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TEHEPAIIUA CJIYUYAMHBIX KAPT IPSIMOYT' OJIBHOI'O PACKPOSI

Hccaenyercss nmpodjiema reHepanum 0€30TXOAHBIX KAPT NPAMOYI0JbHOro packpos. Jas
Pa3IMYHBIX BHAOB KAPT MCCJAEAYIOTCS COOTBETCTBYWOIIHE MOAEJM M AJTOPUTMBI
rediepauuu. IlpensioxkeHbl reHeparopbl AJsi  0€30TXOAHBIX KApPT PpackKposi Ha
NPAMOYI0JIbHUKH OTPAHUYEHHBIX PA3MePOB, FreHePATOPHI KAPT IMJILOTHHHOIO PACKPOS.

KiawueBble cjoBa: Kapra packposi, 0e30TXOAHbIA NPAMOYIOJbHBIIA PacKpoii,
AJITOPUTMbI FreHepaluu NPSIMOYT0JIbHOT0 PACKPOSl, TWJIbOTHHHBII PacKpOi.

Hocaizkyerbes npodiema reHepanii 0e3BiIX0HUX KapT NMPAMOKYTHOr0 po3kporo. s
Pi3HHX BHAIB KapT [JOCJHIKYIOTHCH BiINOBiAHI MoJegi i aJropurMu reHepaumii.
3anponoHoBaHO TreHepaTopM /I 0e3BiIXOAHHUX KapT PO3KPOK Ha MNPSAMOKYTHUKH
00Me:KeHHX PO3MipiB, reHepaTOpU KapT TIbHOTHHHOrO Po3kporo. Bizomo, mo Beaunka
KUIBKICTh NMPUKJIAAHUX ONTHUMI3aUiiiHMX 332/1a4 HA CHOTOAHIlIHIN JeHb He MOXKYTh OyTH
TOYHO PO3B’si3aHi, OCKUIBKM iX 00YMC/IIOBAJIbHA CKJAIHICTh BiIHOCUThCH 10 Kjaacy NP-
BAXKKHUX. Y 0araTbOX BHNAAKAX JJIS NMOUIYKY HaOJM:KeHUX pillleHb BHKOPHUCTOBYHOTBHCH
MeTAaeBPUCTHUKHU Pi3HUX THUIIIB, ajie MPH BUOOPI Ti€l YH iHIIOT METAeBPUCTHKH 3aJNUIIAETHCS
Bi/IKpUTHUM NHMTAHHA NP0 fAKicTh oOpaHoro Meroay. IlponoHyerbess KiIbKa MOMKJIMBHX
BapiaHTIiB poO3B'A3aHHA NPOOJEeMH, OJHUM 3 SIKMX € IMepeBipKka MeTaeBPUCTHYHHX
AJITOPUTMIB HAa MPHUKJIAJAX 3 BiAOMHUX TecTOBHUX 0i0/ioTek 3 Bizomumu pexopaamu. Inmmm
MiIX0A0M /10 BHPilIeHHSI NMPo00JieMM OHIHKM SIKOCTi AJrOPpMTMIB, IO PO3IJISIAETHCH, €
NOPIBHSAHHS «HOBOI'0» AJITOPUTMY 3 iHIIMMM AJrOPUTMaMH, po00Ta AKMX BKe 1eTAJIbHO
BuBueHa. IloOynoBa reHepaTopa BHMNAJKOBHX 3aBJaHb 3 BilOMMM ONTHMAJBHUM
pilleHHsIM, MO’Ke BHMPIIMTH MNpo0JieMy OTPUMAHHS «CepelAHiX» OWIHOK TOYHOCTI
BHKOPHCTOBYBAHOI0 AJITOPUTMY B MNOPiBHAHHI 3 iHmWMMH MeroAamMu. Y podorTi
PO3IJIsiIa€ThCs M00Y/A0BAa TeHepaTOPiB BUNAIKOBUX MOBHUX KAPT NMPSMOKYTHOI0 PO3KPOIO
3 ypaxyBaHHsIM IeBHMX OOMeXeHb Ha PpPO3MIPH CKJIAQAOBHX IX e€JeMEHTAPHHX
NpsAMOKYTHHMKIB. IcHyBaHHsI Ha0opiB Takux Kapt ¢opmye 0a3y TeCcTOBUX 3aBAaHb sl
NnepeBipKH  AKOCTI  HAaOIMJKEeHHMX AJTOPUTMIB INOUIYKY ONTHMAJBHOIO PO3KPOI0.
IIpssMoKkyTHHIT po3Kpiil, AKMI PO3IVIAJAETHCA B PO0OTi, TAKOK € OCHOBOIO /11 MO0Y10BH
PO3KPOIB 3 BHKOPHCTAHHAM OlLIbII ckjaagHux ¢iryp. B sikocti HalimpocTimoro meroay
resepauii BHIAJAKOBHUX THPSIMOKYTHMX KapT PpPO3KpPOI0 HAaBOAMTLCH MeTOd, SIKUI
BHKOPHCTOBY€ TIiIbHOTHHHUH po3Kpii. Takoxk, HABOAUTHCH OiNbII CKJIAAHHI AJITOPHTM
reHepailii BUNAJIKOBOI0 MNPSMOKYTHOI0 PO3KpPOI0, Po00OTa SIKOr0 TMOJISITA€ B TreHepauii
BHIIAJKOBOI TOYKOBOI CiTKH 1 BUIAJIeHHA JeAKHX BHNAJKOBHX TOYOK 3 i€l citku. Beanka
yBara NpHMaiIA€TbCs caMe peasi3alifiM HaBeJIeHHUX METOAIB, OCKUJIBKH OCHOBHOK METOIO
CTATTi € 3acTocyBaHHsl reHepaTtopiB Ha mnpaktuuni. Bci HaBeaeHi ajaropuTmm Bike
BHKOPHCTOBYIOTbCSI B NPOIrPaMHii CHCTeMi TeCTYBAHHA €BOJIOLiHHO-(pparMeHTapHUX
AJIrOPUTMIB VISl Pi3HUX KJIaciB onTUMi3aliliiHUX 3a1a4 Ha rpadax.

KirouoBi cioBa: kapra po3kporo, 0e3BiaxXonHuii NPSIMOKYTHHMI PO3Kpil, aJropurMu
reHepauii NPpIMOKYTHOI'0 PO3KPOI0, rJIbHOTHHHUI PO3Kpiii.
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It is known that a large number of applied optimization problems can’t be exactly solved
nowadays, because their computational complexity is related to the NP-hard class. In many
cases metaheuristics of various types are used to search for approximate solutions, but the
choice of the concrete metaheuristic has open question of the quality of the chosen method.

There are several possible solutions to this problem, one of which is the verification of
metaheuristic algorithms using examples from known test libraries with known records.
Another approach to solving the problem of evaluating the quality of algorithms is to com-
pare the '"new' algorithm with other algorithms, the work of which has already been inves-
tigated. The construction a generator of random problems with a known optimal solution
can solve the problem of obtaining ''average'' estimates of the accuracy for used algorithm
in comparison with other methods.

The article considers the construction of generators of random non-waste maps of rec-
tangular cutting with restrictions on the rectangles of limited sizes. The existence of sets of
such cards forms the basis of test problems for checking the quality of approximate algo-
rithms for searching for optimal solution. Rectangular cutting, which is considered in the
article, is also the basis for building cuts using more complex shapes. As the simplest meth-
od of generating random rectangular non-waste maps, considered a method that uses guil-
lotine cutting. Also, a more complex algorithm for generating a random rectangular cut is
given, whose job is to generate a random dot grid and remove some random points from
this grid. Much attention is paid to the implementation of the above methods, since the
main purpose of the article is to simplify using of generators in practice.

All the above algorithms are already used in the software system for testing evolution-
ary-fragmentary algorithms for various classes of optimization problems on the graphs.

Keywords: cutting map, wasteless rectangular cutting, rectangular cutting generation
algorithms, guillotine cutting.

Beenenune. bonpmoe KOIMYECTBO NPHUKIAIHBIX ONTHUMHU3ALMOHHBIX 3alad Ha
CEerONHSIIHUN J€Hb HE MOryT OBbITh TOYHO PpELIEHbI, TIOCKOJIbBKY HX
BBIYMCIIUTEIbHAS CIIOAKHOCTh OTHOCUTCS K Kiaccy NP-Tpynnbix [1].

OnHako MOTPEOHOCTh B PEILIEHUHU TaKuX 3a/ay BO3PAcTaeT M, COOTBETCTBEHHO,
YBEJIIMYUBAETCS MOTOK pabOT, MOCBSIIEHHBIX MOMCKaM NPUOIMKEHHBIX peIIeHUN
TPYAHBIX 3a7ad. Bo MHOrux ciydasx ajis HoMcKa NPUOJIMKEHHBIX peIIeHUN
UCIIOJIB3YIOTCSL  METa’BPUCTUKH  pa3auuHblXx TUNOB. [Ipm  umcnosib3oBaHuM
METa’BPUCTUK OTKPBITBIM OCTAE€TCS BOIPOC O KAYECTBE IMPEAJIaraeéMoro MeToJa.
[IOoCKOJIBKY ~DBpPUCTHYECKHME QITOPUTMBbI HE MMEKOT alpUOPHBIX  OLIEHOK
CXOJUMOCTH, TO HEU3BECTHO HACKOJIBKO MOJYyYEHHOE MPUOIMKEHHOE pelIeHHue
Onmm3ko K onTuMaibHOMy. Kak cienctBue, O4Ye€Hb TPYAHO  OLICHUTH
1€JeCO00pa3HOCTh MPUMEHEHHUS aJropuTMa B pa3JIMYHBIX ONTHUMHU3ALMOHHBIX
3a/1a4ax.

OaHUM 13 BO3MOXKHBIX PEIICHUN TaHHOW MPOOJIEMbI MOXKET CIY>KUTh MPOBEPKA
METa’BPUCTUYECKUX aAITOPUTMOB Ha TNPUMEPAX U3 U3BECTHBIX TECTOBBIX
OMONIMOTEK C M3BECTHBIMH PEKOPAAMH, U TMOMBITKA YIYYIIUTh 3TH PEKOPIbI
(ORLIB [2]).

JpyruM MOAXO0AOM K pELIEHUIO MpOoOJeMbl OIEHKM KauecTBa ajIrOpUTMOB
SBIISIETCS. CPaBHEHHE «HOBOTO» alrOpUTMa C APYTMMHU ajlroputMamu, padora
KOTOPBIX YK€ JAECTalbHO H3ydeHa. Takoe CpaBHEHHE [OJDKHO IIPOXOAUTH Ha
0071b1110#1 6a3e TECTOBBIX 3aj]ad CO COy4YailHbIM Ha0OpOM Ha4yallbHBIX TaHHBIX. JTO
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MTO3BOJIUT BBIYUCIIUTH «CpEIHUEY CpPaBHUTEJIbHbBIC XapaKTePUCTUKHU
3¢ (PEeKTUBHOCTU TeCTHpPyeMOro anroputma. Eciu ygaeTcss moCTpOUTh reHepaTop
CIIy4YalHBIX 3aJla4 C MU3BECTHBIM ONTHUMAJbHBIM PEMICHUEM, TO MOYKHO MOJYYUTh
«CpEIHHEY» OLEHKH TOYHOCTH HCIIOJIb3yEMOT0O AJITOPUTMA B CPABHEHUU C APYTUMU
meTonamu. TakuMm oOpa3om, 3aj1aya reHepali TECTOBBIX MHIUBUIYAIbHBIX 3a/1a4
1utst MaccoBbIX NP-TpyaHbIX 33124 0€3yCIIOBHO SIBJSIETCS aKTyalIbHOM.

0030p uMeIMXCH Pe3yJbTATOB. 3a/1a4a pacKkposi BliepBbie chOpMyIUpOBaHa
Kanroposuuem B 1939 roay [3]. B 1951 roay, emé mo Toro, Kak KOMIBIOTEPHI
ctanu mupoko goctynssl, JI.B. KantopoBuu u B.A. 3anramiep npemnoxunu [4]
CHoco0 pelIeHus 3aJa4l IKOHOMHOT'O MCHOJb30BAHMS MaTepHalia Ipu packpoe C
MTOMOIIBIO JINHEWHOTO MPOrpaMMHUPOBAHMUSL.

BOoNbIIMHCTBO ~ CYIIECTBYIOIIMX  TOYHBIX  METOJOB  pEHICHUS  3a7adyu
MPSMOYTOJIBHOTO HETWJIBOTHHHOTO PAaCKposi CBOJATCA K Mepedopy BCEro
MHOXKECTBa  JOMYCTUMBIX  pelieHuid. MeToasl  yaydilleHHOro  mepedopa
oOBbeIMHEHBI NJI1 ATUX 3aJlad TO0JI Ha3BaHHEM «METOJa BETBEW M rpaHuUIy. B
1977 r. 1.B. PomaHOBCKHMM TpeJicTaBlieHa 001as ujaes nepedopHoro Meroaa st
perieHus oO1el SKCIIOHEHIIMAIBHOMN 3a/1a4uu, U MPEAJI0KeHa er0 KOHKPETHU3allus B
BHJIE METOJIa «BETBEM W TpaHUI [JIs pEHIeHUus 3aJad ynakoBku [5]. B
JadbHEUIIEM METOJ MOIYy4YaeT Pa3BUTHUE 3@ CUET BBEJICHUS MPOLEAYP COKpAIICHUs
nepebopa B paborax B.M. Kapraka u D.A. MyxaueBoii [6, 7]. He3aBucumo 3a
pyoexxom BeixoauT cepusi ctatedt S. Martello u P. Toth, nocsitiennast pazpadoTke
YIY4YLIEHHBIX BEPCUNA METO/Ia BETBEW U rpaHull [8].

BOoNBIIMHCTBO CYIIECTBYIONIUX KOMOWMHATOPHBIX METOJIOB pEIIeHUs 3ajad
MPSIMOYTOJIBHOTO HETMJIBOTUHHOTO PAacKposi M pa3MeleHUsi OOBEKTOB CIIOMKHBIX
bopMm cBoIATCA K Mepedopy BCEro MHOKECTBA JOMYCTUMBIX pelieHuid. MeTomabl
YIIYYIIEHHOTo nepedopa oObeAMHEHBI U AJIA 3TUX 3a7ad MOJ Ha3BaHUEM «METOJa
BeTBel u rpanuiy. B 1986 r. FO.I'. CtosH u C.B. SIkoBneB onucanu oOI1yto cxemy
METO/Ia U TPHUBEIN OCHOBHBIE anropuTmbl [9]. Hpyroit momxon k mepeGOpHBIM
MeToJiaM pelreHus paspadbotad B cepenune 80-x r. A.W. JIlumopenkum [10]. Ha
OCHOBE TIOHSITUSI «30HBD»  JOKa3bIBae€TCA, UTO [UJI JIIO0OM  yIMaKOBKH
MPSIMOYTOJIBHUKOB MOKHO YKa3aTh TaKOM WX MOPSAJOK, IMPU KOTOPOM KaxKIbIi
CIEAYIOIIMN NPSIMOYTOJIbHUK HE MEPECEKAETCS HU C OJJHOM M3 30H MPEIbIAYIINX
(Tomoyornueckass ~ copThpoBka). Merox 30H peanu3zoBaHn B 1988 .,
ycoBepieHcTBOBaH U uccienosad B 2001 r. B.B. byxsanosoii [11].

TecToBbIe TPUMEPHI T 3aJa41 IPSIMOYTOJILHOTO PACKPOsl MOKHO HaWTH B [12].
Psin reHepaTopoB TECTOBBIX MPUMEPOB NPUBEAEHHI B [13].

®opmyaupoBka ueseil. llenbio HacTosimel padOThI SIBISETCS MOCTPOCHHE
TeHEPATOPOB CIy4YalHBIX MOJHBIX KapT MNPSMOYTOJIBHOTO PAacKpos € Yy4eToM
OTIPE/ICJICHHBIX OrpPaHWYEHUN Ha pa3sMephl COCTABIISIIONIMX HX 3JIEMEHTapPHBIX
MpsSIMOYTOJIbHUKOB. Habopel Takux KapT MOTyT B TMOCJEJICTBUM BBICTYNAaTh B
KadyecTBe 0a3bl TECTOBBIX 3ajJad I TMPOBEPKM KauyecTBa MPHUOIUKEHHBIX
AITOPUTMOB TIOWCKA ONTHMAJIBHOIO pPackpos. IIpsAMOyrosibHBIM pacKpou Takke
ABJISIETCS. OCHOBOMW JJISl TIOCTPOEHUSI PACKPOEB C UCIIOJIb30BAHUEM 0O0JI€€ CIOKHBIX
¢uryp. B sTomM ciydae «crmokHBIe» (GUTYpPHl BIUCHIBAIOTCS B HEKOTOPHIC
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IPSIMOYTOJIBHUKY, W3 KOTOPBIX TE€HEPUPYETCS HAYAIBHBIA IPSAMOYTOJIbHBIN
pacKpoi.

IlocTanoBKa 3agauM NPSIMOYIOJbHOro packposi. Paccmorpum Habop
IPSIMOYIOJIBHUKOB, 3aJaHHBIX CBOMMH pasmepamu (h,w), i=12,..,n.
JIOIyCTUMBIM ~ pELICHUEM  CUUTAETCA  TAKOE  pa3MELIEHUE BCEX  ITHUX
IPSIMOYTOJIBHUKOB (WJIM HEKOTOPBIX U3 HUX) HA MPSIMOYTOJIBHOM JIUCTE Pa3MepOM
HxW 1npu KOTOPOM BHYTPEHHOCTH IPAMOYIOJIBHUKOB IIONIAPHO  HE
nepecekarorcs. Kaxaoe IomycTUMoOe pelleHHne 3aJaeTcsi HaO0OpoOM HHIEKCOB
I €{l1,2,...,n} n Habopom map koopmuHat {(x;,y;)}..,. Kaxnas mapa omnpenenser
IIOJIOKEHUE JIEBOTO BEPXHETO yIila pa3MeIlaeMoro npsMoyroiabHuka. Jlomycrumoe
peleHue 3a1a4n Oy1eM Ha3blBaTh KapTOil pacKkposl.

[Iycts I — MHOXECTBO MHIEKCOB, COOTBETCTBYIOIIMUX JOIIYCTUMOMY PELICHHUIO
3amauyu. Torma 3amada nOMCKa ONTHMAJIBHOIO PELICHUS] COCTOUT B IIOUCKE TAKOTO
IOJIMHO’KECTBA MHJIEKCOB [, g KOTOpPOro OydeT MUHUMAJIBHOM pPa3HOCTH
HW — Zhl.wi — min. YCTaHOBUTh ONTUMAJIBHOCTh TOM WJIM MHOW KapThl PacKpos

iel
JIOCTATOYHO  CjokHO. OJOHAKO  CyIIecTBYeT ciy4yad, Korma mpoOiemMa
ONTUMAJIBHOCTA KapThl MMEET OYEBUJHOE pelnieHue. Ecium B kapTe packpos
MHOKECTBO MHIEKCOB 3aJaeT Bce mnpsMoyrojbHuku [ ={1,2,...,n} u npu s3TomM

BBITIOJTHSIETCSI  YCJIOBHUE HW—Zh,-W,- =0, To kapTy packposi OyneM Ha3bIBaTh
iel

MONMHOW KapTol. O4YeBHMIOHO, YTO TIOJHAsA KapTa pacKposi COOTBETCTBYET

ONTUMAJILHOMY PEIICHUIO 3a1a4H.

I'eHepanusi cay4yadHbIX MOJHBIX KApT MPSAMOYIOJbHOIO PaCKpPos.
PaccmMoTpyM HEKOTOpBIE M3 METOJOB TEHEpallud CIy4allHBIX MNPSIMOYTOJIbHBIX
pPacKpoeB, KOTOPbIE MOTYT OBITh B3AThl B OCHOBY T'€HEpaTOpa.

HaubGonee mpocToil ciay4yaliHbIN pacKpoil MOXKET OBITh MOJYYEH C MOMOIIBIO
alropuTMa TeHepaluu THILOTHHHOrO packpos [11,14]. CyTe Takoro packpos
3aKJIOYAETCSl B TOM, YTO Ka)blil pa3pe3 BBINOJHAETCS CTPOrO OT OJHOTO Kpas
JIMCTa JI0 IPYToro, napajijieIbHO OJTHOW U3 €r0 CTOPOH.

AnroputMm paboTaeT pekypcuBHO. ['myOuMHA peKkypcuu n, a TakXke pa3Mepbl
W x H ucxomHOro Jucra f, omnpenenstorcsa 3apaHee. Ha ouepennom mare mis

k V) o
(parmeHTa f;° ciydaliHpIM 00pa3oM BBIOMpAeTCs OJHO W3 HAIPABICHUN pas3pesa:
BEPTUKAJIBHOE WJIM TOPU30HTAJIBHOE. 3aT€M I'€HEPUPYETCS CIIyHailHOE YHUCIO & U3
WHTEpBAJIa (O, 1). [Ipy >TOM, BEPTUKAJIBHBIA pa3pe3 BBINOJHIETCS HA PACCTOSHUN

axW oT nmeBoro kpas JINCTa, a TOPU3OHTAIBHBIA — HAa pacCcTositHUU o x H ot

2
+1°

BepxHero. Kaxplii U3 MoTydeHHBIX (QparMeHToB f., U f.),, TaK € PEKYPCHBHO

paspe3aeTcsi, €CaIu 71 HETO BBIIOJIHAETCS YCIoBHeE: [+ 1<n.
[Tpumep paboThl JAHHOTO aNrOpuTMa i 1 =4 npeAcTaBieH Huxke (puc. 1).
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. I
Puc. 1. [IpuMep ruibOTHHHOTO PACKpPOs.

Opna w3 Bapuanuil JaHHOTO alTOPUTMA YIpa3JgHSAET BHIOOp HampaBICHUS
paspesa, TeHepupys cpasy JBa 4ucia o U [, U paccekas odepenHol (pparMeHT
cpazy Ha derbipe 4actu. CTpyKTypa packposi MpU ITOM CTAaHOBUTCS OoJjee
0JIHOOOpa3HoM (puc. 2).

Puc. 2. lllectHanuats ¢pparMeHTOB, OJTy4eHHbIE IPYroil Bapuanueii
TWJIbOTHHHOIO PACKPOSI.

CymectByer  Oojee  CJIOXHBIA ~ aNrOpUTM  TEHEpAlMM  CIIy4alHOIo
MPSMOYTOJIBHOT'O PAacKposi, padoTa KOTOPOT0 COCTOUT M3 HECKOIBKUX ATAIOB:
1. renepalu ciry4ailHOM CETKM U3 TOYEK, KOTOPast OyJeT MOKPhIBATh UCXOIHBIM
JIUCT;
2. yaaJleHus] HEKOTOPBIX TOUEK CETKHU CIIy4ailHbIM 00pa3om;
3. mpeoOpa3oBaHUs TOJYYEHHOW CETKHM B COOTBETCTBYIOUIUHN MPSMOYTOJIbHBIN
pPacKpomu.
[Tepen Havamom pabOThI airopuT™Ma onpenessitorcs pazmepsl W x H ucxoaHoro
JIACTA, & TAK)XKE, TEHEPUPYIOTCS MapaMeTpbl m U N CIYy4YaliHOM TOYEYHOU CETKH,
Ha KOTOPYIO YCIIOBHO pa30MBaeTCs UCXOIHbIN JUCT (puc. 3).

m

R oamesrenne:

Puc. 3. Illpumep ciayuyaiiHO#M ceTKM U3 TOUYEK, KOTOPOii MOKPbIBAETCS
HMCXOJHBIN JIUCT.

[TapameTp m (m > 4), IIPUA 3TOM, 33J4aET KOJIMYECTBO TOUYEK CETKHU BIOJb OJHOU
CTOPOHBI JIUCTA, & mapamerp n(n24) — BAOJb Apyrou. KpailHue TOUKM CETKH

BCErJa pacIoyararoTcs o Kparo JINCTA.
B nporuecce renepannu ciry4aliHOW TOYEYHOW CETKM 3allOJIHAIOTCS JABAa MAcCUBA

a[i], i=1l,m n b[ j], Jj=1,n ciaydailHBIMM YHCIIaMH B BO3PACTAIOLIEM MOPSIIKE.

HpI/I OTOM, IIPOM3BOJIbHAasA TOYKa CCTKH 6y,Z[CT 3ajJaHa Hapoﬁ qHCECII (X, y), rac
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xeali], yeb[j]. Hmke npusencHa peannsaus 1aHHOTO IPOLECCa U MACCHBA
a[i] (mmcrt. 1).

var af[m];
a[o] = o0:
for (int i = 1; i < m; i++)
af[i] = a[i - 1] + random(Q, 1):
}
for (imt i = 1; i < m; i++)
af[i] = li=tWidth * (a[i] / a[m - 1]):

Jlucr. 1. IIpouecc renepanum MacCiBa HHTEPBAJIOB CETKH.

[IpumeHsst naHHBIM MOAXOJ, BEPOSITHOCTh MOJIYYUTh Ty WJIM WHYIO TOUYECHUHYIO
CCTKY OJMHAKOBA CpeAM BCEX BO3MOXKHBIX TOYCYHBIX CETOK C TaKHMH XKE
3HAUYCHUSIMHU TapaMeTPOB m U 7.

KakuMm Obl CTpaHHBIM 3TO HC IIOKAa3aJ10Cb, HO YIA4JICHUC CﬂyqaﬁHBIX TOYCK U3
HOJIY‘IGHHOfI CCTKH MOXHO BBIITIOJTHATDH GIHé a0 ee I'CHCPaluu, ITIOCKOJIbKY IIPOLCCC
3dBUCHUT TOJIBKO OT BXOJHBIX IIapaMCTpPOB m U n.

B cinenyromeM mporecce HCIOIb3yeTcss MaTpula s[i, j] CIICLIMAJILHOIO BHJA

pasMepoM m X n, 3IEMEHTBI KOTOPOM MOTYT MPUHUMATh TOJILKO TpU 3HadyeHus: 0,
I m 2. Kaxzaplii »lIeMEHT MaTpHIbl COOTBETCTBYET EIMHCTBEHHOW TOYKE Ha
IIOJIyYEHHOW CceTKe. Ecim 3yneMeHT Marpuibl npuHuUMaer 3HadeHue 0, TO
COOTBETCTBYIOIIags €My TOYKa JOJDKHA OBbITh YyJaJeHa U3 CETKU. 3HaueHHe
AJIEMEHTa paBHOE 2 3ampeniaeT yJajJ€HUE COOTBETCTBYIOIIEH TOUKH, a 3HAUEHUE
paBHOE | sBisieTCA 3HAYEHHEM IO YMOJYAHHIO, U O3HAYAET, YTO MAHUIYJISIUU C
TOYKON emé He ObutM TpoBeAcHBI. KpaliHMe TOYKM CETKH BCerja H3HAYaIbHO
3aUKCUpPOBaHBl U HE MOTYT OBITh yaasieHbl. Hike mpencraBiieHa peanu3aius
mpoliecca MHUIUATTM3AINY TaHHON MaTpHIlbl (JIUCT 2).

[locne wHUIMANIM3AIMU aAJITOPUTM CIIy4yallHBIM o00pa3oM TMepedupaeTr Bce
AJIEMEHTHI MaTpullbl. ECi ouepenHon 31eMEeHT MaTpUllbl IPUHUMAET 3Ha4YeHue 1,
TO COOTBETCTBYIOLAas €My TOYKa IIOMEYAETCA KAaK YyJNaJNE€HHAs W 3HAYCHHE
aneMmeHTa cOpackiBaeTcss B (0, MpU 3TOM COCEIHHE IO AUMAroHadd AJIEMEHTbI
MATPHUIBI MOJYYalOT 3HAYEHUE 2, a COOTBETCTBYIOIIME UM TOUYKH 3AIIUIIAIOTCA OT
yaaneHus (JucT. 3).

TlocienoBaTenbHOCTs  IepeGopa  JIEeMEHTOB  Matpuibl  s[i, j| HauGonee

2¢(peKTHBHO MOXET OBITh  TPEACTABIICHA  CIy4alHOW  KOMOWHATOPHOMU
IIEPECTAHOBKOM M3 M XM DJIEMEHTOB, KOTOpas TI'E€HEPUPYETCS YK€ H3BECTHBIM
TACOBAHUEM dbnmepa-ﬁeTca [15]. PaBHOBeposiTHasg ciy4ailHas NE€pecTaHOBKa
o0OecreynBaeT pPaBHYIO BEPOSITHOCTb MOJYYEHHUs CIy4yalHOM MaTpulbl Mocie
BBINOJIHEHUS IIPOLIECCa.
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KEDKI[BIﬁ QJICMCHT IICPCCTAHOBKH OJHO3HAYHO PACKIIAJAbIBACTCS HA JIBA MHJACKCA

COOTBCTCTBYHOIICTO JJICMCHTA MATpHUIbI C ITOMOIIBIO onepaunﬁ OCIOYHMCIICHHOI'O
ACJICHU U ITOJIYYCHUA OCTAaTKa OT ACJICHU .

var s[m, nj:
for (int i = 0; 1 < m; i++)
for (int j = 0; 3 < n; j++)
{
if {((1 == 0) or (1 == m - 1) or (j == 0) or (j = n - 1)}
{
g[i, 3] = 2:
K
else
{
g[i, 1] = 1
i
h
}
Jlucer. 2. IIponecc MHUIMATU3ALUA MATPHUIbI.
for (int 41 = 0; 41 < (m * n):; i++)
int x = permutation[i] % m; a ¥ b - opcraTor oT memeHMA a Ha b
int vy = permutation[i] / n: a I — LeAocYMCIeHHOS HeJleHMe a Ha b
if (=[x, vl == 1]
{
glx, ¥] = 0z
g[x — 1, v — 1] 2;
a[x - 1, v + 1] = 2;
[=x + 1, v - 1] = 2;
a[=x + 1, v + 1] 2;

Jlucr. 3. [Ipouecc ynajieHusi TOUEK CETKH.

Ha mnocnemnem »srtame anropuTMa CBEIEHHS, KOTOpbIe OBUIM TMOJTYYEHBI Ha
MEPBBIX JABYX dTamnax, OObEAUHSIIOTCS U MPEeoOpa3oBBIBAIOTCS B YIO0OHBIN (opMar.
Onu MoryT OBITH HMCHOJB30BaHBI JUIsI OBICTPOTO BU3YaTBHOTO OTOOPaKCHHUS
packposi, TpeoOpa3oBaHbl B MHOXKECTBO Y3JIOBBIX TOYEK, IPeoOpa3oBaHbl B
MHOKECTBO TIPSIMOYTOJILHBIX ()ParMEeHTOB H T.JI., HAPUMEP, BU3YATbHBIN pacKpon
MOJKET OBITh MOCTPOCH, €CIH KaXAYI0 Mapy COCEAHMX 3a(UKCHPOBAHHBIX TOUEK
CETKH COCIIUHUTH MIPAMOM JINHUEH.

Heckonpko mnpumepoB paboThl anroputMa TNpeacTaBieHbl Hike. (Cresa
M300pakEH pe3ybTaT, MOJYUYCHHBIA JUIsl MajiblX 3HauyeHUd m u n (puc. 3a), a
cripaBa — Ha00OpOT, AJis OobIIUX (puc. 30).

JIIs  HEKOTOpPBIX TMPaKTUYECKUX 3a7a4 HEAOCTATKOM ajroOpuTMa MOXKET
CUMTATHCS HATMYNE BBITSIHYTHIX PSIMOYTOJILHUKOB B OOJIBIITMHCTBE PacKpoeB. J[is
CTJIAKMBAHMUSI TaKUX PE3yJbTaTOB CYIMIECTBYeT HeOObImass MoaupuKaIms
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aIrOpuTMa, CYTh KOTOPOM COCTOMT B TOM, YTOOBI HE BBIMOJHATH IPOIIECC
yIaJIeHUs CIIy4allHBbIX TOUEK CETKU JI0 KoHla. B 3ToM ciydae nonst nepedrupaeMbix
AJIIEMEHTOB MaTpPHUIIbI s[i, j] 3a/1aéTCs HEKOTOPBHIM MapamMeTpoM ae[O, 1], TeM

CaMbIM HCIIO0JIb3Y: TOJIBKO IICPBBLIC 0{(1’}’1 X I’l) 9JICMCHTOB IICPCCTAHOBKH, 33,[[3}01]16171

=il 1]
=

MOPSIJIOK Iepedopa IEMEHTOB.

I 11]
[T s
- — - i
:I il H 11 L
11 ————
a) 0)

Puc. 3. [Ipumeps1 padoThI ajropurma.
CpaBHUTH pe3ylbTaT padoThl MOAMGPUIMPOBAHHOTO airoputMa (puc.40) c
paboToil HUCcXOAHOTO anroputMma (puc. 4a), MOXKHO 3aJaB OJAMHAKOBBIM MOPSIOK
nepedopa PIEMEHTOB MaTPHUIIbI.

a) 0)

Puc. 4. CpaBHeHue pe3yJIbTaTOB MCXOHOT0 M MOANU(HUIMPOBAHHOIO
aJITOPUTMOB.

Ha pucynke (puc.4) MOXHO BHUAETh, YTO MHOTHUE OOJBIINE BBITIHYTHIC
dbparmeHThl emE He ycmenu o0pa3oBaThbCs B CHIIy HEMOJHOro mepebdopa
aneMmeHToB. OHAKO, 3HAYEHHE NapaMeTpa « OJIM3KOe K HYNIO JNaéT CIy4daHbIN
packpoil oueHb ONM3KHI K HaYalbHOU ceTKe. B cBsi3M ¢ 3TUM, Ha MpakTuke Ooliee
OIIPABIAHO HCIIONb30BaHNUe 3HadeHus o €[0.5,1].

BoiBoabl. B nanHO#l cTaThe OBUIM PACCMOTPEHBI HEKOTOPHIC AJNTOPUTMBI
reHepaluy cliydaiHbIX TpadoB, a Takxke, HanboJjee MpoCThie METOIbI TeHepaIuu
CIIy4yalHBIX TPSIMOYTOJBHBIX packpoeB. boibiioe BHHMaHUE OBUIO YJEJIEHO
MMEHHO pealu3alysM JaHHBIX METOJO0B, MOCKOJIbKY HJed CTaTbh OCHOBaHa Ha
MPAKTUYECKOM TMPUMEHEHUHW  AITOPUTMOB. DBOJBIIMHCTBO M3 HHUX  yXeE
WCMOJIB3YIOTCS B MPOrPaMMHOM  CHUCTEME TECTUPOBAHUSA  DBOJIIOLIMOHHO-
(dbparMeHTapHBIX aJTOPUTMOB JUISl PA3JIMUHBIX KJIACCOB ONTUMH3AIMOHHBIX 3a]a4
Ha rpadax.
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