2. COPTUPOBKA

2.1. BBEAEHHE

OcHoBHOe Ha3HaucHHe JAAaHHOM rJaaBbl— AaTh liO-
6oJiblle NPHMEPOB HCNOJb30BAHHSA CTPYKTYP MAaHHHIX,
BBeAEHHHX B nNpeABAylled rJjaBe, H NpOAEMDHCTPH)O-
BaTbh, HACKOJbKO TJYOGOKO BJHeT BHIGOp TOH HJAH HHOH
CTPYKTYPH Ha aJITOPUTMBI, peuialllHe MOCTABJAEHHYIO
3anauyy. COpTHPOBKA K TOMY XK€ elle ¥ caMa JOCTaToulio
XOpOoIlUHH nNpHMep 3aAayH, KOTOPYIO MOXKHO pelarhb C 110~
MOIUBIO MHOIHX PpAa3JiMYHBIX aaropHTMoB. Kaxabi 1i3
HUX HMeeT H CBOH JAOCTOHHCTBA, M CBOH HEINOCTAaTKH, H
BbLIOUpPATh AJITOPUTMBI HY?>KHO, HCXOJASA U3 KOHKPETHOH 10-
CTAaHOBKH 3aJauH.

B ofuieM COpPTHPOBKY cJaeAyeT NOHHMAaTh KaK NpO-
1eCC neperpynnyupoBKH 3aJaHHOTO MHOXeCcTBa OOBEKTOB
B HEKOTOpPOM omnpeaeNeHHoM nopsiake. lleap cOpTHPOB-
KH — OO6JIeryuTh MOCJAEAYIOUIHH HOHCK 3JIEMEHTOB B Ta-
KOM OTCOPTHPOBAHHOM MHOXeCTBe. JTO NOYTH YHHBCP-
cajnbHasa, (yHAaMeHTaJbHash AesTeJbHOCTh. MH BeTpe-
YyaeMCcHd C OTCOPTHPOBAHHBIMH OGbeKTaMM B TeJedOHIIbIX
KHHTrax, B CIHCKaX HOJOXOAHbLIX HAJIOTOB, B OIJIaBJIEHI{sIX
KHHUr, s 6ubauoreKax, B CJOBApsAX, Ha CKJaJdaX — NO4TH
Be3jJe, rie HYXKHO HCKaTb XpaHHMHe o06bekTH. [lia.Ke
Maablllled yyaT AepxXKaTb CBOH BellH «B NOpsAAKe», U OHH
yKe CTAJKHBAIOTCA C HEKOTOPHIMH BHAaMH COPTHPOBOK
3aJ0JITO A0 TOro, KaK MO3HAKOMSATCS C a3aMH apudoe-
THKH *),

Takum o6pa3oM, pa3roBOp O COPTHPOBKE BIIOJIHE Y\ )Me-
CTEeH M BaxKeH, ecJu pedp uiaer o6 oO6paboTKe AaHIILIX.
Yro MOXKeT Jierde COPTHPOBAThCS, ueM AaHHbe? Ten He
MeHee Halll IepBOHauaJibHHIH HHTEepec K COPTHpPOLKE

*) MeXAy COPTHPOBKO#l H apu(METHKOA HeT HHKaKoil BHI:OH
CBSI3H, JOa, NO-BHAMMOMY, M HeBHAMMOH HeT. CoOpPTHpOBKA — Hi<<MH
«NePBHYHBIN» NpOUECC YEJOBEYECKOR JesaTeNbHOCTH. — ITpum. iicpes.
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cneAyIOIIHM o6pa3oMm:

T¢PEitem r8s RECORD key: INTEGER: ’
(+ 3mech OMACAHBI ApyTHE KOMITOHERTHI 4) @.2)

END

[lox «APYTHMH KOMIIOHEHTaMH» [OApa3yMeBaIOTCA AaH-
Hble, O CYILECTBY OTHOCSIIHECHA K COPTHPYEMHM 3Jie-
MEHTaM, a KJI4 MPOCTO HACHTHOHUHUPYET KaXAbiH 3Jie-
meHT. [oBOpsi 06 ajropuTMax COPTHPOBKH, MH OylxeMm
o6paillaTbh BHHMAaHHE JHIb HAa KOMIOHEHTY-KJMOY, ApPY-
rge e KOMIIOHEHTH MOXHO JlaXe H He OnpeneisiThb.
Tlo3TOMY -H3 HalIMX JAaJjbHeHIIHX pacCMOTPEHHH BCs
conyTcTBYIOLlasi HH(pOpPMalHa ONycKaercd, H MH CYH-
taeM, u4To TuUn ajaeMmeHTa onpegened kKak INTEGER.
Brui6op INTEGER 80 HeKOTOPO#H CTeneHH NPOH3BOJIEH.
MoxHO O6bIJIO B3ATb M APYro#l THI, HA KOTOPOM onpeae-
nsieTcsl oblilee OTHOUIEHHE MOPAAKA. _

MeTOA COPTHPOBKH Ha3bIBaeTcst YCTOU4UBLIM, €CIIH
npouecce COPTHUPOBKH OTHOCHTEJBHOE pacHoJIOXeHHe
5/€MEHTOB C PaBHHIMH KJIOUaMH He H3MeHsieTCA. YCTOH-
YUBOCTb COPTHPOBKH 4YacTo OhIBaeT kKeJaaTeJIbHOH, eCJH
peur HAET 06 3JEMEHTaX, y¥Ke YMOpsiZOYEeHHBIX (OTCOp-
THPOBAaHHBIX) 110 HEKOTOPHM BTOPHYHBIM Kjalouam (T. €.
cBOHCTBaM ), HE BJIHSIONIHM HA OCHOBHO# KJIIOY.

JaHHYIO TJ1aBy He cJeayeT paccMaTpHBaTh KakK HC-
yepnbIBalOLIHH 0630p MeToAOB copTHpoBKH. Hao6opor,
MB noApoOGHO paccMaTpHBaeM JHIIb HEKOTOpbHIe, OTO-
6paHHble, chHelHdHuUecKHe NpHeMbl. 3a noApobHBIM 06-
Cy:KAEHHEM COPTHPOBOK 3aHHTEpPECOBAHHBIH UYHTaTeJb
MOXeT O6pPaTHTbCA K BEJHKOJIENNHOMY W BCceoObeMJloulLe-
My uccaesoanuio J. Kuyra [2.7] (cm. takxe [2.10]).

2.2. COPTUPOBKA MACCHBOB

OcuOBHOe ycJjoBHe: BbBIOpaHHBIEI MeTOX COPTHPOBKH
MaCCHBOB JOJI2KEH 3KOHOMHO HCMNOJb30BaTh AOCTYMNHYIO
Namsitb. DTO NpeAnoJiaraer, 4YTO NEPeCTAHOBKH, MPHBO-
AfilHe 3JIEMEHTHl B IMOPANOK, AOJXKHB BHIIOJHSATLCHA HA
TOM oice MecTe, T. €. METOAbl, B KOTODHIX 3JIEMEHTH H3
MaccuBa a NepellaloTcs B Pe3yJabTHPYIOUIHHA Maccus b,
NpeacTaB/sIOT CYILleCTBEHHO MeHbHIMA HHTepec. Orpauu-
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YUB KPHUTEPHEM 3KOHOMHH NaMsTH HAll BHIGOP HYIHOI0
MeToJa CcpeAUM MHOTHX BO3MOXHHX, MH OyJAeM cHaua.ia
KaaccupHUHPOBATh METOAH (10 HX 3KOHOMHUYHOCTH, T. C.
II0 BpeMeHH HX paboTh. Xopolued Mepo#i 3¢dPeKTHBHOCT!H
MoxeT 6biTb C — uHCJ0 HEOOXOAHMMHIX CpaBHEHHH K.1i0-
yed 1 M — 4HCJIO nepechVIOK ([IepecTaHOBOK) 3JIEMEHTOS,
ODTH 4YHCA2 CYTb (QYHKIHH OT 71— YHCJA COPTHUPYEMOIX
9J1eMEHTOB. XOTsl XOpOULIHEe aJITOPHTMBI COPTHPOBKH Tpe-
6yioT nopsiaika n xlogn cpaBHeHH#l, M CHauaja pasfe-
pPeM HECKOJIbKO MNPOCTHIX H OYEBHUAHHX METOAOB, HX Ha3bLI-
BalOT npamoimu, rae tpebyercs nopsifka n? cpaBHEHII
Kaioueil. HayuHate pa36op ¢ nmpaAMBIX METOAOB, He TpO-
rass OLICTPHIX AJrOPHTMOB, HAaC 3acTaBJAIOT TakHe Mpil-
YHHbI:

1. IlpaMmble MeToAnm ocoGeHHO YAOOHBI nJasi oObsciie-
HUSI XapPaKTEPHBIX 4YEePT OCHOBHBLIX NPHHLHUIOB OOJbIII-
CTBa COPTHPOBOK.

2. IlporpaMMbl 3THX METOAOB JIETKO MOHHMAaTh, 1 OHH
KopoTku. HanomHuM, YTO caMH nporpaMMmhbl TakikKe 3a-
HHMAIOT NaMSATh.

3. YcaoxXHeHHble MeTOALl TpebByOT HeGOJBIIOro 4Yilc-
Jla onepauHi, HO 3TH oInepauMH OOBIYHO caMH OoJiee
CJOXKHBI, H NO3TOMY AJs AOCTAaTOYHO MaJhlX N MpsMmbie
MEeTOJABl OKa3hBAIOTCA OnicTpee, XOTH NPH OGONBIIHX n HX
HCII0Jb30BaTh, KOHEUHO, He CJIellyeT.

MeToaAn COPTHPOBKH «HQ TOM Jite MeCTeé» MOXKHO Das3-
6UTb B COOTBETCTBHH C ONpele/IfiOIHMH HX NpHHUHUIA-
MH Ha TPH OCHOBHBIE KaTeropHH:

1. CopTtupoBku ¢ nomouibio BkJaoyeHHsa (by inser-
tion).

2. CoprupoBKH ¢ nomomsblo BoigeneHus (by selecc-
tion).

3. CoptupoBkn ¢ nomombio o6MeHoB (by cx-
change).

Tenepp MHB HCCJAEAYeM 3TH NPHHUUNBI U CPAaBHIM [iX.
Bce nporpaMMhul OnepupylOT nepeMeHHO# a, HMEHHO
31eCh XPAHATCA IlepecTaBJ/isieMhle Ha MecTe 3JIEMEHThH, H
CCHIAIOTCA Ha THHOR ifem (2.2) W index, onpenefsieMbLId
ciaeayoum ob6pasom:

TYPE index = INTEGER;
VAR a: ARRAY]L .. n] OF item (2.3)
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2.2,1. CopTHpoOBKA C NOMOLUbIO NMPAMOro BKJIIOUYEHHUS

Takoil MeTOA IIHPOKO HCNOAb3yeTcs [IPH Hrpe B Kap-
bl. DeMeHTH (KapThli) MBICJIEHHO HEeJATCSA Ha YyXe «ro-
TOBYIO» TIOCJIEAOBATENbHOCTh a1, ..., ai—] H HCXOAHYIO
IIOCJIQILOBaTe.HbHOCTb. ITpu kaxnaoM mare, HavyHHAas
c i=2 u yBeJuuHBas i KaXAH# pa3 Ha €IHHHLY, U3
chonuou NocJeA0BaTENbHOCTH H3BJAEKaeTCHd i-#H 3JIEMEHT
§ TepeKJalbBaercd B TOTOBYK [OCJeL0OBaTEJbHOCTD,
NpH 3TOM OH BCTABJSETCA HAa HYXHOE MeCTO.

Tabnauna 2.1. IIpuMep COPTHPOBKH ¢ MOMOINLIO OPAMOro BKNIOYCHHSA

HayansHple Xniout 44 55 12 42 94 18 06 67
ji=2 44 55 12 42 94 18 06 67

i=3 12 44 353 42 94 18 06 67
i=4 12 42 44 55 94 18 06 67
i=5 12 42 44 55 94 18 06 67
i=6 12 18 42 44 55 94 06 67
i=7 06 12 18 42 44 35 94 67
i=8§ 06 12 18 42 44 55 67 94

B ta6a. 2.1 nokasan B KaueCTBe NpHMepa mnpouecc
COPTHPOBKH C MNOMONIbIO BKJIOYEHHS BOCBMH CJAYy4anHO
BHOpaHHMX 4HCeJ. AJATOPHTM STOA COPTHPOBKH TAaKOB:

FORi:=2TOnDQ

X = afil;

eKloyenue X a cooraercrayloujee Mecro cpedu afl]...afif
END

B peanbHOM 1npouecce IMNOHCKa TMNOAXOAALLEro MecTa
yA006HO, uepelysl CpaBHEHHST H ABHXKEHHA MO NnOCJjeaOBa-
Te€JbHOCTH, KaK OH NpPOCeHBATH X, T. €. X CpaBHHBaeTcs
C OuecpeAHLIM 3J€MEHTOM 3aj;, a 3aTeM JH60 X BCTaB-
JseTcsi Ha cBofonHOe MecTO, AH60 a; cABHraercsa (mepe-
ZaeTcsi) BOpaBO H MNpolecc «yxoauT» BJaeBo. OGparure
BHHMaHHe, YTO OpOoLEeCcC NPOCEeHBAHHA MOXKET 3aKOHUHTb~
Cl NpPH BHNOJHEHHH OJHOro H3 JABYX CJEAYIOIIHX pas3s-
JIHYHBIX YCJOBHH: :

1. Halinen 3aeMeHT a; C KJAIOYOM, MEHbIIHM YeM
KJa1049 y X.

2. JLOCTHTHYT JieBHIii KOHEl, FOTOBOH MOCJeAOBAaTE b
HOCTH,
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PROCEDURR StralghtInsertion;
VAR, J: index; x: item;
BECGIN
FORI:=2TOnDO
= afijaf0) s x; J1=;
WHILE x< oJ-1] DO 2[f] 1= a[j-1]; j t=J- 1 END ;
ali]i=2Z
END
END StraightInsertion

INporp. 2.1, CopTHpOBKAa C NMOMOUILIO MNPAMOrO BKJIOUYEHHS.

Takofi THNHYHHEA CJydald DOBTOPAIOLIErocs Ipolecca
C ABYMS YCJOBHAAMH OKOHYAHHsI NO3BOJIsIET HaM BOCIHOJIb-
80BaThCHA XOPOINO H3BECTHHIM IpueMoM «bOapbepa» (sen-
tinel). 3xecsr ero JierkO NpUMeHHTb, NOCTaBUB Oapbep ag
co 3HayeHHeM X. (3ameTHM, 4YTO AJA 3TOro HeoOXOAHMO
PaclIUMPHTL AHana3oH HHAEKCAa B ONHCAaHHH IepeMeHHDIT
a po 0 ...n) IloaHwii aJropuTM IIPHBOAHTCA B
nporp. 2.1 ¥, |

Arnasruz meroda npamozo exaroderus. Uucjao cpaBHe-
nuit kaoued (C;) npu i-M npocenBaHuu camoe 6oJbiliee
paBHO i— 1, camMoe MeHbillee — 1; eclH NPEATIONOXKHTh,
YTO BCE MNepeCcTaHOBKH H3 N KJKO4YeH PaBHOBEPOSITHH, TO
cpefHee YHCJIO CpaBHeHHH — i/2. Hucno ke mnepechlJioK
(npucBauBauuii aseMeHToB) M; paBHo C; - 2 (BKJIO4YAs
Gapbep ). [TosTomMy oOluiee 4KuCJI0 CpPAaBHEHHH H 4YHCJIO Me-
PECHIJIOK TAaKOBHI:

ijn = n"l Mmln = 3*,(1’1‘1) (2-4)
Coxe = (n2 + n-2)4 Maye = (02 + 91 -10)/74
Coax = (12 + n-4)/4 Mpax = (n2 + 3n-4)/2

MuHuMaJbHBIE OLIEHKH BCTPEUYAalOTCA B CJydae yiKe yIo-
PAOOYEHHOH HCXOJHOH MNOCJeNOBATEJbHOCTH 9JIEMEHTOB,
HaHuxyaulde Xe OLEHKU — KOrja OHH [epBOHAadYaJbHO
pacrnoJioxXeHn B ofpardom nopsake. B HeKOToOpoM
CMEHICJIe COPTHPOBKA C MOMOINLIO BKJAIOYEHHH AeMOHCTPH-

*) CTOHT OTMETHTb, 4TO MPHUBEZEHHAas NpOorpaMma He COBCEM CO-
OTBETCTBYET €CTECTBEHHOMY XOAY MHIILJEeHHS IOPH ee IOCTPOEeHHH.
EcTeCTBEHHBIM KaXXeTCi BECTH IIOHCK He BJeBO OT ouepeasoro mnpo-
CMATPHBAEMOro 5JIEeMEHTa, a4 C CaMOoro HadaJjJa roTOBofi mocJjenosa-
TenbHOCTH. [IpH sToM H Gapbep cHneUHaJIbHO CTABHTb HET HYKAbl.
IlonpoGyiite coctaBuTh Takyw nporpaMmyl — IIpum, nepes.
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PROCEDURE BinaryInsertion;
VAR §, m, L, R: index; x: item;
TEGIN
FORii=2TOnDO
Xi=gliL:i=1;Ri=1i;
WHILEL< R DO
m:= (L+R)DIV 2}
IF aim]<= XxTHEN L ‘= m+1 ELSER {= m END
END;
FORj 1= 1iTOR+1BY-1DO a[j] := 2[j-1] END;
aR]l:i=X
END
=D BinarylInsertion

[Tporp. 2.2. CopTupoBKa METOACM AeJeHHs MONoJaM,

pyeT HCTHHHO eCTeCTBEHHOe INOBeAeHHe. SICHO, uTO MpH-
BeJeHHBIH aJrOPUTM ONHCHBAET IIPOLECC YCTOHYHBOH
COPTHPOBKHU: MOPSIAOK 3JIEMEHTOB C paBHHMH KJKOYaAMH
IIpY HEM OCTaeTcsi HEH3MEHHBIM.

AJIrOPHTM ¢ MNOPSIMBIMH BKJIOYEHUSIMH MOXHO Jierko
yJy4IIHTb, ecJH OoO6paTHTh BHHMAaHHEe Ha TO, YTO roTOBasf
NocJA€A0BaTeJLHOCTh, B KOTOPYIO H3AO BCTABUTb HOBHH
3J€eMEeHT, caMma YyXXe ynopsiiodeHa. EcTecTBeHHO ocTa-
HOBHUTBCS Ha ABOHYHOM IIOHCKE, NPH KOTOPOM JAeJaeTcs
NIOIBITKA CpPaBHEHHSA C CepeAMHOH TroTOBOH mnocJeioBa-
TCJBHOCTH, a 3aTeM MNpolecc JAeJIeHHd I[10N0JaM HAeT A0
1€X Nnop, fokKa He OyleT HaWlAeHa TOYKa BKJIO4YeHHA. Ta-
KOl MOAH(PHUIHUPOBAHHBIA aJrOPHTM COPTHPOBKH HAa3bl-
BaeTcsl merodom ¢ Osouunbim 6xaroderuem (binary in-
sertion), U OoH npeAcTaBaeH Kak nporp. 2.2.

Ananruz O0Osouurno2o eraroveHusn. MecTo BKJIOUEHHS
obnapyxesHo, ecan L == R. Takum o6pa3om, B- KOHUE NO-
HCKa HMHTEepBaJ NOJXKeH ObTh eAWHUYHOH QOJIMHBI, 3Ha-
UHT, AeJIeHHe ero nomnoJgaM npoussoaurtcs ilogi pas. Ta-
KuMm obpa3som, |

C=S8Si: 1i<n:Tlogi1
AnNnpOKCHMHpYEM 3TY CyMMY HHTerpajom
Integral(l:n) log xdx=n=(logn—c¢) +c¢ (2.5)

rone c=loge=1/In2=1.4426 ... . Uucao cpaBHeHuH
thaKTHYECKH He 3aBHCHT OT Ha4aJ/IbHOrO NMOpAAKa 3JIeMEH-
toB. OAHaKO H3-3a2 TOro, 4HTO NpPH AEJNEHHH, PHrYypHpYIO- -



958 2. Copruposka

meM IpH pa3bueHHH HHTepBaJa I[OHCKa IonoJgam, Inpo-
HCXOAUT OTOpacbiBaHHe APOOHOH 4acTH, HCTHHHOE 4YHCJO
cpaBHEHHH MOXeT OKa3aThbCsl Ha eauHHLy OoJsabuie. Bcee
3TO NPHBOJHUT K TOMY, UTO B HHXKHEH YaCTH MOCJEAOBE-
TeJbHOCTH MECTO BKJIOUEHHSI OTBICKMBa€TCA B CpeAHe
HECKOJIBKO OnIcTpee, ueM B BepXHed 4acTH, MNO3TOMY
NpeAnOUYTHTEJbHA CHTyalMsi, B KOTOPOH 3JIeMEHTHl 4y-
TOYKY YHOpsifloueHh. PaKTHYECKH, €CJH B HCXOAHOM CO-
CTOSIHUH 3JIEMEHTHI PacHoJIOXKeHbB B 06paTHOM MNOPSIKC,
norpedyeTcsi MHHHMAaJIbHOE YHCJO CpaBHEHWH, a ecan
OHH Yy¥Xe YHNOpsiAOYeHbl — MakcHMaJdbHOoe uHcao. Caeno-
BATEJbHO, MOXKHO roBODPHTL O HCECTECTBECHHOM IIOBEHE-
Hi{H aJrOpUTMa IMOHCKA.

C = n=*(logn — log e = 0.5)

K HecuacTblo, yJay4YlUIeHHS, IMNOPOXKJACHHHE BBEILEHHEM
JAROHYHOTO I[IOHCKAa, KacaloTcs JiHUIbL YHCJa CpaBHEHHH,
a He yHCJa HeOOXOAMMBIX nojABHXKeK uuceld. [lockonbky
JABHXKEHHEe 3JIeMeHTa, T. €. CaMOro KJuya, H CBA3aHHOH
¢ yuM HHOpMalLHU 3aHHMAaeT 3HAaYHWTEJbHO OOJibllle Bpe-
MEHH, 4eM CpaBHeHHMe [BYX KJOueH ¥), To dakTH4YeckH
yAYYIUIEHHS HE€ CTOJNb YK CYHeCTBEHHE, BeAb BaXHBIH
ujedH M Tak H NpoaoJikKaer ocraBaThes nopsanka n2. M ua
caMoOM JeJie, COPTHPOBKAa YKe& OTCOPTHpPOBARHHOro Mac-
cuBa norpebyer GoJblue BpeMeHH, 4yeM B cJjyuae IocJse-
JXOBaTe/IbHOH COPTHPOBKH C IIPSIMBIMH BRJIOYEHHSIMH,.
DTOT NpUMep MOKa3bIBaeT, YTO «O4YEBHAHBIE YyJy4lle-
HHS® YacTO JAAKOT HE CTOJb Y OOJAbIUOH BBIHI'DHIL, KaK
9TO KaykeTcsl Ha MepBLI B3rJjsj, a B HEKOTOPBIX CJiv-
yaax (CAYYaIOUIHXCS HA CAMOM JieJle€) 3TH <«YJyYIIeHHsi»
MOTYT (DaKTHYECKH NPHBECTH K yXyauieHusiM. [locae Bcero
CKa3aHHOIO COPTHPOBKA C MOMOMIBIO BKJIOYEHHH yXKe HeE
Ka){eTcs1 CTOJb YINOOHHM MeTOoAOM AJisi LHPPOBHX Ma-
LIKH: BKJAIOUEHHE OJIHOrO 3JeMEeHTa C MNOCJAEAYIOUL::
CABHIOM Ha OAHY IIO3HWLHUIO HEJOH TIPYNNbLl 3JEMEHTOB
He skoHOMHo. Ocrtaercsi BlnedaTJ/JIeHHE, 4TO JYYIUHH [e-
3yJbTaT JAAAYT METOAbBl, /e MNepeABHNKKAa, NYCTh H HA

*) D10 coo6parKeHHe BepHO He s Bcex ™MawHH. [eso B 1o,
NTO CPaBHCHHE CBA3aHO C NPHOCTAHOBKOHW <«KOHBeHepa» mnpoueccopa
.10 TPUHATHA PpelleHHA, a NepecHJsKa 3TOT MNPOoUecC He Hapyll:er
¥ WAeT pocTaTouHo OnicTpo. OAHAKO 3TO BEPHO AJA Caydas ObiCT LIX
MawHHd, — [lpum. nepes.
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6o/bUIHE pPAacCTOSIHUs, GYNeT CBsi3aHa JHIIE C OAHHM-
CAHHCTBEHHBEIM 3JIEMEHTOM.

2.2.2. CopTHpoBKa C NMOMOIUBIO NPAMOro BbiGopa

DTOT NpHEM OCHOBAaH Ha CJIEAyIOUIMX NPHHUHOAX:

1. BoiGupaercss 3JIeMEHT ¢ HaHMEHbUIIHM KJIIOYOM.

2. OH MeHsIeTCs1 MeCTaMH C IepPBHIM 3JEMEHTOM aj.

3. 3aTeM 3TOT npoiecc NOBTOPSETCH C OCTABIIHMHCH
n— 1 sneMeHTaMH, n — 2 3JIeMeHTaMH U T. A. KO TeX 0P,
[1I0Ka HE OCTaHeTCs OJAHH, caMbifi GOJLUIOA 3JIEMEHT.

IIpouecc paboTH 3THM METOAOM C TEMH e BOCEMBIO
KJAI0YamMH, 4YTo W B Taba. 2.1, npusegen B Tabua. 2.2.
Anropur™m dopMysaHpyeTcs Tak:

FORii=1TOn-1DO
npuceouts k UROEXe Haumensme2o 43 afil.. a[n]:
novMenars Mecramut alil walk/;

END

Tako#i MeTOL — €ro Ha3HBaIOT NpAibiM 86tbOopoOM — B He-
KOTOPOM CMBICJ€ NIPOTHBOMNOJIOXKEH NPAMOMY BKJ/IOUEHHIO.
I[Ipu npsiMOM BKJIIOYEHHH Ha KaiKIOM luare paccMaTpH-
BalOTCA TOJBKO OOUH OuepedHOH 3JIEMEHT HCXOAHOH
noC/AeAOBATENBHOCTH H 8Ce 3JIEMEHTHl TFOTOBOH NOCJEeRO-
BATEJbHOCTH, CpelH KOTOPHIX OTBHICKHBaeTCsA TOYKa BKJIO-«
UCHHSl; MpPH IPSIMOM BbIGOpE AJIA TMOHCKA OOHOZ20 3Jle=
MEHTa C HaHMEHBUIHM KJIYOM MpOCMaTpPHBAalOTCS BCe
37€eMEHTH HCXOAHOH NOCAeJ0BaTeJbHOCTH H HalAeHHHH
noMelaeTcA KakK OYepelHOH 3JIEeMEHT B rOTOBYIO IIOCJe-
JoBaTeqbHOCTh. lloNHOCTBIO aJIrOPHTM NpsiMOro BHIOOpa
NpHUBOAUTCA B Iporp. 2.3.

Tabnuna 2.2. IIpEMep COPTHPOBKH C NOMOWIBK NpsiMoro BHbopa

Havamemnre xnroumt 44 55 12 42 94 18 06 67
06 55 12 42 94 18 44 67
06 12 55 42 %4 18 44 o7
06 12 18 42 94 55 44 67
06 12 18 42 94 585 44 67
06 12 18 42 44 55 94 67
06 12 18 42 44 55 94 67
06 12 18 42 44 55 67 94
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PROCEDURE StraightSclection;
VAR i, j, k: index; X: item;

BEGIN
FORi:=1TOn-1DO
k:=1,x:=ali];

" FORj:=i+1TOnDO
IF afj]< x THEN k := j; x ;= a[k] END
END ;
alk) := a[i); ali} := X
END
END StraightSelection

ITporp. 2.3. CopTHpPOBKA ¢ NOMOULBIO NPSIMOTO BLIGOPA.

Anaausz npamozo soibopa. Hucao cpaBHEeHHH KJIIouel
(C), oueBHAHO, He 3aBHCHUT OT HayYaJbHOIC NOPAILKA KJIO-
yeii. MOXHO cCKa3aTbh, YTO B 3TOM CMEICJIe NOBeJEeHHE
3TOr0 METOla MEeHee eCTeCTBeHHO, UeM MOoBeleHHe Nnp4-
Moro BkJwoyeHuss. Jdns C umeem

C = (n? — n)/2

Yucao nepecTaHoOBOK MHHHUMAJbHO
Mpin=3*(n—1) (2.6)

B cJjyyae H3HAYaJIbHO YMOPSIAOYEHHHX KJIOUEH H MAaKCH-
MaJbHO

Mpax =n?/4+3*(n— 1)

ecN1d NepBOHavYaJIbHO KJIIOYH pacroJiarajucb B o6paTHOM
nopsanke. Ilasa Toro 4yto6n onpeaesuTs Myvg, MH HOJXKHBI
paccyXJaath Tak. AJIrOpHTM InpocMaTpHMBaeT MAacCCHE,
CPaBHHBAs Ka:KAHKH 3JE€MEHT ¢ TOJIbKO 4TO oOHapykKeH-
HOH MHHHMAJILHOH BEJIHYHHOH, €CJIH OH MeHbllle NepBoro,
TO BHNOJHSIETCS HEeKOTOopoe npucsanBaHve. Beposart-
HOCTb, YTO BTOPOH 3JIeMEHT OKaxXeTcsd MeEeHbUIe NepBoro,
paBHa 1/2, ¢ 3TOH >Xe BEPOSTHOCTHIO NPOHCXOAAT NpH-
CBaHBaHUsi MHHBHMyMy. BepositHocTb, 4TO TpeTH# 3.e-
MEHT OKaXeTcs MeHblle nepBHX ABYX, paBHa 1/3, a Be-
POSITHOCTb JJIs1 YETBEPTOr0 OKa3aTbCsl HaHMEHbWHM —
1/4 u 1. n. [loaTOoMy NOJHOE OXHAaeMOe YHCJIO nepechl-
Jok pasiHo H, — 1, rae H, — n-e rapMoHHUecKoe 4Huc.10:

Hy=1-+41/241/34 ... -+ i/n - (2.7)
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H, MOXHO BBIPA3HTb U TaK:
Hy=Inn+g- 1/2n — 1/12n2 4 ... (2.8)

ric g = 0.577216 ... — koHcTaHTa 2#jaepa. JIaa nocra-
TO4YHO OOJIBIUMX N MB MOXKEM HIHOPHUPOBATb APOOGHLIE
COCTABJISIOLUIHE H INO3TOMY aNlpPOKCHMHPOBaTh CpclHee
Ylic 10 NPHCBaWBaHHH Ha i-M MPOCMOTpE BHIpaXKeHHeM

Fi=lhni+g-+1

CpeaHee uucyo nepecblloK Mavg B COPTHPOBKE C BHI
GopoM ecTb cymMma Fy;cior 1 no n:

Mavg=n*(g+l)—!—(8i: 1<i<n: In i)

BHOBb ANNPOKCHMHPYSA 3Ty CYMMY HNHCKPETHBRIX YJCHOB
HHTErpaJioM

Integral (1 :n) Inxdx =x*(Inx—1)=n=*In(n) —n+4 1
noJsydaeMm, HakoHel, NPHOJH3HTE/NbHOE 3HaAUEHUC
I\/lm,g = n * (In (n) 4 g)

Orciona MOXKHO caeslaTh 3aKJIOYEHHE, YTO, KaK NpaBHJIO,
4JArOpHTM ¢ NPSAMBIM BHIOOPOM NpeANOYTHTENbHEEe CTpPO-
roro BKJ0O4YeHHsi. OAHAKO, €CJH KJIOYH B HavaJe yrnops-
AOYCHBI HMJH NOYTH YNOPANOYEHBl, MNPSIMOE BKJIOYCHHE
OyiAeT OCTaBaTbCsl HECKOJAbKO Gonee GLICTPBHIM. |

2.2.3. CopTHPOBKAa C NOMOLUBIO NPAMOro o6GMena

KnaccupHukauus MeTOLOB COPTHPOBKH peAKO OhiBaeT
oembicsieHHOH. O6a pas3bupaBliuXxcs [0 3TOr0 Meroaa
MOZHO TOXKe paccMaTpHPaTbh KaK <«OOMEHHDLIE» COpTH-
bonku. B nanHoM Xe, onHako, pa3iejie Mhl ONHIIEM Me-
TOA, rae oOMeH MecTaMHU ABYX 3JIeMEHTOB NpeACTaBJsieT
co60oil XapakTepHeHwy ocob6eHHocTh nponecca. HMaao-
KEeHUbIF HHXKE aJIrOpHTM NpsAMOro o6MeHa OCHOBBLIBACTCH
Ha CpaBHEHHH H CMEHe MecCT AJSl napbi COCEAHHX dJIeMEeH-
TOB H NPOAOJI)KEHHH 3TOro mpolecca A0 TexXx Nop, HoK4d
e OYyAYT YyNOPAAOYEHH BCE DJE€MEHTHI.

Kak n B ynoMHHaslleMCsi MeToje NpsMoro BbIGopa,
Mbl NOBTOPfAEM MNPOXOAHB [0 MACCHBY, CABHrasi KaXXAbl¥
pa3z HAaHMEHbIIHH 3JEMEHT OcTaBlIeHics MmocJieiOBaTeb-
HOCTH K JIEBOMY KOHUY MaccuBa, Ecau Mu 6Gyaem pac-
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Tabauua 2.3, IIpumep Ny3HPLKOBOH COPTHPOBKH

=12 3 4 5 &6 7 8

44 06 06 06 06 06 L& 06
55 44 12 12 12 12 12 12
12 55 44 18 18 18 18 18
4% 12 55 44 4% 42 42 42
D4 42 18 55 44 44 44 44
18 94 42 42 55 55 55 55
06 18 94 6T 67 61 67 67
7 67 67 394 94 94 94 94

CcMaTpHBaTh MacCCHBBl KaK BEpPTHKAJIbHEIE, @ HE IOPH30H-
TaJbHble IIOCTPOEHHs, TO 3JE€MEHThl MOXHO HHTEPIDETIii-
POBATH KaK NY3HDbKH B YaHe C BOJAOH, NPDHYEM BeC KaX-
JOro COOTBETCTBYeT ero kJjmwuy. B 3ToOM cayuae ONpH Kax-
JAOM NpoOXOoJde OAHUH Ny3bIpeK Kak Obl IOAHHMAaeEeTCsaA 10
YpPOBHsI, COOTBETCTBYIOLIero ero Becy (cM. tabu. 2.3).Ta-
KOH MeTOA IIHNPOKO HU3BECTEH IOJ HMEHEM <NYy3blpbKoB8as
copTuposKka». B cBoeM NpoCTeHilleM BHAE OH NPEeACTABJCH
B nporp. 2.4. |
YayuuieHHs 3TOro aJropurMa HalupallHuBaKwTCA CaM
coboii. Ha npumepe B T1a6sa. 2.3 BHIAHO, YTO TPH HOCJE]-
HHX IpPOXOJAAa He BJHAIOT Ha NOPAAOK 3JIEMEHTOB H3-3a
TOro, UTO OHM YyX€ OTCOpTHpOBaHbl. OueBHAHBLIH NpHeM
YAYUYHICHHS 3TOrCO aJIFOPpMTMa — 3allOMHMHaTh, OBIJIH WU
He OLLJIM NEepecTAHOBKH B IIpoilecce HEKOTOpPOro npoxoaa.
Ecau B nocJeiHeM INPOXOAe NepecTaHOBOK He OBuIO, TO
aJrODHTM MOXHO 3aKaH4YMBaThb. IDTO yJaydllieHHMe OAHAKO,
MOXHO ONSTh XK€ YJY4YUIHTb, €CJIH 3aIIOMHHATb HE TOJb-
KO caM ¢dakT, 4To 0oOMEH HMEJl MECTO, HO H MOJOXeEHie

PROCEDURE BubbleSort;
VAR, j: index; X! item;
BEGIN
FORii=2TOnDO
FORj:=nTO1iBY-1DOQ
IF a[j-1]> a[j] THEN
x 1= afj-1]; afj-1] := afi[; afi] : = x
END
END
END
END BubbleSort

Ilporp, 2.4, YIyabipsKOBasR COPTHPOBKa,
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(1HiAekc) nocneaHero o6MeHa. SICHO, YTO Bce napw co-
CeJHHX 3VIEMEHTOB BhHIllle 3TOrO HHAeKca k yKe HaxoadaT-
cs1 B KejJaeMoMm nopsinke. ITostoMy npocMOTpH MOXKHO
3aKdaHYyMBaTh HAa 3TOM HHJAEKCE, &4 He HATH AO 3apaHee
onpeAeJIEeHHOTO HHUXKHEro npenaena Aas i. BHuMarenbHbli
NpOrpaMMHCT 3aMeTHT TeM He MeHee 3Jecb HEeKOTOpYVIo
cocobpasHyrww acuMMeTpHio. OAHH MNNOXO PaCHOJOXKeH-
HLIH MY3LIPEK Ha «THAXEJOM KOHLe» B MaccuBe ¢ obpar-
HbLIM MOPSIAKOM Oyler nepeMellaTbcsl Ha HYXKHOEe MecTo
B OIHH NPOXOd, HO IIJIOXO PAaCNOJIOXKEHHBIH 3JIeMeHT Ha
«J1CTKOM KOHIle» OylleT NpOCAYHBATBCH Ha CBOE HYyXHOe
MCCTO Ha OJHMH LIar NpH KaXIoM npoxoxae *). Hanpumep,
MacCHB

12 18 42 44 55 67 94 06

C NOMOIIBIO YCOBEpUIEHCTBOBAHHOM «Ny3LIPLKOBOM» COp-
THPOBKH MOXHO yNOPSAAOYHTbL 3a OAHH MIPOCMOTpP, a IJs
COPTHPOBKH MacCHBa

94 06 12 18 42 44 55 67

Tpebyegcsi ceMb IpoCMOTpOB. Takasa HeecTecTBEHHAsA CHM-
MeTPHSI HAaBOAMT Ha MBEICJIb O TPETbeM YJIyUlLIeHHH: yepe-
JO0BaTh HalnpaBJIEeHHE M[OCJeAOBaTeJbHHX IPOCMOTPOB.
I[Tonyuyaomuicsa IIpU 3TOM aJIrOPHTM Mbl COOTBETCTBEHHO
Ha30BeM <«uwielikeproti» copruposxoi (ShakerSort)**).
Tadnaua 2.4 UAJIOCTpUPYET COPTHPOBKY HOBHIM CIOCO-
6oM Tex ke (Tabga. 2.3) BOCBMH KJIOUEH.

Anaauz nyssiporkoeol u weilikepHoti copTuposox, YHc-
JIO CpaBHEHHH B cTporo O6GMEHHOM aJIrOpHTMe

C = (n? — n)/2 (2.10)

a MHHHMAaJbHOE, CcpellHee M MaKCHMaJbHOE€ YHCJO nepe-
MEIIeHHH 3JIeMEeHTOB (NpUCBAaHBaHHH) paBHO COOTBET-
CTBEHHO

Mpin=0 M, ==3%(n?—n)/2, My, =3+ (n?—n)/4
(2.11)

*) Tlpouie 6myio0 6K CKa3aTh TaK: BCIJIKIBAeT NY3HpPEK cpasy,
32 0AHH IMPOXOMA, a TOHET OHeHb MEAJIEHHO, 3a OAHH NPOXOX HAa OIAHY
nosuusio. — IlTpum. nepes.

**) HanmoMHHM, uTO mHIefiKepOM Ha3HBaeTCA He4TO BPOAE ABYX
HaKpHIBAIOIIHX APYr Apyra CTaKaHOB, B KOTOPBIX BCTPAXHBaHHeM
BBepX-BHH3 TOTOBAT KOKTe# b, —— ITpum. nepes.
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Tabnanua 2.4. I'lpumep mefiKepHOH COPTHPOBKH

L= 2 3 3 4 4
R= B 8 "7 7 4
dir= 1 3 T 1 T

44 06 06 06 06
55 44 44 12 12
12 55 12 44 18
42 12 42 18 42
o4 42 55 42 44
18 94 18 55 55
06 i8 67 67 67
67 €7 o4 54 94

AHaJin3 Xe yJay4dlleHHHX MeTOA0B, OCO6eHHO LIeHKep-
HOW COPTHPOBKH, HOBOJBHO cJIOXKEeH. MHHHUMaJbHOE UHCJIO0
cpaBHeHU#H Cmin = n— 1. KHyT cuuTaer, 4ro AJs yJayu-
INeHHOH Ny3LBLIPBKOBOH COPTUPOBKH CpPEeAHEE YHUCJAO IMpo-
XOJOB NpoONoOpHHOHAJbHO n — kin'/2, a cpeaHee uncao
cpaBHeHu#l nponopuHonaabHo '/,(n? — n(k: 4 Inn)).
O6GpatuTe, OAHAKO, BHHMaHHe Ha TO, YTO BCe Nepeuuc-
JeHHhe BHIIe YCOBEpHIEHCTBOBAHHS He BJAHSIOT HAa YHCJIO
nepeMellleHHH, OHH JIHIWIb COKpPAalaloT YHCJAO H3JHIIHHX
ABOMHBIX ApoBepoK. K HecuacTbio, o6MeH MeCTaMH ABYX
3JEMEHTOB — yalue Bcero 6oJsiee AOpPOrocrodilasi ornepa-

PROCEDURE ShakerSort;
VAR k, L, Ri'index; x: item;

BEGINL:=2;R:=n; k:=n;
REPEAT

FORJ:= RTOLBY -1DO
IF afj-1]1 > a[j] THEN
x:= afj-1); ali-1}:=alj affj:= ;1 k= §
END
£END
L:=k+1;
FORj:=LTORBY +1DO
IF afj-11> a[f1 THEN
x := alj-1}; a[j-1) : = alil; alil:= x; k := ]
END
END ;
R:=k-1
UNTILL>R
END ShakerSort

Ilporp. 2.5. lllefikepuan COPTHPOBKa.
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IlH5], "€M CpPaBHCHHE KJIOUeill, TO3TOMY HalUH, BPOL2 Oue-
BHUAHBIC, YJYUUIEHHsI AAaOT HE Takoi yxK O60Jabiueit BhI-
UIrPBIHI, K&K Mbl HHTYHTHBHO OXKHIaJIH.

Taxoifi aHa/Ju3 IOKasblBaer, 4TO «OOMEHHAsi» COPTH-
pOBKa H ee HeOoJibllHe YyCOBEPUHIEHCTBOBaHHSA IMpelcTasB-
JSIIOT cOOOH HeuTo cpeaHee MeXAy COPTHPOBKaMH ¢ IO-
MOUIBLIO BKJIIOUEHHH H C NOMOILLI0 BbiOopa. PakTHUECKH
B Ny3HIPbKOBOH COPTHPOBKE HET HHYEro LUEHHOTO, KpoMe
ee IpHBJIeKaTeJbHOro Ha3BaHHs (Bubblesort). Illefikep-
Hasl ¥e COPTHPOBKAa C YyCIEXOM HCIOJIb3yeTCsi B TeX CJay-
yasiX, KOrja MH3BEeCTHO, UYTO 3JEeMEeHThl MNOYTH YyNOopsimo-
YeHBl — Ha TNpaKTHKe 3TO OHBaeT BeCbMa peaKo.

MoKHO mNOKa3aTh, YTO CpefiHee pacCcTOsiHHe, Ha Ko-
TOpOe AOJIXXEH HNpPOABHUraTbCA KaXJAbIH H3 n 3JeMeHTOB
BO BpeMs COPTHPOBKHM, paBHO n/3 <«MmecT». Dra uunppa
SIBJASETCA HEeJIbI0O B IOHCKe YJYYIIeHHH, T. €. B INOHCKe
boJsiee 3(p(PeKTHBHHIX METOAOB COPTHPOBKH. Bce crporue
NpHEMH COPTHPOBKH (paKTHUUYECKH MNepeABHTaloT KaXAHH
5JIEMEHT Ha BCAKOM 3JIEMEHTAPHOM uUIare Ha OLHY MNO3H-
nulo. [losatomy oHH TpebyloT NopsiAKa n? TakHX IIAaros.
CaenoBaTteslbHO, B OCHOBY JIOOHX YJYYIWIEHHH HOJXKEH
6LITh MOJIOXKEH MPHUHLHI MepeMelleHUsT Ha KaXAOM TakKTe
3JIEMEHTOB Ha OOJibIIIHE PACCTOSHHS. |

Hanee MBI paccMaTpuBaeM TPH YJAYUIHEHHBIX MeTOAZ:
10 OAHOMY IJIS KaXXJAOro M3 OCHOBHHIX CTPOTHX METONOB
COPTHPOBKH — BKJIIOYEHHs], BhibOopa H oOMcHa.

2.3. YJIYVUULIEHHBIE METOIblI COPTHFOBKH

2.3.1. CopTRpOBKA C NOMOILLI0 BKJIOYEHHUH
C YMEHbIIAUWHUMHCA PACCTOSHHAMHA

B 1959 r. 1. HlensoMm 6HIJIO NpelJiOKEHO yCOBeplIeH-
CTBOBaHHE COPTHPOBKH C NOMOMIbIO NMPSIMOIO BKJ/IOUEHHS.
CaM MeTod OOGBSACHSETCS H AeMOHCTpHpYyeTCs Ha HalleM
CTaHAapTHOM npuMmepe (cMm. Taba. 2.5). Cxayajaa oT-
NCJILHO FPYINNHPYIOTCS U COPTHPYIOTCS 3JIEMEHTHI, OTCTOSA -
e APYr OT ApYra Ha pacCTOsHHH 4. TaxkoH npouecc
HasblBaeTCs YETBEPHOI COPTHPOBKOH. B HauiemM npumepe
BOCEMb 3JIEMEHTOB M KaxJas rpymnmna COCTOHT TOYHO H3
aByx ajniementos. [locse mepBoro npoxona sJeMCHTH Ile-
PerpynnUpoBHBAIOTCSA — TeNephb KaXXIblH 3JIEMCHT FPynbl
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Tabauua 2.5. CopTHpOBKA ¢ NOMOLILI0O BKJIOYEHHII € YMCHbUIAO-
IIIHMHCA PAaCCTOAHHSAMI

44 55 12 42 94 18 06 €7
yerBepHas COPTHPOBKaA JaeT
‘4 18 06 42 94 55 12 67

JBO#HIAA COPTHPOBKE Haer
06 18 12 42 44 55 %4 67

OMHApHAA COPTHPOBKA HaeT
06 12 18 42 44 55 67 94

OTCTOHT OT JAPYyroro Ha ABe IMO3HIIHU — H BHOBbL COD-
THPYIOTCA. DTO HA3HIBaeTcsl ABOHHOH cOpTHPOBKOH. M Ha-
[{oHell, Ha TpeTbeM npoxoje ujeT oOblYHast HJAH OIAHHap-
Hasi COPTHPOBKa. |

Ha nepsBnifi B3rJsii MOXHO 32COMHEBATLCS: €CJAH HO-
00X0AMMO HECKOJbKO IPOLECcCOB COPTHPOBKH, IpHUEM B
KaXXJ bl BKJIOUAlOTCs BCE 3JIEMEeHTH!, TO He n006aBAT nH
OoHH O6oJibule paboThl, 4yeM CIKOHOMAT? OnHaKO Ha Kax-
JHoM 3Tane nHO60 COpPTHpPYyeTCcA OTHOCHTEJbHO MAalo 3Jje-
MciHTOB, AU0OO 3JeMEeHThbl YK€ AOBOJAbHO XOpPOoLlo YHopsi-
JAoueHbl H TpelOyeTcsi CcpaBHUTEJIbHO HEMHOrO Iepecta-
HOBOK.

$lcHO, uTO TakKo# MeTOA B pe3y/abTate naeT ynopsaio-
YeHHbIH MaccHUB, H, KOHGUHO 3K, cpa3y BHAHO, YTO KaX-
ALl MPOXOA OT NpeabAYHIHX TOJLKO BHIUIpbIBaer (Tak
KaK KaXJaf i-copTupOBKa 00beAUHsIET ABe IPYINIH, yikKe
OTCOPTHPOBAaHHHeE 2i-COPTHPORKOI). Tak Ke OUEBHAHO,
YTO paccTossHdsi B rpynmnax MOMXKHO yMEHbUIATb MNO-pa3s-
HOMY, JUUIL OB nocjaeHee OLJIO €AUHHUHHM, BeJb B ca-
MOM IIJIOXOM cJiyuae HOoCJeJAHHH NpOXOA H cAesiaeT BCIO
pabory. OaHaKO COBCCM HE OUEBHAHO, UTO TAKOH NpHEeM
«YMEHBbUAIOUIUXCA PACCTOSTHUA» MOZKeT JaTbhb JyyllHe pe-
3yJAbTATH], €CJH PacCTOHHUA He OyAyT CTEeneHsIMU NBOHKH.
[IosTOoMy nmpuBoaAMMas nporpamMmMa He OPDHEHTHpPOBAaHA Ha
HEeKYI0 ONpeAe/IeHHYI0 IOCJCA0OBATENbHOCTb PACCTOSHHH.
Bce t paccrossHuA 0603HaYalwTCsi COOTBETCTBEHHO hy,
hs, ..., hi, AJIT HUX BHOOJHSIOTCSA YCJOBHA |

he=1, h,, <h, (2.12)

Kaxnas h-copTupoBka nporpaMMHpyeTCsl K&K COPTH-
pPOBKa C NOMOUIbIO NPAMOro BKJOueHHs. [Ipuuem npo-
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PROCEDURE SheliSort;
CONSTt = 43
VAR, J, K, st index;
xiitems mila.ts
h* ARRAY [1. t] OF INTEGER;
BEGIN h[1]:= 9; hf2] 1= 5; h[3]:= 3; b[4] := 1:
FORmMm:=1TOtDO
X := h[m]; s 1= -k} (¥ Mec10 Gapbepa +)
FORi:=Kk+1TOnDQ
1= afils ji=1-k;
IFs = 0OTHENs (= -kKEND;
s:=s+1; afs] 1= x;
WHILE x< a[j] DO a[j+k] := afjl: j := J-KEND {
afi+k]i=
END
END
END ShelfSort

IMporp. 2.6. Copruposka Uleana.

CTOTa YCJOBHS OKOHYUAHHSA MOHCKa MECTa IJIsI BKJIOYEHHS
o6ecneunBaeTcsi MeTolaoM OGapbepoB. JIcHO, 4YTO Kaxiaas
M3 COPTHPOBOK HYXXJaeTcsi B INOCTAHOBKE CBOero coo-
cTBEHHOro 6apbepa H NporpamMmy JHJsl OnpejefieHHusi ero
MeCTOIOJIOXKEHHUsT HeOOXOAHMMO JejlaTh HAaCKOJBbKO BO3-
MOXHO npocrofi. [1lo3TOMYy NPHXOAHTCA PacHIMpPATB Mac-
CHB He TOJbKO Ha OJAHY-€AHHCTBEHHYIO KOMIIOHEHTY ap,
a Ha h; koMnoHeHT. Ero onucaHHe Tenepb BHIJVISAHUT TaK:

a: ARRAY[—h,..n] OF item

CaM aJropuT™™ AJia t=—4 ONHCHBAaercs Ipoueaypos
Shellsort [2.11] B nporp. 2.6.

Anaausz copruposku Illeara. Anann3 3TOro ajropHr-
Ma IIOCTaBHJ HECKOJbKO BecbMa TPYAHHX MaTeMmaTHye-
CKHX Npo6JieM, MHOrHe H3 KOTOPHIX TdaK e€lle H He pe-
lIeHn. B YacTHOCTH, HE H3BECTHO, KaKHe pPacCTOSHHS
Jal0T HauJaydlnve pe3ynabTaTh. Ho BOT yAHBHTeAbLHBEIA
dbaxkT: OHH He MAOJKHB ObITb MHOXHTENSIMH ONHH ApY-
roro. DTo Nno3BoJfeT H306eXKaTh SIBJAEHHS yXKe OUEBHXHOTO
H3 NpHBEAEHHOTO BhIlle NpHMepa, KOrAa IPH KaXIOoM
[pOXOAe B3aHMMOAEHCTBYIOT JABe IENOYKH, KOTOpHE A0
3TOr0 HHIAE ellle He Mepecekayucb. M HeACTBHUTENBHO,
KeJaTeJbHO, 4YTOOB B3aHMOJAEHCTBHE PAa3JIMYHHX LeMno-
YeK NPOXCAMJO Kak MOxHO uame. CrnpaBelsIHBa Takas
Teopema: ecJH K-OTCOPTHNOBAHHYIO MOCJENOBaTeJbHOCTD
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i-orcopTHpoBatTh, TO OHA oOcCTaeTcd K-OTCOPTHPOBAHHOM,
B pa6ore [2.8] Kayr mnokaswiBaer, YTO HMeEET CMBIC]
HCNOJb30BaTh TaKYIO IHOCJACAOBaTEJbHOCTL (OHa 3anii-
caHa B o6partHom nopanke): 1, 4, 13, 40, 121, ..., rxue
hx—y =3hx+ 1, htr=1u t= llogsn}— 1. Ox pekomcii-
AyeT M ApYrylo nocaeaopartedbHocTh: 1, 3, 7, 15, 31, ...
rae hx_y =2hx~+1, ht=1 un t= flogen] — 1. Mare-
MaTHYECKHH aHaJIu3 NoKa3nBaeT, YTO B HOCJEeAHEeM C.1V«
yae AN COPTHPOBKH 1 3aJjeMmeHTOB MeroAom llleana 3a-
TpaTel HnponopuHoHaJbHE n'!'2, Xors 3TO YHCJIO 3HAUYU-
TeJbHO Jiy4dllle n°, TeM He MeHee Mbl He OpPHEeHTHpYyeMCs B
AaJbHeHllIeM Ha 2TOT METOJ, NOCKOJbKY CYULECTBYIOT €lle
Jy4ylliHe aJIrOPUTMHL.

2.3.2. CopTHpOBKA C NOMOCIUBIO AepeBa

MeT0oa cOpTHPOBKH C NOMOINbLIO NIpsiMOro Buifopa oc-
HOBAaH Ha NOBTOPSIOIMHXCS MNOUCKAaX HAHMEHBUIEro KJlOua
cpedy n 3JIEMEHTOB, CPEeAH OCTaBUWIHXCA n — ] 3JieMeH-
TOB H T. A. OO6HapyXeHHe HAaUMeHbUIEro cpelaH n 3Jje-
MEeHTOB TpeOyeT — 3TO OuYEeBHAHO — N — } cpaBHeHIiis,
cpean n— 1 yxXe HyXKHO n — 2 cpaBHeHUH u T. 4. Cymma
nepBoix n—1 neaslx pasHa !/o(n? — n). Kak ke B Ta-
KOM CJyyae MOXKHO yCOBEPUICHCTBOBATb YNOMSIHYTHIA Me-
TOJ COPTHPOBKH? IDTOI0 MOXKHO JOOHTLCS, TOJALKO OCTAB-
JAA [OCJe KaxXAaoro npoxoaa 6oJbule WHPOpMAILHH, UCM
IIPOCTO HIACHTH(PUKALHS €AUHCTBEHHOTO MHHHUMAJbLHOIO
ssieMedTa. Hamnpumep, caenas n/2 cpaBHeHHH, MOXHO
onpenesqHTb B Ka)aoi nape kJawuyefl Medbwiuéi, C no-
MOILbIO n/4 CcpaBHEeHHH -— MeHbIIXWH H3 Napbl yXe Bbl-
OpaHHBIX MeHLWIUX U T. A. Ilpoaenas n — 1 cpaBHenuil,
MEH MOXEM NOCTpPOHTb AepeBO BbIOOpa BpoAe NpPEACTaB-
JEHHOro Ha pHc. 2.3 MU HAEHTHQHUUPDOBATL €ro KOpElUb
KaK HY>XXHbIIl HaM HaHMeHbUIHH KJou [2.2].

BTtopo# 3Tan COpTHPOBKH — CNIYCK BAOJIb NyTH, OTME-
YEeHHOI0O HaHMMEHbINHM 3JEeMEHTOM, K HCKJIOYEeHHEe ero
H3 JdepeBa nyreM 3aMeHH JHOO Ha NYyCTOH 3JIEeMCHT
(ABpKY) B caMOM HH3Yy, JHOO Ha 2JJeMEHT U3 COCEAHCH
BETBH B NPOMEKYTOUYHLIX BepuinHax (CM. pHC. 2.4 n 2.5).
DJIeMeHT, nepeiBUHYBUIHHCA B KOpEHb JepeBa, BHOBbL Oy-
JAE€T HauMeHbUIUM (Tenepb yKe BTOPbIM) KJAKOHUOM, H €ro
MOXXHO HCKJWOYHTBb. [locse n TakHX 1Aaros AepeBo cTa-
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Pue. 2.5. 3anosHeHHe OHPOK.

HET NYCTHIM (T. €. B HEM OCTAaHYTCSl TOJLKO ALIPKH), H
npouecc COPTHPOBKH 3akaHuHBaercsi. O6paTHTe BHHMa-
HHEe — Ha KaXJOM H3 n uaros Bhi6opa Tpe6GyeTCs TOJNLKO
log n cpaBHennii. ITosaToMy Ha Bech npouecc NOHazoGHT-
Ccst nopsiAKa n«logn sJeMeHTapHBIX OnMepaudii NnJaKc
€lle n 1aros Ha NOCTpOeHHEe AepeBa. IJTO BechbMa cCylie-
CTBEHHO€ yJy4YileHHe He TOJIbKO [psSMOro Merona, Tpe-
Oyrounlero n? maros, Ho M Aaxke Mmerona Ilenna, roe
Hy*HO n!-? mwara. EcTecTBeHHO, coxpaHeHHe JONOJIHY-
TCJIbHOK HH(pOpMauHH AenaeT 3ajauy 6GoJsiee H30ILUPCHHOMN,
lI03TOMY B COPTHPOBKE MO JAepeBy KaXAHit OTAeJNbHBIH
mar ycnoXHsAeTcsl. Belb B KOHHEe KOHUOB AJAS COXpaHe-
Hig  H30BITOUHCH  HHpoOpManHH, noJyuaemMoOHd  [ipH
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HayaJbHOM MNpOXOJe, CO3JaeTcs HekKOoTopast aApeBoobpas-
Hasi cCTpykrypa. Hawma cJaeaymomast 3ajzada — HaWTH
npueMunl 3¢P¢heKTHBHOH OpraHusauun 3TOH HHEOPMAIHH.

KoHeuHo, xoTeJioch Obl, B 4aCTHOCTH, H30aBHTLCHA OT
ABIPDOK, KOTODBLIMH B KOHEUHOM HTOre OyJAer 3anoJIHeHO
BCe JepeBO M KOTOphie INOPOXKAAIOT MHOIO HEHYXKHBIX
cpaBHeHuii. Kpome Toro, Hago 6nsio 6Bl NOHCKaAThL Takoe
IIpeICTaBJeHHE JAiepeBa H3 11 JIeMEHTOB, KOTOpoe Tpebyer
JHIIEF N eIHMHHI, naM4aTH, a He 2n—1, kKak 3T0o OBLIO
panblie. DTHX HeJell ACeHCTBHTENbHO yJAaJock JA0OHTHCA
B wMerone Heapsort®), uzobperennom JI. YuaabsaMmcom
{2.14], rpe ObWIO NOJYYEHO, OYEBHAHO, CYBICCTBEHHOE
yAyUYIIeHHe TPaAHLUOHHBIX COPTHPOBOK C INOMOIIBLIO Je-
pesbeB. IlnpamMunga onpeaensiercss KakK IIOCJIefOBaTeb-
noctb Kawyeir hp, hpyy, ..., hg, Takasa, 4To

hy<h, n hy<<h, , ama i=L...R/2 (2.13)
Ecau noboe ABOMYHOE AEpeBO paccMaTpHBaTk KakK Macs
CHB IO cxeMe Ha pHC. 2.6, TO MOXKHO IOBOPHUTb, UTO Je-
PEeBbs COPTHPOBOK Ha pHuc. 2.7 U 2.8 cyTs NHpaMHIH, a
ajJeMeHT h;, B 4YacTHOCTH, MX HAHUMCHBINHHA 3JEeMEHT:
h, = min(h,, hg, ..., hy). Ilpeanonoxum, ecTs HEKOTO-
past MHpaMHAa C 3aAaHHBIMU 3JeMeHTaMHd hiiy, ..., hg
AN HeKoTOphix 3HadeHud L 1 R u HyXHO no6aBHUTL HO-
BLI# 3JIeMeHT X, o6pa3ysa pacliHpeHHYIO nupamuay hy, ...
..., hg. Bo3bMeMm, Hanpumep, B KauecTrBe HCXOAHOH ITH-
pamuny h,, ..., hy;, noKkasanuyio Ka puc. 2.7, ¥ no6aBuM
K Hel cJjaeBa 3JjeMeHT h; =44 **). Hosass nupamunaa no-
JiyqaeTcsl TakK: CHadaJja X CTaBHTCH HaBepX APEeBOBHIHOMN
CTPYKTYpPH, @ 3aTeM OH IOCTENEeHHO OIYCKaeTcs BHH3
KaXAuH pa3 no HaNpaBJeHHIO HaHMEHbIlero H3 ABYX
OPUMBIKAIOU{HX K HEMY 3JIEMEHTOB, a CaM 3TOT 3JIEMEHT
repenBUraeTcss BBepX. B mnpuBeAeHHOM npuMmepe 3Haue-
HHe 44 cHavaJsa MeHsierca Mectamu ¢ 06, zarem ¢ 12 H

-

*) 3nxech MH OCTaBJASAE€M MONBLITKH MEPEBECTH HA3BAHHUA COOTBET-
CTBYIOIIHX MEeTOA0B Ha PYCCKHA #A3HK, H60 HH yXe He GoJee deMm
cOOGCTREHHBIE HMEHA, XOTd B HAa3BaHHAX MNepBHIX YMNOMHHABIIMXCHK
MEeTOAOB ellle (QHUIrypHPOBAA HEKOTODHH 3JAEMEHT ONHCAHHA CYTH cas
MOro npHemMa COPTHPOBKH. — ITpum. nepes.

**) 310 HECKONABKO MPOTHBOPEUHT YTBEPKIAECHHIO, UTO Hryq .«
».» hr — nIHpamMuza, HO HajeeMcs, CaM YHTATEJb pa3bepeTcs, uTO
XOTeJl CKa3aTb aBTop. — Ilpum. nepea.
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Puc, 2,7, Ilupamuna B3 ceMH SJIEMEHTOB,

&5

Puc. 2.8. IIpocenBanne kjioua 44 yepes nHpaMHAY.

B pesyJbTaTe oOpa3yeTcss HAepeBO, NpeAcCTaB/JeHHOe Ha
puc. 2.8. Tenepr Mu chopMyJnpyeM STOT CHBHrAIOWIUA
aJITOPUTM TakK: i, j — napa HHAEKCOB, QHKCUPYIOLIHX 3J€e-
MEHThI, MEHsSIIOIIlHeCcs Ha KaxJAOM iuare mecraMu. Hura-
TEJIIO OCTAETCH JHUb YOSAUTLCS CAMOMY, YTO NPENJOXKEH=
HbIf METOJA CABUIOB AeHCTBHTEJbHO COXpaHAET HEeH3MeH-
HEIM ycJoBHA (2.13), onpenensiiomie NHpaMunLy.

P. ®aoiaaoM Onlal NpeaJoxeH HEeKHH <«JAaKOHHUYHBIA»
cnocof IMOCTPOEHHs1 MHpPaMHAK «Ha TOM XXe MecTte». Ero
npoueaypa CIABHra npeiacraBjieHa Kak nporp. 2.7. 3aechb
h; ... hn — Hekuii wmaccus, npruem hn ... h, (m=
= (n DIV 2) -}~ 1) yxe o6pa3yloT nHpamMuuny, IOCKOJIbKY
HHASKCOB i, j, YHAOBJIETBOPAIOILHX OTHOLIEHHAM | == 2i
(vam j = 2i 4+ 1), npocTo He cylecTBYeT. JTH IJICMEHTH
00pa3yloT KaK OBl HHUXHHH CJOH COOTBETCTBYIOIILETO
ABoHYyHOro jpepeBa (cM. puc. 2.6), Aasi HHX [HKAKOMH
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PROCEDURE sift(L, R: index):
VAR, j:index; R:items:
BECINi:= L;j:=2+Lsx:= a[L]:
IFGCR)& (ali-+1] < alih) THEN j 1= j+LEND §
WHILE (<= R)& (&[j]< 53 DO
alil:=aljliit=§]1= 2+5s
IF(G<R) & @[j+1]< a)i]) THEN j 1= J+1END
END
£rID sift

INcorp. 2.7, Sift.

yHopsiloueHHocTH He TpebGyercsa. Tenepb mupamuga pac-
HIHpsieTcs BJAE30; KaXAnH pa3 A006aBJseTcAd H CABUTaMH
CTaBHTCA B HaAJexXallyl0 I[IO03HLIHIO HOBHH 3JIEMCHT,
Tabn. 2.6 unamoOCTpUPYET BeChb 3TOT NPOIECC, a IOJYyYalo-
Iascs NUupaMuja NokKasaHa Ha puc. 2.6.

CienoBartesibHO, nponecc (QPOPMHPOBAHHUS NHUPAMHIE
H3 n 3JeMeHTOB h; ... h, Ha ToMm >Xe camMoOM MecTe olnii-
ChiBaeTCst TaK:

L:=(n DIV 2) 4+ 1;
WHILE L > 1 DO L:=L — 1; sift(L, n) END

Jdaa Ttoro uTto6bHl NOJNYYUTh HEe TOJIBKO HaCTHYHYK, HO H
MOJIHYIO YNOPAAOUYECHHOCTb CpPeJH 3JEMEeHTOB, HY2KHO INpo-
Je/iaTbhb n CABHTAlOIIHX LIAroB, NPHYEM IIOCJAE KaxKIAOI'o
L1ara Ha BEpUIHHY JcpeBa BLITAJKHBAaETCA oOYepeaHoi
(HauMenbWIHH) 3JseMeHT. M1 BHOBb BO3HHUKAaeT BONPOC:
rie XpaHuTb «BCNJLIBAIOIHE» BEPXHUE 3JIEMEHTBl H MO :-
HO JIM HJIH Heab3sd NOPOBOAUTHL OOpalieHHe HA TOM e
Mecte? CyllecTByeT, KOHEUHO, TaKOH BBIXOA: KaXXALIi
pa3 Opartb NOCJEeLHIOI0 KOMIIOHEHTY NMUpPaMHAbl (CKaxKeh:,
370 OyJeT X), NpsATaTb BEepPpXHHH 3JEMEeHT NHPaMHAH 0
OCBOOOAHMBILEMCSH TeNcpb MECTE, a X CABHraTbh B HYKHO:
Mecto. B Ttaba. 2.7 npuBeneHul He06XOAKHMbBIE B 3TOM CJY-

Tabanua 2.6, ITocTpoenne nupamMHAH

44 55 12 42] 94 18 06 67
44 55 12| 42 94 18 06 67
44 55| 06 42 94 18 12 67
44} 42 06 S5 54 18 12 67
05 42 12 55 94 18 44 67
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vuoauna 2.7. Ilpumep mnpouecca COPTHPOBKH ¢ nomoulbid Heapsort

D6 42 12 55 94 18 44 67
312 42 18 55 94 67 44| 06
38 42 44 S5 94 67] 12 06
42 55 44 67 94} 18 12 06
44 55 94 67| 42 18 12 06
S5 67 94] 44 42 18 12 06
67 94| 55 44 42 18 12 06
94] 67 55 44 42 18 12 06

yae n — 1 waros. CaM npounecc onuUcuLBaeTcs ¢ MOMOILLIO
npouelypH sift (nporp. 2.7) takum ob6pasom:

R:i=n;
WHILER > 1 DO
xi= 2[l]; a1} := a[R]; a[R] v= %
1= R-1; sifi(l, R
END |

[IpuMep u3 Tabua. 2.7 noxkasbiBaeT, 4YTO nojaydalolnuics
NOPSAOK (pakTHUecKH sABJseTcst o6paTHHM. OAHAKO 3TO
MOXHO JIETKO HCIpaBHTb, H3MEHHB HallpaBJieHHe <«YyIIO-
PSIAOYHMBAIONIEr0 OTHOIUEHHA®» B npouerype sift. B konue
KOHLIOB MnoJjydaeM npoueaypy Heapsort (nporp. 2.8),

PROCEDURE HeapSort;
VAR L, R: index; x:item:

PROCEDURE sify(L, R: index);
VAR, j'index; x:item;
BEGINi:=L;j:=2+L; x:= a[L];
IFG<R) & (&]j]< a[j+1]) THEN j:= j+1 END;
WHILE (<= R) & (x < a[j])) DO
ali] := afj];i:=j; j 1= 2¢j;
IFJ<R) & (a]il< afj+1])) THENj:= j+1 END
END
END sift;

BEGINL:=(nDIV2)+ 1, R:=n;
WHILEL > 1 DOL := L-1; sift(L, R)YEND ;
WHILER>1DO

x 1= afl]; a[l]: = a[R]; a[R] : = x;
R := R-1; sift(L, R)
END
END HeapSort

[Iporp. 2.8. Heapsort.
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Anaruz Heapsort. Ha nepBHIE B3r/sii BOBCe He oOde-
BHAHO, YTO TAaKOH METOA COPTHPOBKH AaeT XOpOolUIHe pe-
3yJbTaThl. Beabp B KOHIE KOHILOB OOJblUINE 3JIEMEHTHI,
npexjae yeM IMONaAyT Ha CBOe€ MECTO B IIpaBOH 4acTH,
cHauaJa caurawTrcsa BJaeso. M jaeficTBHTENbHO, NpPO-
LEeAYpPY HE PEKOMEHAYEeTCSH NPHMEHATb AJsl HeOOJbIIOro,
BpOJEe Hallero npumepa, 4Yucjaa snemeHtoB. Huasa 60gb-
wux xe n Heapsort ouedp sppexkTuBHa; ueM GoJablie 1,
TeM Jyuyillle oHa pabGotaer. OHa JdaXe CTAaHOBHTCsS CpaB-
HHMO# ¢ coptapoBKo# llenna.

B xyameM cayuyae HYXHO n/2 CcOBHralUlWX [1aros,
OHU CJHABHraloT 3JieMeHTH Ha log(n/2), log(n/2—1), ...
..., log(n — 1) nmosunmit (1orapudm (Mo OCHOBAHHIO 2)
«obpybaeTcsi» A0 cJaeayiollero Medmuiero uesoro). Cae-
IoBaTeabHO, paza COpTHPOBKH TpebyeT nm-— 1 CABHIOB C
camoe 6oJabmoe log(n—1), log{(n—2), ..., 1 nepeMe-
uenuamu. Kpome toro, HyxkHO eume n— 1 nepeMeuleHHit
IJisi pocaudBaHUs CABHHYTOrO 3JIEMEHTa Ha HEKOoTopoe
pAaCCTOsIHHE BNpaBo. DTH coobparKeHHus NOKAa3wBaOT, 4T0
faxKe B CaMOM IJIOXOM H3 BO3MOXHHIX cjaydaeB Heap-
sort norpebyer n *log n maroB. BenHkonenHas NPOH3-
BOJAHKTEJLHOCTh B TAKHX MJIOXHX CAyYasiX — OAHO H3 IPH-
BJeKaTeabHEIX cBoHcTB Heapsort.

CoBceM He SICHO, KOT[a cJeAyeT OXHAaTh HaAUXYALIeH
(1M Haugayuweil) npousBoauTeabHocTH. Ho BOooGmie-1o
kaxercst, uto Heapsort «ino6uT» HavaJIbHBIE IIOCJERO-
BaTe€JbLHOCTH, B KOTOPHIX 3JeMeHTH O0oJiee HJIH MeHee
oTcOpTUpOBaHB B ob6parHoM nopsike. Iloaromy ee mo-
BeleHHEe HECKOJbKO HEeCTECTBEeHHO. ECJIH MB HMeeM AeJl0
c o6paTHBLIM TIOPAAKOM, TO (pa3a NMOPOKAECHHUS MHPAMHALI
He TpebyeT Kakux-Jub6o nepemeineHud. Cpennee IHCIO
nepeMemieHuit npubausnuTenepHo pasHo n/2 =log(n), npu-
yeM OTKJOHEHHS OT 3TOI'0 3HAauU€HHs1 OTHOCHTEJ/IIbHO HEBE-
JIHKH.

2.3.3. CopTUpOBKA C NOMOLIbIO PA3ACTCHHS

Pa3o6paBilHch B ABYX YCOBEpPUWIEHCTBOBAHHHIX METO-
JlaX COPTHPOBKH, NOCTPOEHHbLIX HA NPHHUHNAX BKJIOUYE-
HUsA H BbIOOpa, MH Tenepb KOCHEMCH TPETbEro yJ/Jy4dileH-
HOrO0 MeTOAa, OCHOBAaHHOrQ Ha o6MeHe. Eciau y9ecTh, 4YTO
Ny3HpbKOBasi COPTHPOBKA B CpeJiHeM Ghijla caMoOd Heag-
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(heKTHBHOH H3 BCEX TpexX aJropHUTMOB NPsIMOHA (CTpPOroi)
COPTHPOBKH, TO CJeAyeT OXHAaTb OTHOCHTEJNBbBHO Cylie-
CTBCHHOro yJayuluieHusi. 1 Bce XKe 3TO BHIIJISIAHT KakK He-
KHH clopnpu3: yJaydileHHe MeTOona, OCHOBAHHOro Ha o00-
MCHE, 0 KOTOpOM MHl OyleM ceHuyac roBOPHTb, OKa3h-
BACTCS, NMPUBOAUT K CaMOMY JIydllleMYy H3 H3BECTHHX B
JAaHHBIH MOMEHT METOAY COPTHPOBKH AJA MaccHBOB. Ero
[IPOH3BOJAUTEJLHOCTh CTOJIb BNeyaT/siolia, YTO H306pe-
rateJab Y. Xoap [2 5] u [2.6] naxe Ha3zBaa MeTon4 Oobi-
crpoti copruposkoti (Quicksort).

B Quicksort ncxoaar u3 toro coobGpaKeHHus1, UTO AJs
NOCTH2XKEHHUST Hanayuiieit 3¢dbPeKTHBHOCTH cHauaJla Jyulle
NIpOH3BOJAMTD IEpeCTAaHOBKH Ha OGoJibllie  pacCTOSHHSA.
IIpennoJOXKHUM, y Hac €CTb n 3JEMEHTOB, PacClOJIOXeH-
HLIX TIO KJiouaM B o6patHoM nopsanke. MIx MoxHo oTcop-
TUpOBaTh 3a n/2 oOMeHOB, cHauyaJjia NMOMEHATh MECTaMH
caMblii JIEBHIH C CaMBIM MPAaBHIM, a 3aTeM NOCHEeAOBaTe b~
HO JABHraTbCs ¢ JABYX CTOpOH. KOHEUHO, 3TO BO3MOXKHO
TOJBKO B TOM cJydae, Korla MBI 3HaeM, 4YTO IMOPANOK
nefictBHTenbHO o6patHnit. Ho u3 3TOoro npumepa
MOXKHO - H3BJIedb H HEYTO JeHCTBHUTENbHO MNOy4H-
TeJbHOE. |

JlaBalTe, noneiTaeMcs BOCIIOJb30BaThCA TaKHM aJro-
puTMOM: BhIGepeM Hayraj KaKoH-nub60 3JieMeHT (Ha30-
BeM ero X) W OyldeM NIpOCMaTpHuBaTh CJeBa Hall MacCHB
J0 TeX Nop, NoKa He OOHApPYIKHUM 3JEMEHT a; > X, 3aTeM
Oyaem mpoCMaTPHBATh MacCHB CnpaBa, NOKa He BCTpe-
THM aj; << X. Tenepb NOMEHseM MeCTaMH 3TH J[ABa 3Je-
MeHTa H MPOJOJIXKHM Haul npouecc npocMorpa H ob6Mexa,
noxka of6a HNpoCMOTpa He BCTPeTATCS rAe-TO B cepeAHHe
MaccuBa. B pe3yJbTaTe MacCHB oOKaxercd pa3sbGUTHIM Ha
JIEBYIO 4YacThb, C KJIOYaMH MeHblle (HJH PaBHHMH) X, H
NpaBylo — C KJAwdYaMH Goabille (#au paBHHMH) X. Te-
nepbL 3TOT NMpOLIECC pa3jieJieHHs! NpelcTaBHM B BHJe Npo-
neaypu (nmporp. 2.9). O6parHTe BHHMaHHe, UYTO BMECTO
OTHOWIEHHUH > H < HCIOJL3YIOTCA > H <I, a B 3aro-
goske nukaa ¢ WHILE -—— ux orpunanua <<u>. IIpu ta-
KHX. H3MEHEeHHAX X BHICTyINaeT B poJH Gapbepa AJAA TOrO
M japyroro mnpocMorpa. Ecam B3ATP B KauecTBe X
018 CcpaBHEeHHsI CpeAHHHA KJao4 42, TO B MacCHBe
KJIoYyeH

44 55 12 42 94 06 18 67
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PROCEDURE partition?
VAR w, X: item;
BEGINi:=1;j:=n;
CAVHAIIHO 6uIOPAT X§
REPEAT
WHILE a[i]{ x DO {:=i+1 END:
WHILEx< aj]DOj:= j-1 END;
IFi{=jTHEN
wI:):: ali]; afi} = afil; afi]t= w;11=14+1: = j1L

UNTILi>}]
END partition

Ilporp. 2.9. CopTupoBKa ¢ NOMOUILIO Pa3Je/IeHHS.

I/l pasjelieHHs1 NOHanoGsaTcs JBa o6MeHa: 18 <> 44 n
6 < 55

18 06 12 42 94 55 44 67

nocJieJlHUEe 3HAUEHUS HHAEKCOB TAKOBH: i =25, a j==23.
Kaoun a; ... aj—; MeHblle HJH pPaBHH KJOuUy X = 42,
a KJOYH aj4; ... ap OGoJblIe HJIH paBHH X. CJhaenosa-
TeJIbHO, CYIIECTBYET ABE 4acCTH, a HMEHHO

Akl <k <ita,<x

] (2.14)
Ak:j<k<n:ix<a

OnucaHHW® aJropuTM OYeHb MNpocT H 3ddeKTHBeH, NO-
CKOJIbKY I'JIaBHhie CPaBHHBAaeMBe BEJHUHHH i, j H X MOX-
HO XpPaHHTb BO BpeMsi APOCMOTpa B OHICTPHIX perscrpax
MaliHHe. OAHAKO OH MOXKeT OKa3aThCsd U HeyJladHhbIM,
YTO, HANpUMep, IPOHCXOAHT B CJydYae n HIAEHTHUYHBIX
KJIOueH: AJs pasiesieHusi HYXKHO n/2 ofmenos. 3Tux
BOBce HeoOsi3atesbHHX OOMEeHOB MOXHO H30eXaTb, €CJH
onepaTophl NPOCMOTPA 3aMeHHTb Ha TakKHe:

WHILE a[i]< =x DO i:=1i-4 1 END;
WHILE x < = a[j] DO j:=j—1 END

OnxpHako B 3TOM cJiyuae BHIOpaHHLIH 3JIEMEHT X, HaXOJs-
IIHiACS cpelH KOMIOHEHT MacCHBa, yXe He paboTaeT Kak
6apbep AJaA ABYX NPOCMOTpOB. B pesyJsibTaTe NpOCMOTpH
MacCHBa CO BCE€MH HIAEHTHYHHLIMH KJIOYaMH TpUBENYT,
€CJiH TOJbKO He HCNOJb30BaTh OoJiee CJOXKHHE YCJHOBHS
HX OKOHYaHHS, K nepexoay uepe3 rpaHunb maccusa. Ilpo-
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croTa YycJIOBHH, ynorpebGJjeHHHX B nporp. 2.9, snoaue
ollpaBAbIBaeT Te AOINOJHHTE/NbHBE OOMEHLl, KOTOphIe NpPo-
HCXOAAT B CpeAHEM OTHOCHTEJbHO pelkKOo. MoXHO elne
HCMHOIO C3KOHOMHTDL, €CJIH U3MEHHTb 3aroJoBOK, ynpas-
JMOLMA caMUM o6MeHOoM: OT i < j nepefitd K i <T j. On-
HAKO 3TO HM3MEHEHHEe He J0JXKHO KacaTbhCs ABYX ollepa-
TopoB: i:=i-+ 1, j:=j— 1. Iloromy nsas Hux norpe-
OyveTcsl OTAEeJbHHIH YCJIOBHEIH onepaTtop. ¥Y0eautbcs B
1PaBHJBHOCTH aJIOPDHTMAa pasjesjeHHs MOXKHO, yAOCTO-
BCPHBIUHMCHL, 4YTO OTHolueHHusi (2.14) npexncraBasiioT coboi
iHBapHaHThH oneparopa uukjaa ¢ REPEAT. Brauase npu
i=1H j=n HX UCTHHHOCTb TPHBHAJLHa, a NPH BHIXOJAE
Ci > ] OHH JalOT KakK pa3 KejlaeMH#H pe3yJbTar.
Tenepb HanOMHHUM, YTO Hallla LieJb— HE TOJBKO NpO-
BECTH pa3jeJ/icHHe Ha 4YaCTH HCXOJHOro MacCHBa 3JIEeMEH-
TOB, HO K OTcOpTHpOBaTh ero. COpTHPOBKY OT pa3ieJ/IeHHUs
OTAEeJSICT, OJAHaKO, JHIIb HeOOJIbIIOH IUIAar: HYXHO NpPH-
MEHHTb 3TOT MPOLECC K TNOJYYHBIUIUMCH [ABYM YacCTaM,
3aTE€EM K 4acCTsM yYacTeH, U TakK OO0 Tex Iop, NOKa Kakaaf
H3 YacTed He OyaeT COCTOATH H3 OAHOrO-eAHHCTBEHHOro
3/1eMeHTa. DTH AeHCTBHA ONHCHBAalOTCs nporpaMmoii 2.10.
[Ipouenypa sort pekypcHBHO oOpauiaercss cama K
cebe. PekypcHu B anropurMax — 3TO O4YeHb MOWIHHIA Me-
XaHu3M, e€ero Mb OyleM paccMaTpHBaTh B rJa. 3.

PROCEDURE QuickSort;

PROCEDURE sort(L, R: index);

VAR {, j: index; w, x: item;

BEGINji:=1L:j:=R;

x:= a[(L+R) DIV 2];

REPEAT
WHILEqli]{xDOi:=i+1END;
WHILEx< a[i]DOj:= J-1 END;
IFi{=jJTHEN ‘

1= afi); afi] i="a[j]; ali} := w; 1:=1+1; = J-1
END

UNTILi> j;

IF L < j THEN sort(L, ) END ;

IF i < R THEN sort(i, R) END

END sort;

BEGIN sort(l1, n)
END QuickSort

Mporp. 2.10. Quicksort.
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Bo MHOFHX <«CTaphbiX» #f3BIKaX IpPOTrpaMMHDPOBAHHA OT
PEKYPCHH NHO HEKOTOPBIM TEeXHHYEeCKHM I[IpHYMHAM OTKa-
3nIBaJiuch., JlosTOoMy MbI Tenepb IMOKaX>eM, KakK TOT ke
aJrOPHTM MOXKHO BBLIPa3UTb H HEPEKYPCHBHOH NpoUeny -
poi. PeileHue, O4eBHAHO, 3aKJIO4YaeTCs B TOM, UYTO pe-
KYPCHIO HY>XHO 3aMeHUTb Hrtepanuci. IIpum sTOM NOHa-
RO6SITCsI, KOHEUYHO, HEKOTOpbie AONOJIHHTeJbHbIE onepa-
HHH N0 COXPAaHEHHIO HY>KHOH HH)OpMaIHH.

CyTb HTEpaTHBHOIO pelIeHUs 3aKJAKYaeTcsi BO BBeLe-
HHH CIHCKa TpeOyeMBbIX pa3aenenuil, T. €. pa3AejieHHH,
KOTOpblie Heobxoaumo nposectH. Ha kaxiaoM sTane BO3-
HUKAIOT ABe 3ahayvyu Mo paszaeyserH0. M TOJbKO K OJAHOH
H3 HHX MHB MOXKE€M HEMNOCPCeACTBEHHO Cpa3y e IpHCTY-
NUTHL B OuepesHON HTepauuH, APyras XKe 3aHOCHTCHA B
YNOMSIHYThi#t CHCOK. Ilp# 3TOM, KOHeuHO, CYUI€CTBEHHO,
yTO TpeOOBAHHSA M3 CHHCKAa BHIHOJHAIOTCS HECKOJBKO CIe-
undpuueckuM ob6pa3oM, a MMCHHO B OOpaTHOM MOpAXKE.
CiiepoBaTesibHO, NepBOe M3 MepeyHCJCHHBIX TpeboBaHU#
BLINOJIHAETCA TIOoCJAedHHM, U Haof6opoT. B npuBoaAHMOH
HepekypcuBHOH BepcHd Quicksort kaxknoe rtpeboBaHHe
3afgaeTcsi NPOCTO JIEBBIM H MpaBbIM HHIAEKCAMH — 3TO
rpaHUIBL 4YacTH, Tpebylouwled JHaJbHEHIIero pasjaesleHHs..
Takum oO6pa3oM, Mhl BBOJAHM IE€PEMEHHYIO-MAaCCHB [10X
HMeHeM sfack ¥ HHIAEKC s, YKa3blBalOUIHA Ha caMylo Iio-
CJEeHIOI0 CTpOKY B creke (cM. mporp. 2.11). O ToM, Kak
BuOpaTh NOAXOASAIMIE pasMep creka M, peub NoAAeT NpH
aHaJsiu3e paborul Quicksort.

Anaauz Quicksort. Jlnsa uccnenosaHusi NPOH3BOIH-
TesibHOCTH Quicksort cHauasna Heo6x0ZuMO pa3obpaTbes,
KaK HAEeT Jpolecc pa3feiseHus. Buibpas HeKoTOpoe rpa-
HHYHOEe 3HaueHHe X, Mbl 3aTteM IIPOXOAHM NCJIUKOM IO
BceMy MmaccHBy. CuenoBaTtesibHO, MIPH 3TOM BhIIIOJHACTCS
TOYHO n cpasHeHu#i. UHciao ke OoOMEHOB MOXKHO omnpepe-
JHUTb U3 CJEeAYIOUIHX BEepPOATHOCTHHIX coobpaxxkenun. Ilpu
3aJlaHHON rpaHuLe 3HAauYeHHH X OXHJaeMoe UHCJO Oolle-
pauuii o6MeHa paBHO YHCJY 3JEMEHTOB B JIEBOH YACTH
pasziesisieMOi NOCJEeA0BATEJbHOCTH, T. €. 11— 1, YMHOX<CH-
HOMY Ha BEPOSITHOCTb TOro, YTO TpH o6Mmene Ka» 1Ll
Takolil 3JeMeHT nomnajgaer Ha cBoe MecTto. OOMeH npcic
XOJHT, €CJH 3TOT 3JEeMeHT Mnepel 3THM HaXOAHJAC: B
npasoilt yactd. BeposTHOCTs 3TOro paBHa (N —(xX—
-— 1)) /n. TlosTOoMy oOXniaeMoe 4YHCJIO OOMEHOB €CTb

et
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PROCEDURE NonRecursiveQuickSort:
CONSTM = 12;
VAR, j, L, R; index; X, w: item;
s: {0 M];
rtack: ARRAY [1.. M]OF RECORD L, R: index END
BEGIN 5 := 1; stack[1].L. : = 1; stack[s].R := n;
REPEAT (+ BL1S0p M3 CTeKa NOCIIEAHETO 3a0pPoCca +)
L : = stack[s].L: R : = stack|s].R;s:= s-1:
REPEAT (= pazpenenime afl]..a[R]*)
ir=I;j:=R;x:= a[(L+R)DIV 2];
REPEAT
WHILE q[i]< x DO{:= i+1END;
WHILE x< aj] DO j:= j-1 END;
IFi<= jTHEN
we=afi]; afi] 1= a[i}; alj] 1= w; 1= 141 5= 31
END |
UNTILi>j;
IFi< R THEN (*32mich B CTeK 3alpoca H3 1paBoii 4acTH =)
§ :== 5+1; stack{s].L :=: i; stack[sJ]R:= R
END ;
R:=3 (&« Tencpp L. # R OrpannAuMpalor JICBYIO YACTS )
UNTILL>=R
UNTILs =0
EXND NonRecursiveQuickSort

IIporp. 2.11. HepekypcusHasa sepcus Quicksort.

cpeiHee 3THX OXHJAaeMblX 3HAYEeHHH MAJd BCE€X BO3MOX-
HbiX T'PaHHIl X.

M e [Sxil<xgn: (x-D«(-(x-1))/n)/n
= [Su: 0 < u<n-1:us(n-u))/n2
= n+(0-1)/2n-(202-3a + 1)/6n = (n-1/n)/6 .15)

[IpencraBuM ce6Ge, uYTO MBI CYACTJAHBUYHKH K HaM
Bcerjia yaaercd BuiOpaTth B KauecTBe rpaHHuUH MeAHaHy,
B 3TOM cJydae KaxXXAbii Npouecc pasfesieHuss paclien-
JsIeT MAacCCHB Ha JBe TOJOBHHH H JJf COPTHPOBKH Tpe-
Oyercs Bcero log n npoxoaos. B pesyabTarte o6iiee ynucao
cpaBHeHHH paBHO n #logn, a obmee uHca0 OOMEHOB —
n«log(n) /6. Henb3s, KOHeuHO, OXKHIAATH, YTO MH KaX-
Ablfi pa3 Oyaem BbIGHpaTb Menuany. BeposiTHOCTb 3TOro
cocTaBJfseT TOJbKO 1/n. YauBnuteabHHH, OAHAKO, (PaKT:
cpeaHAast npoussoauteabHoctk Quicksort npu cayuaiinom
BoI6Op€e FPaHHIE OTJIHYaeTCss OT YAOMSIHYTOrO ONTHMAJ b=
HOrO BapHaHTa JIHIUL Ko3(pdHuHeHTOM 2 =In(2).
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Kak 61 1O HH OBLJIO, HO Quicksort npHCyIH 11 HEKOTO-
pblie HeAOCTATKH. ['JTaBHbLIH H3 HIIX — HEAOCTATOYHO Bhi-
COKast [IPOH3BOAUTEJNbHOCTL npH HeOOALIIHX 1, BIIPOYEM
3THM rpeliaT BCE yCOBEepLICHCTEBOBaHHble MeToAbl. Ho ne-
pel APYriMH YCOBEpUICHCTBOBAHIBIMH MeTOLaMH 3TOT
HMeeT TO NMPEeHMYLIeCTBO, HTO Aas cOpadoTkH HeOOJabLIX
yacTelt B HEro MOX(HO J1erKO BKJIIOUHTh KaKoH-TUOO0 13
IHPSAMBIX METOLOB COPTHPOBKH. DTO 0CcoOeHHO yAo6HO Ae-
JaTh B cJydyae PEKYpPCHBHOHW BepCHH MpOrpamMMbl.

OcTaeTcd BcCe €lile BONPOC O €CaMOM ILIOXOM C.Jayyac.
Kak toraa 6yaer paboratre Quicksort? K HecuacTbio,
OTBET Ha 3TOT BOIPOC HeyTeluluTeseH H AEeMOHCTPHPYCT
oAHO HenpusitHoe cBoHcTBo Quicksort. Pas6epeMm, ckra-
>KeM, TOT HeCUYACTHBIH cayyal, KOraa KaKAbLIH pa3 L.sl
cpaBHeHUs BoIOGHpaeTrcss HauboJibllee H3 BCeX 3HAUYCHHH
B YKa3aHHOW 4yacTd. Torja Ha KaxXJAOM 3Tale CerMeHT H3
n 3JeMeHTOB OyAeT pacllenJsiTbcsi Ha JIEBYK 4acTh, CO-
CTOAILYID H3 n— 1 3/JeMeHTOB, H MOpPaBylO, COCTOSLIYIO
H3 ONHOro-eAHHCTBEHHOro sJaeMeHTa. B pesyJasTate no-
Tpebyetrcs n (a He log n) pasnesieHHH ¥ HaUXyAWas Ipo-
H3BOJIUTEJbHOCTh MeToAa Oynaer nopsiaka n.

$IBHO BHOHO, YTO IVIaBHOe 3aKJjIioyaeTcs B Bhibope aJie-
MEeHTa [Jisl cpaBHeHus — X. B Hamie# peJAakunHu HM cra-
HOBHTCH CpE€IHHH 3JIeMeHT. 3aMeTHM, OJHAKO, YTO MOUTH
C TeM Ke YCMeXOM MOXHO BbIOHpaTbhb MNepBbIH HJAH [10O-
cjaeadnii, B aTuX cayuanx Xyxe Bcero Oynaer, ecJqH Mmac-
CHB OKaXeTCs IMepBOHauaJbHO YyiKe YNOpslodYeH, Belb
Quicksort onpeneneHHo «Hc JA0OOGHT» TaKYH) TPHBHAa/b-
HYI0 paboTy ¥ IpeANoUYHTaeT HMETb A0 C Heynopsiao-
YeHHbLIMH MaccHuBaMH. Bnifupas cpedHHBl saeMeHT, MH
kak Obl 3aTyuieBbiBaeM 3Ty CTPaHHYIO OCOGEHHOCTH
Quicksort, nockoAbky B 3TOM CcJyuyae MIepBOHAYaJbHO
VHOOpSAOUYEHHBIH MaccHB OyleT yiKe ONTHMaJbHbBIM Ba-
puanToMm. TaxkuM o6pa3om, pakTHUYeCKH CPEAHAS MPOH3-
BOJAHTEJBLHOCTL NpPH BLIOOpE CpelHero 3JaeMeHTa YYTOUKYy
yvayuwiaercsi. Cam Xoap npeanoJaraer, YTO X HalAO Bbl-
6upaTb CcJayuyaHHo, a AJasi HebGoJLWIHX BbBIGOPOK, BPOAC
BCEro Tpex KJloueH, ocTaHaBJAUBATLBCH HA MeQHaHe [2.12,
2.13]. Takoii pa3ymHblii BHIOOP MaJo BAUSET Ha CPEAHIOI0
npousBoauTesbHocTh Quicksort, HO 3aTO 3HAYHUTEILHO
ee yJayuiiaer (B Hauxyamwux cayuasix). B HekoTopou
CMHICJIe OhICTpasi COPTHPOBKA HAaANOMUHAET asaprHy!d
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HTpYy: Bcerja cJeAyeT YYHTHIBaTb, CKOJbKO MOXXHO MNpo-
HrpaTh B CJyyae HEBEe3CHHS.

M3 31tux coobparkeHHil MOXKHO H3BJeub OAHII BaX-
HBIH YPOK, KacalollHHCA HeNOCPEACTBEHHO IIpOorpaMMHpo-
BaHus. YUTo Ke caenyeT U3 YyNOMSIHYTOro cJiyyasl caMoro
I1IJIOXOro noseaeuHsi nporpaMMbl 2.11?7 Mubl ee nocTpouaH
TaK, 4YTO KaxKJoe pa3sjejeHHe 3aKaHuHBaercsi ob6pa3so-
BaHUEM INpaBOH YacTH, COCTOSALWIEH JIHIIL H3 eIHHCTBEH-
HOI'O 3JIEMCHTa, H TpebOBaHHe MocJeayioluledl COPTHPOBKH
3TOH uacTu 3aHocuTcid B cTek. CJenoBaTenbHO, MaKCH-
MaJibHOe YyHCJa0 TpeboBanui, T. €. OOIIHI pa3Mep CTeKa
TpeboBaHHH, paBHO n. KoHeuHO, Kak npasHJ/J0, 3Ta rpa-
HULA He pocturaercsa. (3aMeTHM, 4YTO C pEeKYPCHBHOH
BepCHed MNporpaMMbl AeJio OOCTOHT He Jyuule, a aaxke
Xy¥e, TMOCKOJbKY CHCTEeMBl, JAONYyCKaloUlHEe peKYpPCHB-
Hbole ofpalleHHsT K Npoueaypam, aBTOMaTHYECKH coxpa-
HSIIOT 3HAUYCHHUS JIOKaJbHBIX NMEepeMEeHHbIX M napaMeTpoB
BCEX aKTHBaUH#l Takux npounenyp. as storo HCHObesyIOT
HEKOTOPHIH HesIBHBIH CTeK.)

BHX0JX U3 MOJIOXKEHHS 3aKJI0YaeTCsT B TOM, YTO B CTEK
HalO npsTath TpebOBaHHE COPTHUPOBKH AJs 6oJiee AJIHH-
HOH 4YaCTH H Cpa3y XKe NpoaoJKaTb pa3lejieHHEe MeEHb-
uier yactH. B 3TOM cayuae pasMep cteka M  MOXHO
orpaHHYuTb 4YHCJIOM logn. Bce H3MeHeHHS, KOTOpHeE
HY>KHO BHeCTH B nporpammy 2.11, cocpenoroueHn B pas-
neJje, ycTaHaBJHBawlleM HOBHE TpeOoBaHus. Tenepn OH
BBHIFJIAAHT TaK: -

IFj=L<{R=-1THEN
IF1{ R THEN (*3amic} B cTeK 33Irpoca Ha COj: ;HPOBKY NpaBoii 3aCTh »)
s == §+1; stack[s].L := I; stack[sJR:= R
END ;
R := ] (*«npopomxerxe COPTHPOBKH NIEBOIi YaCTH &)
ELSE - Q 16)
IF L < j THEN (+3amics B CTeK 3aMpoca Ha COPTHPOBKY YIEBO#H YacTH * )
S = s+1; stack[s].L : = L; srack{slR :=
END;
L 1= i («Iponomnienne COPTHPOBKHU NPABOii YACTH # )

2.3.4. HaxoxneHue MeaHaHbl

Meduanod pnst n 37eMEHTOB HAa3HIBAETCSI 3JEMEHT,
MCHBIIMH (MM paBHHH) INOJIOBHHE H3 n 3JIeMEHTOB U
Ooabmwiyit (MM paBHHIH) ApPYroH IOJIOBHHE H3 n 3Je-
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MCHTOB,. HaanMep, MellHaHa AJad 3JeMeHTOB
16 12 99 95 18 87 10

paBHa 18. 3apaua noucka MegHaHbBl TeCHO CBfi3aHa
¢ npo6JieMO#i COPTHUDOBKH, NOCKOJbKY OYEBHIHBIH METO]
onpeaeseHdss MelHaHH 3akKJjiouaeTé¢si B TOM, 4TOOHB OT-
COPTHPOBATL N 3JEMEHTOB, a 3areM BHOpaTb CpEeAHUN
saemenT. OOHaKO pasjesieHHe, BhHINOJIHSEeMoOe Tporpam-
Mo# 2.9, no3BoJisieT NOTEHUHAJBHO OTHLICKHBATHL MEAHaHY
3HAYHTEJbLHO OHCTpee. DTOT INIPHEM MOXKHO JIETKO 006006-
ILHTh H AJS INOHCKa CPEeAH N 3JIeMEeHTOB K-ro HaHMeHb-
wero yucaa. B sTtoM caydae moHCK MeAHaHBbI — IIPOCTO
yacTHHH caydyadi k = n/2. AuaropuT™m, npenyoKeHHBbII
Y. Xoapom {2.4], paboraer cieaywouium obpasom. CHa-
waJla npuMeHsiercss onepaunsa pasaenedna u3 Quicksort
¢c L=1 1 R=n, B KauecTBe pa3Ae/JfAIOLICro 3HAUYEHHSN
x 6epercss ax. B pesyabrare nosayyaeM HHIAEKCH 1 4 j,
YAOBJIETBOPAIOUIHE TAKHM YCJIOBHSIM:

1. a, <x nas rceXx h < i

. (2.17)
2. ap > x jaua Bcex h > j
3.1i>]
an 3TOM MB! CcTaJIKHBaeMcCcsis C OJHHM H3 T4dKHX TpEx
cJiyuaen:

1. Pasnensiiomee 3HayeHue X OBIJIO CJAHMIKOM MaJo,
H FpaHHIla MeXXAY ABYMS YacTSIMU JeXHT HHIKe HYXHOI
BesqHudHH K. Ilpouecc pa3sfesieHHsi NOBTOpsSAETCSA AJSA 3Jie-
MEHTOB a; ... ar (pHC. 2.9).

1 < >z
1 i 4
{ A | K
Puc. 2.9. 'pannua cAHIIKOM Mana.

2. Bnbpannasa rpaduna X Onljla CJOHWIKOM OOJBIIOH.
OnepanHu pasaesyieHHsi cjeAyeT HOBTOPHTb IJS 3JIEMEH-
TOB aL ... 3; (puc..2.10).

e Yo o

< e
4 ' + + 3

J k J i

™ -

Puc, 2.10. IFpaHuua cAHIIKOM BeJHKa
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3. j << k <C i: aJleMeHT ax pasdensieT MAacCHB Ha J[iBe
yaCTH B HYXHO¥ NPONOPUHH, CIAECAOBATEINbHO, 3TO TO, UTO
nyxHO (puc. 2.11).

{ = =
p
!

e W
o

Puc. 2.11. BepHas rpaHuia.

[Ipoueccn paspeneHdsi MNOBTOPSIOTCS A0 TeX Tnop,
rnoKa He BO3HHKHeT Tpetufi cayuan. CaMH HTepalHH
ONHCHBAIOTCA CJACAYIOIHM ¢(parMeHTOM IpOrpaMMaui:

L:=1:R:=n

WHILEL< R DO (2.18)
x 1= a[k]; pasdeacnue (a[L]...a[R]}:
IFj{XTHENL:=iEND;
IFK<IiTHENR .= jEND

END

3a ¢opMaJbHEIM JOKa3aTeJbCTBOM KODPPEKTHOCTH
STOTrO aJICOPHUTMAa MH OTCHIJIaeM YHTATeJsA K OPHTHHAJb+
HOH pabore camoro Xoapa. Temepb J€rkKO noJiyvaercs
H BCcs nporpamMma Find. Ecau npeanosIOXHTb, YTO KaXe
Joe pa3lelieHHe B cpeaHeM pa3busaer 4acTb, rie Haxos

PROCEDURE Find(k: INTEGER);
VAR L, R, 1, j: index; w, X: item;
BEGINL:=1;R:=n;

WHILEL< RDO -
x:=akhii=L;ji=R;
REPEAT

WHILE a[i][{ xDOi:=1+1END}
WHILE x< a[j]DOj:= j-1 END;
IFi{<= j THEN
= afi]; afi] := afi]; afj]li=wii:= 141 ji=j-L

END

UNTILi> j;

IFj{ kTHENL:={END:

IFKk<{THENR := jEND

END
END Find

[Tporp, 2.12. [Touck k-ro HauGoanuiero sneMenra,
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AMTCS KeJlaeMasl BeJqu4MHa, l1onoJaM, TO yHcao Tpebye-
MbIX CpaBHEHHH paBHO

n+n/24+n/4-4+ ... +1=2n

T. €. OHO nopsaka n. 3T0 H OODBSICHsieT «MOILHOCTb» IIPO-
rpamMbl Find B cayuasXx HaXoXKAEHHA MeAHAHH M JApY-
r'Hx noJoOHbIX B€JHYHH W e€e [IpeBOCXOACTBO HaA Nps-
MhiMH MeTOA4aMH, Ile CHauaJla COpTHPYeTCsl BCe MHOXKe-
CTBO KAHAHAATOB, a 3aTteM YyxkKe BuibnpaceTcea K- ajeMeHT
(B nyulueM cJydae Ha 3TO noTpebyercs nopsaxa n=log (n)
onepaunui). OAHako B caMOH Heb6JaronpHSATHOH CHTya-
IHHU KaXAblH war pasfaeseHusi OyaeT yMeHbllaTh MHO-
XKECTBO KaHAHAATOB TOJLKO HA €AHHHIY, H B pe3y.IbTaTte
norpebyercsi nopsinka n? cpasHeddil. V1 BHOBb HaMmOMH-
HaeM. €/Ba JH CTOHT MNOJb30BaThCHd 3THM aJTOPHTMOM,
€CJIH YHCJIO 3JIEMEHTOB HeBeJIHKO, cKaxeM fnopsiaka 10%

2.3.5. CpaBHeHHEe METOAOB COPTHPOBKH MAaCCHBOB

- 3akaHuuBas Hauwl O0630p METOJOB COPTHPOBKH, MbI IIO-
nniTaeMcsl cpaBHUTh HX 2¢pdekTHBHOCTL. Kak u pasblie,
N — YHCJO COPTHpPYeMBbIX 3jemeHTOB, 2 C U M cooTBer-
CTBEHHO YHCJO HeOOXOAMMBIX CpaBHEHHH KJOUYed H UHCIO0
o6MeHOB. s BCceX npsAMBIX METOAOB COPTHPOBKH MOXKHO
AaTh TOUHBIE aHaauTHueckue gopmyabl. OHH NPHUBOASITCSH
B Tabua. 2.8. Ctonbusl Min, Avg, Max onpenensioT COOT-
BETCTBEHHO MHHHMAaJbHOE, YCPEAHEHHOE U MakCHMaJbHOE
no BceM n! nepecTaHOBKaM H3 n- 3JeMEHTOB 3Ha4YeHH:I.

ns1 ycoOBepLIEHCTBOBaHHBEIX METOAOB HET CKOJIbKO-
JUGO0 OCMBICJEHHBIX, NPOCTBIX H TOuUHBIX (bopmyJ. Cyure-
CTBEHHO, OAHakKo, uTo B cayuae copTupoBru lenna
BHIYHCJHUTEbHbBIE 3aTparbl COCTaBJAAIT c=*n'? a ans
Heapsort u Quicksort —c=#n«logn, rae ¢ — coorser-
CTBYIOUlHEe KO3 (P UUHEHTHI. |

Dtu GopMyJbl NpPOCTO BBOAAT IpyOylo Mepy HAas
IIPOU3IBOAUTEILHOCTH K&K (YHKIHH N U NMO3BOJIAIOT pas-

*) ABTOp, KaK NpaBujlo, He YYHTHIBaeT B DUEHKax Ko3gpdbHUHEeH-
TR, BXOARIIHE B OUEHKY NPOH3BOAHTEALHOCTH. I[IpH HebGoanpmIHx n
OHM MOrYT HrpaTthb OGOAbLIIYIO POAb, YeM CaMH NPDHBOAHMLIE TEOpPEeTH-
yeckue oleHkH. OcofeHHO 3TO CYUEeCTBEHHO NPH HCOOJNbL30BaHHH pe-
KYPCHBHBIX npoueayp. Jlaxke npy COEUHANLHOH APXHTEKTYype, OpHeH-
THPOBAHHON Ha HCNOJAL3IOBaHKEe MNpoUEXYP, HTEPATHBHbBIE METOAU
Jyuule pekKypcuBHuX, — [lpum. nepeas.
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Tabauna 2.8. CpaBHeHHe NPAMEIX METOMOB COPTHPOBKH

Min Avg Max
Ypamoe C= n1l M2 +n-2/4 (m2-n)/2-1
Braoyenue M= 2(n-1) (n2-9n-10)/4 (n2-3n-4)/2
TipsMoit C= (n2-n)/2 (n2-n)/2 (n2 - n)/2
BLIBOD M= 3(n-l1) as(lan + 0.57) n2/4 + 3(n-1)
TIpsimoik C= (n2-n)/2 (n2-n)/2 (n2-n)/2
obmeH M= O (n2-n)=0.75 (n2-n)*1.5

6HTh AJrOPUTMH COPTHPOBKH Ha NPHMHTHUBHBIE, NMpPsSIMHE
MeTOAH (N2) U Ha YCJHOXHEHHHE HJAM <«JorapHupmuue-
ckues» MeTtoAH (n=log(n)). OAHaKO A NpaKTHUYECKHX
1eJed IMOJie3HO HMEeTb HEKOTOphle 3KCnepHMEeHTaJbHbie
NaHHHeEe, CMOCOOHbHe NMPOJIHTH CBeT Ha Te KO3(PPHUHEHTH
¢, KOTOPHIMH OIHH METOA OTJHYaeTcs or Apyroro. Bosee
TOr0, ¢GopMyJhH He YUHTHBAIOT APYrHX 3aTpaT Ha BH-
YHCJIEHHsI, KpOMe CpaBHeHHSl KJIIoue#A U NepeHOCOoB 3Jie-
MEHTOB, TAaKHX, HalNpHMep, KaK YIpaBJieHHe LHKJIaMHy
M T. A. $ICHO, 4TO 3TH (PaKTOpH BO MHOIOM 3aBHCHAT OT
OTAEeJbHOH BHYHCJJHTEJbHOH CHCTEMH, HO TEéM He MeHee
pe3yJbTaThl 3SKCIEepHMEHTOB JOBOJIbHO HHDOPMAaTHBHH.
B ta6a. 2.9 co6paHm BpemeHa (B CexyHIax) palboTH,
o6CyXAaBIIUXCA BHIII€e METOA0OB COPTHPOBKH, peaJiH30-
BaHHHX B cHcTeMe Moayna-2 Ha mnepcoHaabHOH IDBM
Lilith. Tpu cronabua coaepKaT BpeMeHa CODPTHPOBKH
yXKe ynopsiAOYeHHOrO MaccHBa, CJAy4YaHHOH NepecTaHOBKH
U MacCCHBa, pacloJIOXKEeHHOro B o6paTtHoM nopsiake. B Ha-
yaJjle NPpHBOAATCA UHPpH AAA 256 s3jeMeHTOB, a HHXe —
ansa 2048. UeTko npocsexkHBaeTcs OTJHUHE KBaJapaTHY-
HbBIX MeTOAOB OT Jorapupmuueckux. Kpome Ttoro, 3acay-
’KHBAIOT BHHMAaHHs cJleAyloulue OCOGeHHOCTH. _

1. YayumieHHe ABOHMYHOIO BKJIIOUEHHA MO CPaBHEHHIO
C NPAMBIM BKJIOYEHHEM JAeHCTBHTEJNBHO MOYTH HHYEro He
laeT, a B cJlyyae yHnopslO4YeHHOro MaccHBa JAaxe MoJy-
yaeTcd OTpHUATEJNbHHH 3¢ eKT.

2. [ly3snpbKOBaf COPTHPOBKaA ONpPEAEJEHHO HaHXYI-
I1afg H3 BCe€X CpPaBHHBaeMBIX.

Ee ycoBepilleHCTBOBaHHas1 BepCHdA, IIeHKepHasi cop-
TUPOBKA, MPOJAOJIKAET OCTaBaTbCA NJIOXOH NO CPABHEHMIO
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TaGauua 2.9. Bpemss paGoThl pa3yIMYHEIX OpPOrpaMM COPTHPOBKH

Ynopano- Cnysaii- B oGparaom

YelIHbIH HBIH HOPAIKE
n = 256
StraightInsertion 0.02 0.82 1.64
BinaryInsertion 8.12 0.70 1.30
StraightSelection 0.94 0.96 1.18
BubbleSort 1.26 2.04 2.80
ShakerSort 0.02 1.66 2.92
ShellSort 0.10 0.24 0.28
HeapSort 0.20 0.20 0.20
QuickSort 0.08 0.12 0.08
NonRecQuickSort 0.08 0.12 0.08
StraightMerge 0.18 0.18 0.18
n = 2048
StraightInsertion 0.22 50.74 103.80
BinarylInsertion 1.16 37.68 76.06
StrajghtSelection £8.18 £8.34 73.46G
BubbleSort 80.18 128.84 178.66
ShakerSort 0.16 104.44 187.36
ShellSort 0.80 7.08 12.34
HeapSort 2.32 2.22 2.12
QuickSort 0.72 1.22 0.76
NonRecQuickSort 0.72 1.32 0.80
StraightMerge 1.98 2.06 1.98

C NpPSIMBIM BKJIIOYEHHEM H NPSAMBIM BROOpPOM (32 HCKJIIO-
YeHHEM MNaTOJIOTHUYECKOTQ CJydyas yXe ynopsiOo4eHHOro
MaccuBa).

3. Quicksort ayumie B 2—3 pasa, yem Heapsort. Ona
COPTHPYET MACCHB, pPAacClOJIOXEeHHbIH B OOpaTHOM IIO-
pPAAKe, NPaKTHYECKH C TOH K€ CKOPOCTHIO, 4YTO H YyXKe
YHOPSAOUYCHHHH.

2.4, COPTHPOBKA INMOCJVIENOBATEJIbBHOCTEH
2.4.1. Tlpamoe causiHHe

K COXKaJIeHHI0, aJrOpHTMH COPTHPDOBKH, NOpDHBCAEH-
HBHl€e B INIpeablAylieM pa3fedie, HEBO3MOXKHO NPpHMEHATDH
AN AAaHHHX, KOTOpPHBE€ H3-3a CBOEro pasmMepa He noMme-
oialnTcsda B OnepaTHBHOﬁ NMaMaATH MAUOIHHLH H HaxoOATCH,
HafpUMep, Ha BHCIIHHX, NOCJAECAOBATC/IBHHBIX 3alIOMHHA0-
ILHX YCTp()ﬁCTBaX naMsaTH, TAKHX, KaK JI€eHTHl HJH AHCKH.



