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IMAPAJUIEJIBHBIE AJITOPUTMBI IIOUCKA
HE3ABUCHMBIX MHOXKECTB HA I'PA®AX

JTapsoxenckuit 10.B., Kypkuau B.A.
Kadenpa IIMuld JouHTY

Abstract

Ladyzhensky Y., Koorkchi V. Parallel algorithms of search independent
sets on graphs. In article two parallel heuristic algorithms for search of
the greatest independent set are given. The Goldberg-Spencer algorithm
is modified. The algorithm created on the basis of greedy heuristics and
limited enumeration is considered. Results of testing of both algorithms
are given, conclusions about their accuracy are made.

BeedeHue

3agaga o HauboNbIIEM HE3aBHCHMOM MHOMKECTBE ABIAETCH KIACCHUYECKOH
3aja4eil Teopud rpagos. JTa 3aada YacTO BO3HHMKAET NpPH NapajliebHBIX
BBIYHCIEHHAX, IPOEKTHPOBAHAH M MOJEIMPOBaHUHA JUId MHRAMM3aluy obMeHa
Mex Iy IMpoleccopaMy W/WIH MaKCHMH3ALMH BO3MOMKHOIO YHCIIa IPOLIECCOPOB
[1]. Ona TaowKke BO3HMKAET IPH [HArHOCTHKE  pacHpefeEHHEIX
MHOTOIPOLIECCOPHAIX cHCTeM [2].

AHanu3 nocnefHMX HccienoBaHMH [3] mokaskBaeT, 4TO CYHIECTBYET DAl
npUONKEHHBIX MapaLieNbHBIX AITOPHTMOB pemenHus AanHo# 3amaun. Cpenn
Haubojee TNOMyNAPHEIX MOAXONOB OTMETHM MOJENMPOBAHME OTXKUTa,
HEHpoCceTH M TreHeTHYeckWe anropdTMel. Opnuaxo Tpebyercs pazpaborka
NPHHIHUITHANTEHO HOBRIX &ITOPHTMOB, TaK Kak HH OJHH M3 CYIIECTBYIOIIMX HE
ciocobeH  obecnieyuBaTe BREICOKYX0 TOYHOCTH HapaBHE C  BEICOKHM
OeicTpoeiicTBHEM. OTCYTCTBYIOT €IHHBINA METOJ OLIEHKH KAaueCTBa alrOpHTMOB
M METO/B! [IOKa3aTeIbCTBa BO3SMOXKHOCTH MOTYYEHHA HONYCTHMOrO pPelleHHA 3a
KOHe4Hoe Bpema. B [4] roBopuTci © HEBO3MOXHOCTH CpaBHEHHA
NpHOMMKEHHBIX ANTOPHTMOB, TaK KakK JUIS Pa3iiMYHEIX TPHIOKEHHH 3aJadn
CKOPOCTE H TOYHOCTE HMEIOT Pa3iIMYHyI0 BaXHOCTB.

Ilenp MpOBOJMMEIX Janee MCCICAOBAHWH COCTOMT B TOMyYeHHH
TapajulebHOr0 aJTOpHTMA, IO3BOJAIONIEro IIONYYMTh KaK MOXHO Oonee
TOYHBIH pe3yJbTaT NPH HEBLICOKOH BPEMEHHOMH CIOXKHOCTH., PaccMoTpeHE! JBa
AIrOPHTMA, OJTHH M3 KOTOPEIX HMEET HM3KYIO BpEMEHHYIO CIIOMKHOCTE, a IPYTrox
OTHOCHTEJIFHO BEICOKYIO TOYHOCTS.
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BuiyucnumenbsHasa Modenk

PacCMOTpEHHBIE HW)KE aNrOPHTMEl PACCYMTAHEI HA W/EATM3HPOBAHHYIO
MHOTOMPOLECCOPHYIO BBIYMCIATENbHYI0O Monens EREW PRAM (Exclusive
Read Exclusive Write Parallel Random Access Machine). B aroit mozmenn Bce
MPOLECCOPE! MMEIOT ZOCTYM K OOIIeH mamaATH, HO Mepel AOCTYIIOM K Y4acTKy
MamATH, Tpoleccop Kak Ol 3aHHMAeT ee, U HEKOTOpPOE BpeMA TONBKO 3TOT
TMpoLieccop MOKET BBIMOJHATL ONEPalMH YTeHHsA U 3alHCH Ha JaHHOM Y4YacTKe
namaTH. B 3T0 Bpems Apyrue MpOLECCOPEl MOTYT MONMY4HTh JOCTYH K APYTHM
y4acTKaM MaMsATH.

Bce nmpolieccopsl BEIMOMHAIOT OAHY M Ty K€ NPOrpaMMy, HO KLl U3 HUX
uMeeT coDCTBEHHEIE:

PETHCTPEL, YTO II03BOJIAET IpolieccopaM paboTaTh He3aBUCHMO;

IPOrpaMMHEIH CUETIHK, 9TO NO3BOJIAET BEIIONHATE Ha PasHEIX NPOLECCOpax
B O/IMH MOMEHT BPeMEHH pa3lIM4HBIE YYaCTKH NIPOrpaMMEl, B 3aBHCHMOCTH OT
ee CTPYKTYphI (BETBICHHE, LIUKIIEL);

CTEK, 4TO IT03BOJIAET paboTaTh C pasIMYHEIMA HAaOOpaMH JIaHHAIX;

“mopnucs”’, TO ecTh KaiIBIH NMpOLEccop MMeeT CBOH HOMep, MPOrpaMMHO
OOCTYNHBIA [IA YTeHHd, 4YTO [MO3BOJNAET HCIONBE30BAaTh  HYMEpaLHIO
NPOLECCOPOB B [iporpaMmax.

CucTeMa MMeeT BCTPOEHHEIE Yachl, 33 OJMH NEpHOJ KOTOPBIX KaXKIbIM M3
IIPOLIECCOPOB BEINOIHAETCA POBHO OJ/HA KOMaH/a.

AHanu3s ceolicme anzopumma rondbepza-CneHcepa

OcHoBHas Hpes amroputMa [5] cocrout B cienyromem. CrpouTcs
NOC/Ee0BATENHOCTh YaCTHYHBIX PAacKpacok rpada, HayWHas ¢ TPHBHATLHOH.
HasoBeM 1BETOBEIM KJI4CCOM MHOXKECTBO BEPIIMH, OKPAIEHHBIX B OJUH LIBET.
Kaxkmas cieyiomas packpacka MoTydaeTcs M3 NpebIAye myTeM MonapHoro
06beIHHEH!A [IBETOBBIX KJIACCOB.

DT0T MOAXOM JaeT TOYHOE pellleHHe, eclii CpeJH BO3IMOXHEIX pasOneHuit
IBETOBBIX KJIACCOB Ha MAphl KAXIBIA pa3 BEIOMPATH TaKoe, KOTOpoe 00beAHHNT
BEpIIHHEI, MPUHAIENKAIAE HCKOMOMY MHOXECTBY TOMBKO C TEMH BEPIIHHAMH,
KOTOpEIE TAaKXKe MPHHAIeRaT HCKoMomy mHOxecTBy. Ho ecnn umeercs 2p

M 2p—1 IBETOBBIX KIACCOB, TO CymiecTsyer (2p!)/(pl2”) pasbuennii Ha napsl,
W mepefop BceX BapMaHTOB SABIAETCS TPYIHOPEIIaeMOH 3anaveii. IloaTomy
paccMaTpHBaeTCs OrpaHMYeHHbIH Habop pasbuennid. BeeneM B pacCMOTpEeHHE

chneayromue (yHKIHH:
P, €ciu p HeYemHoe (1)

2(p)= p-1, ecau p vemHoe

rev(i,q; p) = (g =i)mod x(p) (2)
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(i+j)mod 7(p) ecnu0<i,j<x(p)-1
index(i, j; p) =4 2imod z(p) ecnu j = x(p) €))
2jmod y(p) ecaui= y(p)
Jnsa xaxgoro q ¥ i (0<i,q £ x(p)—1), j = rev(i,q; p) EIMHCTBEHHOE LENOE YHCIIO B
ugrepBate [0, x(p)-1], Takoe 9TO  index(i,j;r)=¢q. Ecnd TpHEATH
m, ={(C,,C,):index(i, j;r)=k}, TO MHOXECTBO & ={7,} €CTh MHOXECTBO
pa3buenHii [BETOBEIX KIACCOB HA Maphl.

BakHO TaKkKe COXpaHMTH HE3aBHCHMMOCTE IBETOBHIX KiaccoB. Jins aToro
YacTh BEPIIMH IIPY CMEIIHBAHHM TepseT cBoM mpet. [loaTtomy, NpH nepexone
creyroIel packpacKe, i KaXHOro M3 HalIEHHEIX pa3OHeHMil BRIYHCIACTCS
YMCO BEPINMH, KOTOpOe mpupercs OOecLUBeTHTh H BHIOMpaeTcs TO, A
KOTOPOT'0 5TO YHCJIO MHHHMAIBHO.

OTOT npoLece MOXKHO MPOAODKATE 0 TEX IOp, OKA HE OCTAHETCH TOIHKO
OJIMH L[BETOBOH Knacc, KOTOpkIH U OyaeT npubmoxeHHEM pemenxeM. Ho takoe
peleHne MOXET OKAa3aThCA OYEHb HETOYHBIM, U B [S5] MpeIoKeHO yoansaTs U3
rpata 6obmHe IBETOBEIE KIIACCHL.

Ecnu B TexyImell 4acTHYHOH packpacke ecTh BeToBOH Kiacc C, Tako# 410
IT(C)| = (n+m)/log, n, rae I'(C) — MHOXECTBO BEpIIMH CMEXHBIX, 10 KpaiiHe

mepe, ¢ ogHo# BepmuHOH M3 C, a n ¥ m — KONMYECTBO BEpPHIMH ¥ pebep
COOTBETCTBEHHO; TO I3TOT LBETOBOM Kiacc nobapngercd K MHOxecTBy [ m
ynanserca u3 rpaga Bmecte ¢ I'(C). Takum oOpazom, anropUT™M NpOHOIDKAET
cBoo paboty, moka B rpade He OCTaHEeTCA HH OJJHOrO IBETOBOro Kiacca. Takoi
NOOXO/ HEABHO COJEPKMT B cebe MKamHyI0 3BPHCTHKY, CYTh KOTODOH —
NPHMEHEHHE XaJHEIX aITOPHTMOB HA MHOMKECTBAX, HE COCTABJIAIONIMX MAaTPOH]
[1].

Bce onucaHHBIe BHIIE AEHCTBHA MOXHO BHIIOJIHHMTB, MCIIONB3YA TONBKO
CYMMHpPOBaHHE, COPTHPOBKH H HaXOJeHHe MHHHMYMOB H MakcHMyMoB. B [6]
JI0Ka3aHO, YTO 3TH JEHCTBHA MOMKHO BBINOJHUTH [UIS k 3JIeMEHTOB 3a BpeMs
O(log, k) Ha k mnpoueccopax. Konu4ecTBO nomapHLEX OOBEeAMHEHHH PABHO

O(log, n). KonudecTBo HaliieHHEIX OONBIIMX L[BETOBBIX KJIACCOB TAKXKE PAaBHO
O(log, n) . CnenoBatenbHO, BpEMEHHAs CIOKHOCTB ANNOpHTMa pasHa O(log) n).

B mporecce paboTel anropHTMa COCTaBISETCH EIMHEIA CIMCOK BEPIIHH M
pebep, Kax/IbIA 3J1EMEHT KOTOpOro o6pabaTsiBaeTcs Ha OTAENEHOM IIPOLECCOPE.
Ilosromy mnsa paborel anroputMa Tpebyercs O(n+m) mnpoueccopos. B [5]
paccMOTpeHa TeXHHKa, MO3BOJIAIOMIAA HCIOJE30BaTh TONBKO Of(n+m)/log, n)
TIIPOLIECCOPOB NPH YBEIHYEHHH BPEMEHHOM cloxHOCTH He Oonee, yeM B k pas,
rue k — Hexkoropas KoHcradTa. J[1s 3TOro Kakmblid IIpolleccop MOJENHpPYET
paboTy log, n NMpoLECCOPOB. A MPH KaIOM yHaleHHH GOMBIIOro LBETOBOTO
Kiacca YMEHBIIEHHOE KOJIMYECTBO BHPTYaJIbHEIX NpOLECCOPOB
nepepacipeseNaeTcs M0 peaybHbIM MPOLECcopamM.
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[IpuMeReHHe PACCMOTPEHHOrO ANrOPHTMA HA NPaKTHKE MOKA3kIBALT, YTO OH
obnajaer pAIOM CYLIECTBEHHBIX HelOcTaTkoB. Bo-mepshIX, mocne 3aBepmienns
paboTEl QIrOpHTMa B MHOXECTBE BEDIIMH MOXET OCTaThCA HECKOJIBKO
ofeciBeYeHHEIX BEPUINH, MPHYEM 3TH BEPIIHHEI HE CMEXHEI C MHOXKECTBOM-
pesynsTaToM. B oTOM ciyyae, MONYYEeHHOE pEIIEHHE He ABIAETCA
MaKCHMANBHEIM. 3TOT HEJIOCTATOK MOXHO YCTPaHHTE, €C/IH 3aHOBO NOCTPOHTH
TPUBHATBHYIO PACKPACKY M MPOJOJDKHTH BLINONHEHME ANrOPHTMA,

Bo-BTOpBIX, KK IIOKa3ai¥ 3KCIEPHMEHTH, HA Tpagax C BHICOKOM
[UTOTHOCTBIO &ITOPHTM MOXKET 3ALMKIHTBCH, TAK KAK HEBO3MOXKHO MOCTPOHTH
Honemoi LBETOBOMH KJIAcC.

910 MOXHO Jokasats Teopermuecku. [lyets [I(C)=k<n, Torna
klog,n2(n+m) Wi m<klog,n—n. Paccmorpum Haubonee GraronpuATHbINH
cmydail, xorga k=n, TOrja GonpImol 1BETOBON KJIACC CYLIECTBYET, eciH
m< n(log,n=1). 310 ycnosHe HeoOXOAMMOE, HO HEJOCTATOYHOE, TAK Kak B
neficTBHTENbHOCTH  mpaBas  dacte  Oyger  MeHbme.  YureMm,  4TO
max(m) = n(n—1)/2 > n(log, n-1). Taxum 06pa3om, NpH JOCTATOYHO DonbIIOM m,
HoNBIIOro MBETOBOIO Kacca He CYIecTByeT.

3TOT HEJOCTATOK QITOPHTMA TAIKKE MOXHO MCNpPAaBHTh, €CIH MpH
nocTpoernn I'(C) He yIHTHIBATL ObeciBeYeHHBIC BEPUIHHEL

BpeMeHHas CIOXHOCTh ANNOPHTMa COCTaBIIAET O(log} n) [4], yTO ABNAETCH
ero JOCTOMHCTBOM M MO3BOAAET MCHO/iE30BaTh ero Ha Gomemmx rpadax. Ho
aNTOPHTM HMEET B IIe/IOM HeBRICOKYK TouHOCTb. Hampumep, Ha rpadax THmna
“3peafa”, MOMyYEHHOE AITOPHTMOM HE3ABHCHMOE MHOXKECTBO BCEr/la COCTOMT
W3 OJHOM BepUIMHBLI — IEHTPATBHOMH, TAK KaK eme MpH TPHBHAJTBHON pacKpacke
[(C)=n-12(n+n-1)/log,n, A nz5. OpHako OYeBHAHO, 4TO Haubonbiuee
He3aBHCHMOE MHOXKECTBO COCTOHT M3 BCEX HELEHTPATbHBIX BEPUIHH W HMEET
MOIIJHOCTE n—-1.

XadHwil anzopumm

B [7] nprBeeHs! pa3THYHbIE KaJHBIE IBPHCTHKH 1A OHCKA HanbonbLero
HE3aBHCHMOrO MHOXECTBAa BEpPIIMH, H [10Ka3aHO, 4TO TMOC/IE/0BaTE/IbHAA
JKajiHas 3BPHCTHKA B 00mIeM ciydae HMEeT HH3KyI0 TOYHOCTD. OpHako, eciy
COBMECTHTh MPOCTHIE MOCAENOBATE/IbHEIE KAIHBIE SBPHCTHKH “Xyauiuii BoH ¥
“JTyummii BEYTps"[7] ¢ OrpaHHueHHEIM NIepebopOM, TO Kak MOKa3aHo Jaee 510
MOXKET NpHBECTH K 3HAYMTENBHOMY IOBBIIIEHHIO TOYHOCTH METOAd, XOTH
HECKOJIBKO YBETHYHAT BPEMEHHYIO CIIOKHOCTB.

Anropurm “Xyamuii BoH” 3aKI048eTCA B MOHCKE BEPITHHEI C Haubonbmen
CTeNeHbI0 W yjaneHnn ee W3 rpada 40 Tex ToOp, IOKa B rpage ectTh pebpa.
Iocrie 3aBepmeHAs paboTs! ANMTOPHTMA OCTaBIIeecs MHOXECTBO BEPILMH 1 CTh
MCKOMOE.
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AnroputM  “Jlywmuii BHYTpPS™ 3aKirodaeTci B IOHCKE BEpIIHH C
HauMeHBIIeil cTemeHsl0 M fAobaBnenne wWx B MHOXecTBOo I Ilpm 3tom
HailJleHAble BEpIMHE! YIANAIOTCA H3 MHO)XECTBA BEpIIHH rpaa BmecTe cO
BCeMH CMeXHeIMHM BepmmiHamu. [locne 3aBepmieHHs pabOTEl airopdTMa
MHOkecTBO | — Haubonsinee He3aBUCHMOE MHO)KECTBO.

[Ton orpasuyeHHEIM nepebOpoM  IOHAMAETCs  MOCTPOEHHE  BCeX
HeMaKCHMATBHEIX MHOXKECTB 3aJaHHoro pasmepa. Mcmonb3oBanue nepebopa
IPUACT ANTOPATMY HEKOTODEIE CBOMCTBA TOYHEIX AlITOPHTMOB, 8 OrpaHHYEHHE
ero cTeneHd (DMKCHPOBAHHEIM Da3MEPOM CO3/IaBAEMBIX MHOMKECTB ITO3BOJIHT
COXPAHWTh MOJMHOMHAIEHYIO BDEMEHHYIO CTIOMKHOCTS.

ITorpenHoCTh aTHOM 3BPHCTHKH 3aBHCHT OT HalWdus B rpade “mioxux”
BEpIIHH, KOTOPEIE HE MPHHAIJIEXaT MCKOMOMY MHOXECTBY, HO HMEIOT OYEHb
Manylo creneHb. OOBYHO TaKWX BEpPIIHH HEMHOTO, IIO3TOMY MOXHO CTPOHTH
MOTHEIM TepeGopoM BCe He3aBHCHMEBIE MHOXECTBA PasMEPOM a, M HOIOJIHATH
MX [0 MAKCHMAJBHBIX C IOMOLIBIO XXaJHOro airoputMa “JIy4mmi BHYTDPH .
Byjnem Has3eIBaTh MONTy4eHHbIE TakUM oOpasoM MHOKECTBA MHOXXECTBAMH
YPOBHA a ¥ 0003HAYHM HX KaK S7, I€ X — MHOJKECTBO BEDIIMH MOMYYEHHEIX

nepebopoM — 6a30BbIE BEPIIUHEL.

BpemeHHas CIIOKHOCTb #KaJTHOTO aIrOpHTMa cocTaBiier O(n) [1]. Bpems,
3aTpaynMBaeMoe Ha repebop MOXKHO ONpENeNHTh Kak MPOM3BEICHHE BpPEeMEHH
MOCTPOEHHS OJHOTO MHOXECTBA, pPaBHOE a, HAa KOJIHYECTBO MHOXKECTB

a-1

Hﬂ[n ) =0(n"). . IO ecTE ST = U(n" (a +n}]= O(n°"). CnenoBaTelbHo,

BPEMEHHAA CIIOKHOCT TAKOTr0 AIrOPUTMA COCTaBuT O(n"").

DTOT NIOIXO[ YIYy9YINAaeT AITOPHUTM IPH MCIOJIB30BAHMM €ro A MajkiX
rpaoB, Tak Kak a HOKHO ORITH HeOonbmmuM. ITo3TOMY OCHOBHOH HOeeH
NpeJiaraéMoro airopuTMa SBIAETCA INOMCK MAKCHMAIBHRIX HE3aBHCHMBIX
MHOXKECTB Ml a=k M a=k+1, a 3aTeM MOITy4YeHHe THOO BEpIIMHEI KOTOpas
TOYHO HE NPHHAIEKUT HCKOMOMY MHOXKECTBY, THO0 BepIIHHEI, KOTOpaA EMY
NPHHAIIEKAT. BpeMeHHas CII0XHOCTh TAKOro alnropuT™Ma pasHa T(n)=O0(n'"),
TaK Kak O(n*" +n**?) maroB BRIONHsAETCA He Goyee 4eM n pas.

Jnsa GonemuncTBa rpadoB, ecou mepebop HE YBeIHYHBAET MHOXECTBA,
CKOpee BCEro BCce “TUIOXHMe” BEPIIMHEI yXe yAaneHsl w3 rpada. Torma MoXHO
NpPenoNIOKHATh, YTO, eClIH |S°| =[S |, TO JanbHelilnee yBeNUuIeHHEe YPOBHS He

ok}
YBEJIHYHT MOIMHOCTH HE3aBHCHMOTr0 MHOXECTBA.
H3BecTHO, 4TO €CIM HE3aBHCHMOE MHOXECTBO MaKCHMaIbHO, HO He
ABJIAETCH HaMOONBIIMM, €r0 MOXHO YBENHYHTh, YAATHB HECKOJIBKO BEpIIMH,
MoA00paHHEIX TaK, YTO ITO MO3BOMUT JODABHTH K MHOXECTBY GONblIe BEPIIMH,

4eM ObUIo yaaneHo. PaccMoTpuM ciryuali, koraa |S7| = |S;*_,}H| < maxQS;'*' [] §; yxe
¥

He OyJeT pacTH, TO eCThb eMy NpHHAIVIeXHT, M0 KpaiHeil Mepe, OfHA IUIOXaA
BepmkHa. Ho cymecTByer MHOXeCTBO C JpyrMMH 6a30BEIMM BeplIMHaMH,
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MOIMHOCTh KOTOpOro boneme MOMHEOCTH S, . ClieI0BaTENBHO, II0Xask BEepIIAHA
npuHamIexuT x. Ecnm mpuEATE k=1, TO |§=1, cmemoBarensro, x, ex He

IIPHHAUIEAT HCKOMOMY MHOXECTBY H MOXET ORITE yAaneHa.

Taxum obpa3oM, €clld NpH IEPEXOJE OT MHOXECTBA NEPBOrO YPOBHA KO
MHOXXECTBY BTOpPOTO YPOBHA MOITHOCTH MHOXECTB HE YBETHYHIHCH, TO
paubonpllee HalifleHHOE MHOXECTBO H ecThb Hckomoe. Ecim HekoTophie
MHOXECTBA YBEIMYUIMCh, TO MBI MOXXEM HAHTH BEPIIMHEI, KOTODBHIE HE
NPHHAIIEXAT HCKOMOMY MHOMKECTBY.

OTgensHO PacCMOTPHM CiydYad, KOTJa YBEIMYHIACh BCE MHOXECTBA.
PaccMOTpAM MHOXECTBO MEPBOrO YPOBHS M, OCHOBAHHEIE HA HEM, MHOXeCTBa
BTOpOro ypoBHi. 3auxcupyem 0a30Byi0 BEpmHHY x MHOXECTBA [EPBOTO
ypoBHs. [0 KkpaiiHeHd Mepe, OJHO MHOXECTBO BTOPOIO YPOBHS COBHAJAET IO
MOIIHOCTA C MHOXECTBOM IepBOro. JTO TO MHOXECTBO, Bropas Oa3opas
BEepIIMHA KOTOPOrO COBNANET C TepBOH JBPHCTHYECKOH BEpIIMHOH
COOTBETCTBYIOMEN0 MHOXKECTBA IIepBoro ypoBHA. Ho 1o ycnosmio y Hac ecTh
MHOXecTBa Gonpineil MomuocTH. TakuM 06pa3soM, MBI MOKEM BCe MHOXKECTBA
BTOpOr0 YPOBHSA Pa3Je/UTh Ha B2 MHOXKECTBA!

Sy = {Si& | S:I.t = Sl 1}
Sia = {S:J.-h Sea Pl S, |}
s:=Jsz,. S comepwur B cee mIOXHE
s'

.k

Obo3HaunmM, S; =| J§?
54

BepINMEE], yNaJICHHEHE NPH DacHIMpEHuH, a S WX HE CONEPXKHT. To ecrTs,
K, =5;\S_ He NpHHAJIEKHT HaubobIeMy HE3aBHCHMOMY MHOMKECTBY.

TakuM 06pa3om, B J0OOM CITydae MOXKHO HaifTH BEpIIMHEL, KOTOpBIC HE
NPHHAJUIEXAT HCKOMOMY MHOKECTBY. DTOT IpOIECC CIEXyeT MPOAOIKATE A0
TeX Nop, MOKA y MHOKECTB IEpPBOr0 ¥ BTOPOro YPOBHS Pa3NM4HbIe MOLIHOCTH,
TO ecTb JO TeX MOop, II0Ka He OcTaHeTcs rpad, Ha KOTOPOM XKajiHas 3BPHCTHKA

JlaeT TOYHEIH pe3yJbTar.
®opMAaNbHO, PACCMOTPEHHBIH A/ITOPATM COCTOMT 3 CJIEJYIOLIHX 3TallOB:

1. HaifTy BCE MHOXECTBA [IPBOTO POBHA B m, = max(S}).

2. HaiiTH Bce MHOECTBA BTOPOTO yPOBHS U m, = max(SZ[).

3. Ecin m, =m,, To HanboJibIIee He3aBACHMOE MHOKECTBO HaiIeHo,
), yJAIHTH ero H3 MHOXKECTBA BEpIINH H

uHade HalTH K = max(l!( p:

BEpHYyTHCA K mary 1.
[Ipn mociemoBaTeNbHON peamv3alii BPEMEHHAA CIIOXKHOCTD anropuT™Ma

paBHa O(n*). DTOT MOKAa3arelb MOXHO YMEHBIIHTB, ecJIM HCIoaB30BaTk O(n)
npoueccopoB. Kapli Ipomeccop MOCTPOUT “cpod” MHOXECTBA MEPBOro H
BTOPOTO YPOBHA, IOC]E 9Yero aHanu3upyeT MX Kak ONHCAHO BBIIIC. To ecth



144

BpEMEHHAS CJIOXHOCTh ANTOPHTMA [IPH NapallelibHOH peanMsaliH paBHa
o(n’).

HUcnonszoBanne (O(n) NpPOLECCOPOB TalOKe IO3BONHT COKPATHTH BpeMS,
HeobxomuMoe s apyroi paboTel, HampuMep norck K, XoTd 310 He nomanser
Ha TOPAIOK BPEMEHHO#H CII0XHOCTH.

SKcnepuMeHmanbHble GaHHbIe

O6a paccMOTpPEHHBIX aNropuTMa OBUTH NPOrpaMMHO pEalH30BAaHEl M
nporectupoBankl Ha sTanoHHEX rpagax DIMACS Challenge [4]. Pesynetatsi
9KCMIEPHMEHTOB TpeJCTaBleHsl B Tabnmuue 1, rae n — KOIHYECTBO BEpLIHH
rpada, d — nmoTHocTh (oTHOmMeEHHME 4Mcna pebep Kk n(n—1)/2), EX — Tounsli
pe3ynbTaT (pazmep HanOONMBIIEro He3aBHCHMOro MHOXecTBa), GS — peysTaThl
no anropat™my I'onnbepra-Cnercepa, GE — no npennoxeHHOMY alropHTMY.

M3 Tabnuunl BugHo, 4ro anmroput™ GS mMeer OoNbIIyI0 NOTPEMIHOCTE.
AnroputM GE 11 Bcex pacCMOTPeHHRIX rpa()OB Hamlell TOYHBIH pe3yJibTar.
BpeMmeHHas CHIOXHOCTB 3TOI0 &IrOpUTMa Jakeé B IIOCNeJ0BaTeNnbHOH
peanu3anuu paBHa O(n'). DTO HO3BOMAET €r0 HCIONB30BATh HA JOCTATOYHO

Gonemux rpagax.

3aknoyeHue

[TokasaHo, a0 anroput™ ["onnbepra-Cnencepa 3alHKIMBaeTCA Ha rpagax ¢
BEICOKO#H IUTOTHOCTEIO M HMEET HM3KYIO TOYHOCTh. AJIrOpHTM OBLI MCIIPaB/IeH H
momubuyposad. I[lomurorapudmudeckas BpeMEHHas CIOXHOCTh JeNaer
MOIM(HKAIMIO TOIXOAAIIEH A TPHIOKEHHN, KPUTHYHEIX [0 BpEMEHH
pelIeHuUs 3a1aqn.

Tabnuua 1 Pe3ynsTaThl TECTHPOBAHHSA AITOPUTMOB

Haspanue rpada n D EX GS GE
Brock200 1 200 1075 21 13 21
Brock200 2 200 (0.5 12 ¥ 12
Brock200 3 200 (04 15 10 15
Brock200 4 200 |0.35 17 9 17
c-fat200-1 [2] 200 |0.9223 15 5 15
c-fat200-2 [2] 200 |0.8374 24 4 24
| c-fat200-5 [2] 200 |0.5742 58 7 58
Hamming-6-2 64 0.0952 32 11 32
Hamming-6-4 64 0.6508 4 2 4

Johnson-16-2-4 120 |0.2353 8 8 8

Johnson-8-2-4 28 0.4444 4 4 4

Johnson-8-4-4 70 0.2319 14 6 14
Keller4 171 |10.3509 11 7 11
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MANN a9 45 0.0727 16 16 16

Sanr200 0.7 200 03035 |18 12 18

IIpennoxeHHbI anropuT™ SBIISETCA KOMOMHAIMEH >XaJHBIX 3BPUCTHK H
nepebopa. DKCIIEPUMEHTANBHO I0Ka3aHO, YTO MPe/UIOKEHHEIH aITOPATM MMEeT
BRICOKYI0 TOYHOCTh, 9TO J[ENaeT ero NpHBIEKATelbHBIM Id JanbHEeHIIuX
HCCeJOBaHmuH,
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