. Jou
Jlemma 9.2. Onepayuu écmaeums (insert) u yoasums nHau- Q@ ©
bonviuiil (remove the mu.«umum/ A abcmpakmuroeo muna
OGHHbIX MO2ym Obimb Peatu306anbl HA NUPAMUOATBHO YNo- AN
DAOOUEHHBIX Oepeevbix maKum o6pa3om, 4mo onepaius & ® (ﬁy
ecmasumes mpefyem 04 C80e20 GHNOAHEHUS HA ovepedu,
cocmoswei uz N anemenmos, ne 6onee \gN cpasunenuii, a @ D ®
onepayus yoaaums Hauboaviuuii — e 6onee 2 1gN cpasne- ORONORQ),
Hul. )
O6¢ onepauuy npenycMaTpuBaloT NepeMeiieH’e BIOJb nn .
penycMaTpHUBalOT NepeMeLieHHe BAOJb SRCNORS)
NYTH MEXIY KOPHEM U HUXHHUM ypOBHeM nepeaa, npu ®

9TOM HH OJHH IIYThb BAOJb COPTHPYIOIUEro A€peBa, CO- PUCYHOK 9.5. NOCTPOEHMUE

crodiiero U3 N 3JeMeHTOB, HE COHEPXHUT Oosiee 1N  ~AnTuabviniiers NEPEBA

2 © CUFIVIFYIULYEI VU UEPEDBRA
3JIEMEHTOB (CM. Hanpumep, JeMMy 5.8 M yNpaXHeHUE  cpEpXY BHU3
5.77). Onepauuss ydasume wnaubosvwuii Tpedyer ABYX Mpedcmaarennas
CPaBHEHMJi IS KaXIOro y3na: OAHY WIS TOTO, YTOOB  ,ocsedogamensuocms duazpamm

HaWTHU NMoToMKa ¢ OOoJbLUUM KJII0OYOM, JIpyrylo — 1ada onucsIeaem onepawliio 6CMaeKu

AT AT rree xn ¥ Ar

TOro, YTOODLI MPpHHA b kiowei ASORTINGs

3TOro INoToMKa. nepeoHaxanbHo nycmoe

6 copmupyrouee depeeo. Hoevie
Ha puc. 9.5 n 9.6 noxasaHbl NpuMepbl, B paMKax KOTO- yans dobasasromen &

PBIX BBIMOJIHAETCS NMOCTPOCHUE COPTHPYIOWLETO AEPEBA NY-  copmupyrowee depeso a HuxcHem
TEM T10C/i€[iOBaTe/ibHOi BCTaBKM 3/IEMEHTOB B TEPBOHAa-  ypoewe 6 nanpaenenuu caeea
YaJIbHO MYCTOE COpTUpywllee aepeBo. B npenacraBneHun  Hanpaso. Kaxcdas ecmasxa
COPTUPYIOLLErO AepeBa B BUIE MAacCHBa, KOTOpOE UCIIONb-  Jdmpazugaem monbko y3aol,
xomopuie naxodamea na nymu
30BaJIOCh paHee, 3TOT NMPOUECC COOTBETCTBYET MUPAMHUIAIb- 4 N 7
Mexcdy moykoli ecmasxu u
HOMY VIOpSIZOYEHHUIO MacCHBa, NMPU 3TOM KaXIblil pas,
KOpHEM, no3momy 3ampamsl 6
KOrZa Mbl MEPEXOANM K HOBOMY 3IEMEHTY, PasMep COPTU-  yyguen cayuae nponopuuonashs:
pYIOLIETO A€pe€Ba YBEIUUHUBACTCA Ha 1 a IJiId BOCCTAHOBJI¢C- a0zapugpmy pasmepa

HUS NUpaMHUIAILHOIO MNopgaiKa MCIonb3yeTcs rh\n.u(nua copmupyrowezo depesa.

FAIARI DT Y TaiIvAAKis1

fisUp. B xyaluem ciaydyae Ha BbIITOJIHEHHE 3TOro npolecca

TpebyeTca BpeMsi, nponopunoHanbHoe N IgN (xoraa Kaxiablii HOBBIH 3J€MEHT NMpPEeBOCXO-
IMT Ti0 Be/iWdKHHE BCE MpeEhbiayliilie, T.€. OH NPOAEIbIBAET BECH MYTh

B CpEAHEM Ha 3TO TpebyeTcs JIMHEHHOE BpeMsi (HOBbIH 3J1EMEHT IPOU3BOJILHOM NMpPUPOIBI
MOAHUMAETCsI BCEro JIMIIbL Ha HECKOJNBKO ypoBHeit). B pasnene 9.4 6yner paccmarpuBarb-
Cd CMoco6 MOCTPOEHHs COPTUpYIOLLEro AepeBa (YCTAHOBIEHHUSI B MaccUBe MHPaMUIATLHO-
ro nopsiaka) 3a JUMHeHHOe BpeMsi B XyINIEM Ciayyae.
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bazosbie npoueaypsl fixUp u fixDown u3 nporpamm A
9.3 1 9.4 NO3BOJAIOT IOIYYUTH NPSMYIO Peain3aLuIO One- (S) 0)
pauni wsmenums npuopumem (change priority) u yoasumso HG ® W W

/rpmnvo) nna un ueueuya TINUONUTELTA QANeMeuTa 'LIQYI'\-

(\fFyinsvveyy AR DRQIVAVILVILIL] MPAVERIVIG Jrviviivilia, 1ls s

aserocss rae-To B CepelMHE COPTHPYIOLLETO IEpesa,
npumensieTcs npoueaypa fixUp ais nepeMenieHusi BBepx

O [EpEBY, €C/IH NMPUOPHTET 3JEMEHTAa YBEIHUMUBACTCH, U
npouenypa fixDown 11 nepeMeleHUsl BHU3 NO AEpeEBy,
ecqu npuoputer yMeHbiaercs. [lojiHas peanu3auus sTux

Npoueayp TNPUMEHHUTEJIBHO K KOHKPETHBIM 3JeMEHTaM

MEHTa UMeeTCs necxpnmop, orcnexnnalomnn MECTO 3TO-
ro 2JeMEHTa B CTPYKTYpe AaHHBIX. Mbl moapobHO pac-

CMOATNIALL MNMeANTIANATIIALY ZNATANLIAS DLITINTLY
\dl'lvlylll" val'lﬂuu'll’l, I\UIU}.’D‘\/ i)

aeicTBus, B pasnenax 9.5—9.7.

G S (M N
Jlemma 9.3. Onepayuu uzmenums npuopumem (change @J
priority), yoaaumoe (remove) u uzMenumb npuopumem

fchanoo nrioritv) aza ATH nuonoﬁh MO ANDUNNLIMOMIIAL M — m
‘\ylllﬂllvob ‘l' [2%4 ilJ/ S/ l‘l OUPUVV [ XA" 4 'D‘l"v‘l“"ll’lllw" i1 %4
2ym 6bimb peanru3oeansv 4Hepe3 copmupyioujue oepeeds, (T (P)
(e [ <] ~n (Y]
makue, ymo 04a 20000 U3 YKQ3AHHBIX 6bllle Onepayuil 0@ (BQ 6’@ hhd

mpebyemcs ennoaHeHue He Goaee weMm 2 qu onepauuil

UANCHLL ULACC KL

cpaeHeHus Ha oxepedu u3 N 3nemermos. &

TTOCKOJILKY 3TH OonepauMu TPeGYIOT HAJIMYMA CIELH- (M }@»\

aJIbHBIX JECKPUIITOPOB, OTJIOXHM pacCMOTPeHUe pe- 8% (ﬁ’@ @/
aJIM3auMiil, NONNEPXKUBAIOIIMX 5TH ONEPaLUMU, 10 pas-

nena 9.7 (cM. nporpaMmy 9.12 u puc. 9.14). Bce onu
TpeiyCMaTPpUBAIOT ABUXEHHE MO COPTUPYIOLIEMY AE- ‘(EL;@YW

PEBY BIOJMbL ONHOIO MYTH, BO3MOXHO, CBEPXY BHM3 e TPy PN
WIH CHHM3y BBEPX B XYIIUEM CIyyae. 010Y1G)

CneunanpHo obpanjaeM BHUMaHWE Ha TOT GakT, 4TO PUCYHOK 9.6. NOCTPOEHVE

B 3TO0T CiiACOK HC BKIIKOtCHA Oncpaliiisi o06vedunumsp Uuin/ COPT“PYIOLHEI'O HEPEBA CBEPXY
OpdeKTUBHOE 00BENIUHEHHE ABYX OYepeaeit no npuopu-  BHU3 (NPOJOMKEHUE)
TETaM, NO-BUAMMOMY, NOTpeOyeT 6osiee CJAOXKHOH CTpyK-  [Ipedcmaenennas

Y Ty, Ly ey T Arranaress

TYphl HAHHBIX, KOTOpasi OyleT MONPOGHO pacCMAaTpUBaThL-  #0Cie008amensiocms Juaspams
ca B pasaene 9.7. C Apyroii CTOPOHE!, MPeACTABNeHHE1  O700Pacaem npouedypy scmasku

" xmowei EXAMPLEsgs
34€Ch NMPOCTOH METOL, B OCHOBY KOTOpOFO MOAOXER MU~
copmupylouiee depeeo, nROCMpoeHue

pPaMHAATBLHBIM NOPSAAOK, BIIQJIHE JOCTATOYCH A Donb- KOmopozo 6bia0 Ha4amo wa puc.

IHIUHCTRA naqnuunmy I'Iﬂl/lﬂﬂ)l(f"l—l““ On H(‘nﬂﬂk'l\lPT' MU- 0 S NABing rmanisasnn
......................................................... 5.0. Ubwas crmoumociio

HUMaJbHOE JONOJHUTEJIBHOE TNPOCTPAHCTBO MAMSATH WU NOCMPpoeHus copmupylowezo depesa

obecneunBaet BLICOKYIO :—)d)cbeKTMBHocrb BLINIONIHEHUsT  Pasmepom N cocmagasem gl + 1g2
+...+ 1gN, umo menve N1gN.

3
»)
4

e Y-S T nn-n L S b Ry 2 N 7 |

HEM TCX CJiydacs, KOria 4acTo H

AHHBIX BBIIIOJIHAIOTCA OICpalHH

):l:l:

Ha bonpliMX 0o0BEeMax
005e0UHUMS.

PacneyaTtaHo nporpammoii FinePrint - KynuTe wiww fineprint com



Ihasa 9. Ouepedu no npuopumemam u nupamudaivHas copmuposka

371

Kak yxe oTMeuyanoch Bblilie ¥ KaK NMPOXEMOHCTPUPOBAHO
B nporpamme 9.6, mobyio oyepenb MO MPHOPHUTETAM MOXHO

HCIOJIb30BaTh IJIsI NMOCTPOCHUA CLIE OLHOro METoaa COPTU-
DOBKH, Mu NMPOCTO BCTABJIAEM BCE IMOONEXAIINE CODTUDOBKE

KJIIOYM B OuY€penb IO MPUOPUTETaM, a 3aTeM MHOTOKpaTHO
MCIMOJIb3YEM ONEpauuIo ydasums Hauboavwui, 4TOOLI ynamm:

nnll-.n v

HX B NOPALKE fyumnan A NpyuopH
ouecpcin no NpPpUOPUTETaAM, HpCJlCTElBJlCHHO]?I B BUOAC HEYNOps-
HJOYE€HHOTO CITUCKa, COOTBECTCTBYET BLIITOJHECHNIO COPTUPOBKH
Bbl60p0M, a MpUMCEHCHUC YITIOPANOYCHHOIO CITUCKa COOTBET-

CTBYECT BLIMOJIHCHHUK COPTUPOBKH BCTAaBKaMH.

MporpamMma 9.6. CopTHpoBKa C UCNONb3OBaHKEM Ouepeaun no
npuopuTeTaM

Y1066l oTCOPTMPOBATL noamaccus a[1],..., a[r], ucnonb3ys ons
atow uenu AT/l owepeau no npuopuTeTaM, cneayert npy NoMouu
dyHKumuy insert (BCTaBUTL) NOMECTUTL 3N1EMEHTHI B O4Yepeab MO
npuopuTeTam, a 3atéem C WChnonb3oBaHwemM QyHKunn getmax
(HanT Hanbonbwui) yaanatb Ux B nopsake yObiBaHWs 3HAYEHUN
npuoputeToB. NoA06HLIA anropuTM COPTUPOBKK BLINONHAETCH 32
BpeMs, nponopunoHanoHoe NIgN, HO npu 3TOM OH Tpebyer
LONONHUTENBHOrO 00LeMa NaMATH, NPONOPLMOHANBHOrO KONIMYECTBY
CopTURYeMEIX 3NeMeHTOoR N ln o4yepeny no nnmnnmrp-mu\

i Y MDA JJIT

#include "PQ.cxx"
template <class Item>
void POsort(Item al], int 1, int r)
{ int k;
PQ<Item> pq(r-1+1);
for (k = 1; k <= r; k++) pqg.insert(af(k]):
for (k = r; k >= 1; k--)

alk] = pqg.getmax{();

Ha puc. 9.5 u 9.6. nokasaH npumep nepoii ¢asnl (npouecc
MOCTPOEHHS), HA KOTOPOM MCIOJIb3yeTCs pealu3alus oyepe-

AAATTO L LILTAL ﬂl\ﬂﬂrllll\
lJIl,U.l\UlVI , ua lJIl\l

M 1
9.7 u 9.8 npencrasneHa Bropas ¢asa (KOTOpylo 6ymem Ha3bl-
BaTb Hucxodauwjeu copmuposxol — sortdown). B yciosusix npak-
THUYECKHUX llelMCHCHYlYl 3TOT MCETON HE€ BBITJIAAHUT OLOUCHHO
9JIETaHTHO, NMOCKOJBKY OH 6e3 0co60i HeoOXOAUMOCTH KOIH-
PYET COPTUPYEMBbIE 3JIEMEHTBI (B OUYEPEAU MO NMPUOPUTETAM).
JlecTBUTENBHO, BBINOAHEHUE N NMOCIEA0BATEIbHbIX BCTaBOK

— He camblii 3ddekTUBHBIA criocob MOCTPOEHUS COPTUPYIO-

wero gepepa, cocrosimiero M3 N aneMeHTOB. B cieaymoliem
pa311ene npu 06CYXIEHUM peau3alMi KIacCHYECKOro ajro-

NANAMTHINNATIL I

COpPTHPOBKH 5

MaHHC.
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PUCYHOK 9.7. COPTUPOBKA

R rnn'run\nmm._:n NEDERE

B COPTUPYIOLLEM REPEBE
Tlocae 3amentt Haubonvwezo
INEMEHMA COPMuPYouiez0
depesa cambiM npasvim
INEMEHMOM HUNCHE20 YPOGHA

RINAIALIA DNANNAMI TN ATIIAL
MUMAU OULLINIUNRvourino

nupamudanvHuiil NopaooK 3a
cHem nepemeluieHus no nymu
U3 KOPHA HA HUMCHU YDOBEeHb
depesa.



3 7 2 Yacmy 3. Copmuposra

> 9.21.

YnpaxHeHus

ﬂno-mnwm cop

yaercs nocyie Toro Kak Kioui EASYQUESTIO
N BcTaBjieHBl B TNEPBOHAYaJIbHO MYCTOE COPTUpYIOLIEE
IEPERO,

> 9.22. Bocnosnb30BaBIUMCh COIJNALICHHUEM, NPUHATHIM B
ynpaXHeHHH 9.1, npencraBbsTe NMOCAENOBATEABHOCTh COP-

- vvv' -.A - - —

I110Ji-

AT eSAtTTATITITRY TT AR AT Y ruwn TT T YT ATNETEYT T

THPYIOLLKHX ACPCBLEB, MOJIyNCHHBIX B PE3YJibTat
HEHHA onepamm

PRIO*R**I*T*Y***QUE***U*E
Ha MEepBOHAYAIbHO MYCTOM COPTHUPYIOLLEM AEpEBeE.

9.23. ITockonbky npuMHUTHB exch Mcnonb3yercs B omnepa-
HHMSAX MO YCTAHOBKE NMUPAMHUAANbHOTO MOPSAKA, DJIEMEH-
THI 3arpyXxaioTcss ¥ 3allOMMHaloTCd B JIBa pasa yalle, YyeM
aT0 Heobxonumo. Ilpemnoxure Gonee achdekTUBHDBIE pe-

alM3alluH, KOTOPLI€ HE CTAJIIKHNBAIOTCA C TakoH ﬂpOOJIC-
MO#i, B IyXe COPTMPOBKM BCTaBKaMH.

9.24. TloueMy MBI HE MOJIb3yeMCS CUTHAJIbHOM METKOM,
4yTto6bl U36exars npoBepky j<N B dyHkumu fixDown?

© 9.25. [loGaBUTh Onepaluio 3amenums Hauboavwull (replace
the maximum) B pealM3alUIO OYEPEAN MO MPHOPHTETAM C
NYMpaMUAaNbHBIM MOPSAKOM B nporpaMme 9.5. Paccmor-
PETHL Cllyyaid, KOraa n00aBisieMOe 3HAYCHHME OOJIbLIE BCEX
OCTalIbHbIX 3HaueHMii B oyepenu. Cosem: K 3neraHTHOMY
pellieHHUIO MPUBOAMT MCII0JIb3OBaHUE 3eMeHTa pq[0].

9.26. KakuM fBJISICTCI MUHHMAJIbHOE KOJHUYECTBO Mepe-
MP"IPHM“ YT"(“-IP'H KOTOonoe rnornehvercya Rmnnnnu'n. Ha

waaaaZR AnsdANS AWwaR SAVAVPVY LRAVAp WU Y VAl DIV Anns

COPTHUPYIOIIEM NEPEBE B ONEpauMM ydasumb HAuGOAbUUL
(remove maximum)? TlpuBeOMTE MPUMEP COPTHPYIOLLETO
JepeBa, conepxamero 15 sj1eMeHTORB, s KOTOPOro no-
CTHTaeTCsl 3TOT MUHHMYM.

9.27. KakuM sBasieTci MUHMMAJIbHOE KOJIHUYECTBO KIIIO-

o
(A g-2V 4
qauon,

NOJIHEHHUS Ha COPTUPYIOIIEM IepeBe TPEX MOCIeNOBaTENb-
HbIX onepauuit ydasums Haubosrswuii? Tlpusenure npumep
copTUpylomero aepera U3 15 aneMeHTOB, Wi KOTOPOro

Lol ARNS R ApR S
ROCTHUraeTCsa 3T0T MUHHUMYM.

wATANNna TAaTNRsAyvaTAq IMANOMAATIANT., N ITRAITSAAS DLT
I\UIUPU\/ llUll.l\tU]\-/lUIl ll\tll\rM\tUll’llD D lllJULl,\tUU\t DDL™
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PUCYHOK 9.8. COPTUPOBKA
N3 COPTUPYIOLLIETO AEPEBA
IIpedcmaenennas 30eco
nocaeodoeamenbHOCMb OUAZDAMM
umuup‘a'.‘)vi'ﬁ e j/uwwuuc
OCMANbHBIX KAtOHel u3
copmupyrouez0 depegd Ha puc.
9.7. Haxce ecau kamcowii
3aneMeHm 6036pauiaemcs Ha
HUNCHUL YDOGErb, Mo obujue
3ampamut HQ 6bINOAHeHUe 3moli
gasv copmupoexu nHe 60abwe
IgN+ ...+ 1g2 + 1gl, wmo

menviwe N IgN.



