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VJIK 004.021

O BBIJIEJIEHUHA MAKPOOIIEPAIIMI W3 BEIYNCJIUTEJBHBIX
INPOLOECCOB COPTUPOBKHN MACCHUBOB JJAHHBIX

O.H. Ilaynun, H.O. Komnesas, C.FO. Mapynun

Posrmsinatorscs obuncmoBansHi mporecu (OIT) sik IpocTHX, Tak i epeKTUBHUX copTyBaHb. [t HaouHOCTi OIl IpeACTaBIsIOTECS cXeMaMu
ITOPUTMIB. Y KOXXHOMY Iporeci BUAUIII0TEC Makpoornepaunii (MO), siki € ¢pyHKkuioHansHo 3akinueHnMHu ¢parmMentamu OIl. Crimcku MO
JUISL KOXKHOI COPTYBAHHS 3BOJISITHCSI BOEAMHO 1 y3arajbHIOIOTECS, TOOTO 3BOAsAThCA 10 MiHiMyMy MO. Lle no3Bossie po3risaaT OLIBIIICTD
OII copryBanb B pamkax BuaineHux MO.

Kir04oBi ci1oBa: copTyBaHHS, 00YNCITIOBAIBHHN HIPOLIEC, CXEMa aITOPUTMY, MaKpOOIIepawis.

PaccmarpuBatorcsi  BeramciutensHble nporecchl (BII) kak mpocthix, Tak u 3d¢dexTuBHbIX copTupoBok. J[lns HarmspHoctH BII
MIPEeJCTAaBISIIOTCS. CXEMaMH alrOpUTMOB. B kaxaoM mponecce Beienstorcs Makpoomnepanuu (MO), KoTopsle SBIAIOTCS (YHKIHOHATEHO
3akoHUeHHBIMH (parmMeHTamu BIL. Crmckn MO Juist KakIOH COPTUPOBKH CBOJSTCS BOEIMHO M 000OINAIOTCS, TO €CTh CBOIATCSA K
MHHUMabHOMY KosmuecTBy MO. DT0 no3Bosisier paccMarpuBarth 60s1bKMHCTBO BIT copTHpoBOK B pamMkax BblaeneHHbIX MO.

KioueBsle coBa: COPTHPOBKA, BEIYUCIUTENBHEIN IPOIECC, CXeMa AITOPUTMA, MAaKPOOIIEPAIIUH.

The paper dwells computation process (CP) array sorting from the simple to the efficient. Computation process present’s as a block flowchart
for clarity. Each process are extracted macro operations (MO), which are functionality finished pieces of CP. Lists of MO for each sorting
algorithm put it together and summarized — minimizing number of MO. This approach will allow careful consideration most CP as it applies
to dedicated MO.

Key words: sorting algorithm, computation process, flowchart, macro operations.

BBenenne

B knaccuueckoit pabore [1] paccMOTpeHbI pa3iUyHbe COPTUPOBKH MacCHUBOB JAaHHBIX, MPOBENICH UX aHAIN3 C
Toukn 3peHus sddexruBHoctu. Ilon copmuposxoii NMOHMMaeTcss HpoOLECC MEPEeCTaHOBKHM OOBEKTOB HEKOTOPOTO
MHOXXECTBA B OIPE/ICIEHHOM Mopsiike. Llenb copTHPOBKM — 00JIErYnTh IMOCIEIYIOMNI TOMCK OOBEKTOB (3JIEMEHTOB) B
OTCOPTHPOBAHHOM MHOJKECTBE. YTIOpPSAIOYCHHBIE OOBEKTHI COIEpXKATCs B TeNePOHHBIX KHHUTAX, OWOIMOTEKaX,
CJIOBApSX, Ha CKJIAAaX U T.J., TO €CTh BCIOAY, 1€ MOSBISIETCS HEOOXOANMOCTD B HX ITOUCKE.

ITox xauecTBOM mporpammHoro obecreuenus (I10), cormacuo crarmapram (ISO 8402:1994, 1061-1998 1EEE),
TIOHUMAETCS COBOKYMHOCTb XapakTepucTHkK I1O, OTHOCSIIMXCS K €ro CHOCOOHOCTH yIOBIETBOPSTH YCTAHOBICHHBIE U
IIpeArnoaracMple MOTPEOHOCTH KOHEYHOIO MoJb3oBaTels. lloka3aTesnp KadecTBa BKJIIOYACT Pa3sIMUHBIE METPHUKU
OLICHKH, KOTOpPBIE MOXHO HCIOJIb30BaTh Uil KOHTpouss pa3paboTku 110 Ha pasmuuHBIX CTaguAX €ro >KU3HEHHOTO
IMKJIa. B KagecTBe OLEHOK yallle BCEro MCHONB3YIOTCA HAOEHCHOCb, CIOHCHOCHY, De3ouubounocms. B pabote peds
UaET 0 030IIMO0YHOCTH IPOTPAMM.

VYnoBnerBopenne TpeOOBaHHAM K KadeCTBY HPOrpaMMBbl, T.e. IOJyYeHHE HAWIy4IIUX yKa3aHHBIX OLIEHOK,
JOCTHTAETCs Ha CTaU{ OTJIaJKH HporpamMMsbl. YacTo mporecc OTIagKH IPOrpaMMBbl 3aHUMaeT OoJiblliee BpeMs, YeM
HaIlMCaHue MIPOTPaMMBI, UTO SIBIISIETCS. OOJIBIION MPOoOIeMoli, 0COOEHHO Ha 3Tarle BBOJIa MPOrpaMMBbI B 3KCILTyaTaluIo.

OnHUM M3 TIEPCHEKTHBHBIX MOAXOJ0B K PEIICHUIO TaHHOW MPOOJIEMbI SBISIETCS MPEACTaBICHUE MIPOrPaMMBbI B
BHJIE KOHEYHOTO aBTOMata [2]. /IOCTOMHCTBO aBTOMATHOTO MOAX0Ja K MPOrPaMMHPOBAHHUIO NIPH aHAJIN3E IPOTpamMM —
OTHOCHTEJIbHAsA MPOCTOTA U HATJISAHOCTD OTJIAJKK aBTOMATa, TaK KaKk aBTOMAT SBJISIETCS XOPOIIO M3YUYCHHOW MOJIEIBIO
JHUCKPETHOTO Ipeobpa3oBanus nHpopmanmu. HegocraTkom aBTOMAaTHOTO MOAXOMA, KaK BIIPOYEM, W IPYTUX MOJXOJ0B
K aHaJIu3y Mporpamm, ABJSIETCS 3ar031aj10e 00HAPYKEHHE OMIMOOK B MIPOrPaMMe, YTO MPUBOAUT K OOJIBIINM 3aTpaTaM
BPEMEHHU Ha UX MCIPABIICHHUE.

Hamu npemioikeHo BBISBISITH OMIMOKM NporpamMM Ha OoJiee paHHEM JTalle pelleHHs ONpeAeiIEHHOro Kiacca
3aJa4, a IMEHHO Ha 3Talfe MX aJrOpUTMU3ALUH, a TaKKe MCIOJIb30BaTh Ul OTJIAKU MporpamMmsl ceTh Iletpu [3], xak
MOJIeNb C OOJIbIIEH BBIPA3UTEIBHOCTHIO SI3bIKA, Y€M KOHEUHBIM aBTOMAT.

B [4] cnenana nepBast HONBITKA ONMMCAHUS BEIYMCIUTENBHOTO nponecca (BIT) mpocToit copTupoBKky BcTaBKaMu B
tepmuHax MO u monenuposanus storo BII na cern Ilerpu. Himke anamm3upyroTcs u3OpaHHbIE COPTHPOBKH Ha
nipeameT BeisiBaeHust MO, o6umx st kitacca BIT copTupoBok MaccuBoB.

Ileas paGoThI: CHIDKEHHE OMIMOOK B IPOrpaMMax COPTHPOBOK MAaccHBOB IyTéM BelneneHus MO u3 ux
BBIUUCIUTENBHBIX MIPOIECCOB U CHCTEMaTU3aluH nosrydyeHHbIX MO.

OcHOBHAAl YACTh

Meroapl COPTUPOBKM OOBIYHO pa3AeisAlOT Ha JBa Kiacca: COPTHPOBKA MACCUB08 W COPTUPOBKA
(mocnenoBaTenbHbIX) ¢paiinos. HacTo WX HA3BIBAOT GHYMpeHHel W 6HeulHell COPTHUPOBKOW, TaK KaK MAaCCHBBI
pacriojyiaralotTcsi BO «BHYTpeHHel» (omepatuBHOW) namsatu OBM, a daiinbl xpanstcs B 6ojee MeIUIeHHOH, HO Oojee
BMECTUTEIBHON «BHEIIHEN» maMATH (Iuckn). Hike paccMaTpuBaeTcs TOIBKO COPTHPOBKH MacCHBOB.

PaccMoTpuM TepMHUHOIIOTHIO M 0003HAYEHUsI, KOTOPBIE MBI OyIEM HCIIOJIb30BaTh B paboTe. Ham naHb! 2sieMeHTH
aj, ay, ..., a,. COpTHPOBKa — 3TO MEPEeCTaHOBKa (B pe3yNbTaTe k MAroB) 3TUX 3JIEMEHTOB B TaKOM TOPSIIKE dyj, dy, ..,
Ay 9TO TIPH 33TAHHOW (DYHKIIMU YIIOPSAIOUYEHHUS f CIIPaBEUINBO OTHOIICHUE f(ay;) < flay) < ... <flap,).
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OObyHO (PyHKLMS YHOPSAAOUCHHS HE BBIYUCIACTCS 10 KAKOMY-TO CIIEHHAIbHOMY IPABHIY, a COAEPKHUTCS B
KaXJIOM 3JIEMEHTE B BHJIE SIBHOW KOMITOHEHTHI (1101151). E€ 3HaueHne Ha3pIBatOT Kriovom 3neMenTa. Kimtod B anropurmax
COPTUPOBKH — €IMHCTBEHHAs CYILLECTBEHHASI KOMIIOHEHTA.

3¢ hEeKTUBHOCTD AJITOPUTMA, PEATU3YIOLIET0 TOT MM WHOM METOJ| COPTHPOBKH MacCHBOB, ONPENEIISETCS ABYMSI
OCHOBHBIMHM Tpe0OBaHMSMH — O3KOHOMHMYHOE HCIIOJIb30BaHHE MaMATH M OblcTpoxeiicTBue anroputma. IlepBoe
TpeOOBaHME O3HAYAET, YTO MEPEYNOPSIOYECHHE JJIEMEHTOB HY)KHO BBINIOJIHUTD HA MOM dice Meche namsamu; ynooHas
Mepa OBICTPOJEHUCTBHS NTOpUTMa Moiydaercst mpu nojicuyére uuciaa C HEoOXOOMMBIX CpaBHEHMH Kimoded U M
MIEPECHUIOK AJIEMEHTOB. DTH YHCIIA OIPENEIISIOTCS HEKOTOPHIMU (DYHKIMSIMU OT YHCIIA 71 COPTHPYEMBIX 3JIEMEHTOB.

MeToibl, COPTUPYIOLIHE 3JIEMEHTHI HA TOM K€ MECTE, MOKHO pa3OMTh Ha 3 OCHOBHBIX KJlacca, B 3aBHCHMOCTH
OT JISXKAILETO B MX OCHOBE IPHHIIUIA: COPTHPOBKA BCTaBKaMH, COPTHPOBKA BEIOOPOM, COPTHPOBKA OOMEHOM.

Omnpenenenune. Makpoonepayueri Mbl OydeM Ha3bplBaTh (YHKIHOHAJIBHO 3aKOHYCHHBIH  (parMeHT
BBIYUCIIUTENILHOTO IIPOLIECCa.

Brigenenne makpooneparnwii u3 BIT 000CHOBBIBaeTCS HHTYUTHBHO NOHATHBIM YTBEPIKIICHHEM.

YrBep:xkaenne. bonbmoe MHOkecTBo BII MokeT ObITH MOCTpOEHO Ha OCHOBE HeOOsIbIIOr0 Yncia MO.

B mpumeHeHun K copTtupoBKam 3To o3HauaeT BbyaeneHne MO u3 BII kak mpocTbix, Tak u 3()(EeKTHBHBIX
COPTUPOBOK, UMes B BUIY B JajibHelleM nocrpoenue Juisi kaxaoii MO coorBercTBytoero ¢pparmenra cetu Ilerpu,
coopku QparmenToB B oburyro cers Iletpm s manHoro BII m e€ MopenupoBaHue Ha TNpeaMET IIOJyYEHUS
6e301100YHOM MOEIH ISl KOHKPETHOH COPTHPOBKHU.

IIpocTbie COPTUPOBKU

B pabore [4] monpoOHO paccMOTpeHa OJHAa W3 MPOCTHIX COPTHPOBOK, & MMEHHO: COPTHPOBKAa BCTaBKaMH
(BuroueHNsAMH ), BeIgeneHsl MO M OTJIaXkeHa MOJIeIb 3TOM COPTHPOBKH B Bujae HHruOuTopHO# cetn Iletpu. B nanHo#
paboTe MBI OrpaHUYNUMCS TOJIBKO BbIJIeNIeHneM U cuctemaruzanueit MO.

ITo ananoruu c [4] mpoBeaéM aHAIN3 M IPYTUX MPOCTHIX COPTUPOBOK: IMMPOCTHIM BBIOOPOM H IIPOCTHIM OOMEHOM.
PaccMOTpUM COPTHPOBKHM IO BO3PACTaHUIO (OCHOBHBIE HJEH COXPAHSIOT CBOW CMBICA M TIPH COPTHPOBKE IO
yoObBannio). Ha puc. 1 moka3zaHBl MOZENH BCeX MPOCTHIX COPTHPOBOK B BHJE UHCIOBOI OCH, Ha KOTOPOW TOYKAMHU
OTMEUYCHA [OCJIEA0BATEILHOCTD JJIEMEHTOB MaccuBa. [locienoBaTenbHOCTh pa3OuTa Ha 20Mmo6yio U 6X0OHYIO
noArociueoBaTeabHOCTH. CKOOKaMu MOKa3aHbl BO3MOXKHBIC TIEPEMEILICHUS JIEMEHTOB (KaK B COPTHPOBKE BCTABKAMH)
WM CPAaBHUBAEMBIE 3JIEMEHTHI.

Jns  mogneneil  BBomuTcs  0a30Boe  NOHATHE — «2paHuya», pasgelsdomas TOTOBYHD M BXOJHYIO
HOATNOCIEN0BATENbHOCTH. [IpH 3TOM HCHONB3YIOTCS YTOUHEHMS: meKywds, cleoyouas N HAuyaibHds TPaHUIBL.
I'panuunviv sn1emenmom ABISIETCS JJIEMEHT, CTOSIUNA HEMOCPEACTBEHHO 3a IPaHULIEH.

Bo Bcex Monensax paccMaTpUBAaeTCs HEKOE TEKYIEe COCTOSIHUE IPOLEecca COPTUPOBKU M YKa3bIBAETCS HOBOE
MI0JIOKEHHE TPaHMIBI, a TaKKe HadajJbHOE, CTapTOBOE €€ IMOJIoXKeHHE. B moHsATHE «MOzeNb) BXOIUT TaKXKe CII0CO0
OpTaHM3aIMH TIPOIecca YIIOPSAOUYUBAHHUS IEMEHTOB MACCHBA, T.€. METOZ COPTUPOBKH.

HE T Sooar HI" — HauanbHas rpaHuLa
O—~e——= e -~ —e ®  TI - texkywmas rpanuua
a a; ar aj. a; . A ai  aj L 4y CI' — cnenyromas rpaHuLa
roToBas BXOJ(Has
[TOCJICA0BATCIIBHOCTD mocnea0BaTe/ibHOCTh

CopTHpOBKA NMPOCTHIMHU BKJIIOUEHUSIMH

a;, — MHH. 2J1eMeHT (minel)

A

a; a . a1 4 i+ v Am ap
roropas BXO/JHas
MMOCJIEI0BATEIbHOCTh MOCJIEOBATEIbHOCTD

CopTHpOBKa MPOCTHIM BEIOOPOM

minel
HI' T cr
aj a di.1 4 i+ dp2  Ap Ap
rorosas BXOJHaA
Mociae10BaTe/ibHOCTDL nocjaea0BaTe/ibHOCThL

CopTHpOBKa POCTHIM 0OMEHOM

Puc. 1. Monenu npocThiX COPTUPOBOK
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B MeToze mpocThIX BCTaBOK JAJIsl TEKYLIETO IPAaHUYHOTO JIEMEHTA X HILETCS nooxodaujee mMecmo B TOTOBOH
HOJIIOCIIEN0BATENBHOCTH, AJI YEro MCIOJB3YETCs JBOMHOE HEPABEHCTBO: @, 1< X < g;. II0CKOIbKY X MOXET OKa3aTbCs
Ha MEPBOH MO3HUIMH, a B 3TOM ClIy4ae OTCYTCTBYET JIeBasi YaCTh IBOMHOTO HEPABEHCTBA, BBOIUTCS (DUKTUBHBIN 3JICMEHT
a9, Ha3bIBAEMBIN «Oapbepomy. J{is rapaHTHPOBAHHOTO MOMNAAaHHS X Ha MEPBYIO MO3UIHI0 IPUHUMAIOT dj = X.

B Merone nmpocToro BeIOOpa HIETCS MUHHUMAIBHBIN 3JIEMEHT a,, (minel) BO BXOAHOW MOAMOCIICI0BATEIBHOCTH,
KOTOPBIH CPaBHUBACTCS C TEKYIIMM TPaHUYHBIM SJIEMEHTOM «;. EcCiM OH OKa3bIBacTCS MEHBIIMM [0 3HAYCHUIO
TPaHWYHOTO 3JIEMEHTA, &, < d;, TO OHU OOMEHUBAIOTCSI MECTAMH.

B merone mpocroro ooMeHa (METOA «ITy3bIpbKa») MpoLecc HpOoTeKaeT cienyromuM obpazoM. CpaBHHBaeTCs
mapa psaoM CTOSIIHX SJIEMEHTOB, HAUMHAS ¢ KOHIIA MOCIeN0BaTebHOCTH. ECiii mpaBblii 3JIeMEHT Imaphl OKa3bIBaeTCs
MEHbLIE JIEBOTO €€ JJIEMEHTA, a; < g, TO OHU OOMEHMBAIOTCSA MECTaMH. 3aTeM JIEBBIH JJIEMEHT YTOYHEHHOH Hapsbl
CTaHOBUTCS MPaBEIM JIIEMEHTOM HOBOU HapHI AIEMEHTOB. TakuM IyTEM MEHBIIHIA 10 BETHYHHE JIEMEHT TPOIBUTACTCS
BJIEBO, TIOKAa HE BCTPETHUT 3JIEMEHT C eIIé MEHBIINM 3HAa4eHHeM. Torna OH OCTaHaBIHMBAETCS Mepel HUM U «IepemaéT
eMy 3ctadery». DJIeMeHT ¢ HaMMEHBIINM Ha JAHHOM IPOXOJE 3HAUYEHHEM IPOJIBUTACTCS J0 TPAaHWYHOTO SJIEMEHTA.
SIcHO, 4TO 3a OAMH MPOXO] BO3MOXKHO ITEpPEMEIIEHIE HECKOIBKUX AJIEMEHTOB.

Bo Bcex Tpéx MeTomax MOCle OMNpeNeNleHUs HOBOTO 3JIEMEHTa IOTOBOHM IMOATNOCIEN0BATEIbHOCTH T'paHHIA
HepeABUraeTcs BIOpPaBO. Tak MPOXOAUT MpolLecc IO TOCIEAHEro 3JIeMEHTa BXOTHOM IOANOCIEeI0BATEIbHOCTH.
CrapToBbIC MMOJIOKEHSI TPAHHUII JJIs JaHHBIX METOJOB IIOKA3aHbI HA PUCYHKE 1.

Ha puc. 2, 3, 4 moxmpoOHO moka3aHbl cxeMbl anroputMoB (CA), MOCTPOCHHBIE B COOTBETCTBUH C
PaCCMOTPEHHBIME MOJAEIISIMHE MPOIIECCOB COPTHPOBKH. B 4aCTHOCTH, TOKAa3aHbI CUETYUKU UTEPALUI 111 BHYTPCHHUX U
BHEITHUX OUKJIOB. [[yHKTHpPOM BO BeeX TPEX cXeMax IMpEeCTaBIICH BHYTPEHHUH UK (TEJIO BHEIITHETO ITUKIIA).

Ha ocnoBe CA mpoBeaeH aHamW3 IPOIECCOB COPTHPOBKH Ha TpenMeT BeigeneHus MO IS COpTHPOBOK
BEIOOPOM 1 OOMEHOM (IJIs1 COPTHPOBOK BCTAaBKaMU TaKOM aHAIN3 BHIMOIHEH B [4]).
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Puc. 2. Cxema anropurMa npocThIx BCTaBOK
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ITpuBeaém crmmcox MO mnst CA mpoCTBIX BCTaBOK u3 [4]:

1) MO «Ilouck momxoasmiero Mecta» (310 copmectHas peanmuzanus MO «Cuérnbrii ik u MO «CpaBHeHue

10 ABOMHOMY HEPaBEHCTBY»);

90

2) MO «CaBur »yieMeHTa Ha OJHY TIO3UIIMIO BIIPABOY.

Amnanu3 CA npoctoro BeiOopa (pHCYHOK 3) TIO3BOJIMI BBIACIUTH clieayromue MO:
1) MO «HaxoxaeHrne MUHUMAJIBHOTO 3JIEMEHTa B MAaCCHBEY;

2) MO «CpaBHHUTH — IEPECTABHUTHY.
Amnanmuz CA copTHPOBKH IPOCTHIM 0OMEHOM IoKa3ai, 4ro BII nanHON cCOpTHPOBKM CONEPIKUT:
1) MO «®opmupoBaHUE Naphl 3JIEMEHTOBY;

2) MO «CpaBHUTP — IIEPECTABUTEHY.

Hauano

Bron
MaccHBa

:_ |
| ._:. : BriBoj
! )L I MaccHBa 1:=i+1
! min:=aj; : A’[n]
| ‘ 1
: Ja i Konerg
; |
I
! Her !
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. :
: I
: Her :
I
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I
I I
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: FI :
. :
| I
I I
I I
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I I
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I =t :
I
. :
: | I
| I

Puc. 3. Cxema anroput™a ajsi COPTHPOBKH IMPOCTHIM BEIOOPOM
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( Hauaio )

Bson
MaccuBa
Aln]

Her

BeIBOI
MacCHBa 1:=1+1
A’[n]

Konerg )

Puc. 4. Cxema anropurMa COPTUPOBKH MPOCTHIMU 0OMEHaMHU

W3 npuBeCHHBIX CITUCKOB COPTHPOBOK BhIACICHBI o0mue it Hux MO: «BBox MaccuBay, «BbiBoI MaccuBay,
«[IpucBanBanuey; «IIpucsanBanue c BeraucieHnem», MO «Ilepemenienue rpanuipD (CYETHBIN IUKIT).

¢ dexTHBHbIC COPTHPOBKH

Paccmotpum Gonee ciioxkuble coptupoBku: Lllemta, OpIcTpylo U mupamuaaibHyio (puc. 5, 6) [5]. Beibop stux
COPTHUPOBOK CBsi3aH C WX HomyJsipHocThio. OHM TpenHa3HauyeHbl Al 00pabOTKM MAacCHBOB OOJBIIOTO U
CBepxOO0IBIIOro 00bEMa, KOTOPBIE HEBO3MOXKHO 00paboTaTh MPOCTHIMH METOAaMH 3a IpPHUEMIIEMOE BpeMs, TaK Kak
CIIOKHOCTH TIPOCTBIX COPTHPOBOK ompenensercs kak O(n’), B TO BpeMs Kak YHOMSHYTBIE CJIOXKHEIE COPTHPOBKH B
cpemHeM MMEIT cIoXHOCTh O(nlogon), mpuuéM ¢ yBENIMYEHHEM N MPEUMYIIECTBO CIIOKHBIX COPTHPOBOK OBICTPO
BO3pacTacT.

IIpu moctpoernn CA mmst 3¢ (HeKTHBHBIX COPTHPOBOK MBI HCIIONIb3yeM 0000MEHHOE peACcTaBIeHHE OIIOKOB.
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Bron
MaccHBa
Aln]

dopmupoBanue
CIUCKA [1aroB

——0O

Bribop
TEKYILEero 1mara

A)

Hauasno

Bron
MacCcHBa
Aln]

[TocTpouts
MUPaMHAY

i=1,n
i=it+l

CKOIHPOBATH
KOpEHb
MHpPaMH/IBI B
CIHCOK
Brieon I
MaccHBa
A’[n] I
dopmHpoOBaHHE CPECTPOHT
NoJACIUCKa MUPAMHIY

Ja
CopTHpOBKa Brisoj
InsSort BCTaBKaMH JaHHOIO MaccuBa
MOJICITHCKA A’[n]
I

Konen

B)

Puc. 5. Cxema anropurma coptupoBkH [llemna (A) u anroput™a nupamMugaibHol copTupoBkH (B)

Hauano

Beon
MacCcHBa
Aln]

[lepenaua

""|:napaMCTpOB: Asfil
Her

Qsort(1,n)

p=pList(A; f; 1)

I

BriBoj
MacCHBa
A’[n]

Qsort(A, f, p-1)

Qsort(A, pt1, f)

Puc. 6. Cxema anropurma ObICTPOI COPTUPOBKU

[IpuBeném cnosecHsle onncanus CA (puc. 5, (A), 5, (b), 6) u cimcku MO 15151 5 QEKTUBHBIX COPTHPOBOK.
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CoprupoBka llenna
CioBecHOE OnucaHue

0. BBog ncxoqHOTo MaccuBa.
1. ®opMupOBaHKE CIUCKA I1ar0B.

2. I'maBHBII UK TIepeOopa IIaroB U3 CIHCKa.

A) st nanHoro mara h B ukie gopmupytores h moxcnuckos;

B) nepebop moacmmckos. s TaHHOTO MOACIIMCKA MPOBOANUTCS COPTUPOBKA BCTaBKAMU;

B) npomsBoauTcst cOopka MOACIIHCKOB B OOIIHIA CIIFICOK (MACCHB).

3. TlpoBepsieTcss WCUEpIaHUE CIHCKA. B ciydae MONOKUTEIHHOTO OTBETA ANTOPUTM 3aKaHYMBAET paboTy U
BBIBOJUTCS pe3ynbTaT. MHaue — mepexon Ha 1. 2, T/Ie U3 CIIMCKa BRIOMPAETCs CIIAYIOIINIA IIar.

Cnucoxk MO

1) MO «BBog ucxonssix naHaeix» 1 MO «BBIBOJ pe3ybTaTOBY;

2) MO «IIpucBavBaHHE C BBIYMCICHUEMY I BBIYMCICHHUS I1ara MEK/y DJIEMEHTAaMH MOJICITUCKOB;

3) MO «®opMmupoBaHHe TOACIUCKOB», KOTOPYIO IeJecooOpasHo pazmenmuts Ha MO «Pa3mencuue
noactuckoy» 1 MO «O0beUHEHUE TOACIIHCKOBY;

4) MO «llouck momxojsmiero Mecta» (IMKI IO YCIOBHIO 2-TO poja), Npu4éM Teino mukia — 3to MO
«CpaBHUTH — cABUHYTH» (MO 13 COPTUPOBKU BCTaBKAMHU);

5) MO «BcrtaButh s5eMeHT Ha noaxoasiee Mecto» (MO U3 COpTUPOBKH BCTaBKaMH ).

beicTpas copTupoBKa
CJioBecHOe onMcaHue
0. BBoj ucxoHoro Maccuna.
1. BbiOop OMOpHOTro 37eMEHTa U3 MacCHBa.

2. Omnepanusi pacHICIDICHAS MacCHBa: MPeoOpa30BaHHWE MAacCHBa TAaKAM 00pa3oM, YTOOBI BCE AIIEMEHTHI CO
3HAYCHHUEM MEHBIIUM HJIM PaBHBIM OIOPHOMY JJIEMEHTY, OKa3aJIUCh CJIEBa OT HEro, a BCE JIEMEHTHI, IPEBHIILIAOIINE
I10 3HA4YEHHUIO ONOPHBIN — CIIpaBa OT HETO.

3. PexypcHBHO ynopsio4MBacM MOIMACCUBEI, JIXKAIUE CIICBA U CIIPaBa OT OIIOPHOTO AJICMEHTA.
4. ba3oil pexkypcuu SBISAIOTCS ITycTod Habop wiam HaOOp, COCTOSIIMI W3 OTHOTO 3JEMEHTa, KOTOpHIE
BO3BpAILAIOTCS] B UCXOJHOM BHJie. Bee Takue oTpesku yxke ynopsJoueHbl B IIPOLIECCe pa3AeIeHusl.

Ipumeuanune. I[lockoiabKy B KaXIOW wHWTepalud (HAa KaXIOM CICAYIOUIEM YPOBHE PEKYypPCHH) JJIHMHA
00pabaThIBAEMOTO OTPE3Ka MAacCHBa YMEHBIIIACTCS, 110 MCHBIICH Mepe, Ha CMHUILY, TEPMUHAIIbHAS BETBb PEKYPCHH
OyZeT HJOCTHTHYTa 00s3aTeNbHO, U 00paboTKa rapaHTHPOBAHHO 3aBEPIIUTCS.

Cnucoxk MO

1) MO «BBox ucxoansix nanusix» u MO «BbIBOJ pe3ynbTaToBY;

2) MO «IIpucBamBanuey IJis OMpeaesIeHIsI MHACKCA M 3HAYCHUS OCEBOTO DIIEMEHTA;

3) MO «IIpucBanBanue ¢ BEIYUCICHUEMY IS ONIPEACIICHIS H3MEHEHHS HHIEKCA OCEBOTO AJIEMEHTa;

4) MO «CpaBHeHHE» IJIs1 CPABHEHHS OCEBOTO 3JIEMEHTA C OCTAITBHBIMU 3JIEMEHTAMH CITHCKA, a TAKXKE JIEBOU U
MIPaBOii TPaHHIl COPTHPYEMOTO CIIHCKA;

5) MO «O6men» s 0OMeHa MECTaMH JIBYX 3JIEMECHTOB;
6) MO «Ilepemerienne rpaHuIbDy (CUETHBIN LUK, TPAHUYHBIM SBJISIETCS] OCEBOM 3JIEMEHT);
7) MO "Pa3aenenue criimcka" (MaccuBa).

ITupamMmugajbHasi COPTUPOBKA
CioBecHOe OnMcCaHHE
0. BBoz ucxoaHOrO Maccuaa.

1. TTocTpoeHue MUpaMubl — GHHAPHOTO JAEPEBa, Ul KOTOPOro 3HAYCHHE KaXOr0 KOPHS MojjepeBa OoJbiie
3HAaYE€HHUH ero 000MX ITOTOMKOB

2. 'maBHBIN nuKI nepebopa maroB U3 CIUCKa.

A) Ui JaHHOrO Iara i B LHMKJIE BBINOJHSETCS MPHCOCAMHEHHE KOPHS CHOPMHPOBAHHOW MHUPAMHUIBI K
OTCOPTHPOBAHHOMN IOCIIEI0BATEILHOCTH;

b) mepectpoiika mmpaMuapl, AaHHBIE IS Hee OepyTcs M3 OCTaBIICWCS YacTH HEOTCOPTHPOBAHHOM
TIOCIIE0BATEIbHOCTH;
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3. Iposepsiercst ucueprnaHue CHHCKA. B cilyyae MOJOXKUTEIBHOTO OTBETA ANTOPHUTM 3aKaHYMBAET paboTy u
BBIBOJIUTCS pe3yJibTaT. MHave — repexo Ha 1. 2, Tie U3 CIKCKa BhIOUpaeTcs CIeIYIOUIMI 1iar.

Cnucoxk MO

1) MO «BBog ncxonssix naHabx» 1 MO «BBIBO pe3yIbTaTOBY;

2) MO «IlpucBanBanue C BBIYUCICHHUEM» JUIsS ONpEAEICHHS WHJIEKCa CepeIMHBI MaccuBa, TpeOyercs s
MIOCTPOEHUS NOIHON (MK OJIM3KOM K TIOJIHOM ) TUPaMU/IbL;

3) MO «Ilonck MaKCUMaIBHOTO DJIEMEHTa) MPH aHATN3€ COOTBETCTBUS JINCTHEB MOIEPEBHEB UX KOPHSM;
4) MO «OOMEeH 3JIEMEHTOBY JIMCTA MOAJCPEBA U €T0 KOPHS,

5) MO «Ilepemeniicnue TpaHUIbDy (CUSTHBIA IUKI) JUIsI OMPEICICHUS MECTa BCTaBKU 3JIEMEHTAa U3 KOPHS
MUpaMU/Ibl B OTCOPTUPOBAHHYIO MOANOCIEA0BATEIBHOCTb;

6) MO «lIpucBanBaHHe» — HETIOCPEICTBEHHO [T CAMO BCTAaBKH.

Cucremaruzanus MO

B pabote BeimonHeHa cOopka crimckoB MO miist ka0 COPTHPOBKH U TpoBeneH aHamm3 MO Ha mpeaMer ux
00beqHEHUS B 000O0IIEHHBIN CIIUCOK.

O6mue MO: BBoIa, BEIBOJIA, IPHCBANBAHUS, IPUCBAUBAHUS C BBIYMCICHHEM, IIEPEMEILCHHUS TPaHHIIBL.

Yacranie MO:

MO «CpaBHHTB — BBINIOJIHATB)» C BApUAHTaAMHU
- CPaBHHTH JIEMEHTHI — 0OMEHSITh (TIEPECTaBUTh) DIIEMEHTHL,
- CPaBHHUTH OCOOBIN 3JIEMEHT C TEKYIIUM JIEMECHTOM — CIIBUHYTh TEKYIIUI 3JICMEHT BIPaBo (BJIECBO);

- CPaBHUTH MHUHHUMAJIBHBIN 3JIEMEHT C TEKYIIHUM BJIEMEHTOM — IMPUCBOUTH MUHUMAJIBHOMY BJIEMEHTY 3HA4YC€HUEC
TEKYIIEro JIEMEHTA.

MO «ITouck 0co00r0 31eMeHTa) C BapHaHTaAMU:
- MUHUMAJTbHBIN

- MaKCHMaJIbHBIH;

- OTIOPHBIH (0CEBOIT) — BEIOOP 11O MPaABHITY.

MO «O0MeH 3J1eMEHTOB» C BapUaHTaMU:

- TTapa psIOM CTOAIINX JIEMEHTOB;

- TPAaHUYHBIN U TEKYILUI JIEMEHTHI;

- TPaHUYHBIA U OCOOBIH SJIEMEHTHI;

- 2JIEMEHTBHI B JIUCTE TOJAEPEBA U B €T0 KOPHE.

0000ménnsie MO:
- MO «Ilouck moaxoasuero Mmecta» — 370 MO «CpaBHHUTB — CABHHYTH» C KOHKPETH3AIHEH;

- MO «YacTtuuHoe yrnopsirouenme MacCuBa» — 3TO IOMMApHOEC CPABHCHHUE U 0o0MeH B CUYETHOM IIUKJIC Ha
TCKYIIEM IPOXOJC MAaCCHUBA,

- MO «Pa3jesienue cnucka (moJaCnUcCKa)y;

- MO «O0beqnHenne NoACIUCKOBY.

3akjarouyeHue

B pabore paccMOTpeHBI ¢ €JMHOW IMO3MLUHM MOJENU IMPOCTBIX COPTHPOBOK, B KOTOPHIX 0a30BBIM SIBJISIETCS
HNOHATHE «rpaHuua». Berauciurensueie npoueccsl (BIT) anst mpocThiX M M30paHHBIX CIOXKHBIX (9 (HEKTHBHBIX)
COPTHPOBOK IPEJCTaBIICHBI B BUE cxeM ainroputMmoB. V3 BII atux coprupoBok Bbinenensl MO, KoTopble coOpaHbl B
COOTBETCTBYIOIINE CHHUCKU. JTH CIIMCKH CUCTEMaTH3UPOBAHbI ITyTeM OOBEIMHEHUsI B OOLIMI CITUCOK C IOCIeIyIomei
ero MuHuMH3anuen. Crenuduyeckoid aIsl pacCMOTPEHHBIX COPTUPOBOK, KaK M CIIEIOBAIO OXHUIAATh, siBisiercss MO
«CpaBHUTH — TIepecTaBUTEY. Kpome TOro, Ui CIIOKHBIX COPTUPOBOK crienupudeckoit sisercs MO "dopmupoBanue
MOICIIMCKOB".

[IpuBenennsie Mopenn 1 CA MPOCTHIX COPTUPOBOK HPEICTABISIIOT CAMOCTOSTEIBHBIN HHTEPEC.

Hexotopsie MO MoryT OBITH HCIIOTIB30BAHKI U B Ipyrux BII, He TomBKO B IpoIieccax COPTHPOBOK.

JanbHeiimero anannsa TpeOyIOT BOIIPOCH OPraHU3aLUH BBOIa-BbIBO/IA, HHULIUAIM3ALUY, PEKYPCHUH U JIP.
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