CopTupoBKa

Kak oTcopTupoBaTb MOCNEAOBAaTENbHOCTL 3anucelt B onpeaeneHHoM nopsiake? OTBeT 06blYHO
NPOCT: UCNONb3ynTe BUBIMOTEUHYIO (PYHKLUMIO COPTUPOBKM. MMEHHO 3TOT NoAaXoA 6bi1 NpUMEHeH B
peweHun 1.1 1 B NporpaMMme noucka aHarpamm u3 pasgena 2.8 rnasbl 2 (B nocnegHeM cny4yae
ABaxabl). K coxaneHuio, 3To He Bceraa cpabaTtbiBaeT. CylecTBytoLme NoanporpaMMbl COPTUPOBKU
MOXET OKa3aTbCA C/IMWKOM YTOMUTENbHLIM MNOAKIYATb, U OHU MOryT OKa3aTbCA CI/IULLKOM
MeAJIEHHbIMM ANsl AaHHOM 3ajauv (Kak B pa3gene 1.1). B Takon cuTyauum y nporpamMMmucTa Het
BblbOpa: NpUXoAMTCSA NUCaTb PYHKLMIO COPTUPOBKM CAaMOMY.

11.1. CopTpoBKa BCTaBKOM
BonbLUMHCTBO KapTeXXHUKOB, CaMM TOro He CO3HaBagd, MNOJIb3yKTCA MMEHHO TaKMM METOAOM
COPTUPOBKK ANA ynopAaao4deEHUA npuliealnx UM KapT. Koraa NIrpoK MOJTYHaET OYEPEOHYIO KapTy,
BCE npeabiayune y>e OoTCopTupoOBaHbl, NO3TOMY OH MPOCTO BCTAaBNAET €€ B HY)XHOE MECTO. ans
COPTUPOBKN MaCCuBa x[n] B nopdaake BoO3pacTtaHnUA Ha4ynHaTb CNeayeT C NeEPBOro an1IEMEHTa, CHUTad
ero OTCODTMDOBaHHOVI noanocneaoBaTes/ibHOCTbIO X[O..O]. 3ateM HY>XHO BCTaBJIATb 3/IEMEHTHI X[l],
. X[I'I-l] B NpaBwU/ibHbIE MO3NLINKU, KaK 3TO AENAETCA B NPpUBEAEHHOM HWMXKE NCEBAOKOAE:
for + = (1. n)
/* uHsapuant anemeHtu x[0 1-1] orcoprtuposans */
/* uenb BCTaBuTb X[1] B HyXHyl® no3uywmw 8 maccuse x[0 11 */
HocaenoBaTenbHOCTh COPTUPOBKY MacCHBa U3 YeThIPEX 2JIEMEHTOB WITIOCTPUPYET-
ca "Huske. CuMBoa <<|>> nokasbIBaeT TeKylllee 3HaUeHUe MepeMeHHOH i; 3JIeMeHTHI cJieBa
0T 9TOT'0 CUMBOJIa YK€ OTCOPTHPOBAHBI, a ClipaBa — HeT.
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BcTaBka 3neMeHTa B HYXHYHO MO3MUMIO MPOU3BOAUTCS LUMKAOM, B KOTOPOM 3/IEMEHTbI
nepebupaloTca cripaBa HaneBo, a B NepPeMeHHOMN]' XpaHUTCS MHAEKC OYepeiHOro BCTAB/IIEMOrO
aneMeHTa. B uMkne Tekywwmih 3neMeHT nepecTaBnsSieTC MecTaMu C MpeablaywmuM, ecnu 3ToT
npeablayWwmnin 3neMeHT cywectByeT (To ectb j>0) M TekylmMh 3NEMEHT elle He YCTAHOB/EH B

HY>XHOE MoJioXKeHue (OH M MpeablayLyit 3NIEMEHTBI HAX0AATCS B HEMPaBUIIbLHOM nopsake). UTak,
MONY4YMBLLASICA NPOrpaMMa COPTUPOBKM BCTaBKOM NpuBEAEHa Ha ucTuHre 11.1.

Jinctuar 11.1. CopTupoBka BCTaskoi: Bepcus 1

for 1 = [1., n)
for (3 =1 3 >0 &8 x[J-11 > x[J3]., 3--)
swap(g-1. 30

B Tex peakux cny4yasix, Korga MHe HY>XHO HanucaTb CBOK COOCTBEHHYKO COPTMPOBKY, S HAUYMHalO
MMEHHO C 3TOM (PYHKLMM, NOTOMY YTO OHa OYEHb NPOCTa — BCEro TPU OYEBMAHBIE CTPOKM.
MporpaMMmUCTbI, CTPeMALLMECT K ONTUMM3ALUMKM, MOFYT CHECTb HepauMOHanbHbIM Bbi30B (YHKUNK
Swap M3 Tena BHYTPEHHero uumkna. MporpamMMy MOXXHO YCKOPWUTb, packpbiB (hYHKLMIO SIBHO, XOTS
MHOMMe ONTUMMU3NPYIOLLME KOMMUASTOPbI CNOCOBHLI AenaTh 3TO 3@ Hac. 3aMeHUM BbI30B (PYyHKUNK
HWXXecneayLwmM KOAOM, B KOTOPOM nepeMeHHas t ncnonbayetcs ans obmeHa x[j] v x[j-1].
to=x[31. x[33 = x[3-11. x[J3-1) = ¢t
Ha moeM koMnbloTepe BTOpasi BEpCusi COPTUPOBKM paboTaeT npMMepHO B TpW pasa bbicTpee, Yem
nepsasl.
Mocne 3TOrO ynydlleHWUs MNOSIBNSIETCS BO3MOXHOCTb CAeNnaTb cneaylowmin war. [ocKonbKy
NepeMeHHON t HEeCKONbKO pa3 NpUCBaMBAETC OAHO U TO XeE 3HayeHue (MCXOAHO Haxoaseecs B
X[i]), Mbl MOXeM BbIHECTU NpPUCBaMBaHWUS, OTHOCALIMECS K 3TOW MEPEMEHHON, 3a paMKu
BHYTPEHHErO LMK/IA, @ TaKXe€ U3MEHWUTb BWUA CPABHEHUS, YTO AACT TPETbIO BEPCUIO COPTMPOBKM
BCTaBKOW (NMCTUHT 11.2).

JinctvHr 11.2. CopTUMpoBKa BCTaBKOW: Bepcus 3
for v = [1. n)

for (g =1, 3 >0 & x[J-11 >1t. 3--)
x[J-11

STa nporpamMMa CABWIaeT 3/IEMEHTbI BMpPaBO [0 TeX Mop, MOKa OHW MPEBOCXOAAT 3HadyeHue t, a
MOTOM CTaBUT t B MpaBW/IbHYIO MO3UUMIO. ITa (YHKUMS M3 MNATM CTPOK YyTb CIOXKHEE CBOMX
NpeaLeCcTBEHHMKOB, HO Ha MOEM KOMMbIOTEPE OHa paboTaeT npuMepHo Ha 15% 6bicTpee, yeM
BTOpasi BEPCUS TOW K€ COPTUPOBKM.

Ans cnyyaHOro pacriofloXXeHUs! 3M1EMEHTOB BO BXOAHOM MaccvMBe, Kak M B XyAWeM Clyyae
(0bpaTHbIN NOPSAOK COPTMPOBKM), BPEMS BbIMOJIHEHMSI COPTUPOBKM BCTABKOM MPOMOPLMOHANBHO
n’. Tabnuua 11.1 coaepXMT AaHHbIE O BPEMEHM BbINOSHEHMS TPEX NpOrpamM, KOrAa Ha BXoA
NOAAETCA N CIyYalHbIX LESbIX YMCer.
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Tabnuua 11.1. CopTMPOBKA BCTABKOW: BPEMA BbINONHEHUR PA3NUHHLIX BEPCUIA NPOrpamMmbl

MNporpamma O6wemM (cTpok Ha s3bike C) BpewmMs, HC
CopTuposka BcTaekon (1) 3 11,94
CopTupoBKa BCTaBKOM (2) 5 3,81
CopTnposka Bcraskon (3) 5 3,24°

TpeTbein nporpamme TpebyeTCs HECKONBbKO MUNNCEKYHA Anst copTupoBku N = 1000 uenbix yucen,
TpeTb cekyHabl Ha n = 10 000 uenbix, 1 NOYTU YaC Ha COPTUPOBKY MWUINIMOHA uncen. CKOpo Mbl
BCTPETUMCS C NPOrpamMMOM, COPTUPYIOLLEN MUIJIMOH YMCENT MeHblue, YeM 3a cekyHay. Ecnum
BXOAHOW MacCUB YX€ MOYTU OTCOPTUPOBAH, COPTUPOBKA BCTaBKOW paboTaeT ropa3go 6bicTpee,
MOCKOJIbKY BCE 3NEMEHTbI CABUIAOTCS NULb Ha HebonbLoe paccTosiHue. Anroput™ B pasgene 11.3
[l@aHHOW rNaBbl OCHOBAH MMEHHO Ha 3TOM CBOMCTBE.

11.2. MpocTas bbicTpasi cCOpTUPOBKa

3T1oT anroput™ 6bin BnepBble onucaH K. A. P. XoapoM B ero knaccuyeckon ctatbe «BbiCcTpas
coptupoBka» (C. A. R. Hoare, Quicksort. Computer Journal, 5, 1, April 1962, p. 10-15). B aTOM
anropuTMe MUCMNOSMb3YyETCA MOAXOA «pa3fensii U BNacTByW», yXe YNOMUHaBLUMIACS B pasaene 8.3:
YTOObI OTCOPTUPOBATL MACCUB, Mbl PA3AENSEM €0 HA 4BA MOAMACCUBA M COPTUPYEM KaXAbIM U3
HUX pekypcnBHO. HanpyMep, Ans COpTUPOBKM MaccuBa U3 BOCbMU 3/1EMEHTOB
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Puc. 11.1, Coptupyemsiit Maccus

Mbl pa3buBaeM ero nepBbiM 3nemMeHTOM (55), Tak 4YTOBbl BCE 3/1EMEHTHI, MeHblune 55,
PacronoXUNNCb CNeBa OT HEro, a Bce 60nbluMe — Cnpasa.

|a1]26|53]55]50] 58] 07| 93]
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Puc. 11.2. Pazbuexune Maccuea

Ecnun 3atem pekypcuBHO oTcopTupoBaTb nogMHoxectsa X[0. .2] n x[4. .7] no OTAenbLHOCTH, BECb
MaCCUB OKaXeTCsl OTCOPTUPOBAH.

CpefHee BpeMsi paboThbl 3TOFO anropuTMa OKasbiBaeTCs CyLLECTBEHHO MEHbLUMM O(7) COPTUPOBKH
BCTABKOM, MOCKOMbKY onepauns pasbueHus AaeT ropasgo bonblue ana AoctukeHus uenu. Mocne
pa3bueHns n 31eMEHTOB MPUMEPHO MOMOBUHA M3 HUX OKAXKETCS HUXE BblAENEHHOrO 3/1EMEHTa, a
MOMOBMHA — Bblle. 3a TO Xe caMoe BpeMms
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B MporpaMMe COPTMPOBKM BCTABKOM Ha CBOE MeCTO YCTAHAB/MBAETCS OAMH-€ANHCTBEHHbIN
3/IEMEHT.

WTak, y Hac ecTb HabpoCok pekypcuBHON (yHKUMKU. OnuweM paboyyro YacTb MaccMBa C MOMOLLbIO
MHAEKCOB I, U (HWXKHAS U BEpXHAS rpaHuubl). Pekypcusa octaHaBnuBaeTcs, Korga Ml Aobvpaemcs
[0 MaccvBa C YNCIOM 3/IEMEHTOB, MeHbLIUM ABYX. Ko nporpaMMbl npuBeaeH Ha nuctuHre 11.3.

Jinctmur 11.3. boicTpas copTuposka (Habpocok)
void gsort (1, u)
if 1 >= u then

/* He OoJjiee OIHOIO BJIEMEHTa — HUYero He gejlaem  */
return
/*  uesb PaséuTs MaCcCHuB OTHOCUTEJILHO Kakoro—Jmbo 3JIeMEeHTa,
KOTOPEI

OKas3HBaeTCs Ha [OpaBUJILHOM MecTe */
gsort(l, p-1)
gsort (p+1l, u)

Ans pa3bueHnst MaccMBa OTHOCUTENIbHO 3Ha4YeHusl t Mbl HAQYHEM C MPOCTON CXEMbl, O KOTOPOM £
y3Han oT Huko JloMyTo. Bonee 6bICTpbI BapyaHT NporpaMMbl, BbIMOMHSIIOWMIA 3Ty 3aaady, byaet
npuBeaeH B creayloleM pasaene’, Ho 3Ta MyHKUMS Tak MpocTa, YTO B HEM TPYAHO OWMBUTLCS, U
OHa HM B KOEM C/lyyae He MOXET OblTb Ha3BaHa MeasieHHOW. [MycTb AaHO 3HauyeHue t, HY>XHO
ynopsiaountb MaccvB X[a. .b] M BbIUMCAMTL MHAEKC M TakKoOW, YTO BCE 3/IEMEHTbI, MEHbLUKE t,
HaxoAaTCs cneBa OT aneMeHTa X[T], a Bce 6onbine — crnpasa. Mbl pelmM 3Ty 3aaady C NOMOLLbIO
npocTtoro uukna for, ckaHupytoLwero MaccuB CneBa HampaBo, WMCMOSb3ys NepeMeHHble | U m ans
COXpaHeHus HBapuaHTa (puc. 11.3).
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Puc. 11.3. MHBapnaHT unKia CKaHNpoBahns B anropuTMe BhICTPOM COPTMPOBKM

Koraa npoBepsieTcsi i-ii 371eMEHT, HeobXoAMMO paccMOTpeTb ABe cuTyauun. Ecnm x[i] >= t, T0
MHBapWaHT OCTaeTCs UCTUHHBIM. Ecnn xe X[i] < t, TO BOCCTAHOBUTbL MHBAPUAHT MOXHO, YBENNYMB
MHAEKC M (KOTOpPbIN yKa3blBAET HOBOE MECTOMOJIOXKEHME MEHBLLENO 3/IEMEHTA) U MOMEHSIB MECTaMM
x[i] n X[T]. B utore nony4aem koa, OCyLECTBNSOWMNIA pa3brueHne Maccuea:

m=a-1
for 1 = [a, b]
1t x[1) <t
swap(++m, 1)

! B 60nblUMHCTBE peanu3aumii BbICTPOii COPTUPOBKM WCMOMb3YeTCs ABYCTOPOHHEE pasaeneHue,
OMUCaHHOE B CrieflylolleM pasfene. XOTs OCHOBHasi uaest 3Toro koda npocTa, AeTanu peanusaumm
BCeraa Ka3anncb MHE BECbMa C/TIOXHbIMWU — OAHAXAbl S MPOBEN MOYTU ABa [HS B MOMCKAX OLLIMOKM
B KOPOTKOM LMKNEe pa3dbueHnss OauH M3 yuTaTeneld YepHOBMKA 3TON CTaTbM MOXKANOBaNCs, UTO
CTQHAQPTHLIN METOoA Ha CaMOM Jene npolle, YyeM Metod JIoMyTo, M B MOATBEPXAEHWE 3TOMY
Habpocan Koa nporpaMmbl. A NpeKpaTui U3y4yeHne 3To NporpamMMsbl, Halas ABe OLUMGKW.
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B anroputme Quicksort Ham Hy»HO pa3buTb Maccms X[I..u] oTHOCUTENbHO 3HadeHus t=x[lI], Tak 4To
a=1+1,a b= u. UHBapuaHT unkna pasbueHns MoXHO byaeT n3obpas3ntb cneayrowmm ob6pasom

(puc. 11.4).
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Puc. 11.4. UHBapuaHT umkna pasbuenus maccusa
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ITocse 3aBepuieHuMs LHKIA TTOJIYYHM KapTHHY, U300paXkeHHY0 Ha puc. 11.5.
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Puc. 11.5. Cocrosnue MaccuBa nocsie 3asepiieHns uvMkna pasbuenus

3areM Mbl ToMensieM Mectamu x[1] 1 x[m], uto macr puc. 11.6,
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Puc. 11.6. CocrogHue nocne nepectaHoBky 1eMeHTos

Tenepb MOXXHO pEKYPCUMBHO Bbi3BaTb (pyHKUMIO € napameTpamu (I, m-1) n (T+1, n).
MonyuYmBLIMIACA KOA [AET MepPBYI0 3aBEPLUEHHYK BEpcuto BbICTpor copTMpoBku. OH NpuBEAEH B
nuctuHre 11.4. ins copTMpOBKKM MaccmBa X[N] dyHKLMIO cneayeT Bbi3BaTb kak gsort (0, n-1).

NMuctunr 11.4, Beictpas copTuposka: sepcuns 1

void gsort (1, u)
1f (1 >= uw)
return
m =1
for 1 = [1+1, u)
/* wuBapuant  x[1+1 .m] < x[1] &&
x{m+1 1-17 >= x[11 */
1f (x(v] < x{1D
swap(++m, 1)
swap(1., m)

/* x[1l..m-1] <
gsortl (1, m-1)
gsortl (m+1, u)

x[m+1,

ul  */

' Kaxxetca cobnasHuTenbHbIM NPONyCTUTb 3TOT 3Tan M Bbi3BaTb peKypcuio ¢ napametpamu (1, T)
n(Tt+1, un). K coxaneHuto, npu 3TOM Mbl noragaeM B 6eCKOHEYHbI UMKN, ecnun t ssisgercs
HanbonbLWMM 31eMEHTOM MaccmBa. Bo3MOXHO, g 6bl 06Hapy>xun 3Ty owmnbKky B Npouecce NpoBEpPKM
yClIOBMSI 3aBepLUEHMsl, HO 4YuTaTeslb MOXET [A0rafaTthCs, Kak s B AENCTBUMTENbHOCTM Ha Hee
HaTKHynca M [Dkelikob Aan aneraHTHoe [oKa3aTesflbCTBO HEKOPPEKTHOCTM TaKOM MpOrpaMMbl:
NoCcKonbKy X[1] HMKOrAa He nepecTaBnseTcs, 3Ta COpPTUpoBKa OyaeT paboTaTb TONBKO B TOM

cnyyae, ecnm X[0]

6ypet

MUHUMabHbLIM

3JIEMEHTOM MacCCuBa.
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B 3apjave 2 B KOHLE rnaBbl onvcaHa Moandukaumsa anroputma pasbueHus, npeasioxeHHas bobom
CepxeumkoM (Bob Sedgewick). OHa aaeT Heckonbko 6onee 6bICTPbI anropuTM qsort2.
MpaBMNBbHOCTL 3TON NporpaMMbl Bbina NPakTUYECKM MOMHOCTBLIO A0OKa3aHa npu ee BbiBoae (Kak U
AO/MKHO 6bITb). [lOKa3aTenbCTBO BEAETCA MO MHAYKUMW. BHewHun onepatop if npaBusibHO
obpabaTbiBaeT NycTble W OAHO3MIEMEHTHbIE MAaCCMBbI, @ anroputM pasbueHus npasBuIbHO
noaroTaBnvMBaeT Maccuebl 6onbllero pasMepa AN NOCAeaylWwUX pPeKypCUBHBIX  Bbl3OBOB.
MporpaMMa He MOXET BOWTM B OECKOHEYHYK MOC/eA0BaTeNbHOCTL PEKYPCUMBHBIX BbI30BOB,
MOCKOJIbKY 3MEeMEHT X[T] Mpy KaXAOM TakOM BbI30BE MCKIOYAETCA. TakuMm e obpa3om 6bina
[OKa3aHa KOHEYHOCTb anroputMma B pasaene 4.3 (ABOMYHbINA MOMUCK).

MporpamMMa 6bICTPOM COPTUPOBKWM paboTaeT 3a BpeMsi O(r7 log 1) v Tpebyet B cpeaHem 0(log )
namMsiTm Ha creke. [oa «cpeaHuMM» CrlydyaeM noapa3yMEeBaeTCs CllyvaliHasi NepecTaHoBKa He
paBHbIX ApYr ApYry 3N1E€MEeHTOB, NOCTyrnarLas Ha BXo4 anroputma. MatemaTnyeckme apryMeHThbl B
MOMb3y 3TOr0 BbIBOAA AHANOMM4YHbI anroputMam, npuBeAeHHbIM B pasgene 8.3. B 6onbwunHCTBE
y4ebHMKOB MO TEOpWUM anropuTtMOB MNOAPOOGHO aHaNM3MpyeTcs BPeMSt BbIMOJIHEHWUS ObICTPON
COpPTMPOBKK. KpoMe TOro, B HUX AOKa3bIBaeTCs, YTo Ntobas OCHOBaHHAs Ha CpaBHEHWM COPTUPOBKA
HE MOXET BbINOMHUTL MeHee O(n|ogn) cpaBHeHWW, NO3TOMy ObiCTpass copTMpoBka Haubonee
6nuska Kk ngeany.

®yHkums gsortl — 3To camasl MpocTasi Cpeau W3BECTHbIX MHEe Bepcus anroputMma 6bICTpoi
copTMpoBku. OHa WAMIOCTPUPYET BaXXHeMWwue CBOMCTBA 3TOro anroputMa. Bo-nepsbix, OH
AENCTBUTENBHO BbICTP: B MOE CUCTEME MWUIIIMOH ClyYalHbIX LEMbIX YMCEN YNOpAA0YMBAETCS Yy Tb
6onblle, YeM 3a CekyHay, — BABOEe bbICTpee, YeM XOpPOLWO OTNaxKeHHast bubnuoteyHas dyHKUMS
gsort a3bika C (MocneaHss npegHasHaveHa AN1s COPTUPOBKM PasfiMyHbIX TUMOB AAHHbLIX, MO3TOMY
OKa3blBaeTca 6onee MeaneHHoM). 3Ta COPTUPOBKA MOXET OblTb YAOOHOW ANSi HEKOTOPbIX
NPUNOXEHUA C XOPOLWMMWU BXOAHbIMM [AaHHbIMM, HO OHa obnagaeT W ApPYrMM XapaKTepHbIM
CBOMCTBOM ObICTPbIX COPTMPOBOK: A1 HEKOTOPbLIX TWUMOB BXOAHbIX AaHHbLIX BpeMsi ee paboTbl
MOXeT 6bITb KBagpaTU4dHbIM. B cneayowem pasgene paccMoTpeHbl 6onee pobactHble 6biCTpble
COPTMPOBKM.

11.3. Yny4weHHble 6bICTpble COPTUPOBKM

®yHKkums gsortl BbICTPO COPTMPYET MaCcCMB Clly4anHbIX YMCEN, HO YTO, eC/IM Ha BXxoa byaeT nogaHa
yXe ynopsiiouveHHas rnocneaoBaTenbHOCTb? Kak Mbl Buaenu B pasgene 2.4 rnaebl 2,
MPOrPaMMUCTbI YaCTO UCMOMb3YHOT COPTUPOBKY ANs TOro, YTOObl OANHAKOBbIE 3N1EMEHTbLI OKa3anucb
psgoM. CneaoBaTenbHO, HY)XXHO pPacCMOTpPeTb KpaWHWWA Cly4val: MacCMB M3 M OAMHAKOBbLIX
aneMeHTOB. COpTUPOBKAa BCTAaBKOM paboTaeT Ha TakUX AaHHbIX OYeHb ObICTPO: KaXkAbl 311EMEHT
caBuraetcs Ha 0 nmo3vumK, NO3TOMY BPeMs BbIMNOMHEHUS pacTeT kKak O(71). ®yHkumsa gsortl
CNpaBnsieTCs C TaKMMKU AaHHbIMW OYeHb Mnoxo. Kaxaoe u3 n-1 pasbueHun Tpebyet Bpemsa O(77)
Aons BblAeNeHns OoAHOro ane-
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MEeHTa, NO3TOMY MOSIHOE BPEMS BbIMONMHEHUS pacTeT kak O(/F). Bpems obpaboTku ans n = 1 000
000 BO3pacTaeT C OAHOMN CEKyHAbl A0 ABYX YacoB.

Mo>XHO 0601MTK 3Ty NpobneMy, UCNoNb3ys ABYCTOPOHHMI anropuTM pa3bueHns C NpMBEAEHHBbIM Ha
puc. 11.7 nHBapuaHTOM.

(T = 1 7+ T o]
I

! i j

Puc. 11.7. UHBapuaHT ABYCTOPOHHEr0 pasbueHus
MHAeKCh! i U j MHUUMANU3MPYOTCA MPaHMYHBLIMKU MHAEKCAMM pa3bMBaeMOro MaccmBa. [NMaBHbIN LMK
COAEPXWUT [ABa BJIOXEHHbIX UMKNa. [epBbli BNOXEHHbLIM UMK CABWUraeT i BBepX, Mpornyckas
MeHbLUNE 3N1EMEHTbI, @ BTOPON yBennumBaeT], nponyckas 6onblume 3nemMeHTbl U OCTaHaBAMBasiCb
Ha MeHbLIeM. [NaBHbIA UMK NPOBEPSIET, HE MEpeceKkarTCs NI 3TU MHAEKCbl, U NepecTaBnsieT
COOTBETCTBYIOLUMNE NIEMEHTbI.
Ho kak Takon koa 6yaeT paboTaTb B CUTyauuw, KOrga BCE 3M1EMEHTbl paBHbI? [lepBas MbIC/b:
NponycTUTb 3TU 3MEMEHTbI, YTObbl HE AenaTb NUWHENW paboTbl, HO B pe3ynbTaTe MOJSyYaeTcs
KBagpaTU4YHbIN AN  MaccMBa W3 OAMHAKOBLIX 3/IEMEHTOB  anropuTtM. [loaToMy  Kaxaoe
CKaHupoBaHve 6yaeT OCTaHaBnMBaTbCA Ha OAMHAKOBBLIX 3fIEMEHTax, KOTopble 3ateM 6yayT
obMeHmBaTbC. XOTS B 3TOM BapuaHTe obMeHoB byaeT npousBoanTbecs 6onblie, yem TpebyeTcs,
Takas nporpamMma 6yaeT npeBpallaTh XYAWWA ClyYad C MacCMBOM M3 OAMHAKOBLIX 3/IEMEHTOB B
nyywmnn, Tpebylowmi noytm B TouHOCTM A log, M cpaBHeHwW. [porpamMma, peanusyrowas
OMMUCaHHbIN anropuT™ pasbueHusi, NnpuseaeHa B aincTuHre 11.5.
Nncrmnr 11.5. Buictpasi copTuposka (Bepceust 3)
vold gsaort3(1l, w)
1f 1>= y
return
t = x{11, 1 =1, 3 =u+l
loop
do 1++ while 1 <= u && x[1] < t
do 3-- while x[3] > t
1f 1>
break
swap(1. 2)
swap(l, 2}

gsort3(1, 3-1)
qsort3(3+1, uw)

N36aBnascb OT KBAApaTMYHOIO MOBEAEHMS B XyAweM Cy4vae, 3TOT KOA4 W B CpegHeM aenaet
MeHbLLe 0bMeHoB, YeM qsortl.

PaccMoTpeHHbIE HAaMK NPOrpaMMbl 6bICTPO COPTUPOBKM pa3buBan MacCMB OTHOCUTENBHO NEPBOro
BCTPEUYEHHOr0 3/1IEMEHTA. ITO XOPOLWO MOAXOAMT ANS CyYalHbIX BXOAHbIX AAHHbIX, HO MOXET
CUNbHO 3aMeanTb paboTy AN HEKOTOPbLIX YNOPSAOYEHHbIX MOCneaoBaTenbHoCcTen. Ecnm mMaccms
y>Xe OTCOPTMPOBaH MO BO3PacTaHWIO, €ro npuaercs pa3buBaTb OTHOCUTENbHO MEPBOrO 3/1EMEHTA,
3aTeM OTHOCWUTENIbHO BTOPOIro M Tak
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fanee, 4yto noTtpebyer BpemeHun O(77). Mbl MOXeM u3bexaTb 3TOro, BblbMpas 3MeMeHT ANs
pa3bueHunsi cnyyanHbiM 06pa3oM — 0B6MeHuBasi MecTaMu 3nemeHT X[|] co cnyyariHbIM 371EMEHTOM K3
AvanasoHa X[l..u]:

swap( |, randint(I..u))

Ecnm y Bac HeT dyHkumm randint, obpaTtuTtech K 3agade 2 u3 rnaebl 12 AaHHOW KHUMM, KOTOPas
NOCBSAILLEHA HAMMCaHMI0O COBCTBEHHOrO reHepaTopa Ciy4YalHbiX umcen. Kakmm 6bl KOAOM Bbl HU
MOMb30BaNMChb, BHUMATENBHO MpocneanTe 3a TeM, 4Tobbl dyHKuMs randint Bo3Bpallana 3HayeHue
n3 amanasoHa [I, n] — BbIXOA 3a ero rpaHvubl NpuBefeT K owwnbkaMm. O6beanHUB CyYanHbIN
BbIGOP LIEHTPANIbHOrO 3/1EMEHTA C ABYCTOPOHHUM pa3bueHWeM, Mbl MOMYYMM NPOrpaMMy ObICTpOM
copTupoBkM, paboTatowyto 3a Bpems O(nlogn) ans nwoboro BXOAHOrO MaccuBa. YcpeaHeHue
[ieNaeTcs BbI30BOM . reHepaTopa C/ly4alHbIX YMCEN, a HEe aHa/IM30M BO3MOXHOMO pacrnpeaeneHms
BXOAHbIX AAHHbIX.
Hawa nporpamma 6bICTPO COPTUPOBKM GOMbLUIYID YacTb BPEMEHW TPATUT HAa COPTUPOBKY OYEHb
ManeHbKMX MOAMHOXeCTB. Takume MaccvBbl 6bin0 6bl Mpolle BCEero copTMpoBaTb KakMM-M60
HECNOXHbIM METOAOM BPOAE COPTMPOBKM BCTaBKOW, @ HE TPaTUTb Ha HMX BCHO MOLLb ObICTpOM
copTmpoBku. Bo6 CemxBuK pa3paboTan BecbMa XMTPOYMHYK peanu3aumio 3Tonm uaen. Korga
(pyHKUMS BbICTPON COPTUPOBKM BbI3bIBAeTCS Anst Hebonbloro Mmaccuea (To ectb I 1 1 61m3kK), oHa
He [AenaeT Huyero. Peanusyetcs 3TO NyTeM 3aMeHbl NepBoro onepatopa if Hawen dyHKUMM Ha
cneayowmi Kona:

if u-1> cutoff

return

3nechb cutoff — HekoTopoe HebonbLioe uenoe Yncno. Mocne 3aseplueHns paboTbl PyHKUMKM Maccns
6yneT He OTCOPTMPOBaAH A0 KOHUA, HO pa3buT Ha Hebonblme rpynnbl Cly4yanHO YNOpsSAOYEHHbIX
3/1IEMEHTOB, MPUYEM BCE 3/IEMEHTbI OAHOW rPynnbl 6yayT MeHblue Noboro snemMeHTa BCeX rpynn,
PaCMnoOXeHHbIX CnpaBa OT AaHHOW. COpTMPOBaTb 3/1EMEHTbI BHYTPWU TPYMM HYXHO KakUM-TO
APYrMM METOAOM, M TyT Jlydle BCEero noaxoAuT COPTMPOBKA BCTaBKOW, MOCKOJSIbKY MacCUB YXe
MOYTK YNOPSAA0YEH.
Ans peleHns 3aaayun COpTUPOBKN LIENIMKOM NPUAETCS BbIMOMHWUTL ABa BbI30Ba:

gsort4 (0, n-1)

isort3 ()
3apaya 3 nocesilieHa Bbibopy onTMManbHOM BennumHbl nopora cutoff.
Ha nocnegHeM 3Tane onTuUMM3auuM MPOrpaMMbl MOXHO PaCKpbiTb BbI30B (DYHKLMM Swap BO
BHYTPEHHEM uUMkne (MOCKOMbKY Apyrne ABa Bbi30Ba Swap NieXaT BHE BHYTPEHHEro uMKia, ux
packpbiTWe He AacT OWwyTMMOro pesynbTata). MocneaHss sepcus nporpammbl Quicksort npueseaeHa
B iMCTuHre 11.6.

JInctuHr 11.6. BuicTpaa copTupoBka: sepcus 4 (MTorosas)

void gsortd(l, u)
if u - 1 < cutoff
return
swap(l, randint(1, u))
t = x[1];: 1 =1; 3 = u+l
Toop
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do 1++ while 1 <= u && x(1] < t

do 3-- whiyle x[3] t

if 1>

break

temp = x[1] x[1]
swap(l 1)
gsortd(1, 3-1)
gsortd(g+l u)

3agaun 4 1 11 nocBaLEHbl AaNbHENLWEMY YTyULIEHMIO NPOM3BOANTENBHOCTM BbICTPON COPTUPOBKM.
B T1abn. 11.2 npuBeaeHbl CBOAHbIE AaHHblE MO BCEM BepcusiM BbICTpoW COpTUpOBKW. [MpaBas
KOMTOHKA yKa3blBaeT cpeaHee BpeMs paboTbl B HAHOCEKyHAaX, Tpebyemoe Ans copTUPOBKN MaccuBa
M3 N CyyYarHbIX Uenblx yucen. MHorve anropuTtMbl MOryT BecTU cebs Kak KBagpaTuU4Hble Ans

HEKOTOPbIX KOHKPETHbIX BXOAHbIX AaHHbIX.
Ta6nanya 11.2. buicTpas copTuposka

v

t

x[31, x011 = temp

NporpamMmma 06vem kopa (crpok a3bika C) Bpems, HC
Bubnuoteynas PyHxums asvika C gsort 3 137nlog, n
BricTpas copTuposka 1 9 60nlog, n
BricTpas copTupoBka 2 9 S6nlog, n
BricTpas copTupoBka 3 14 44nlog, n
BuicTpas copTuposka 4 15+5 36nlog, n
Bubnuoreunas dynkums C++ sort 1 30nlog, n

®yHKuMs gsort cocTouT u3 15 cTpok GbICTPON COPTUPOBKU M 5 CTPOK COPTUPOBKM BCTaBkOW. [nsi
MUIZIMOHA CNyYalHbIX YMCEN BPEMS BbIMOSHEHUS NEXUT B AnanasoHe ot 0,6 ¢ ans 6mbnnoteyHom
dyHKkumMK sort a3bika C++ g0 2,7 ¢ ana 6ubnmotedyHon dyHkumm gsort a3bika C. B rnase 14 mbl

M3yuyMM anropuTM, rapaHTMPOBAHHO COPTUPYIOLWMA /7 UenblX uucen 3a O(nlogn) ons nobbix
BXOAHbIX AaHHbIX (JaXe B XyALeM cryyae).

11.4. MpuHUMNbI

STO ynpa)XXHEeHMe AAET HaM HECKONbKO LIEHHbIX YPOKOB O COPTUMPOBKE B YaCTHOCTU M MNpo-
rpaMMMpOBaHUK BOOGLLE.

BubnuoteuHas dyHkumns gsort

bubnunoteyHas dyHkuMa qsort npocta B UCNONb30BaHMM U paboTaeT AoctaTouHo 6bicTpo. OHa
paboTaeT MeaneHHee, YeM caMofesibHble BepcuM ObICTPON COPTMPOBKM, TOJSILKO MOTOMY, 4TO
npeaHa3HayeHa Ans NPUMEHEHUS K pas/IMYHbIM TUMaM AaHHbIX, MO3TOMY CPaBHEHME 3/IEMEHTOB
OCYLLECTBNSETC Yepe3 Bbi30B BHelHen dyHkumn. WHTepdenc dyHkumm sort s3bika C++
CYLLECTBEHHO MpoLLe: MacCMB X COPTMPYETCS Bbi30BOM sort(X, x+n). Kpome Toro, oHa AOCTaTOYHO
acpdhekTNBHO peanu3oBaHa. Ecnm cuctemHas
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COPTUPOBKA OTBEYAET BallMM TPeboBaHMSIM, He 3aAyMblBalUTECh U OTMETaWTE WAL HaMUCaHUA
CBOel cOBCTBEHHOMN.

CopTupoBKa BCTaBKOM

CopTUPOBKY BCTaBKOW JIErKO HanucaTb, ¥ OHa AO0CTaTOYHO 3dhdeKTMBHA Ans HebonbluMX 3aaad.
CoptupoBka 10 000 uenbix YnMCen C MOMOLLbIO 3TOr0 anropuTMa TpebyeT Ha MOeM KOoMMbloTepe
BCEro NULLb TPETb CEKYHAbI.

Cnyyan 6onbLunx n

Ansi 6OnbLUMX /7 XKM3HEHHO BaXKHbIM OKa3blBAaeTCA BpPEMS BbINOSHEHWUS anroputMa 6bICTpPoOn
coptupoBkn O(wlogn). MeToapl pa3paboTku anropuTtMOB M3 rMaBbl 8 Aanu HaM uaeto (NpuHLMN
«pasgenai u BnacTByw»), a Bepudukaumsi, obCyXaaBlWasica B rnaBe 4, NO3BOAMIA HaM
peann3oBaTb 3Ty NAel B SICHOM U1 3 deKTMBHOM Koae.

XOTa 3HAUMTENbHOE YBEIMYEHME NPOM3BOAMTENBHOCTU 0BbIYHO AOCTUraeTCs CMEHOM anropuTMa,
MEeToAbl ONTUMM3aLUMK M3 rNaBbl 9 ycKOpun paboTy COPTMPOBKM BCTaBKOW B 4 pas3a, a ObiCTpoM
COPTMPOBKM — B 2 pasa.

11.5. 3apaum

1. CopTtupoBka, kak n noboe apyroe MOLHOe CPeACTBO, YacTO WUCMONb3yeTcs TaM, rae ee He
CneayeT UCronb30BaThb, M HE UCMOMb3YETCA TaM, rae 6e3 Hee He 060MTUCh. OBBACHUTE, KaK MOXHO
HEeAO0OLUEHUTb WM NEePeoLEHNTb BaXXHOCTb COPTMPOBKU MPU MOSYYEHUN CTATUCTUHECKUX AaHHbIX
(MMHUMYM, MaKCMMyM, cpefHee, MeAMaHa M MoAa pacnpefeneHus) Ans HeKOTOporo Maccusa
BELLECTBEHHbIX YmMCen.

2. [R. Sedgewick] YckopbTe cxemy pasbuenus Jlomyto (Lomuto), ucnonb3ys anemeHT X[1] B
KayecTBe Mapkepa. [MokaxuTte, kak 3Ta dyHKUMS No3BONsSeT u3baBUTbCA OT Bbi30Ba swap nocne
umKna.

3. KakuMm sKcrnepuMeHTaMM MOXHO HaWTU ONTUMasbHOE 3HayeHne cutoff B HekoTopol cnucteme?
4. Xota B cpeaHeM bbicTpas copTupoBka TpebyeT O(log v) NnamMaTh Ha CTeke, B XyAwWeM cry4yae
MOXeT notpebosaTtbcs 06beM namsatn O(r7). ObbsACHUTE, OTKYAA NPOUCTEKAET 3TOT HeAOoCTaTokK, U
nocTapanTecb M36aBUTLCS OT HEro.

5. [M. D. Mcllroy] MokaxxuTe, Kak MOXHO WCMONb30BaTb CxeMy pa3bueHuns Jlomy-To Ans
COPTMPOBKM BUTOBLIX CTPOK MEPEMEHHOW A/IMHbI 32 BpeMsl, NPOMNopLMOHanbHOe CyMMe MX AJIUH.

6. Mcnonb3yiTe MeTOAbl, OMMCaHHbIE B 3TOW [NaBe, ANS peanu3aunv Apyrux anroputMoB
copTmpoBku. CopTupoBKa BbIOOPOM MOMeLLAeT HauMeHbLUWA 3nemMeHT B X[0], 3aTeM HauMeHbLUWIA
n3 octaswwuxca B X[1] n Tak panee. CoptupoBka Llenna (C yMeHbLIAOWMMCS WHKPEMEHTOM)
paboTaeT aHanorMyHo COPTMPOBKE BCTaBKOW, HO 3/IEMEHTbI CABUralOTCA Ha h mos3vumi, a He Ha
0AHy. HauanbHOe 3HayeHune h 3aTeM yMeHblUaeTcs B npouecce paboTbl.
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7. Peanvsaumm nporpamMM COPTMPOBKM M3 3TOM [NaBbl MOXHO HaviTv Ha BebH-calTe KHUIU.
N3mepbTe BpeMst ux paboTbl B BalLel CUCTEME U CBeAWUTE pe3ynbTaTbl B Tabnuuy, aHanornyHyto
Tabn. 11.2.

8. Habpocante pykoBOACTBO MOJSIb30BaTeNO BallEW CUCTEMbl MO BbIOOPY MeToAa COPTUPOBKM.
MeToa AO/MKEH YYWUTbIBAaTb BaXXHOCTb BPEMEHM BbLIMOMHEHMSI, TpebyeMon namaTv, BPEMEHM
nporpaMMmucTa (3aTpaumBaemMoro Ha pa3paboTky u obcnyxuBaHue nporpaMmbl), 06WHOCTb (4TO,
€C/I HY)XHO OTCOPTUPOBaTb CUMBOJIbHbIE CTPOKWM, B KOTOPbIX 3anucaHbl PpUMCKME 4ucnia?),
CTabunbHOCTb (3/1EMEHTBI C OAMHAKOBBLIMU KJIHOMAMM AO/MKHbI OCTABaTbCs B MCXOAHOM MOPSIAKE),
0CO6EHHOCTM BXOAHbIX AaHHbIX U Apyrue. B kayecTse TecTa MoxeTe McnpobosaTb 3TO pyKOBOACTBO
Ha 3agade 13 rnasbl 1.

9. HanuvwwuTe nporpammy HaxoXxaeHust k-ro MMHUMyMa B Maccuse X[0. .n-1] 3a Bpemsi O(71).
[lonyckaeTcs nepecTtaHoBKa 3/1EMEHTOB.

10. MpoBeanTe 3KCMEPUMEHTHI M MOCTPOMTE AMarpaMmMy BpeMeHu paboTbl HbICTPON COPTUPOBKU
Ha Pa3/IMYHbIX BXOAHbIX AAHHbIX.

11. Hanuwwute QyHKUMIO pa3bueHust C <LUMPOKMUM [NTABHbIM 3/IEMEHTOM>», MOCTYC/IOBME KOTOPOM
6yaeT TakuMm:

<t [ =t E

Kak MOXXHO BK/IOUMTb Takyto YHKLMIO B MPOrpaMMy 6GbICTpO COPTUPOBKM?

12. N3yunte MeTOabl COPTUPOBKW, WCMOMb3YEMble B OObIYHOM >XM3HM (COPTMPOBKA MOYTHI,
pa3MeHHble aBTOMaThbl U Apyrue).
13. MporpamMmbl BbLICTPOM COPTUPOBKM M3 3TOW [NaBbl BbIOMPAKOT LEHTPANbHLIN 3NIEMEHT

CyYalHbIM 06pa3oM. U3yunTe BO3MOXHbIE BapuaHTbl, BK/IOYasl BbIOOp MeauaHbl N0 HEKOTOPOMY
NMOAMHOXECTBY MCXOAHOMO MaccuBa.

14. MporpamMmbl  6bICTPOM COPTMPOBKKM, pacCcMaTpuvBaeMble B [AaHHOM [NlaBe, OMUCbIBaOT
NMOAMHOXECTBO C MOMOLLbIO ABYX LIeNOYMCIIEHHbIX MHAEKCOB. DTO He0H6X0AMMO B A3blKax Tuna Java,
B KOTOpbIX YyKasaTenn Ha 3/1EMEHTbl MacCcMBOB OTCYTCTBYHOT. B a3bikax C u C++ MOXHO
OTCOPTMPOBATb MacCMB LIEMbIX YMCEN, UCMONb3YS NPUBEAEHHBIM HUXKE OpMaT Bbi30Ba (DYHKLMMK:
void gsort (int x[], int n)

AN UCXOAHOr0 M BCEX MOCNEAYOLWMX PEKYPCUBHBIX BbI30BOB. MI3MEHMTE anropuTMbl 3TOW FNaBbl,
OPUEHTMPYSACH Ha UCNONb30BaHNE AAHHOMO MHTepdenca.

11.6. lononHuTenbHas nutepatypa

C MoMeHTa BbIxoAa MepBOro usaaHuma 3Tor kHuru Addison Wesley B 1973 roay, cambiM
NonynsipHbIM CMPABOYHMKOM Ha 3Ty TeMy cTana kHura [l. KHyta «McKyccTBo nporpamMMuMpoBaHus
Aans 3BM, ToM 3: copTMpOBKa U Nouck». B Hel noagpo6HO ONMCLIBAOTCS BCE OCHOBHbIE anropuTMbI,
NPOBOAWNTCA MaTEMATMYECKUIA aHanM3 BpeMeHM Mx paboTbl. B KHWUre Takxe npuBeaeHbl NpUMeps
peanu3auun anropuTMoB Ha accembniepe. lNMpea-
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naraemble ynpaxHeHUs U CCbIIKW Ha ApYyrve KHWrM coaepxaTt BaXKHble MoaudUKaumm UCXOAHbIX
anroputMoB. K MOMeHTy Bbixoda BTOpOro usgaHus B 1998 rogy KHyT 06HOBUAN M OTpeaakTMpoBan
KHUry. Mcnonb3yembii UM accembnep MIX yctapen, HO NpuHUMMbI pa3paboTkun, UNNKCTpUpyeMble
KoaoM, 6eccmMepTHbl.

TpeTbe usgaHuve kHurn boba CemxBuka «Anroputmbl» (Bob Sedgwick, Algorithms) copepxut
onucaHne 6onee COBpeMEHHbIX MOAXOAOB K COPTMPOBKE WM MOMCKY. Yactn 1-4 nocBsiLeHbI
«OcHoBaM», «CTpyKTypaM AaHHbIX», «CopTupoBke» n «lMoncky». Knura «Anroputmbl Ha C» 6bina
onybnukoBaHa wu3gatenbctBoM Addison Wesley B 1997 roagy, <«AnroputMbl Ha C++» (B
coaBTOpcTBe C Kpncom BaH BaikoMm) — B 1998 roay, a «AnropuTtMbl Ha Java» (B COaBTOPCTBE C
TuMOM JlnHaxonMmoMm) Bblwa B 1999 rogy. Ynop Aenaetcs Ha peanusaumio anropuTMOB Ha
Pa3fIMyHbIX SA3blKax MporpaMmMmMpoBaHns (NO BaweMy Bblbopy), TOrAa Kak onucaHue Ux
NpOU3BOANTENBHOCTN AAETCA HAa UHTYUTUBHOM YPOBHE.

KHWrn 3TMx AByX aBTOPOB SIBNSIOTCS OCHOBHbIMWM PYKOBOACTBAMM MO COPTUPOBKE, MOUCKY (rnasa
13) n «kyyam» (rnasa 14).



