OJIMMIINAJJA HIKOJIBHUKOB «IIIAI' B BY IYHIEE»

HAYYHO-OBPA3OBATEJIbBHOE COPEBHOBAHMUE «IIIAT B BYAYIEE, MOCKBA»

10824

pecucmpayuoHHblil Homep

Nudopmatuka u cucremsl ynpasiaeHus (UY)
Hazeauue axyivmema

__Iporpammuoe odecneyenue IBM u nunpopmanuonubie Texnonorun (MY-7)
HazeaHue Kageopwvl

_IIporpamma uccnenoBanust 3p(PEKTUBHOCTU AIITOPUTMOB COPTUPOBKHU JTAHHBIX

HA364HUe pa6om bl

ABTOp: _bopucoe /Imumpui Eecenvesuu
d)a/l/lu]luﬂ, UMA, omyecmeo

_I'BOY IIkoua Ne67, 11a

HAumeHosaHue yll€6H020 36166()€H1/lﬂ, Knacc

Hay4Hblil pyKOBOIUTE/Ib:

Gamunus, ums, omuecmeo

Mecmo pabomwl

36aHue, O00JIICHOCMb

NOONUCL HAYYHO20 PYKOBOOUMEIS

Mocksa - 2019



IIporpamma ucciiegoBanus 3GPeKTUBHOCTH AJITOPUTMOB

COPTHUPOBKH JAHHbIX

AHHOTALIUA

[lenpto  maHHOM  pa®oOTBl  fABIETCA  HcCClenOBaHUE  I(PPEKTUBHOCTH
QITOPUTMOB COPTUPOBKHU JAHHBIX B CPABHEHUU APYT C APYTOM U B 3aBUCUMOCTH
OT BXOJHOro Habopa naHHbIX. Jlyg wuWcciaenoBaHusi BblOpaHbl HaumOoJjee
HOMYJISIPHBIE AJTOPUTMBI COPTUPOBKHM JAHHBIX, KaK IPOCTBIC, TaK U JIOCTATOYHO
CIIOXHBIE, HO BecbMa 3P (deKkTuBHbIE. B pamkax paboThl pa3o0paHbl aJrOPUTMBI
peanu3alnuy pa3IMYHbIX METOJOB COPTHUPOBKH, NPHUBEACHBI MAaTEMaTUYECKHE
OLICHKM uX J((PEKTUBHOCTH, M JaHbl (PparMeHThl Koja i pealn3aluu
pa3o0paHHbIX aJIrOpUTMOB Ha si3bike llackanb. [ HarfsIHOW JEMOHCTpaLUU
pa®oOThl pa3NUYHBIX QJITOPUTMOB CO3JaHAa TNporpaMMmMa B CpelIe CUCTEMBI
pa3paboTku mporpamMMmHoro odecriederust Delphi. C momoripio 3Toi mporpamMmsl
MOKHO CpPaBHHUTb CKOPOCTb pabOThl Pa3IUYHBIX AJITOPUTMOB COPTUPOBKM Ha
OJIMHAKOBBIX MAcCCUBax JAHHBIX JJI1 CPEAHETO, XYALIEro W JIydiero ciaydas. (s
OOJBIIeH HATJIATHOCTH PE3YJIbTAThl CPABHEHHSI MOTYT OBITh IIPEJICTABIICHBI B BUE
rucrorpammsbl. Takke B MporpaMme €CTh IMOUIArOBBIM JEMOHCTPAaTop padoThI
BBIOPAHHOTO AJIrOpUTMa COPTHUPOBKH, KOTOPBIA C MOMOIIBIO MPOCTON aHUMAIUU
MOKa3bIBAET MPOLECC COPTUPOBKHU TECTOBOIO MaccuBa. [[j1s1 Bcex MCnoyib30BaHHBIX
QITOPUTMOB B MPOTPaMME JAHO KPAaTKOE OMUCAHUE U MATEMaTUUYECKUN AaHAIIN3
sbdexTuBHOCTH. [aHHas mporpaMma MOMKET CIYXHUTh HarJIIJHBIM IMOCOOHEM MpHU
W3YYEHUU AJITOPUTMOB COPTHUPOBKH, a TAaKXKE€ IO3BOJIIET OLICHUTh BPEMEHHBIE

3aTpaThbl HA COPTUPOBKY MACCUBOB IIPH YHCJIC DJICMCHTOB 10 200 ThICAUY.
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BBenenune

[IpakTuuecku Jr00ast JOCTAaTOYHO CHOXKHAas Tmporpamma (Oyas  TO
OlepallMOHHAasi CHUCTEMa, CHCTeMa YIpaBlieHHus Oa3aMHM JaHHBIX, CHCTEMa
aBTOMATHU3HPOBAHHOTO TMPOCKTUPOBAHUS U T.N.) 00SI3aTENILHO BKJIIOYAET B ceOs
MEXaHU3Mbl COPTHUPOBKHU JaHHBIX. OOBEMBI TaHHBIX B HACTOsIEEe BpeMsl KpaiiHe
BEJIMKH, UM HX 00paboTKa MOXKET 3aHUMaTh BEChbMa CYIIECTBEHHOE BpeEMH,
HECMOTpsI JaXe Ha MPOrpecc B pPOCTE MPOU3BOJUTEIBHOCTH COBPEMEHHBIX
KOMIIbIOTEpOB. He siBisieTcsl uCKIIoUeHNeM B mporiecce 00pabOTKU U COPTHUPOBKA.
[loaToMy KpaliHe Ba)KHBIM SIBJIIETCSI BONPOC BHIOOpA ONTHMAalbHBIX METO/IOB
COPTUPOBKM C LENbIO TOBBIIICHUS IPOU3BOJUTENBHOCTH  paboTel  (H,
COOTBETCTBEHHO, COKpallCHUS BpEMEHU 00paboTKN) COBPEMEHHBIX
MH()OPMAIMOHHBIX CUCTEM. AJITOPUTMOB COPTUPOBKM CYIIECTBYET JOCTATOYHO
MHOTO, PSiI U3 HHUX SBJSETCS ONTHUMAJIbHBIMHM JUIS ONpEAeNEHHBIX HaOOpOB
JAHHBIX, JpPYrd€ MOTIYT HMEThb HEKOTOpbIE MPEUMYIIECTBA B Pa3JIMYHBIX
cutyauusix. B Buay 3Toro Bo3HHMKaeT HEOOXOAMMOCTh CPaBHUTEIBHOTO aHajn3a

aJIrOPUTMOB.



Onucanue UCC/IEI0OBAHHBIX AJITOPUTMOB COPTHPOBKH

ITox copTMPOBKOM MOHMMAKOT MPOLECC MEPECTAHOBKH JJIEMEHTOB KAKOIO-
anb0 MaccuBa JaHHBIX B omnpenenéHHoM mnopsake. CopTUpOBKa MpPUMEHSETCA
MpPaKTUYECKU B JIO0OM mMporpamme, HauMHas OT MPOCTEHIIMX MPOrpamm st
JUYHOTO IIOJIb30BAHMS, 3aKaH4YNBas MOITHEUIITNMHU COBPEMEHHBIMU
MH(POPMALMOHHBIMU CUCTEMAMHU.

ANTOpPAUTM  COPTUPOBKM — 3TO IOCIEAOBATEIBHOCTH IIAroB  JUIA
YIOPSIOYEHHs DJIEMEHTOB B CIUCKE. B ciyyae, Korjga 3JIEMEHT CIUMCKa UMEET
HECKOJIBKO I0JIEH, MO0JI€e, 10 KOTOPOMY HEOOXOIMMO MPOU3BECTHU YIIOPSI0OUNBAHNUE,
HAa3bIBACTCA KJIIOUYOM COPTUPOBKH. B KadecTBe KiIt04a COPTUPOBKH 3a4aCTYIO
BBICTYIIAET YMCJIO, OCTAJIbHBIE MOJIA XPAHAT KaKue-In0o JaHHbIE, HE BIMSIOIINE Ha
paboTy anropuTMma.

AJNTOPUTMOB COPTHPOBKHM CYIIECTBYET JOBOJIBHO MHOTO, HEKOTOPBIE W3
KOTOPBIX MMEIOT IMPEUMYIIECTBA IEpel IPYyTMMH, 3a4acTyl0 B OIPEACIIEHHBIX
ycnoBusix. CpaBHEHHE AIITOPUTMOB COPTUPOBKHU IO3BOJISIET BBIABUTH UX CHJIBHBIC
U cialble CTOPOHBI, @ TAKXK€ MMOKa3aTh, YTO YCIO)KHEHHEM aJIrOPUTMOB MOKHO
JNOOUTBHCS 3HAYUTEIBHOTO MOBBIIICHHUSI MPOU3BOJUTEIBHOCTH IO CPaBHEHHUIO C
IIPOCTBIMU METOIAMM.

BaxxupIM cBoiiCTBOM anroputma siBisiercsi ero cdepa mpumenenus. Kak
ITPABUJIO BBIAEIISIOT JIBA OCHOBHBIX KJIacca!

BHyTpeHHsin  copTHpOBKa  pa0oTaeT C  MacCHBaMH,  IICJIUKOM
MOMEIAIOUIMMUCS B ONEPATUBHOM MaMATH C MPOU3BOJBHBIM JIOCTYIIOM K JIFO0OM
saueiike. JlaHHble OOBIYHO YHOPSAJOYMBAIOTCA HAa TOM KE€ MecTe, 0e3
JOTIOJTHUTENBHBIX 3aTpar.

BHemHsisi COPTHPOBKA HCHOJB3YyeTCA MpU paboTe ¢ 3alOMHHAIOIIMMU
yCTpoMCTBaMH OOJbIIOT0 00bEMa, HO C JOCTYIIOM HE TIPOU3BOJIBHBIM, a
nocieaoBaTeabHbIM. Takasi COpTUPOBKa MPUMEHSIETCS Ui ynopsaoueHus (Hansos.

E€ 0c00EeHHOCTBRIO SIBIISIETCS TO, UTO B Ka}KI[Hﬁ KOHerTHBIﬁ MOMCHT BPCMCHH MbI
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paboTaeM TOJBKO C OJHUM 3JIEMEHTOM, a 3aTpaThl Ha JOCTyHo K Apyrum (1o
CPaBHEHHIO C ONEPATUBHOM MaMSATHIO) HEONPABIAHHO BEJIMKH. DTO HAKIIAIbIBACT
HEKOTOpBIE JIOMOJHUTEIbHBIE OrPAHUYECHUS HA QJITOPUTM U MPUBOJUT K
CIIEUAJIBHBIM MeToJaM YIOPSIIOYEHUS], 00BIYHO U CIIOJIB3YIOIINM
JOTIOJTHUTENBHOE JUCKOBOE MpocTpaHcTBO. K TOMy ke, JOCTYN K JaHHBIM Ha
JMCKaX TMPOU3BOJUTCA HAMHOTO MEIJICHHEE, 4YeM OIEpalli C OMNEpaTUBHOU
NaMAThHIO.

Cneunduka g0cTyna K JaHHBIM B JIUCKOBBIX HAKOMUTEISIX MPOSBIISIETCS B
TOM, YTO ONEpalMy YTEHUS/3aMUCH MPOUCXOIIT TMOCIEIOBATEIIbHBIM 00pa3oM: B
KOXIbli MOMEHT BpPEMEHM MOXXHO CUMTATh WIIA 3alUCaTh TOJBKO 3JIEMEHT,
CIeAYIONINH 3a TeKyIIUM. BTOpoii 0COOEHHOCTBIO SIBISETCS TO, YTO, KaK MPABUIIO,

00BEM JaHHBIX HC ITO3BOJIICT UX PAa3SMCCTHUTH LICJINKOM B OHGpaTHBHOﬁ IHaMsiTH.



Ouenka 3p(PpeKTUBHOCTH AJITOPUTMOB COPTUPOBKH

He cymectByer eamHcTBeHHOTO, Haubonee 3¢pdeKTHBHOrO B OO0
CUTYalluM, aJIrOpUTMa COPTUPOBKU. [103TOMY Ba)KHBIM SIBJISIETCS OIpEeliCHUE
KpUTEpHUEB OIIEHKU 3 ()EKTUBHOCTU aITOPUTMOB.

B omenkax OymeT HWCHOIB30BAaThCS MareMaTtwdeckoe oOo3HadeHue «O»
00JBIIIOE, KOTOPOE MPUMEHSETCA NIl CPAaBHEHUS aCUMMTOTUYECKOTro (B JIAHHOM
cllyyae — CTpemsilerocss K OeCKOHEYHOCTH) moBeieHus QyHkuuil. JlanHas
HOTAllMs UCIIOJB3YETCS B PA3JIMYHBIX pa3/iellax MaTEMAaTHKW: B MaT€MaTUYECKOM
aHanu3e, TEOPUM 4YHCEl M KOMOWHATOPHUKE, a TAaKXKE IPHU OIEHKE CIOKHOCTH
anroput™moB. Hanpumep, dpasa «cioxuocts anropurma O(n!)» o3HavaeT, 4to npu
OonpImIMX N BpeMs paboThl aiaroputma (MM OO0INee KOJUYECTBO ONEpaluii) He
npeseimaeT Cxn!, rae C — Hekast MOJIOKHUTEIIbHASI KOHCTaHTa (OOBIYHO B KAYECTBE
napameTpa n 6epyT 00beM BXOIHON HH(POPMALIMH AJITOPUTMA).

Jist otteHk# 3P EeKTUBHOCTH UCTIONB3YIOT CIIEAYIONINE TapaMeTphl:

BpemMsi — OCHOBHOW mapameTp, XapakTepU3YIOIIUA OBICTPOJIECHCTBHE
anroputma. HaspiBaeTcs TakKe BBIYMCIUTEIBHOM CIO0XKHOCTBIO. JlJIsi OLEHKH
BAXHO Xyouiee, cpedHee u Jjyduiee BpeMs pPaOOThI airoputMa jisi MacCUBa
pasmepa (n). BpeMeHHas CIOXHOCTh alrOpUTMa OOBIYHO BBIPAXKACTCS C
WCIIOJIb30BAaHUEM TMPUBEAEHHON BbIle HOTAMU «O» Ooinbioe. JJis TUMUYHOTO
anroput™Ma xopomui pesyinbrar — 310 O(n log n), a mmoxoir — sto O(n?).
NneansHoe mnoBenenue st aiaroputMa — O(n). AJNTOpUTMBI  COPTUPOBKH,
MCIIOJB3YIOIINE TOJIBKO OMNEpalyi0 CPaBHEHUS! 3HAYEHUW BCErja HYKIAIOTCA IO
Menbied mepe B O(n log n) cpaBHeHusix. HarnsigHo pa3Huily MOKHO YBHIIETh Ha

MIPUBEIEHHOM HUKE PUCYHKE:
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KONHYECTBO INEMEHTOB

IlamsaTh — psi aITOPUTMOB TPEOYET BBIJCICHUS JOTOTHUTEIBHON MaMSTH
JUTsl BPEMEHHOTO XpaHEeHUs TaHHbIX. J[J1s1 oneHkH 3(h()EeKTUBHOCTH UCTIOIB30BAHUS
NaMATH HE YYHUTBIBACTCS MECTO, KOTOPOE 3aHUMAET WCXOIHBIM MacCUB U
JOTIOJTHUTENIBHBIC 3aTPaThl, HAPUMEP, Ha XpaHEHUE KO/a MPOTPAMMBI;

YcTo4yuBOCTh — YCTOMYMBAsE COPTUPOBKA HE MEHSET B3aUMHOTO
PaCIOJIOKEHUS PaBHBIX DJICMEHTOB;

EcrecTtBeHHocTh moBeaeHusi — 3(hPeKTUBHOCT, MeTOoAa Tpu 00paboTke
YK€ YMOPSAIOYCHHBIX, WJIA YaCTUYHO YHOPSIOYCHHBIX JaHHBIX. AJTOPUTM BEAET
ceOsl eCTECTBEHHO, €CJIM YYUTBIBACT OTY XapaKTePUCTHUKY 0OpabaThiBAEMOTO

MaccHuBa JaHHBIX B paboTaeT d3heKkTHBHEE.



Cnucok ajropuTMoB COPTHPOBKH

B Hmxe mpuBENEHHBIX TaONHIAX: N — 3TO KOJWYECTBO 3AMUCEH, KOTOPHIE

HCO6XO,ZIHMO YHOPAIOYUTH.

AJITOPUTMBI YCTOMYMBOH COPTUPOBKHU

Ha3zBanue Cioxunocts | [Ipumevyanue

I1y3sIppKOBas O(n?) JUTSL KayKJ0M mapbl MHJEKCOB MPOU3BOJIUTCS OOMEH,

COPTHUPOBKA €CJIM DJIEMEHTHI PACTIOJIOKEHBI HE IO MOPSAIKY

CopTupoBKa O(n?)

nepeMellBaHUEM

CoptupoBka O(n?) JIis  KaXIoro 3JIEMEHTa  OINPENENsAeTcs  €ro

BCTaBKaMU MO3ULMS B YIIOPSAAOYEHHOM CIIMCKE U BBITOIHAETCSA
BCTAaBKA

AJITOPUTMBI HEYCTOMYHUBO COPTUPOBKH

Ha3BaHnue Caoxnoctn Cnoxuocts [l pumevanne
(xynmast) | (cpemHsis)

CoptupoBka O(n?) - MOVCK HAWMEHBIIETO WM HAuOOJIBIIETO

BBEIOOpPOM 9JICMEHTA W TIOMEIIEHUE €r0 B HAYaJo
WJIH KOHEI[ YITOPSIOUEHHOTO CITHCKA

CopTHpoBKa O(nlogn) |- MOTIBITKA YITYYIITUTh COPTHPOBKY

[lenna BCTaBKaMH

[Mupamumanerast O(n logn) |O(nlogn) |Cromcok mpeoOpasyercs B "kyuy'.

COPTUPOBKA HauGonpmuit  sneMeHT  ©U3  Ky4H
no0aBisieTcss B OTCOPTHUPOBAHHBIN
CTIHICOK.




bricTpas

COPTHPOBKA

0O(n?)

O(n log n)

Cuurtaercs  caMbIM  OBICTPBIM W3
W3BECTHBIX JUISl YIIOPSA0UYCHUS OOBIINX
CIIy4yalHBIX CIUCKOB. McxomHbli HabOP
JAHHBIX pa30uBaeTCs Ha JBE IMOJOBHHBI
TaKk, 4YTo JIO00H DJIEMEHT TMepBOU
MOJIOBUHBI  YIIOPSOYEH OTHOCHUTEIIBHO
J000T0 3JEMEHTa BTOPOM IOJOBHHBL
3aTemM ITOPUTM MIPUMEHSIETCSA

PEKYPCUBHO K KaXJ10i MOJIOBUHE.




Onucanue aJIropuTMOB COPTHPOBKU

CopTrpoBka BbIOOpOM

CaMpblii IPOCTOM AJITOPUTM COPTUPOBKH. Ero CcyTh 3akiitroyaercsi B TOM, UYTO
HCpC60pOM HaxXoIUuTcCsa HauMEHBIINN (I/IJ'II/I HaI/I6OJII>HII/If/'I, B 3aBUCHUMOCTH OT
HGO6XOI[I/IMOFO nopﬂ):u(a) 3JICMCHT, KOTOpBIfI MCHACTCA MCECTaMHU C JJICMCHTOM,
CTOSIIIIUM Ha TIEpBOM MecTe. Jlanee HaxoIuTcsa HaMMEeHbIINKN (HanOOoIbIIHiA) cpeau
OCTAaBHIMXCA 3JICMCHTOB M MCHACTCA MECTaMU C 3JICMCHTOM, CTOAIIUMM Ha BTOPOM
MECTC. HI/IKJI 3aKaHYMUBACTCsA, KOraa 6y,[1yT BLI6paHBI Bce nieMeHThl. Ha s3bike
IIpOorpaMMHpPOBaAHUA ITackanb peain3anuAa ajldropurMa BCTABKH  BBITTIIIUT
CJIEAYIOIINM 00pa3oM:
fori:=1to N-1 do
begin

nMin =1i;

forj:=i+1toNdo

if A[j] < A[nMin] then nMin :=j;

if nMin <> i then

begin
c:=AJi];
Ali] := A[nMin];
A[nMin] :=c;
end;

end,
OTOT ajNropuT™M OTJIMYAETCS HEOOJBIIMM YHUCIOM MepecTaHoBOK (n-1)
(omeparuii mepeMeneHrs AaHHBIX B TPU pasza Oombine - 3X(n-1)), HO oueHb

3HAYUTEIHLHBIM YUCJIOM CpaBHEHUM - nX(n-1)/2.

IIy3bIpbKOBasi COPTHPOBKA
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[Ty3bIpbKOBasi COPTUPOBKA OCHOBAHA Ha METOJE MepecTaHOBOK. Wes 3Toro
METO/la OTpaxkeHa B ero Ha3BaHud. Camble JIETKHE DJJIEMEHThl MacCHBa
«BCIUTHIBAIOTY» HABEPX, CaMble «TsDKENbIE» - TOHYT. B mporecce paboTh
OYEpPEHOM DJIEMEHT CpPaBHUBAECTCS C COCEOIHMM M TpU HEOOXOJUMOCTHU
BBITIOJIHSETCSI MX MepecTaHoBKa. TakuMm o0pa3oM, Mbl BBITOJKHEM HaBEpPX CaMbli
«JIETKUI» 3JIEMEHT BCETO MACcCHUBA. DJIEMEHThl MacCUBa MPU 3TOM YHOAOOJSIOTCS
BCIUTBIBAIOIIMM My3bIpbKaM B COCYyJle C BOJOW. AJTOPUTM peau3yercs
CJIEAYIONIEH TTOCIEI0BATENBHOCTBIO KOMAH/!
fori:=1toN-1do
begin

forj:=1toN-1do

if A[j] > A[j+1] then

begin
c:=AQL;
Alil = Ali+1];
Afj+l] =¢;
end,

end;

Yucno cpaBHenuit Bceraa Nx(N-1)/2, 4uciio mepecTaHOBOK B XY/IIEM CITyvae
takoe ke (3xnx (n-1)/ 2 mepemeleHuit TaHHBIX). AJTOPUTM JOCTATOYHO TMPOCT,
HO KpaitHe HedPPEeKTHBEH.

Jist  my3bIpbKOBOM ~ COPTUPOBKHM  CYIIECTBYET  MOIU(MUIIMPOBAHHBIM
QITOPUTM, KOTOPBIM HA3bIBAIOT «IMY3bIpEK ¢ (prmarom». CyTh 3TOTO anropurMma
COCTOUT B TOM, YTO €CJIM IIPU BBINOJHEHUU MPOX0JIa METOJOM IMy3bIpbKa HE OBLIO
HU OJIHOTO OOMEHa JJIEMEHTOB MAacCHBa, TO 3TO O3HAYAET, YTO MACCHUB YXKe
OTCOPTHPOBAaH U OCTaJbHBIE NPOXOJBI HE HYKHBI. Peanuzanus 3TOro aaropurma
BBITJISIAUT CJICAYIOIHUM 00pa3oMm:
repeat

flag := False;

for j:=N-1 downto 1 do
11



if A[j] > A[j+1] then

begin
c:=AQL;
Alil == Ali+1];
Alj+1] :=c;
flag := True;
end,;
until not flag;

AHFOpI/ITM MOXET 6BITB CIIC HCCKOJIbKO YJIYUHICH CCJIN I[O6aBI/ITB CUCTUHUK
IIpOXOOd0B. ITocne OJHOTO IIPOXOoJa OAUH IJICMCHT 6y,ZIeT CTOATH Ha CBOEM MECTEC, a
S3HA4YUT C HUM CpPpaBHUBATH HC MMCCT CMBICJIBI. Peanmauﬂﬂ YIYYIICHHOI'O MCTO/1a
COPTHPOBKH IIY3BIPBKOM C q)HaFOM:
1:=0;
repeat

=i+ 1;

flag := False;

for j := N-1 downto 1 do

if A[j] > A[j+1] then

begin
c:=A[l;
Alil = Ali+1];
Aljt+1] =c;
Flag := True;
end,
until not flag;

CopTupoBka nepeMeinBaHueM
Pa3HOBHIHOCTH Iy3BIPBKOBOM COPTHPOBKM. BceTpeuaercs Takke Ha3BaHHE
«IIEUKEepHass COpPTUPOBKa». OTiau4aercss TEM, 4YTO NPOCMOTPHI JJIEMEHTOB

BBITIOJIHAKOTCA OAUH 34 APYTUM B IMIPOTHUBOIIOJOKHBIX HAIIPABJIICHUAX, IIPH 3TOM
12



OOJBIINE PJIEMEHTHI CTPEMATCA K KOHIY MaCCHMB4, a4 MAaJICHBKHC — K Ha4daly.

Jlyymmuii ciaywyalt Juisi 3TOM COPTUPOBKM — OTCOpPTHpoBaHHbIM MaccuB (O(n)),
XyIOIIMA — OTCOPTUPOBaHHBIH B oOpatHoM mopsanke (O(n?)). IIpumep
peanu3anuu:
d:=1;i:=0;
for k := N-1 downto 1 do
begin
| ;= i+d;
forj:=1tokdo
begin
if (A[i] - A[i+d]) * d >0 then
begin
x = Alil;
A[i] := A[i+d];
Afi+d] ;= x;
end;
I:=i+d;
end;
d:=-d;

end;

CopTrpoBKa BCTABKAMHU

CopTupyemblil MacCUB MPOCMATPUBAETCS B MOPSAJKE BO3PACTAHUSI HOMEPOB
U KaXIbl DJIEMEHT BCTaBJSETCS B YXK€ NMPOCMOTPEHHYIO 4YacTh MacCuBa Tak,
9TOOBI COXPAaHUThH MOPSAAOK. Ha Kka)kqom miare COpTUPOBKH YacTh MAcCHBa YXkKe
YHOOPSII0UEHA, TTO3TOMY JIJIsl IOMCKA MECTa BCTAaBKU MO>XHO HCIIOJIb30BaTh METO/I
MOJIOBUHHOTO JeieHusl. Yuciao cpaBHEHUM 3HAYMTENIbHO MEHbIIE, 4YeM IMpHu
copTupoBKe BbIOOpOM (<n log(n)), YMcIO TeEpeMemeHnii MaHHBIX B XyJIIEM
ciydae nx(n+3)/2. Peanu3anus aqroputrMa COpTUPOBKHU BcTaBkaMu Ha [lackase:

for :1=2 to N do
13



if A[i-1] > A[i] then
begin
x = Ali];
j=1-1;
while (j >0)and (A[j] >x) do
begin
Alj+1] = A[j];
J:=]J1;
end,
Afj+1] :=x;

end:;

Copruposka eana

Ototr Meron Obul npemioxked [onampmom Ilemnom B 1959 r. OcHoBHas
UjIesl TOTO AITOPUTMA 3aKJIF0YAETCs] B TOM, YTOOBI B Hayajie YyCTPAHUTh MAacCOBBIN
OecnopsiIoK B MacCHBE, CpaBHMBAs JAJIEKO CTOSIIME APYT OT JApyra 3JeMeHThl. B
nporecce paboThl aaropuTMa MHTEPBAT MEXKIY CPaBHUBAEMBIMU DJIEMEHTaMU
MOCTENIEHHO YMEHBIIIAETCS JO €AMHUIBI. JTO 03HAYAET, YTO HAa MO3HUX CTaIUAX
COPTUPOBKA CBOJUTCS MPOCTO K MEPECTAaHOBKAM COCEIHUX DJIEMEHTOB (eciu,
KOHEYHO, TaKHe MEePECTAHOBKH SBIISIIOTCS HEOOXOAMMBIMH).

CoptupoBka wmeromoMm lllenna OGasupyeTcss Ha W3BECTHOM alITrOPUTME
MPOCTBIX BCTaBOK. CMBICH €€ COCTOMT B pa3/ieJIbHOM COPTUPOBKE METOJIOM
MPOCTHIX BCTABOK HECKOJBKUX YacTeW, Ha KOTOpPhIE pa30MBAETCS WCXOJMHBIN
MaccuB. Ee HEOOBIYHOCTh COCTOMT B TOM, YTO OHa PacCMaTpPUBAECT BECh CIHMCOK
KaK COBOKYITHOCTh MI€PEMEIIaHHbIX MOJICTIMCKOB.

IIpu coptupoBke Illenna cHauyana BBINOIHSAETCS COPTHPOBKA 3JIEMEHTOB,
OTCTOSIIIIUX OJIMH OT JApyroro Ha HekoTtopoMm pacctosiuuu d. Ilocne »3Toro
MpoIIeTypa MOBTOPSIETCS I HEKOTOPHIX MEHBINMX 3HadYeHWi d, a 3aBepriaeTcs

coptupoBka lllenna ynopsaounBanuem sneMeHToB 1pu d = 1 (TO ecTb, OOBIYHOM
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COPTHPOBKOH BCTaBKaMu). DPPpeKkTuBHOCTh copTupoBkH lllenna B onpenenéHHpIx
cllydasix 00eCreunBaeTCsl TEM, YTO AIEMEHThI «OBICTPEE» BCTAIOT HA CBOM MECTA.

PaccTostnus mMexay CpaBHMBAa€MbIMHM JJIEMEHTAMH MOTYT M3MEHATBHCSA IIO-
pazHomy. OOs3aTeNbHBIM SBISETCS JHUIIb TO, YTO MOCIEAHHM MIar JOJDKEH
paBHATbCs eauHuue. Crnenyer u30erarb MOCIEA0BATEILHOCTEN CTENEHU JBOWKH,
KOTOPBIE, KAaK ITOKA3BIBAIOT CJIOKHBIE MAaTEMAaTUYECKUE BBIKIAAKHA, CHUXKAIOT
3(p(EKTUBHOCTh aJNTOPUTMA COPTHUPOBKU. OKCIEPUMEHTHI IOKA3bIBAIOT, YTO
BEJIMUYMHBI 1IArOB HE JIOJDKHBI OBITh KPaTHBI APYT APYTY AJIS MOJIyYEHUs JTydIInuX
pesynpraroB. Jlonansa KHyT B cBoell kHHre «VICKyccTBO NMpOrpamMMUpOBaHHUS
PEKOMEHAYET TaKHhe IOCIEI0BaTEIbHOCTH IIAroB, 3alUCaHHbIE B OOpaTHOM
MOPSAKE:

- 1,4, 13,40, 121, ..., rae hi1=3xh;+1;
-1,3,7,15, 31, ..., tae hi1=2xhi+1;

PoGepr CemxBUK MNpeMsIOKWI CHeHUadbHble (GOPMYNbl I MOJYyYEHHUS
mrara. OznHa U3 Takux GopMysl AaeT CISAYIOUIYIO MMOCIeI0BaTeIbHOCTh 3HAUEHU N
nara:

-1,5,19, 41, 109, 209, 505 u T.x1.

[Ipumep peanusauuu coptupoBku lllemuta va [Tackae:

incr:=ndiv 2;

while incr >0 do

begin

for I:=incr+ltondo

begin
J :=I-incr;
while j>0do
if A[j] > A[j+incr] then
begin

c:=A[llL

A[j] := A[j+incr];
Afj+incr] := A[j];
15



J :=J-incr
end
else j:=0
end;
incr :=incr div 2

end:;

IIupamuaanbHas COPTUPOBKA

[TupamuanbpHasi COPTUPOBKA OCHOBBIBAETCS HAa OPTraHU3alMK AJIEMEHTOB B
MacCHBE MO TUITY ABOMYHOTO (OMHApHOTO) JepeBa. JJBOUUHBIM I€peBOM Ha3bIBAIOT
HUEPaAPXUUECKYIO CTPYKTYPY JAHHBIX, B KOTOPOH Ka) bl 3JIEMEHT UMEET He OoJiee
JIBYX TIOTOMKOB.

[Tupamuga npencrasisger co0oil 0coObIi BUA OMHAPHOTO JIepeBa, B KOTOPOM
3HAQYCHUE KaXKJIOro 3JIEMEHTa OOJIbIIIEe, YeM 3HAUYECHHUE KaXKJO0TO M3 €ro MOTOMKOB.
HenocpencTBeHHbIE MOTOMKM KaXXIOTO Y3JIa HE YINOPSAOYEHBI, TOATOMY HHOTJA
JIEBBIA TOTOMOK MOXET OKa3aThCsl OOJbIlIe MPaBOro, a WHOTAAa — HAaoOOpOT.
[Tupamua mpeacTaBisieT coOOM MOJIHOE JIEPEBO, B KOTOPOM 3aIOJIHEHHE HOBOTO
YPOBHSI HAYMHAETCSI TOJBKO MOCJE TOTO, KaK MPEIbIAYIINNA YPOBEHb MOJIHOCTHIO
3aM0JIHEH, a BCE y3JIbl HA OJTHOM YPOBHE 3aMOJHSAIOTCS MOCIEI0BATEIbHO.

CopTupoBKa HAUMHAETCS C IMOCTPOEHUS NHUPaMUJIbI, COJEpXKalIeh Bce
AJIEMEHTHI UCXOJHOM MOCIIEIOBATEILHOCTH. SICHO, UYTO MaKCHUMAaJbHBIM 3JIEMEHT
OKa)XETCsI B BEPIIIMHE JIepeBa, MOCKOJIbKY BCE €€ MOTOMKH 0053aTeIbHO JOJIKHBI
ObITh  MeEHbINIE. 3aTeM, BepIIMHA MHUPaAMHUIbl  3alUCHIBACTCI B  KOHEI
MOCJIEA0BATEILHOCTH, a MHUpaMHuAa C YIAJICHHBIM MaKCHUMaJIbHBIM >JEMEHTOM
nepedopMupoBbiBaeTcsi. B pesynbrate, Ha €€ BEpIIMHE OKa3bIBACTCS
MaKCUMAJIbHBIM M3  OCTABIIMXCSL  DJIEMEHTOB, OH  3alHCHIBACTCA  Ha
COOTBETCTBYIOIIIEE MECTO, U TMpoIleAypa MNPOAOKAETCS 10 TeX IMOop, IoKa

nmrupamMujia HE OIMyCTCCT.
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Takum 00pa3oM, OCHOBHYIO HArpy3Ky ajaropuTMa HECyT JIBE MPOIEAYpPHI:
Ha4aJIbHOC ITOCTPOCHUC IMHPAMHUIBI U HGpG(i)OpMPIpOBaHI/IC IMUpaMU bl HA KaKI0OM
miare.

IlepBas mpouenypa co3gaHus DUPaMUIbl HA3bIBAETCS NPOCEHBAHUEM.
[Ipumep e€ peanmmzanuu:
fori:= (N div 2) downto 1 do
begin

ji=1;

while j <= (N div 2) do

begin

k:=2%*j;

if (k+1<=N)and (A[K] < A[k + 1]) then

k:=k+1;

if A[K] > AJ[j] then

begin
x = A[jl;
All] = ALKI;
A[K] :=x;
j=k

end

else
break

end
end,

Bropas mnpoueaypa — 3TO HENOCPEACTBEHHO COPTUPOBKA ITOJIYyYEHHOH
IMUpaMHUIbI:
for i := N downto 2 do
begin

x = A[1];

A[l] .= Ali];
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Ali] :=x;

=1
while j <= ((i - 1) div 2) do
begin
k:=2%*j;
if (k+1<=i-1)and (A[K] <A[k + 1]) then
k:=k+1;
if A[K] > AJ[j] then
begin
x = A[jl;
Al] = ALKI;
A[K] :=x;
j=k
end
else
break
end

end;

bricTpasi coprupoBka

Ortot Meton Ol paspaboran B 1962 r. Yapias3om Xoapom, MOITOMY €ro
VMHOTIa HAa3bIBAIOT METOAOM Xoapa.

CyTbh MeTO/Ia 3aKJIFOYAETCSI B TOM, YTOOBI HAMTH TaKOM 3JIEMEHT MHOXKECTBA,
TIOJIJICXKAIIETO COPTUPOBKE, KOTOPHIH pa300bEeT €ro Ha JiBa MOJMHOXKECTBA: TE
AJIEMEHTHI, YTO MEHbIIIC ICIIAIIEro JIEMEHTA, U T, UYTO HE MEHBIIIC €TO.

AJTOPUTM OCHOBAaH Ha pa3/elieHUHd COPTUPYEMOTO MacCHMBa Ha YacTH M
MIEPECTAaHOBKE DJIEMEHTOB TaKMM OOpa3oM, YTOOBI JJICMEHTBHI B JIGBOW YacTH
MacCHBa HE MPEBOCXOJUIIN AJIEMEHTOB B TpaBoil. Ha kaxkmoMm miare BeiOMpaercs
«CpemHui 3JIEMEHT MacCHBa, B pe3yJIbTaTe psja IMePeCTaHOBOK OH 3aHMMAET CBOEC

3aKOHHOC MECCTO, 3aTEM KaXxJas U3 JacTeu YHopsaa0o4nuBacTCA.
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Merton OBICTPOIl COPTUPOBKH SBISETCS OJHUM U3 CaMbIX OBICTPBIX
U3BECTHBIX  YHUBEPCAJIBHBIX  aJTOPUTMOB  COPTHPOBKM  MAaCCHUBOB,  €rO
BBIUHCIIUTENIbHAS CIIOKHOCTE B cpeaHeM He npeBbimaet O(n log n).

AJITOPUTM COCTOUT U3 TPEX LIATOB:

1. Beibop »snemMeHTa U3 MaccuBa. BpIOpaHHBIH dSJEMEHT Ha30BEM

«OTIOPHBIMY.

2. Pa3buenue: nmepepacnpesiesieHle 3JIEMEHTOB B MAaCCUBE TaKUM 00pa3oM,
YTOOBI AJIEMEHTBHl MEHBIIE «OIMOPHOrO» TIOMEIIAJINCh Mepel HUM, a
0oJIbllIe UK PaBHbIE, TTOCIIE.

3. PexypcuBHOE NpHUMEHEHHE TMEPBBIX JBYX IIAaroB K JIBYM IOJMAacCHUBaM
CJIEBA M CIIpaBa OT «OMOPHOTO» 3JEMEHTA. PeKypcusl HE IPUMEHSAETCSA K
MAaCCHUBY, B KOTOPOM TOJBKO OJIMH 3JIEMEHT WJIU OTCYTCTBYIOT 3JIEMEHTHI.

Peanuzanus OpicTpoii coptupoBku Ha [lackaine:
procedure QSort(first, last: integer);

var L, R, ¢, X: integer;

begin
if first < last then
begin
X := A[(first + last) div 2],
L := first;
R := last;
while L <=R do
begin
while A[L] < X do
L:=L+1;
while A[R] > X do
R:=R-1;
iIf L <=R then
begin
c:= A[L]J;
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A[L] := A[R]:

A[R] :=c;
L:=L+1;
R=R-1;

end,;
end;
QSort(first, R);
QSort(L, last);
end;

end.
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Onucanue nporpaMmmsl

Jlnsa pa3paboTku mporpaMmbl OblIa HCIOJIB30BaHA Cpela pa3paboTKu
Delphi. 3to coBpeMeHHast cucTeMa POrpaMMUPOBAHUS, B OCHOBE KOTOPOU JICKUT
s3pIk [lackanb U cpefcTBa BU3yalibHOTO mnporpammupoBanusi. Cucrema Delphi
OTHOCUTCSI K KIAcCy CpEICTB YCKOPEHHOH pa3palOTKu MpOrpaMMHOTO
oOecrieueHHsT 3a CYET HCIHOJB30BAaHUS BHU3YaJIbHOTO KOHCTPYKTOpa (GopM U
OMOMMOTEKM BU3yaJbHBIX KOMIOHEHTOB. Delphi mpexacraBnser u3 cebs o4yeHb
MOIIIHBIA U THOKHUH SI3bIK, TPUTOAHBINA ISl CO3/IaHUsI BEChbMa CJIOKHBIX MPOEKTOB.
Taxoke Delphi o6ecnieunBaeT BHICOKYIO CKOPOCTh pa3pabOTKH MPOTPaMM.

Pa3zpabotannas mporpaMma TO3BOJISIET MPOBECTH CPABHUTEIBHBIN aHAIN3
HKCIEPUMEHTAIBHO MOJTYYEHHBIX JAHHBIX C MCIOJIb30BAHUE PA3IMYHBIX METO/OB
COPTUPOBOK. Pe3ynbpTarsl 0ToOOpa)karoTcsi B Buje Ta0auisl. OO1muii BUJ OCHOBHOTO

OKHa IporpaMmsbl IpEACTABJICH Ha PUCYHKC HUIKC!

(@ copmposka - O x
DOopMUPOBEHME MAcCHBa ,
Mysbipéx —
Uncno sneMeHTOE ANropuTM COCTOMT B NOSTOPRIOLWMXCA NPOX0AAX NO A T
COPTHPYEMOMY MACCMBY. 38 Kayabii NPoXoa
@opMUpOBaTb MaccuB, SNEMEHTBI NOCNEA0BATENEHO CPABHMBAI0TCA MONapHO n
200 W, ECW NOPRAOK B Nape HEBEPHLIN, BLINONHAETCA La

ofimeH snemerToB,

CnoxnHoctes: O(n™n,

() 3aKkpoiTh

EA’ | i
A

CopTHpOBKH

LlenoyncneHHulil Maccue Maccue 3anuceit

CopTHpoBKa CnyuaitHbii NpAmoii O6paTHBIit CyuaiiHbiit Mpsmoit ObpaTHbIit

My2sipék ¢ pnarom
Weiikep

Buibopom
BcTaekamu

Wenna

Wenna +
BricTpas

BeicTpas +

1T 1T 111111

MupamuaansHas
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B mepBom cronbie 3TOM TAOMUIBGI yKa3bIBA€TCS HAaWMMEHOBAHWE METOJa
COPTHPOBKH. HekoTopele W3 ATHX METOOB OTHOCITCS K MEIJICHHBIM: Ha
MOJIYYCHHUE PE3YJIbTaTOB TpeOyeTcs cymiecTBeHHOe BpeMs. OqHAKO JOCTOMHCTBOM
MOJOOHBIX COPTHPOBOK SBJSIETCS MPOCTOTAa MX peanu3anuu. K HUM OTHOCSTCS:
My3BIPKOBasi COPTUPOBKA, ITy3BIPHKOBas COPTUPOBKa ¢ (rarom, IIelKepHas
COPTHUPOBKA, COPTHPOBKA MPOCTHIM BBEIOOPOM, COPTUPOBKA BCTaBKOW. OcCTalIbHBIE
METOJIbI SIBIISIIOTCSL TPEACTABHTEISIMU OOJiee CIOKHBIX alTOPUTMOB, HO 3aTO
obOnamaroT ropazao Oombiieit dddexrtuBHOCTRIO. K 3THM MeTomam oOTHOCSATCS:
coptupoBka Illemma, ObICTpas COPTUPOBKA, NHUPaMHUIAIbHAS COPTUPOBKA.
CoprupoBka Illemna mpencraBieHa B ABYX BapuaHTaX, T.K. B HEW BaKe€H BBIOOD
BEITUYMHBI [I1ATOB.

JIJist KaX/10ro METoAa COPTUPOBKH JTa€TCA KPATKOE COJACpIKAHUE alropuTMa
U uHGOpPMAIIHS O €r0 CI0KHOCTH.

Bo BrOopom cronbie ykasbiBaeTcsi Bpemsi, MoTpeOoBaBIiieecs i
COPTHUPOBKH IEITOYMCICHHBIX CIy9aliHbIX BEJIHYMH.

Tpertnii cTonder; — BpeMs COPTUPOBKHU YK€ OTCOPTUPOBAHHOIO MAacCHBa, a
YETBEPTHIA CTOJIOCIT — 3TO MACCUB ¢ 0OPATHBIM MOPSAIKOM DIIEMEHTOB.

KonunuecTBo 3amaBaeMbIX dJIEMEHTOB MOkeT kosrebarscsa ot 200 mo 200 000.
Hcmonp3oBanne OOJBIIOTO KOJWYECTBA YHCEN IS aHajdu3a BpsAa K
nenecoobpasHo, T.K. TpeOyeT 3HAYUTEIBHOTO BpPEMEHH JUIS  MEJICHHBIX
JITOPUTMOB.

[Tocnemyromme CTONOIBI — 3TO MAaCCHUBBI, B KOTOPBIX HMEETCS
COITyTCTBYIOIIAsl MH(POpMaIus. YBeIUYeHUE Pa3MEPOB MEPEMEIIAeMbIX dJIEMEHTOB
JEMOHCTPUPYET BJIUSHHEC Ha CKOPOCTH pabOThl MPOTPaMMBI B CTOPOHY
3aMmemieHus. B gaHHOW mporpaMMe COIyTCTBYIOIIME JaHHBIC MPEICTaBISIOT U3
ce0s mepeMeHHbIe JCHCTBUTEIHLHOTO THIIA.

B kadecTBe BpeMEHHM OKOHYAHHS COPTHPOBKH CIY)KUT MOMEHT, KOTJa
pa3HMIIA TBYX MOMEHTOB BPEMEHHM MPEBLICUT AAHHYIO BEIWYMHY, MHOTOKPATHO

HpOﬁI[)I IIpu 5TOM BaﬂaHHBIﬁ AJITOPUTM. Bpruucasercs KoJIm4ecTBO HOBTOpCHI/Iﬁ
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COPTUPOBKHM, a 3aT€M OKOHYATEJIbHBIA pe3yJbTaT IOJIY4YaeTCs IyTEeM JEJICHHS
BPEMEHM Ha 3TO KOJIMYECTBO.

C nomompo pexuma «JleMOHCTpauus» MOXKHO HarjsigHO, IO IIaram,
noHa0moaTh 3a  paboToi  anroput™Ma. B aHMMHpOBaHHOM  peXuMe
JEMOHCTPHUPYETCS MPOLIECC IEPECTAHOBKH 3JIEMEHTOB.

Takke MOXHO MMOCTPOUTH TUCTOTPAMMY Ha OCHOBE MOJYYEHHBIX B IIPOLIECCE

CpaBHCHHUA AJITOPUTMOB JaHHBIX.
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3aK/JII0YeHHue

B npencraBneHHOW paboTe BBINOJIHEH AHAIHW3 AJITOPUTMOB COPTHPOBKH
OJTHOMEPHBIX MAacCHBOB I10 KOJHMYECTBY OIEpallMii W BPEMEHHBIM 3aTpaTaM.
HarnsinHoe  cpaBHEHHME  METOJOB  COPTHUPOBKM  MO3BOJISIET  OLIGHUTh  HX
OPUMEHUMOCTh B Pa3jMYHBIX YCIOBUSAX M BbIOpaTh HambOojee MOAXOISAIINNA B
KOHKpeTHOM cutyanuu. [Ipm oOydeHnn mporpaMMHUpOBaHHMIO OOJIBIIOE 3HAYEHHE
UMEET BO3MOXHOCTh Ipa)MUYECcKOro MpencTaBieHUs anroputma. OueHb Ba)HO,
4yTOOBl O0y4yaeMbli MOT BHU3yaJIbHO YBUAETh KKl Iar BBITOJIHEHUS

nporpammsl. JIJist psiia anropuTMOB 3TO OCYILIECTBIISIETCS B JAHHOM MPOEKTE.
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