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Uccnenyercs #P-nonas 3ama4ya Haxox eHus BcexX (GOPMaIbHbBIX MOHATHI 32,1aHHOTO
KOHTEKCTA U [PEJJIAraeTcsi JEKOMIIO3UIIMOHHBIN MeTo1 €€ pemienus. B kadecTse yacreit
Pa3JIOXKEHUS TPEIJIArAETCS HCIOIb30BATH (PPATMEHTHI UCXOJHOIO KOHTEKCTA, HA3BAH-
Hble bokcamu. JJokazaHo, 4T0 pazjeseHue KOHTEKCTA Ha DOKCHI «0E30MaCHO» OTHOCH-
TETBHO (POPMAJIBHBIX MOHATHH: NIPU JEKOMIIO3UINHE HU 0JHO (DOPMAJILHOE TIOHSTHE HE
TEPSETCS U HE TMOSBJAOTCS HOBBIE (DopMaJibHbIe MoHATHS. lokazano, 4To 4ucio GOK-
COB, BOBHUKAIONINX HA KAXKI0H UTEPAIMH PA3JIOMNKEHUs, DABHO YHUCIY €IMHUYHBIX 3Jie-
MeHTOB 0, 1-MaTpuIlhl, NPEACTABIAIONEN NCXOMHBIH (hopMaibHbIil KOHTEKCT. [Ipemiara-
eTcs YMEHbIMATL Ynca0 HOKCOB Ha KaxK 103 OTAENLHON UTePaIiy POIIECCa, TEKOMITO3HU-
[UU ¢ TIOMOINBIO MOCTPOEHUsI B3AUMHO Helepecekatomuxcs nemneii 0okcos. llpupoasarcs
PE3YABTATHI BLIYUCTUTEIbHBIX IKCIEPUMEHTOB, CBUIETEILCTBYIONINE O CYIECTBEHHOM
MOBBIMIEHUH TPOU3BOAUTEILHOCTH AJIFOPUTMOB HAXOXK/JIEHHS BCeX (DOPMAJIbHBIX TTOHS-
THil IPpY TPUMEHEHUH TPEAIArAeMOT0 JIEKOMITO3UITMOHHOTO METO/IA.
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The problem of finding all formal concepts of a given formal context is investigated.
The problem arises when data mining is presented in the form of a binary object-
attribute matrix, i.e. a matrix the rows of which correspond to objects, and the
columns correspond to features that take a value from the two-element set {0, 1}.
Here the value 1 of the element of a matrix is interpreted as the presence of corre-
sponding attribute to the object, and 0 is as its absence. Such a representation of
a set of data allows to be used the algebraic approach of R. Wille and B. Ganter,
known in the literature as Formal Concept Analysis. Within of this approach the
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initial object-attribute matrix is called the formal context, and any of its maximal
full submatrix is a formal concept. In the problem of finding all formal concepts, it is
required to find the set of all formal concepts for a given formal context. This prob-
lem belongs to combinatorial enumeration problems and is #P-complete. The high
computational complexity of the problem is due to the fact that in the general case
the number of formal concepts exponentially depends on the size of the initial formal
context. Currently many algorithms have been developed to solve the problem, among
them NextClosure, Close-by-One, Norri. The execution time of these algorithms in
the worst case exponentially depends on the dimension of the initial context, and
therefore they are unsuitable for practical analysis of contexts of large dimension.
We propose a decomposition method for solving the problem under consideration.
In this method, some fragments of the initial context defined in a certain constructive
way are called boxes. We prove that the division of context into boxes is “safety”
relatively of the formal concepts. This means that the formal concepts are not lost
and new formal concepts do not arise at decomposition. We prove that the number
of boxes arising at each iteration of the decomposition is equal to the number of unit
elements of the 0,1-matrix representing the initial formal context. We show how a
partial order relation can be defined on a set of boxes. We also show that the number
of boxes at each separate iteration of the decomposition process can be reduced by
using constructing mutually disjoint chains of boxes. The results of computational
experiments are given, indicating that the application of the proposed decomposition
method allows significantly to increase the performance of algorithms for finding all
formal concepts of a given context.

Keywords: formal concept analysis, formal context decomposilion.

Bsesenue

Bo mMHOrIX 3a71aax MHTE/LIEKTYAIBHOTNO aHAJIN3A TAHHBIX M3ydaeMasl IpeIMeTHasT 00-
JIACTD OIHUCHIBAETCSI C TIOMOIIBIO 0O bEK THO-ITPU3HAKOBOHM TabIHITBI, B KOTOPOH KayK IbIH CTOJI-
He1T COOTBETCTBYET HEKOTOPOMY TIPU3HAKY, & KAXKJIasl CTPOKA ONpeJIesisieT TPU3HAKOBOE OITH-
canme oTneabHOro obbexra. [lomobHoe mpecTaBIeHe MHOXKECTBA TAHHBIX TTO3BOJISIET TIPU
ux 0O0pabOTKe IPUMEHSITH MaTeMaTHIeCKUi anmapar obielt aaredpbl 1 Teopun rpadoB, Ha-
npuMep, 00beKTHO-TIPU3HAKOBBIE Tab/IUIIBI MOXKHO UCCIEIOBATH C TTOMOIBI0 METOJIOB aHa-
ms3a popmasbabx noHgTuil. Anamus popmasbhbix norsgTuit (ADII, anra. Formal Concept
Analysis —FCA) xak npuksiagHoe Hanpasjenue teopun pererok [ Bupkroda BosHuko
¢ nosieiienneM pabor B. lantepa u P. Bumre [1-3|. B AQIIl o6bexTHO-TIpH3HAKOBasT TAb-
JIATIA TIpeicTaBIsieTcst (POPMaTbHBIM KOHTEKCTOM, OTPAYKAIINM HAJIMINe U OTCY TCTBUE
MPU3HAKOB, XaPaKTEPHBIX JJIsI U3YIaeMOro MHOKeCTBa 00beKTOB, u Mojeaupyercs 0,1-mat-
purieit. Kaxkmoe popmasibHOE TTOHSITHE OIIPE e IsIeTCsT Tapoil 3aMKHY ThIX MHOXKECTB, UHTED-
IPETUPYEMBIX KaK 00BEM U COIEPXKaHMe 3TOro MoHsITHs. B MaTpuanoit hopme dpopmaibHO-
MY TOHSITUIO COOTBETCTBYET HEKOTOPAasl MaKCUMAaJbHO mojHAast nogmarpura 0,1-MaTpursr,
peicTaBsEoeil (hopMaaIbHBIN KOHTEKCT.

C nmomonsio Meroo A®II permatorcst pasaudHbIEe TPUKIAIHBIE 33JIa91, CBS3AHHBIE
¢ Knaccuduranmell n KiacrTepusaneil TaHHbIX, BbISIBJICHIEM 3aBUCHMOCTEN MeXK Ty JTaHHbBI-
MU U CEMaHTUYECKUM aHAJIM30M €CTeCTBEHHO-SI3BIKOBBIX TeKCTOB [4—T7|. B Hux dopmasbabie
MIOHSITUST TPAKTYIOTCST KaK MEePeKPECTHBIE aCCOTMAITIH, KJIACTEPHI MIKM OUKIacTepbl. B pam-
kax ADII pernenre yKazaHHBIX 331849 CBOJIUTCS K HAXOXK JIEHUIO BCeX (DOPMaTBHBIX TIOHSITHH
HUCXOIHOTO (POPMATBHOTNO KOHTEKCTA C TOCIeIYIONINM CBSI3bIBAHUEM UX B perméTky. [lomy-
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YeHHAsT PEIIETKA CIIYKUT KOHIENTYaTbHON MOJEIBI0 UCCIemyeMol mpeaMeTHolt obracti u
OCHOBOM 15T PerteHust TPUKJIATHBIX 3a,1a.

[Ipu Beett npusiexarenbrocTr MeTo 0B ADII nx npakTrdeckoe npuMeHeHre OrpaHnIn-
BAaETCsI BBICOKOM TPYI0EMKOCTBIO TIPOIECCa M3BIEIEHNUsT MHOYKECTBA (POPMATBHBIX TTOHSITHH
M3 MCXOTHOTO KOHTEKCTA. 3aJiada HAXOXKIEHUsT BCeX (POPMAaBbHBIX TOHSITHN (hOpMaTbHOTO
KOHTEKCTa JeTajbHO u3ydeHa B [2—9|. VsBectro, uro jaHHast 3aj1a4a OTHOCUTCS K KJIAC-
cy F#P-nomHbIX 331849, TOCKOIBKY IHUCI0 (DOPMATBHBIX TOHATHH MOYXKeT 9KCIIOHEHITHATBHO
3aBUCETH OT pasMepa MCXOJHOro KoHTexkcra |[4]. B HacTosiee Bpemsi akTyabHBI HCCIEI0-
BaHUSI TI0 TTOBBIIEHUIO TTPOU3BOIUTETHHOCTH AJITOPUTMOB YCTAHOBJICHHST BCEX (DOPMATBHBIX
MOHSITUH 38 CUET MAPAJIIeIBHBIX BBITUCICHUH W TPUMEHEHUST JEeKOMITOZUITMOHHOTO TTOIX0-
za [3, 5]. OcHoBHAast 1leJIb TUX UCCTIEI0BAHNIT — cieaTh 6osee nocTynabiME MeTobr ADI]
JIST QHAJIA38, DOJIBINNX JTAHHBIX.

B mammoi#t pabore paceMmaTpuBaeTcst 3a1a9a HAXOXKIEHHUST BCeX (POPMAJIBHBIX MTOHSITHH
3aJIaHHOTO KOHTekcTa. lIpemmaraercst MeKOMIIO3UITMOHHBIN METOJT €€ PEeIeHus, B KOTOPOM
TACTSIME PA3IOKEHUsT BBICTYIIAIOT (DPATMEHTHI MCXOIHOTO KOHTEKCTA, HA3BAHHBIE DOKCAMHU.
Taxast TeKOMIIO3UITNST TTO3BOJSIET PA3JIAraTh KOHTEKCT Oe3 moTepu (POPMaTbHBIX TTOHSTHH
M TEM CAMBIM CHUKATH BPEMsI BBIIOJHEHUs] AJITOPUTMOB PEIeHns] PAcCMaTpUBaeMoil 3a-
naan. Wcememyercst crpykTypa OOKCOB € TIETBIO ONEHKH 9HC/a (PPArMEHTOB Pa3JI0KEHMUs,
IOy IaeMbIX Ha KarKJI0W UTepaIuu JeKOMITOSUIINN. YCTAHABIUBAIOTCS IPABIIA OCTAHOBKHI
UTEPAIMOHHOTO TIPOIecca pas3iokerust. [[puBogsaTest pesyrbTraThl BEIMUCIUTETBHBIX IKCIIE-
PUMEHTOB, TIOJITBEPK TAIOITNX PE3YIbTATUBHOCTD MTPEJJIOXKEHHOTO METOIA JTEKOMITOZUIINN.

1. OcuoBHbIE [10JI02KeHud U 0003HaYeHUud

Pacemorpum ocHoBHBIE noJI0KeHUsT U TUTIOBBIe 0003Hadenust ADII (2, 3.

[lycTs onpeseniens! JiBa HEIYCTHIX KOHEYHBIX MHOXKECTBA: MHOKECTBO 06beKTOB (G (HEM.
Gegenstande) u MmHOKecTBO pus3HakoB wian cpoiicts M (Hem. Merkmale). Ilycrs Takxe 3a-
JaHo HemycToe orHomenne wHmaeHTHOCTH | C G X M. HanHOe OTHOIIEHHWE COIEPIKHUT
nH(MOPMAIUIO O BBITOJIHUMOCTH cBoiicTB u3 M Ha obbexrax us G, 1.e. (g, m) € I oznaua-
er, 9T0 00BbEKT ¢ 00JaIaeT TPU3HAKOM 1M, W HAOOOPOT — IPU3HAK 1M MPUCYIT OOBEKTY (.
Tpoitiky K = (G, M, I) npunsito Ha3pBaTh (POPMaIbHBIM KOHTEKCTOM.

Hanee 6yzem mosarars, uro MHOXkecrBa (G u M JjimHEHHO yHOpsioUeHbl (HapuMep,
nexcukorpadudecku). B arom ciayuae dopmasbubiit korareker K = (G, M, I) oxHO3HAYHO
sagaéres 0,1-marpuneit T = (t;;): t;; = 0 mpu (¢;,m;) ¢ I u t;; = 1 upu (g;,m;) € 1
(=12, |G j =12 |M])

Beibepem B K = (G, M, I) nBa npousso/ibHBIX d1eMenta ¢ € G, m € M u onpenennm
JUIst HUX oTobpaykenust (+) creyomumum o6pasom:

dg={meM:(gm)el}, m ={geG:(g,m)el}. (1)

CoryiacHO 3TOMY OIPeJIeIEHII0, MHOYKECTBO ¢ ycTaHaBIMBaeT HabGOP IPU3HAKOB, IPUCYTITX
00BEKTY ¢, a MHOKeCTBO m' 3a7aeT ceMefcTBO 0OBEKTOB, OOIAJAIOINX TIPUHAKOM 17.
Orobpazxenust (-) nerko obobimarorest Ha muoxkectBa A C G u B C M:

A=y B=Qm

g€A meB

st Besikoro popmasibaoro kourexcra K = (G, M, I') u nobbix nopmuoxects By, By € M
BEPHBI CJIEJIYIONIHE CBOHCTBA!

/ /
— anmumonomonnocmsy: ecim By C By, to (By) C (By)
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— oxemencusnocmy: By C (By)”, rne (By)" = ((B)") € M.
Ananormunbie CBOWCTBA CHPABEIMBBI IS TTOJAMHOKECTB MHOXKecTBa (. M3sectno, uro
orobpaxkenust () sSIBJISIFOTCST COOTBETCTBUsIME | 'ajiya M Jiisl HUX BEPHBI CJIEJYIONIE DaBEH-
crBa [1]:
(Y)Y =@ =4, (B)) =(B") =B, (2)
Jpoiinoe npumenenne (-) onpenensier omneparop saMbikanus ()" ma 2Y B anrebpamde-
CKOM CMBICJIE. DTOMY OIEPATOPy NMPHUCYIIN CIACAYIONNE CBOHCTBA:

— pegaexcusnocmo: pas moboro B C M seerma B C B,
— monomonnocmy: ecn By C By € M, o (B1)" C (By)" € M;
— wdemnomenwmuocmy: ast moboro B C M seerma (B")" = B

Muozecrso (B)” moxuO TpaxToBaTH Kax HAGOP HPU3HAKOB, KOTODBIE HEH3MEHHO IOSIB-
Jsttorest B obbexTax hopmasibHoro kourexcra K = (G, M, I) Bmecre ¢ npusnakamu u3 B,
MPUIEM 9TO MHOZKECTBO SIBJISICTCs] HAMOOJIBITNM 110 BKJIFOUEHHUIO B TIPEJIEJIAaX 3TOTO (POPMAaIh-
Horo xourekcra. Eesm B = B, To B Ha3piBaeTCst 3aMKHYTBIM MHOYKECTBOM OTHOCHTEIHHO
oneparopa (-)".

[lapa muoxkects (A, B), A C G, B C M, rakux, uro A’ = B u B’ = A, nasbisaercst
dbopmasbabIM moHsiTHEM (bopMasibaoro Kourekcra K = (G, M, I) ¢ obbémom A u comepka-
nuem B. [lamee B psime caydaeB onpenesenne «(GOpPMAJIbHBINY Tepel CIOBAMU «KOHTEKCT»
WM <IIOHATHE» OYJIET OIyCKATHCS.

U3 (2) u onpenenennst oneparopa (-)” BbITeKaeT CIIpaBeIMBOCTD CIIEYIOIErO BbICKA-
3bIBaHUs: napa MHoXKecTB (A, B) siBisiercst (hopMaJbHBIM MOHSITUEM TOTJA U TOJIBKO TOTJIA,
korma A = A" u B = B". OueBnuno Takzxe, 4To BCAKOE (POPMAaIbHOE TOHSATHE YHUKAIHHO
B 3aJI]aHHOM KOHTEKCTE, T. €. OTJMIAeTCs OT JAPYIUX (POPMAJIbHBIX TOHATHH 06bEMOM 1/ 1/TH
comepxkanueM. Ecim dpopmanbabit konreker npecrasien 0,1-marpuneit T, o npu A #£ &
u B # @ dbopmansaomy nonsituto (A, B) orBeyaer MakCUMaJbHAST MOJIHAS TIOMATPHUIIA
Matpuipl 1. CTpoxm 9TOH OIMaTPUIIBLI COOTBETCTBYIOT 3JIMEHTaM U3 A, a cToabIL — d1e-
MeHTaM 13 B. 371ech 1o Mmoot moaMaTpurell MOHNMAaeTCs TTIOIMATPHIA, BCE DJIEMEHTHI
KOTOPOH paBHBI 1; TIOTHAST TOAMATPHUILA ABJISIETCS MaKCUMAaIBHOMN, €Cii OHa He COIEPIKUTCS
B JIPYIUX MOJHBIX ITOJMATPUIAX.

Ob6ozraunM yepes I'C' MHOXKECTBO Beex (DOPMATbHBIX TTOHSITHH (hOPMaTEHOTO KOHTEKCTA
K = (G, M, I). llycrs (A, By), (As, By) € FC. Muoxkecrso F'C yacTuuHO yrnopsiio4eHo
OTHOIIEHUEM

(A1, B1) T (As, B>)

TOTJIA U TOJIBKO Torja, korma Ay C Ay, OTMmernm, 9T0 moc/ieHee SKBUBAJIEHTHO YCJIOBUIO
By C By. Kaxoe dopmassaoe nousitue (A, B) € FC onpegessier J7ist HCCIEIyeMON TIPeJI-
METHOM 001aCTH COBOKYITHOCTE OJTHOPOJHBIX 00beKTOB A €O cBoMM criernuduaHbIM HabOPOM
npusaakos B. Eciu B korrekcre K = (G, M, I) Her npusHaxoB, KOTOPBIE MPUCYIIH BCEM
obbekram u3 G, 10 MHOKecTBO F'C' conepxut dhopmasibhoe nonstue (G, ). Ecim B koHTeK-
cre HeT OOBEKTOB, ObIAIAONMX Beemu pusHakamu u3 M, to (@, M) € FC. Ecan uveror
Mecto 0ba ciydast opHoBpeMenHo, o (G, @) € FC u (@, M) € FC. 9tu dopmasbHbie
MIOHSITUST HA3BIBAIOTCS TPUBUAJIBHBIMU.

Ilo onpenenenuto opmasbhoro xkourexkcra K = (G, M, ) oruomenune [ He mycroe.
CrenoBarenbHO, oTBedaoasi (DOPMAJLHOMY KOHTEKCTY MaTpuria 1’ Beerja HeHyseBas, a
COOTBETCTBYIOIIEE eMy MHOXKecTBO F'C' He sIBJIsSIeTCst Iy CThIM.
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Onpenemum Ha FC onepanym nepecedenust [1 u obbeauHenust L) depes OJHOUMEHHBIE
TEOPETUKO-MHOYKECTBEHHBIE oreparui () u U ceayommuM 00pasoM:

(Ay, B1) M (A, By) = (Ay N Ay, (A, N As)),
(A1, B1) U (As, Bs) = ((Bi N Ba), By N Ba).

Torma ynopstiouennoe muoxkectso (FC,C) obpasyer pemérky L = (FC,M,U), koropas
HA3BIBAETCs PENIETKON (hopMaibHBIX moHstTui KouTercra K = (G, M, I). Hynem permérku
L = (FC,M,U) ssasiercst popmasbroe nonsitre (M’ M), comepkairiee Bce IPUSHAKU KOH-
rexcra K = (G, M, 1), a eqununett — dpopmasshoe nousitie (G, G'), B KoTopoM 06béM —
MHOYKECTBO BCEX OOBEKTOB PACCMATPUBAEMOTO KOHTEKCTA.

2. O zazade HaxoxKJeHUs BceX HOPMAIbHBIX ITOHATHUI
U POACTBEHHBIX C HEll 3aja4ax

B zanade maxoxaenust Bcex (popMasbHBIX TOHATHH Tpebyercst Halitn mHOX)ecTBO ['C
Jutst 3aganaoro kourekera K = (G, M, I). Jannas 3aja4a OTHOCUTCST K KOMOMHATOPHBIM
[epeInC/IUTEIbHBIM 3a/a9aM U siBjistercst #P-roHoit [4]. Beicokast BeraucmreibHast ClI0xK-
HOCTH 3a/1a49u 00YCJIOBJIEHA TEM, YTO B OOIEM CiIydae 9uciao (OPMAbHBIX MOHSITUN 3KC-
MOHEHITUAJIBHO 3aBUCUT OT pPasMepa MCXOJHOro KoHTekcTta. Hampumep, 310 mMeer mMecTo
quist kourexcra suga K = (G, G, #). Takomy xonTexcry coorsercrsyer 0,1-marpuna, B Ko-
TOPOH BCE JIEMEHTHI PABHBI €JIUHUIE, 38 UCKIIOUYCHUEM IUAarOHATBHBIX 3JIeMEeHTOB. Jlerko
ybemuThest, 9To Taxoi korTexcT cozepxut posHo 216! hopmatprbx MOMSTHIL.

Ha ceromgusimuutt nens juist onpejenenust MuHoxKectBa F'C' M 1TOCTPOEHUST PEITIETKH
L = (FC,M,U) paspaborano muoro ajaroputmos, B ux umcie NextClosure, Close-by-
One, Norris [3—5|. Bpemst ux BBINOJHEHUs] aJlOPUTMOB B XYJIIEM CJIydae COCTABJIAET
O(|FC| - |G| - |M|). Tockonbky Bemmunia |FC| MOXKeT SKCIOHEHIMAIBHO 3aBHCETH OT
|G| u |M|, 7o BpeMst BBIIOJHEHUs] TAK¥Ke MOXKET ObITh YKCIOHEHIUAILHBIM. [loBbICHTE
IPOU3BOJIUTEILHOCTE AJTOPUTMOB Olpesiesienns MHOKecTBa F'C' 1 mocTpoeHus: perméTkn
L = (FC,M,U) MOXKHO 3a CYET HapajUIe/IbHBIX BBIYUCIEHUI U TPUMEHEHHs! JIEKOMIIO3UIII-
OHHOTO TIosIXO/A (3, 5.

Baxno ormerurs, 4TO 3aja4a HAXOXKJEHHS BCEX (POPMAJIBHBIX MOHATHI KOHTEKCTA
K = (G, M, I) sxBuBajieHTHa 33Ja4€ ONPEJEIeHUs] BCEX MAKCUMAJIBHBIX MTOJHBIX [IOMAT-
purt 0,1-marpunst T, orBedarormeit 3Tomy Kourexcry. CymecTByIOT U APYTHe POJICTBEHHBIE
¢ Hell 3a/1a4u, HAIIDUMED 3aJa49M, CBA3AHHBIC ¢ HAXOXKJEHWEM OWKJINK B 3aJIAHHOM JIBY-
nostbHOM Tpache. B camom neste, bunapnyio matpuity T’ MOXKHO paccMaTpUBAThL B KAYECTBE
MaTPHITHI CMEXKHOCTH JIBYIOJILHOTO rpada, JABe 101 KOTOPOTO COOTBETCTBYIOT MHOKECTBAM
cTpok u ctosibros Matpuilskl 1. Torma Besgkas nosnast noaMaTpuiia MaTpunisl 1’ onpeesisiet
B 3aJIAHHOM JIBYJOJBHOM TIpade HOMHBI NBYIOIBHBI moarpad, T.e. OUKINKY, a MaKCH-
MaJIbHAasl TOJIHAS TOJIMATPHUIA — MAKCUMAIBHYI0 OUKINKY 9Toro rpada. K moucky maxcu-
MaJILHBIX OMKIUK CBOJSTCS CJIEJYIONINE TEOPETHKO-IPAPOBBIE 3a1a4M:

— B 3aJIAaHHOM JIBY/IOJIBHOM Tpade HalTH BCe MaKCUMAaJbHBIE OUK/INKH;

— JIJIs 38JTAHHOT'O JIBYIOJIBHOTO rpada HallTu HauMeHbIlee TIOKPBITHE BCeX pEdep MaKCcu-
MaJTbHBIMU OUKJIMKAMHY;

— B 3aJIAaHHOM JIBYJIOJIBHOM rpade HalT HanOOBITYI0 OUKINKY;

— TSI 3aJAHHOIO JIBYJIOJBHOTO T'padpa HalTH HamMeHbIee OUKJINKOBOE pasOHeHue MHO-
JKeCTBa €ro BEPIIHNH;

— sIBJIsIeTCsI JIM 3aJaHHBIH By 0L Tpad (k,[)-peakum? [lo onpenenenuto raxoit aBy-
JIOJIBHBIN Tpad He comepKuT bukamk pasmepa k X [.
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Bcee a1tu 3asaum otHOCstTCst K Kiaccy #P-nonnbix mwn NP-nonmbix 3amaa (10, 11]. Ussect-
HO, ITO B OOITIEM CJIydae YUCI0 MAKCUMAJIbHBIX OUKJNK rpada 9KCIOHEHITMAIHHO 3aBUCHT
or unciaa sepumH [12—14|. HokazaHo, 910 ABYIOJIBHBIH Tpad HA 7 BEPIIMHAX MOXKET CO-
nepKarh 10 2% a 1,41 maxcumababix 6uxamx [15, 16]. K pojicrsennbM MOXKHO TakyKe
OTHECTH IlepevnC/INTeSIbHBIE 3a/1a9H, CBsI3aHHbIE C HAXOXKJIEHHEM BCeX HEeIIPUBOJUMBIX I10-
KpBITHi 0, 1-MaTPUIBI 1 TOMCKOM MH(POPMATUBHBIX (DPArMEHTOB OIUCAHUI 0OBEKTOB B JTUC-
KPEeTHBIX TIpolleiypax pacrosHasanust [17, 18]. OHaxko GOJBIMHCTBO W3BECTHBIX aJlOPHUT-
MOB PeINeHUst 3TUX 331849 HEIPUEMJIEMO 00 PabOTAIOT Ha MCXOTHBIX JAHHBIX OOJIBIION
pasmepHOCTH. 1[0BBICHTE TPOM3BOINTENTBHOCTL HEKOTOPBIX U3 HUX, & TAKIKE CYIECTBYIONTNX
AJITOPUTMOB PEIIeHNs] paccMaTpUBaeMoil 3a/1a9l MOXKHO Iy TEM IIPUMEHEHUs! JIeKOMITO3UITN-
OHHOT'O TOJIXOJIa, U3JIaraeMoro JIaJIee.

3. MeToa aekoMmno3uiinu KOHTEKCTa 6e3 norepu popMaIbHBIX MOHATHUI

JeKOMITOBUITHOHHBIH TOIX0, K PEITEHIIO 38, [a91 HAXOXK JIeHHsT BeeX (DOpMasIbHBIX MTOHSI-
TUH 38J]AaHHOTNO KOHTEKCTa — 3TO CBEeJIeHME 66 K KOHEYHON cepun moj3aaad. Kaskiast u3 9Tux
[0J138/1a9 — YMEHbIIeHHAsT KOIIHsT UCXOHOM 381841, KOTOpAasi permaeTcst Ha HEKOTOPOH JacTu
3aJIAHHOTO KOoHTeKcTa. [Iporiecc TeKoMIIO3UITE HAITPABJIEH Ha TOCIeI0BATEILHOE YMEHbITIe-
HUe pasMepoB Jacreil KoHTekcTa. B urore (hopMuUpyeTcst KOHEYHOE MHOYKECTBO Pa3/IMIHBIX
gyacreit (B obIeM ciydae pasHOrO pasMepa U UMEIIMX Hemycroe nepecedenue). [Iporecce
JIEKOMITIOZHUITUE PEATUZYETCsI UTEPAITMOHHO, ITOCKOJIBKY PEKYPCHsT B MOJO0HBIX CJIydasix 0O-
Jiee Tpynoémka 1o spemenu [19]. st 5¢pexTHBHOM oOpraHu3aum mporecca JIeKOMIO3UITHH
Tpebyercst ONPEJIE/IMTL PABIIO PA3JIOKEHUs] KOHTEKCTa HA YACTH (UTO sIBJISIETCS] 9aCThO
U KakK eé BBIJIEJSITh B KOHTEKCTE); OIEHKY YUC/Ia JacTell, MoJyIaeMblX Ha KaXKJOH urepa-
MU Pa3JIOYKEHUsT; TIPABUJIO OCTAHOBKH IIPOIECCa Pas3JiosKeHusi. Kpome Toro, Jijist BCSIKOro
JIEKOMITIOZUITHOHHOTO MEeTOJIa PEITIeHnsT 3a1a9r 00si3aTe IbHbBI PABUJIa BOCCTAHOB/IEHIS HUC-
KOMOT'O PEINeHust U3 PeIeHntt, oIy YeHHbIX 111 Toa3a1a4. [lommHOMIaIbHOCT 110 BpeMeH!
MPOTIEJYD PasJie/ieHns] UCXOTHBIX JAHHBIX perraeMoil 3ajadn Ha 9acTu — TpeboBaHue, Mpu
BBIIIOJTHEHUH KOTOPOTO JOCTUTAeTCsT 9P DEKT JTeKOMIIOZUITAN.

OmnuiieM TIpesjiaraeMbiit METOJT JIEKOMITOZUIIMKA (POPMAJBHOTO KOHTEKCTA U JIOKAYKEM,
YTO OH I[O3BOJISIET PasJjaraTh KOHTEKCT 0e3 morepu (POpMabHBIX TOHSITHN, a TaKyKe yCTa-
HOBUM ITpaBua (P GEKTUBHON OPTaHU3AIIMN IPOTIECCa JTEKOMITOZUITIH.

[lycte K = (G, M, I)—xourexcr, F'C —MHOXKeCTBO Beex ero (hpopMasibHBIX TTOHSITHI
u I’ — coorBercrytomast emy 0,1-marpuna. Konreker Ky = (G, My, I1) Ha30BEM 4acThio
K=(G,M,I),ecru G; C G, My C M wu jist iiobwix x € G, y € My ornomenue (x,y) € I
BEPHO TOTJA U TOJILKO Torma, Korya (z,y) € 1. Bamerum, uro xkourexery Ky = (G, My, 1)
OTBEYAET TOJMATPHUIA MATPUIIBL T, ¥ KOTOPOH yIaJieHbl CTPOKH, COOTBETCTBYIOIINE O0b-
ektaMm u3 (G \ G, u crosbupl, coorsercrBytonme npusHakam uz M \ M. Besikoe merpu-
BruajbHOE (hbopMasibHOe ToHsITHEe U3 F'C' MOXHO paccMaTpuBaTh B POJIH YACTH KOHTEKCTA
K = (G,M, I) Yacru Kl - (GlyMlyll) 141 KQ - (GQ,MQ,IQ) koHTeKCcTa K = (G, M, I)
OyzeM cuuTarh pasaudabivu, ecim G # G u/wm My # M.

Tpebyercst pasnoxuts koareker K = (G, M, ) Ha KOHEUHOE MHOXKECTBO DA3IMIHBIX
gacTelt Tak, 9TOOBI BBITOTHSIACEH CJIEJY 0TI YCTIOBUST:

1) kaxjast 9acTh COJEPKUT, IO KpaifHeit Mepe, ojHo dhopmasibHoe TorsiTHe 3 F'C;
2) Hu omHO opMmasbHOe ToHsiTHe U3 F'C' He TepsierTcsi U He BOZHUKAIOT HOBbIE (DOP-
MaJTbHBIE TIOHSITHSI.

Passioxenue, yrosiersopsitoriee yeaoBusivm 1 u 2, HA30BEM «HE30MIACHBIM» OTHOCUTE, b
HO hopmasbabix oastuil. Eemu 0,1-marpuna T’ moHas, TO pe3yJIbTUPYIONEE MHOKECTBO
COCTOUT TOJBKO W3 OJHOH wacTu, npejcrasisiomeil cam koureker K = (G, M, 1), u 31a
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YaCTh COIEPKUT TOJIBKO OHO (popMmasbHoe norsitue (G, M). OueBuuno, 9To HaUbOJIBIIEE
YUC/I0 PA3JUIHBIX YacTell, Ha KOTOPbIE MOXKHO «Be30IIaCHO» PA3JIOKUTH KOHTEKCT, PABHO
quciay |FC| dopmanbubix nonsituit kourekcra K = (G, M, I). TlockonabpKy cyniecTByroT
KOHTEKCTBI, JJisl KOTOPBIX YUCI0 (DOPMAJIbHBIX MMOHSITHH IKCIIOHEHIIMAIBHO 3aBUCUT OT |G|
u | M|, nenecoobpasHo OIEHUTH YUCIO YacTel, MoAyYaeMblX HA KaxKJIOH urepamun passio-
JKEHUs!, U OIPEJIEJUTh TPABUIO OCTAHOBKY JIJIsl PEAMBAIIMNA BCETO IIPOIECCa PA3JIOKEHUs]
38 MOJMHOMUATIBHOE BPEMSL.

Ilycts ¢ € G u m € M — upousBosibHblie 3eMenThl KouTekcra K = (G, M, ). Tlapsr
mvuokects (¢”, ¢') u (m', m”") obpasyror popMaTbHBIE MTOHSTHS, TIEPBOE U3 KOTOPBIX HA30BEM
00BEKTHBIM, & BTOPOE — IIPU3HAKOBBIM (DOPMaJ/IbHBIM TOHsiTHEM KouTekcra K = (G, M, T).

O6osuaanm O = {(¢",¢') : g € G} C FC mHOXecTBO BCeX 00BEKTHBIX (DOPMAaIBHBIX
noustuit u S = {(m',m") : m € M} C FC MHOXeCTBO BCeX NPU3HAKOBBIX (POPMAJIEHBIX
noustuit kourekcra K = (G, M, I).

Yreepxkaenne 1. Besikoe obbextHoe dopmanbaoe nousitue (¢”,¢') dbopmanbaoro
kourexcra K = (G, M, ) umeer camoe GOJIBIIOE IO PA3SMEPY COJEPKAHUE CPEIHU JPYTHX
dopManbHBIX TOHSATHH, IMEIOTUX B 00bEMe 00bexT ¢ € (G; mpu3HaAKOBOE (DOPMAJBHOE TIO-
usrue (m’, m") obramaer cambiv GoabIMM 06BLEMOM cpeiu APYTUX (hOPMATBHBIX TOHATHIA,
UMEIOIIUX B COACPYKAHUU Npu3HaK m € M.

Ioxazameavemeo. CrpaseiMBOCTb YTBEP:KIEHUsI | HEIOCPEICTBEHHO CJIeLyeT U3
cBolteTs oneparopa (-)” n onpenenenust GopMaTLHOTO TTOHATHS. B

[apa dpopmanbubix nousituit (¢”, ¢') € O, (m',m") € S onpenensier 6oxkc w = (m', ¢, J)
Kak JacTh Kourexcra K = (G, M, 1), ecru

(¢",9") E (m',m"), (3)

ugro sxBusajgentao ¢ C m' (wmu m” C ¢'). Ilpo rakoit Goxc Oyjem roBOpUTH, YTO OH
obpazosan anemerravu g € G u m € M. Hanee svmecro w = (m’, ¢, J) bymem kpartko
mcath w = (m/, ¢') wm (m’, ¢').

Yreepxkaenne 2. st Besikoro dopmasbhaoro xkourekcra K = (G, M, 1) u mobbix
(¢",¢") € O, (m';m") € S ornomenue nopsinka (¢”,¢') T (m',m") Bemomasiercss Torna u
TOJBKO TOrNa, Korga (g, m) € 1.

Hoxazameavcmeo. llycrs (¢”,¢') T (m',m”). Torna ¢" C m/, m" C ¢'. Cornacno
peduiexcusroctu oneparopa (-)”, umeem {g} C ¢ Cm/, {m} Cm” C ¢. Uz (1) crenyer
(g,m) € I. Jokaxem obparnoe. llycrs (g, m) € 1. Do oznagaer, uro {g} € m/, {m} C ¢
B cuny monororHOCTH Oreparopa ()" Bepnst srimodenust ¢ C (m')", m” C (¢')". Orcroma
B cuity pedrekcuBHocTr ormeparopa (-)” u pasencrs (2) mmeem {g} C ¢ C m/, {m} C
Cm" C ¢ Crenosarensho, (¢”,¢) E (m/,m"). m

U3 yrBepxkenus 2 ciaeyer, 4To YUCI0 PA3JINIHBIX GOKCOB, MOPOXKIAEMBIX BCEBOZMOXK-
HBIME 3jieMeHTaMu (popmasibaoro kourexcra K = (G, M, I'), ne npessimaer seca 0,1-mar-
purter T, T.e. Benmamnsl ||T']| — uncna e MHUYHBIX 97€MEHTOB 9TOH MaTpuibl. OdeBuHO,
aro 1< T < |G| - [M].

Byznem rosoputs, uro dopmasbnoe nousitue (A, B) € FC Bnoxeno B 6oke (m’, ¢') kon-
rexcra K = (G, M, I), n 3anuceisars (A, B) < (m/,¢'), ectu A Cm/, B C ¢'. Besikuit 6oxc
(m/, ¢') He siBsIeTCST TIyCTBIM, TIOCKOJIBKY, COMJIACHO (3), OH Beerja comepykuT (hopMasbHbIE
nousitust (¢, ¢') € O u (m',m") € S.
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Yreepxkaenne 3. Besikoe merpusmaibhoe dopmaibHoe nonsitue (A, B) konrekcra
K = (G, M, 1), xkoropoe Bioxeno B 6okc (m',¢'), obpasosannbiil s1emenravu ¢ € G u
m € M, Becergia COIEP:KUT 9TU JIEMEHTHI U UX 3aMbikadus, T.e. ecau (A, B) < (m/,¢'), To

1) ge Aum e B,

2) ¢ CAum” CB.

Hoxazameavcmso. Femu (A, B) X (m',¢),to A Cm/, B C ¢. B cuty anTUMOHOTOH-
HocTu orobpaxenuit (-) Bepuo m” C A') ¢" C B'. dna dopmanbuoro noasitust (A, B) 1o
onpenenennio A = B, B = A’. Torma, m" C B,¢"” C A. B cuny pedurekcusnoctu oneparo-
pa (-)" umeem {m} C B, {g} C A. Orciona cieyer CupaBejImBOCTb 000UX BBICKA3BIBAHMIT
yTBepXKJIeHUs 3. B

Corytacao yrBepxienuto 3, napy (¢”,m”) MoxkHO paccMaTpUBaTh B KAYECTBE THUIIMIHO-
ro TpejcTaBuTe st He TOJIbKO Gokca (m', ¢'), HO u Beex (HOPMAIBHBIX IIOHSITHI KOHTEKCTA
K = (G, M, I), B1o)eHHBIX B 9TOT GOKC. DTO MPABOMEPHO, OCKOJIBKY TTOAMATPHIIA, COOT-
BercTBytomast 6okey (m’',¢'), Bo Beex crpokax us ¢” u Bcex crosbuax uz m” umeer enu-
HuaHBIC 37eMeHThl. CooTBeTcTBre Mexk 1y GoKcaMu 1 (POPMATLHBIMHA TTOHATHAMA KOHTEKCTa
YCTAHABIMBACT CJICIYIOIMIAs TCOPEMa.

Teopema 1. [na Besikoro dopmasibaoro kourexcra K = (G, M, I), muoxecrsa FC
BCex ero (POpPMaJIbHBIX MOHsITHH 1 Jit06oi napet Mmuoxects (A, B), @ # AC G, @ # B C M,
CIIPABEJLJIMBBL CJIEJLYFOIIE BBICKA3BIBAHUSI:

1) eciu (A, B) € FC, 1o Bcerna 8 K = (G, M, I) cymectsyer 6okc w = (m',¢'), g € G

u m € M, BO3MOXKHO, HE €IUHCTBEHHBIN, B KOTOPBIH 310 (hopMabHOE TMOHSTHE
BJIOKEHO;

2) ecnu (A, B) — dopmasbroe norsiTue Hekoroporo 6okca w = (m', ¢') dopmasbaoro

kourexcra K = (G, M, I), To ono takxe npunasexur FC.

Loxazameavcmso. llycrs (A, B) —upoussosbaoe (hOpMaIbHOE TIOHATHE KOHTEKCTA
K=(GMIno+ACGE, &+ B C M. llo oupesejieHuto Jijisi HENO BEPHBI PABEHCTBA

(A,B) = (B, A"y = (A", B"). (4)

Pacemorpum HekoTOphIft 00beKT ¢ € A U HalIEM cOOTBETCTBYIONIEE eMy 00beKTHOE (POp-
masbhoe mousitue (¢, ¢'). lockomsky {¢g} C A, B criy aHTHUMOHOTOHHOCTH OTOODayKe-
uuit (-)', MmonoronnocTH oneparopa (-)” u paseHcTs (4) crpaBeIMBbI OTHOIIEHHST

Al - g/’ g// - A — A (5>

AHaHOFI/IqHO JI1 IPON3BOJILHOTO IPpU3HaKa 111 & B 1 IIPU3HAKOBOTO (POPMAJIBHOTO IIOHATHMA
pit
(m/,m") BepHBbI OTHOIIEHMST

B Cm/, m'CB"=B. (6)

U3 (4)—(6) Beirexaer, uro ¢’ € m' um” C ¢'. Crnenosarenbho, napa GpopMaIbHBIX TOHSITHH
(¢",¢") m (m',m") onpenenstier 6oxec w = (m', ¢"). Kpome Toro, A = B Cm/, B= A" C
C ¢'. D10 osHauaer, uro dpopmasibhoe nousitue (A, B) Bioxkeno B 6oke w = (m', ¢'). Eciu
BLIOpATEL JAPYroi 00bekT u3 A u/wim Apyroit npusHak uz B, TO MOJYyIUM TOT K€ CaMblif
HOKC WM, BOSMOXKHO, JIpyroii 6oke, comepxaruii dpopmasbhoe nousitue (A, B). Ilepsoe
BBICKA3BIBAHUE TEOPEMBI 1 JIOKa3aHO.

Hokaxem Bropoe BoickaseiBanue. llycts (A, B) — dopmaibioe NMOHSATHE HEKOTOPOrO
6okca w = (m',¢') xak wactu kourexcra K = (G, M,I). Hanee pesynabratsl oTobpaxe-
uuii (-), Beramcnennsie mist w = (m', ¢'), a we kourexkcra K = (G, M, I) B nenom, 6yzuem
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OTMeYaTh CUMBOJIOM W B HUXKHEM HHJEKce. B 9THx 0003HAUEHHUsIX HMeeM
— ! / o / /
A=B,Cm', B=A4,6C4. (7)

Orrommennst (7) orpaxkaror BroeHHOCTH noHsiTusi (A, B) B 6okc w = (m/, ¢'). Ecim no-
usitue (A, B) cosnagaer ¢ o0bexTHbIM (¢”, ¢') mam npusHaxoBbiM (DOPMaIBHBIM IOHSTUEM
(m/,m"), mo xoropeim obpazosan 6okc w = (m', ¢’), To BTopoe BLICKA3LIBAHUE TPUBUAJIE-
HBIM 00Pa30M BBIIOJIHSIETCS.

[lycts dopmanbhoe nousitue (A, B) ormuano or (¢”,¢') u (m',m”) u niast Hero BepHbI
oruortenus: (7). Tpebyercst nmokaszarhk, uro 06bEM U cojepKanue (POPMATBLHOTO TOHATHUSE
(A, B) me moryT BbIHTH 3a rpaHulbl O0Kca w = (m',¢’) Upu BBIYUCIEHUM DPE3YIBTATOB
orobpaxkenuit () npumenurensHo Kk kourtekcry K = (G, M, [), 1.e. obsi3areIbHO BEPHBI
OTHOIIEHUST

B.=BCm, A, =ACyq. (8)

Bamernm, 9To 10 yTBepX)AeHui0 3 Beerma ¢ € A u m € B. Eciu npennosoxurs, uro (8)
He BBINOJHsAIOTCA, Hanpumep m' C B, To 310 Hymer NpoTHBOPEYUTHL YTBEPIKICHUIO 1,
corjiacHo KoTopoMy hopmasibaoe norstue (m’,m’) obaagaer cambiv GoabIIIM 00BEMOM
cpemu Apyrux (pOPMaJIbHBIX MOHATHH, MMeomumx B cojeprxanuu npusnak m € M. Cupa-
BeIMBOCTE (8) o3Havaer, uro (A, B) sBisiercst He TOJIBKO (POPMAIBLHBIM TIOHSITHEM GOKCA
w=(m',q"), Ho u popmabHBIM NIOHATHEM HCxOAHOTO KoHTekcTa K = (G, M, I). m

Corutacao Teopeme 1, pasnoxenune xkourexcra K = (G, M, I') na 60kchl siBiisiercst «6e30-
MacHBIM» JJIst J1r00oro opmaasHoro nonstust w3 F'C. B teopeme 1 MCKIIOYEHBI CIIyvau,
koryia F'C' cosieput XoTst ObI OJIHO U3 TPUBHAJBHBIX (hopMaJibHbIX ousttuit (G, &), (&, M).
[TockonbKy Beersa BepHBI OTHOIEHUST

(@, M)CE(G,@), (&, M)E(G.¢), (M M)E(G,2),

kourexkcr K = (G, M, I) moxuo paccemarpusath kak 6oxe (G, M). CrenobarebHo, jaxe
B 9TUX UCKJIOUUTEBHBIX CIydasx KasKIblil OOKC CONEP:KUT 110 KpaitHeit Mepe omHo (Gop-
MasbHOe TorsTre u3 ['C', mpu sToMm HE onHO hopmasbHOe ToHsiTHe n3 ['C' He TepsieTcs.

U3 teopembr 1 BBITEKAET BaxkKHOE MPAKTUYECKOE CJIEJICTBHE: MCKOMOe MHOXKecTBO F'C
MOXKET BBITH BOCCTAHOBJIEHO ITyTEM O0'bEJIMHEHIs] MHOXKECTB (DOPMAJIbHBIX TOHATUHN, BhIsIB-
JeHHBIX B Ookcax KoHTekcta K = (G, M, I).

OueBUIHO, ITO MIPOIIECC PA3JIOKEHUST 3a[AHHOIO KOHTEKCTa Ha DOKCHI MOYXKeT GbIThH Opra-
HU30BaH MUTEPAIMOHHO, [TOCKOJIbKY KaXK b BBISIBJIEHHBIH Ha MepBoil ureparmu G0KC MOXK-
HO PacCMaTPUBATL B KAYECTBE UCXOIHONO KOHTEKCTA M BHOBb IOJBEPIaTh JIEKOMIIOSHUIIUH.
Ouenky umncsia GOKCOB, TOIyYaeMbIX Ha KaxKJIOH UTepaIuy Pas3/IOXKeHUsl, YCTaHABIUBAET
yrBepxieane 2. OupeesimM IpaBiia OCTAHOBKH UTEPAIMOHHOIO MPOIECCa Pa3JIOKEHUSL.
st 3T0r0 BBEIEM NOHATHE TLJIOTHOCTH OOKCA.

[lycts |m/|-|¢'| — pasmep Goxea (m/, ¢'), a || (m’, ¢')|| — uuciio ero euHUIHBIX 9716MEHTOB.
[LnorHOCTBIO BOKCa (M, ¢') Ha3OBEM BeMUUHY

Gyl

o (m',g') = -
! - 1g']

Bepubr ecrectBennsie rpanutpt 0 < o (m/, ¢') < 1.

Yreepxkaenne 4. Ecmu 6oxe (m/, ¢'), obpasosannbiii siementamu g € G um € M,
umeet wiotHocTs o (m', ¢’y = 1, ro ¢ =m/, m" = ¢'.
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Hoxazameavcmso. llockonbky o (m',¢') = 1, 1o |m/|-|¢'| = ||[(m/, ¢')||. Dro ozHAUAET,
qTo J1st J1H060ro obbexTa ¢ € m’ u st Besikoro npusHaxa m € ¢ sepuo (g, m) € I. Orciona

gll — ml) mll — gl. ]

Yreepxkaenne 5. Beskuit 6oke (m/, ¢') ¢ wiotHoctsio o (m/, ¢') = 1 conepxur poBHO
0JIHO HeTpHuBHAaIbHOE (hopMasibHOe TIonsiThe (A, B) konrekcra K = (G, M, 1), conanatoree
canm, T.e. A=m'u B=¢.

Hoxazameavcmso. llycrs (A, B) < (m/,¢'), torma A Cm/, B C ¢'. U3 yreepxe-
nust 4 caenyer, ato A Cm/ = ¢" u B C ¢ = m”, asnauur, A C ¢’ u B C m”. Mexuy

TEM TI0 yTBEPKIACHUIO 3 BepHBI obpatnble Brmodenust ¢" € A uw m” C B. Crenosarenbho,
A=m' B=¢ m

U3 yrepxenust 5 caemyer, aro 60ke (m', ¢') ¢ mwiorHOCTHIO 1 BBIPOK IA€TCST B HETPU-
BUAJIEHOE (DOPMAJIbHOE MIOHSATHE U HE TIOJJIEXKUT JIAJBHEHRIIEMY DA3IOXKEHUIO.

Bamerum, uro BpeMst mocTpoerus: ogHoro bokca cocrasisier O(|G| - |M|). Cormacuo
YTBEPXKJIEHUIO 2, TUC/I0 BOKCOB, BOSHUKAIOIIMX HA KaXKJIOH OTJIEJILHON UTeparui Iporecca
Jexommosuiw, conocrasumo ¢ O(|G| - |M|). Ecan orparnauTs qucio nreparmit HeKOTopoit
KOHCTAHTOM, TO TIPOIECC PA3JIOKEHUsT UCXOIHOIO KOHTEKCTa Ha HOKCHI MOYKHO OCYIIECTBUTH
3a MOJIMHOMMAJIbHOE BpeMs. JlONOTHUTeIbBHO MOXKHO YyCTAHOBUTH OTDAHUYEHMEe Ha ILIOT-
HOCTB (DOPMHUPYEMBIX HOKCOB.

Ha npakruke qucio 6G0KCOB, BOSHUKAOIIUX HA KAXKJIOH OTJIEJIBHON UTepaIi IPOIecca
JIEKOMIIOBUITAN, B PSAJIE CIyIaeB MOXKET ObITh YMEHBIIEHO 38 CYET YA IeHUs! BIOKEHHBIX U
KpaTHbIX OOKCOB. Pacemorpum gyist kourekcra K = (G, M, I') muo)ecTBO GOKCOB

) = {Wl,CUQ,--- ,CU||T||}7

e w; = (M}, g.),1=1,2,...,|T|. Bymem roBoputs, uro 60kc wy = (m, g} ) Broxen B 6oxc
wy = (M, gh), 1 mucaTh Wy < Wy, €U BEPHBI TEOPETUKO-MHOXKECTBEHHBIE BKJIFOUEHHST

[lpu my = mi, u ¢§ = g5 BOKCHI Wi U wy HAB0BEM KpaTHBIMU. ByjieM cunrath, 9ro GOKCH W)
U Wy CPABHUMBI MEXK Ty CODOH, ecn wy = Wy WK Wy = w1, MHaUe HeCpaBHUMBL. Takum obpa-
30M, MHOXKECTBO {) 9aCTUIHO YIIOPSITIOIEHO OTHOCUTETHHO BBEJIEHHOTO OTHOITEHHUST TIOPSIIKA.
C yuérom Teopemsbl 1 cripaBeijinBO

CrunencrBue 1. st 00X wi,wy € (), Takmx, 970 w; = Wy, Bce (GopMasbHbIE
MOHSITUSL DOKCA W) TAaKXKe SIBJISIIOTCST (DOPMATBHBIMU HOHATHUSIME OOKCA Wy M KOHTEKCTa
K = (G, M,I).

N3BecTHO, YTO B YaCTUYHO YIIOPSLIOYEHHOM MHOXKECTBE BCErjia MOYKHO HalTH B3aUMHO
Hernepecekatoruecst neru [20]. Hemycroe opvuokectBo {wyr, wig, - - -, wy } MHOXKecTBa () siB-
JISTETCST TIETBIO, €CJIH BCE 9JIEMEHTBI 3TOr0 ITOAMHOXKECTBA, ITOIAPHO CPABHUMBI MEK Ty COOOI
U JIMHEMHO YIOPSIIOYEHBL Wi = Wiz = ... = Wwy. DIEMEHT Wy HA3BIBAETCS MaKCUMAJILHBIM
JIEMEHTOM, a BeaudnHa [ — amHol 91oit nenm. Hens HaswpiBaeTcst MakcuMabHON, ecn eé
obbemuHenre ¢ JIFOOBIM He TMPUHAJIEXKAIINM e 9JIeMEHTOM IIENbio He sBisiercss. pe 1e-
[T HA3BIBAIOTCST B3AMMHO HEIEPeCeKAOIINMUCS, €CJIM OHU He COJepXKaT ODIINX 9IEMEHTOB.
Yucto MaxcuMaabHBIX B3aUMHO HEITePeCeKaroIuxcs 1ereil u JiyimHa caMoit JJTMHHOM Taxoft
1enu ornpejessorest reopemoit Jdumoypea [20]. CymmecTByeT aJropur™ mocTpoeHus! B3AUMHO
HENEPECeKAKINUXCS 1lelel YaCTUIHO YIIOPSA0UYEeHHOIO MHOXKECTBA, OCHOBAHHBIN HA BBIYHUC-
JIEHUM MaKCUMAJIBHOTO MAapOoCcOveTaHus! JIBYI0aHOTO Ipada. B pabore 20| nokazano, uro
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BpPEMsI BBITIOJTHEHUST JIAHHOTO AJTOPUTMA TOJTHHOMHUAJIBHO OTHOCUTETHHO MOIITHOCTH MCXOJI-
HOTO YACTUIHO YIIOPSIOYEHHOTO MHOXKECTBA M UTO MOCTPOEHHBIE TIEMN MaKCUMAJIbHBIE U
B3aMMHO HEIePeCeKAIONTHEC s .

CorytacHo ¢efcTBUO 1, MAKCUMAJIBHBIN 3JIEMEHT BCSIKOM T COXPaHsieT Bce (hopMahb-
HbIe TIOHSITUST OCTAJbHBIX JIEMEHTOB 9ToH 1ern. lanabie 91eMeHTs MOTYT OBITH YA/ IeHbI
W TEM CAMBIM YMEHBITIEHO YHCI0 OOKCOB, MOIYIaeMbIX HA KaXKJIOU OTHEJBHON HUTepartmn
pasznoxenusi. CymecTBYIOT CIydan, KOTJIa YKAa3aHHBIN MpuéM He 1aéT a(pdexTa, HamTpuMep,
KOTJIa BCE 3JIEMEHTHI MHOXKeCTBa () HeCpaBHUMBI MKy cOOOM mim Korjga MHOXKeCTBO §)
JmHeltHo yropsimodeno. OMHAKO 3TH CIydan KpaifHe PesKu sl PeaJbHBIX KOHTEKCTOB.

4. BbrauciureiibHbIC AKCIICPUMCHTbI

st OTIEHKU PE3yJIbTATUBHOCTH TPEJJIOZKEHHOIO METOa JEeKOMIIOZUINNA (POPMATHHOTO
KOHTEKCTa OBLIN BBITOJHEHBI BBIUUCIUTETLHBIE SKCIEPUMEHTHI. JKCIIEPUMEHTHI ITPOBOH-
Jmch ¢ nomombio nporpaMmMbl FCACorpus, 6asupyromeiicss ma aaropurme Close-by-One
HAXOXKJIEHUsT BeexX (hopMasibHbIX noHsttuit [21]. Venonbzosanucs (popMmasibHble KOHTEKCTHI,
OIUCHIBAIOIIME KOJUIEKITMUA TYBUHCKUX TekcToB. st kaxoro xkourexcra K = (G, M, 1)
OCYIIIECTBIISLIIOCH HaxoXKaeHne MHoxKecTBa F'C' 6e3 pasyioKeHns U ¢ pasIokKeHneM Ha DOK-
cbl. Pesynbrarsr npusejienst B Tabuie, rie |G| — kosmdectso o6bekToB; | M| — kosmyectso
NpU3HAKOB mcxoHoro Koutexcra K = (G, M, I); ||T|| — Bec maTpuripl, coorBeTCTBYIOIIEH
sTOoMy KOHTeKcTy; |F'C|— aucno HafneHHBIX (HGOPMAJIBHBIX MOHSITHH; N — KOJIUIecTBO 06-
pasoBaHHBIX OOKCOB: { — BPEMsI BBIIIOJIHEHUSI IPOTPAMMBI. JKCIIEPUMEHTHI BHITOTHSLIACEH HA
koMIboTepe ¢ mporeccopom Intel Core 17-720QM Processor (6M Cache, 1.60 GHz) u O3V
pasmepom 4 I'B.

PeSyJIbTaTbI IKCIIEpPUMEHTOB

Cay4an |G| | M| 7] |F'C] N t, McC
¢ oot Gowers | 190 | 10| 450 | S0 | |
C oot na goven | % | 20| 9100 | S50 | somo | s
¢ oot na Gt | 1000 | 30| 14700 | 1366 | s | dnoras

Kaxk Busao u3 tabunst, 3uadenus | F'C| Bo Beex cirydasix (6€3 pas/iokeHust U ¢ pas3jioie-
HUEM Ha OOKCBI) TIOJIHOCTBIO COBIAJAIOT. DTO MOATBEPKIAET «OE30IMACHOCTDY PA3JIOKEHUS]
KOHTEKCTa Ha OOKCBI OTHOCUTEIRHO (hopMabHbX moasaTuil. Yucmo N 6oxcos, obpazoBaH-
HBIX TIPU PA3JIOXKEHUW KOHTEKCTa, He Tpesbiaer Beawdaussbl |17, uro cBumerenscTByer
0 TPABUJIBLHOCTH YTBEPIKJIEHUST 2. DKCIEPUMEHTHI [TOKA3BIBAIOT, UTO MPUMEHEHUE TPEJIIO-
JKEHHOTO MEeTOJIa JTEKOMITO3ZUIINN JAéT 3HAYUTE/BHBIN BBIUTPBIII 110 BPEMEHU: BPEMsl BbI-
nosiaerwst iporpamMMbl FCACorpus nipu pas/iosKeHnn KOHTEKCTa Ha OOKCHI YMEHBIIAeTCsT B
HECKOJIBKO Pas.

3akJiroueHue

[IpecraBieHHbIt METO TEKOMITO3UIINH ITO3BOJISIET TTOBBICUTH TPOU3BOIUTEIHLHOCTD aJl-
TOPUTMOB PEIEHNsT 381891 HAXOXK JIEHUsT BceX (POPMAaJIbHBIX TTOHSITUH U IPUMEHSITh WX JJIsT
IpeIMEeTHBIX 00J1acTell, OMuChIBAeMbBIX KOHTEKCTaMK OOJbIION pasMepHocTr. JlaHHBIN Me-
TOJ, MPUMEHNM TaK¥Ke JJIsT TEOPETUKO-IPa(OBBIX 3a1a9, CBSI3AHHBIX ¢ HAXOXK IEHIEM OUKIIK
B IBYI0JIbHOM rpade. BosMoxkHBI 1pyrue MeToIbI PasIoKeHust (pOPMaILHOIO KOHTEKCTa Ha
JaCTH, OJHAKO OHU HEM3MEHHO JIOJIKHBI OBITH «0e30IMacHBIMI» OTHOCUTEIHHO (DOPMATIBLHBIX
IMOHATHAH.
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