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IIONCK ITAP OPTOT'OHAJIBHBIX JTUATOHAJIBHBIX
JJATMHCKINX KBAJIPATOB IIOPAJIKA 10 B IIPOEKTE
TOBPOBOJIbHBIX PACIIPEJAEJIEHHBIX BHIUNUCJIEHUN
SAT@HOME'

0.C. Bauxun, C.E. Kouema3sos

B crarpe paccmarpuBaercsd MOIXOJI K PEIIEHUIO 33J1a49 [TOUCKA CUCTEM OPTOTOHAJILHBIX Jia-
TUHCKUX KBaJPATOB, OCHOBAHHBINA Ha CBEIECHUUW ITUX 3aJad K IpobjeMe OyJIeBON BBITOJHUMOCTH.
Brura mocrpoena coorBercTByIOmas KOAUPOBKA JJId 3aJIa9U IIOMCKA AP OPTOTOHAJILHBIX JIMAT0-
HAJIbHBIX JIATUHCKUX KBaJpaToB mopsgiaka 10. C 1OMOIIbIO OCTPOEHHON KOJUPOBKU B IIPOEKTE
JI06POBOJIBHBIX pacipeiesieHHbIx Bbrauciennit SAT@home Gbin Haiinenst 17 noBbix nap. Ha oc-
HoBe 17 HaliJICHHBIX I1ap, a TakyKe 3 paHee M3BECTHHIX AP, ObLJIM MOCTPOEHBI IICEBIOTPORKYU JIUa-
MOHAJIbHBIX JIATUHCKUX KBagipaToB nopsika 10. Ilocrpoenue mceBaoTpoek ObLIO OCYNIECTBIEHO HA
BBIYUC/IUTEIBLHOM KJjacTepe, JIJisg 9TOro Obljia ClesiaHa Napaule/ibHas pPeaji3aliisd aJrOPUTMa re-
HEpAIUK JUArOHAJILHBIX JATUHCKUX KBaJIpaToB mopsaka 10.

Karouesvie caosa: aamunckue K6adpamot, d06POGOALHBIE DACTIPEICAECHHDIE BLIUUCAEHUS, 3400~
ya 0 6yaesoli evinoarumocmu, npoekm SAT@home.

BBenenue

KombunaTopuble 3aja4dn, CBA3aHHBIE C JATHHCKUMHU KBaJIpATAMM, WHTEPECYIOT MaTeMa-
TUKOB €O BpeMmeH Jleonapma Diisepa (cMm., Hampumep, o63ophyto crarbio [1]). JlarmHckuit
KBaJIpaT TOPsIKa N — 9TO KBaJpaTHas Tabaua pasMepa N X M, 3al0JTHEHHAs IJIeMEHTa-
MU HEKOTOpOro Muozkecrsa M, |M| = n rakum o06pa3oM, 4TO B KaxKIO# CTPOKE M B KazKJIOM
cTosIbIEe TAOJUIBI KayK b 9eMeHT w3 M BCeTpedaeTcd B TOYHOCTH OJWH pa3. V3HadaIbHO
Jleonap Ditjiep B KadecTBe MHOXKECTBa M HCIIOJIB30BaJ MHOXKECTBO OyKB JIATHHCKOI'O aJjida-
BUTA, UMEHHO ITO3TOMY TaKWe KBaJPATHI ObLIM HA3BAHBI JIATUHCKUMHU. B majbHeirieM B
HACTOSINEH cTaThe B KadecTBe M GyeT ucmob3oBano MuoXKectso {0, ...,n — 1}.

ITapa naTuHCKUX KBaJpaTOB OJMHAKOBOTO TMOPSJIKA HA3BIBAETCS OPTOTOHAJBLHON, €CTn
PA3IMYHBI BCE YIOPSITOYeHHbIE Taphl uncen (a,b), Tjie a — Yucjao B HEKOTOPO# ddeiike mep-
BOTO JIATUHCKOTO KBaJpara, a b — 4uncio B sg4eiike ¢ TeM yKe HOMEPOM BTOPOTO JIATHHCKOTO
KBaJipaTa. Eciaum nmMeeTcss HabOp W3 M pa3IMYHBIX JIATHHCKUX KBaJPATOB, JiIobas mapa KOTo-
PBIX OPTOrOHAJBHA, TO TOBOPAT O CHCTEME U3 M TOMApHO OPTOTOHAJLHBIX JIATUHCKUX KBa/l-
patoB. OjiHOl M3 CAMBIX M3BECTHBIX HEPEITEHHBIX 33J1a9, KACAIONEHCs JIATUHCKUX KBAJIPATOB,
SIBJISIETCST CJIEYTOIIAs: OMPEETUTh, CYIIEeCTBYeT JIM CUCTEMa W3 TPeX TMOMApPHO OPTOTOHAJIb-
HBIX JIATUHCKHUX KBaIpaToB nopsaxa 10 [2].

3amaun MoMcKa KOMOWHATOPHBIX CTPYKTYP MOKHO PEIaTh PAa3IUYHBIMU MOAXOgaMu. B
HACTOsIEH craThe paspuBaerca SAT-mogxon K pemennto Takux 3amad. SAT-mogxon cocrout
B CBEJIEHWN WCXOJHOW 3amaquu K mpobsieme Oyiesoit Bomoaummoctr (SAT [3]). Ilpusiexa-
tesibHOCTE SAT-moX018 0Oy CTOBIEHA TEM, ITO K Mpobseme GyIeBoi BBITOJHUMOCTH MOYKHO
3¢ dekTuBHO cBecTU OOIMIUPHBINA KJaacC 3a7a49 Kpunrorpaduu, OHOMH(MOPMATUKU U IIOUCKA

1 ., .,
CraThs peKOMEHJ0BaHa K TyOJIUKAIMA TPOrPAMMHBIM KOMHUTETOM MeXKIyHApOIHON Hay9IHON KOH-
depennun «Ilapasgenbable BEIYACIUTEIbHBIE TexHoaornn — 2015%
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KOMOMHATOPHBIX CTPYKTYD [4]. Bee ussectHbie anropurmbr pertenusi SAT-3a1a49 3K CIIOHEHIH-
albHBI B XyameMm ciaydae, T.K. SAT asmaserca NP-tpymsoit 3amaqeit. HecmoTpst #Ha 51O, CO-
BpeMenHble SAT-pemaresn (B TOM ducje NapajulelbHbIE U DPACIPEIEIEHHbIE) YCIIEITHO
CIIPABJIAIOTCS C PENIEHUEM IeJIOT0 PAJa 3a1a9 U3 YIOMIHYTBHIX BbIlIe obsacteit. Boabmmn-
CTBO W3 COBpeMeHHBIX ObICTpbIXx SAT-pemareseit ocmoBano Ha anroputme Conflict-Driven
Clause Learning (CDCL), 6a30Bble NPUHIIUIBI KOTOPOrO PACCMOTPEHbI B 0030pHOIt craThe [5].

s ucnonbszoBanus SAT-noaxona HEOOXOAUMO MMEPEATH OT MCXOIHON ITOCTAHOBKHU K Oy-
aesomy ypasaennio Bujia «KKH®=1» (KH® — kombionkTuBHast HopMasbaas dopma). Takoit
epexoJ] Ha3bIBAETCS TMPOMO3UITMOHAIBHBIM KOJUPOBAHUEM WUCXOTHON mpobsieMbl. [lombrrkm
npumenuTb SAT-moaxo/ K 3a/1a9e MOMCKa CHCTEM OPTOTOHAJBHBIX JIATMHCKUX KBAJIPATOB pe-
ryJasipHO TpemmnpuHuMaiorcs ¢ cepeannbl 90-x rosioB XX Beka. Muoro mnosie3noit nudopmarnu
o mpumenernn SAT-pemareneif K MOWCKY PA3JMIHBIX CHCTEM OPTOTOHAIBHBIX JIATHHCKUX
KBaJIPATOB COJIEpKUTCA B 0030pHO# crarhe [6]. Kpome Bcero npodvero, aprop crarbu [6] mpo-
60BaJI PEITUTh YIOMSHYTYIO BBIIIE 33/1a9y TMOUCKA TPOWKY TOMAPHO OPTOTOHAJBHBIX KBajIpa-
toB Topsiika 10 ¢ ucmonbzoBanuem SAT-pemarens PSATO B teuenne 6osmee 10 jer B rpui-
cucreme u3 40 NEePCOHATBLHBIX KOMIIBIOTEPOB (OKOHYATEIbHBI OTBET TAK U HE ObLI MOJIyYeH ).

Kpatko ommmiem cTpykTypy crarhbu. B mepBom pazjese OyJ/erT NpeIcTaBieHa TEXHUKA
MTPOTIO3UIMOHAIBHOTO KOTUPOBAHUS 33J1a9 TIOUCKA CUCTEM OPTOTOHAJIBHBIX JIATHHCKUX KBa/l-
pPATOB, a TaKyKe Pe3yabTaT MPUMEHEHUs 9TOM TeXHWKHW K TMOCTPOEHUIO KOJIUPOBKH 3aJa4l IO~
MCKa TIap OPTOTOHAJBHBIX JIMATOHAJBHBIX JIATHHCKUX KBaJparToB mopsiaka 10. Bo BTopom
pasmerne GyJeT ONMMCAH KCIEPUMEHT MO TOUCKY Tap OPTOTOHAJIBHBIX JTUATOHAJBHBIX JIATHH-
CKUX KBaJapaToB Tmopsimka 10 B mpoekTe TOOPOBOJIBHBIX PACTPEIETECHHBIX BBIYUCICHUN
SAT@home. B Tperbem pazmese TpUBEIEHBI Pe3yIbTATHI UCTOJb30BAHUST BBIYUCIUTETHHOTO
KJIacTepa, JiJIsT TIOMCKA, TICEBIOTPOEK OPTOTOHAJBHBIX JUATOHAJIBHBIX JIATHHCKAX KBAJIPATOB
mopsnka 10. B 3akjmodeHnn MBI MOMBOIMM KPATKHE WTOTU MTPOBEACHHOTO WMCCIETOBAHUS, &
TaK>Ke OMUCHIBAEM HAIM IIJIAHBI Ha Oy IyIIee.

1. HpOHOBMHMOHaJIbHOG KoanpoBaHue 3a1a4 IIoMCKa CucremM

OPTOIOHAJIBHBIX JIATHMHCKHUX KBaJApaToOB

B cmnmy Toro, uro cuctema momapHO OPTOTOHAJLHBIX JIATHHCKUX KBAPATOB KaK KOMOU-
HATOpHAS CTPYKTYpa SKBUBAJEHTHA PANY JPYTUX KOMOWHATOPHBIX CTPYKTYP, 38729y MOUCKA
TaKOM CHCTEMBI MOYKHO MepehOPMYyINPOBAThH Yepe3 SKBUBATEHTHBIE OOHLEKTHI. DTO TMO3BOJIAET
WCTIOJIb30BATh JIJIsI  PEIeHUs 3aJa9d Pa3IUIHbIe MPOTO3UIMOHAIbLHBIE KOJUPOBKU. Tax,
HATIpUMEp, MOYKHO KOJMPOBATH 3a7ady TOUCKA Tapbl OPTOMOHAJIBHBIX JIATHHCKUX KBaJPATOB
MpU TIOMOIIM OPTOTOHAJBHBIX MACCHUBOB WJIM 3allUCHIBATH €€ dYepe3 TpaHcBepcaan. Boobime
TOBOpsI, Ja¥Ke €CJU UCIOJIb30BATH MPOMO3UIMOHAIBHYIO KOJUPOBKY, OCHOBAHHYIO Ha JIATHH-
CKUX KBaJIpaTaX, BOSMOKHBI PA3JIMYHbIE BAPUAHTHI (DOPMYTUPOBAHUSA HEOOXOIUMBIX YCIOBUH.
B ommcaHHBIX Jajiee BBIYUCIUTENBHBIX IKCIIEPUMEHTAX MBI HCTIOJb30BAJIN TaK HA3BIBAEMYIO
«HAMBHYIO» KOJUPOBKY 3aJIa9M MOWCKa HabOpa OPTOrOHAJBHBIX JIATUHCKUX KBaJIpaToOB, aHa-
JIOTWYHYTO PUBEJICHHO, HaIIpuMmep, B [6, 7.

IIpuBenem KpaTkoe ommMCcaHWE JAHHOW KOJIUPOBKHU. PaccMmaTpwBaeM JBe MaTPUIHI
A= ||aij|| u B = ||bl-j||, i,j =1,..,n. Couepxxumoe KaxKI0#l d9eiiku JII0O0O# M3 MaTpHIl KOIM-
pyercst n GyJjeBbIMU MepeMeHHbIMU. JIjis KogaupoBaHust BCell MaTPHUIbI, TAKUM 0O6pa3oM, Tpe-
Gyerca n® Gy/aeBBIX ImepeMeHHBIX. Bymem mcmosb3osars 3amuchk X(i,7,k) u y(i,j, k) mia o6o-
3HAYEHUSI TIEPEMEHHBIX, KOIUPYIONUX 3jieMeHThl Marpull A u B, coorsercrBenno. Ilpu atom
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nepemennas X(i,], k) npuHuMaer 3HaUeHNE KUCTUHA» TOTJIA U TOJHLKO TOTJIa, KOT/Ia B d4YeiiKe,
HaXOJIAIIENCS B CTPOKE ¢ HOMEPOM I U CTOoJIOIe ¢ HOMepOM J, crouT ducjo k. Yrobbr MaTpuiist
A u B npejicraBisiid JIATUHCKHE KBaJJPAThl, HEOOXOUMO HAJIOXKUTH HA COOTBETCTBYIOIIUE UM
[epeMeHHbIe Psij ycaoBuit. JlaHHbIE yCJOBUS pacCMOTDEHBI Jiajiee Ha NMPUMEpPE MaTPHUIbI A.
Onu ecTecTBEHHBIM OOpPA30M 3AMMCHIBAIOTCS B BUE KOHBIOHKIINI JTU3HIOHKTOB.

B kaxkmoit sueiike MaTpuUIlbl CTOUT POBHO OHO Tiejioe uncyio ot 0 o n — 1:

NNy Vi=1 x (0, k) ;

N N AN g (—x (L ) v —x (D, ), 7).

Kazxoe gucsio or 0 10 n — 1 nosBiisieTcss B KaKJI0il CTPOKE POBHO OJIUH Pa3:

N1Ng=1Vier x(0, ], k);

N AR N A1 (22 (g k) v = (T, K)).

Kazxoe guciio or 0 10 n — 1 nostBiisieTcss B KaxKJIOM CTOJIOIE POBHO OUH Pa3:

N1 Ne=1Vier x(0, ], k);

N ARy N AT 41 (2 j ) V =, K)).

AmnajorngHbIM 006pa3oM 3aIMUCHIBAIOTCS YCJIOBUsI, Koaupyomme marpuity B. Tlocme sToro
HEOOXO/IMMO 3aKOIUPOBATH YCJIOBUE OPTOTOHAJbHOCTH. Hampumep, 3T0 MOXKHO cjiejlaTh Cjie-
JIYIOIAM 00pPa3oM:

NN N=1 A p=1 Ng=1A\F =1 (=x(i, j, k) v =y(i,j, k) v =x(p,q,7) V =y(p,q,71)).

B pesynbrare npuMmeHeHus BCEX OIMMCAHHBIX BBIIIE YCJIOBUN JJIsi 3a/la9d ITOUCKA TIAp Op-
TOTOHAJIBHBIX JIATUHCKUX KBaspaToB nopsiika 10 mbr nosyumim KH®, cocrosimyo u3 432600
JU3BIOHKTOB HaJl MHOXKecTBoM 3 2000 OysieBbIx mepeMeHHBIX. (COOTBETCTBYIONIHME haiiy ¢
KH® B popmare DIMACS zanumaer 9,5 merabaiir.

Paccmorpum 3asady moncka map OpTOrOHAJBHBIX JIMATOHAJIBHBIX JATHHCKAX KBAJIPATOB.
JlaTuHCKUIT KBaJpaT sBJISETCS JIMATOHAJBHBIM, €CJIU JIJI HEro CIPABEIJIUBO CJIEMYIOIIee
yCJIOBHE: TJIaBHAS U MOOOYHAS JIMATOHAJM COJEPXKAT Bce yucaa or 0 1o n— 1, rme n — 310
IIOPSJIOK JIATMHCKOrO KBaJipaTa. TakuMm oOpa3oM, yCJIOBHE YHHKAJIBHOCTH JIEMEHTOB HAKJIa-
JIBIBAETCS HE TOJBKO HA CTPOKHU M CTOJIOIBI KBaJIpaTa, HO M HA IVIABHYIO U IMOOOYHYIO JIMAro-
Haju. V3BecTHO, 9TO TIAphl OPTOTOHAJIBHBIX JIMATOHAJBHBIX JATUHCKUX KBAJIPATOB MOPSIKA
10 cymecrBytor — B 1992 rojy 6Gbuia onybiaukoBaHa crarbs [8], B KOTOPOH ObLIN IIpeICTAB-
JIEHBI TPU TaKWe Hapbl. B OTKPBITHIX MUCTOYHWKAX HAM HE YJIAJIOCh HAWTHU JIPyTrUe Hapbl, KPO-
Me 3Tux Tpex. lloaromy, HA HAII B3IVIsIJ, UHTEPECHBIM IIPEJICTABIIAETCS MOUCK HOBBIX AP OpP-
TOTOHAJIBHBIX JUATOHAJIBHBIX JIATHHCKAX KBaJIpaToB mnopsjka 10. Pemennio nmenno sToit 3a-
JIadu, B OCHOBHOM, TIOCBAIIEHA HACTOAMIAA CTaThsd. s mosryueHuss mporo3uIMOHAIBHONR KO-
JIMPOBKY 33JIa9M MOMCKA CUCTEM TAaKUX KBAJIPATOB HEOOXOJMMO JOOABUTDH B OMHMCAHHYIO BBIIIE
KOJIMPOBKY JIU3BIOHKTBI, COOTBETCTBYIONINE YCIOBUIO auaroHagbHocTH. l[losydennas B pe-
gyabrate KH® cocrour u3 2000 nepemennbix u 434440 nuzbionkTos, daiis ¢ KH® B dopma-
te DIMACS zannmaer 10 merabaiiT.

2. Ilouck cucrem OPTOTOHAJIBHBIX JIATMHCKMNX KBaJApaTOoOB

B IIPOEKTE A00POBOJILHBIX pacCIpeae/IeHHBIX BbIYMCJICHU
SATQhome

3amaun TMOWCKa CHUCTEM OPTOTOHAJBHBIX JIATMHCKUX KBajparoB mpu momomm SAT-
ITOIX0/18, XOPOIIO TMOJAXOMAT JJisi OPTaHU3AIMM MACIITAOHBIX IKCIEPUMEHTOB B paCIpeeseH-

HBIX BBIYUCJIUTE/IBHBIX CPElaX, B YaCTHOCTH, B IIPOEKTAX JIOOPOBOJIBHBIX PACIIPEIeIeHHBIX
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BBIUUCTICHUE. DTO 0ObsicHsgeTcss TeMm, ato SAT-3amaun camu mo cebe JTOMyCKAIOT €CTECTBEH-
HBbIE CTPATErud KPYIMHOOJOTHOTO pacmapasiieuBanns. ABTOpaMy CTaTbU B COTPYIHUIECTBE C
kosuteramu u3 VI PAH 6b11 paspaboran nmpoekt SAT@home [9-11], dyHKmorupyommit
¢ centsiops 2011. JlaHHBIH MPOEKT TpeTHA3HAYEH JJIsT PEIIeHUsT TPYIHBIX dKk3eMiisaspos SAT-
3a/1a9 W3 Pa3NNYHBIX TpeaMeTHBIX obsacreit. Ilpu cozmanwm mpoekTa ObLIa WMCIOIH30BAHA
orkpbitas mwiardopma BOINC [12, 13].

ITo cocrostamio wa 10 mapra 2015 roga k mpoerTy SAT@home moakaouero 3214 akTHBHO
paborarommux 11K yuacTHUKOB cO Bcero mupa, OOECIEUYMBAIONINX CPEIHIOK TPOU3BOIUTE b
mocth 0K0J10 10 TFLOPs. OTMernM, 9TO OTEYECTBEHHBIX TTPOEKTOB JTOOPOBOJBHBIX PACIIpPEIe-
JIEHHBIX BbluncjaeHuit orHocurenbHo Hemuoro: OPTIMA@home [9], Gerasim@home [14] u
NetMax@home [15]. IIpu 3rom y npoekra SAT@home camast BbICOKast IIPOU3BOIUTETHHOCTD.

Cxema perernss SAT-3amaa ¢ momorisio mpoekta SAT@home mpemcrasiena Ha puc. 1.
IIpenBapuTebHO OCYIIECTBIISIETCS TIOUCK «XOopoTieity gexkommnozurn SAT-3amaun ¢ momo-
mpio Meroga Monre-Kapio na Borauciaurensaom kiaacrepe [10, 16]. HeobxomaumocTs uenosn-
30BaHUsI KJIACTEPA MCXOIUT U3 TOTO, UTO HA JAHHOM ITATE UCTOJb3YIOTCS WHTEHCUBHBIC MEK-

IIPOIIECCOPHBIE OOMEHBL.

- Pelienne
ssA;'a —> Knacrep —m——————> - rggﬁra —> SAT-
A MapameTpei P 3agauu
= AEeKoMNOo3nLLMK
KHO B OUCK [leKomnosu BeinonHawwumia
ung
dopmarte e W peweHue HElETafr WiTH GRS

DIMACS AEKOMNO3NLUK «HeBbInonHUMa»

Puc. 1. Cxema pemennss SAT-3a1a4 ¢ momorpio mpoekta SAT@home

B mae 2012 B mpoexkTe SAT@home 6B yCIIEITHO 3aBEPINEH MOJYTOIOBON SKCIEPUMEHT,
HAIpaBJIeHHBI Ha perrenre 10 3a7a4 KpUNTOAHAJU3a TeHEPATOPA KJIOUEBOro motoka A5/1
[10], KoTOpBIE HE pemarTCs ¢ MOMOIIbI M3BECTHLIX rainbow-rabuun [17]. B kaxnoii 3amade
HY?KHO OBbIJIO HAWTH HEM3BECTHOE HAYAJIHLHOE 3aIIOJTHEHUE PETUCTPOB MeHEPaTOpA.

Ha cnenyromem stame B SAT@Qhome ObL1 3amyined IOWCK I[Iap OPTONOHAJLHBLIX JIHArO-
HAJIBHBIX JIATHHCKUX KBaJIPATOB TOpsaka 10 ¢ MCIOIB30BAHUEM TPOTIO3UITHOHATBHON KOTU-
POBKH, OIUCAHHON B HPEBIIYIIEM pasjeie. B KadecTse sijipa KJIMEHTCKOTO MPUIOKEHUsT (KO-
Topoe 3amyckaercs Ha IIK yuacraukos) ucnosbzobasics CDCL-pemarens MiniSat 2.2 [18], B
KOTOPBIN OBITN BHECEHBI HEOOJIbINME M3MEHEHUsI, HAIIPABJIEHHBIE Ha YMEHbINEHNE 0OheMa UC-
moJTb3yeMoil omepaTuBHON maMmsiTu. IlepBasi cTpoka MmepBOro KBaJpaTa ObLIA M3HAYAJIHHO 3a-
dukcuporana u papasjgach <0 1 234 5 6 7 8 9». D10 OBLIO CIAEIAHO MOTOMY, 9TO JIFOOYIO
mapy OPTOTOHAJBHBIX JIATHHCKAX KBaJPATOB IMyTEM TEPECTAHOBOK, HE HAPYIIAIONINX YCIOBUS
OPTOTOHAJILHOCTH ¥ JIMATOHAJIBHOCTH, MOYKHO Mpeobpa3oBaTh K Tape, B KOTOPOH TepBas
CTpOKa TEPBOTrO KBaJjpara Oy/1eT UMEHHO TaKOM.

Bei6op criocoba pekommosurun SAT-3a1a9 — HeTpuBHaabHAs TPobJIEMa, B PEIIEHUN KO-
TOPOIl HY’KHO HCIIOJIB30BATh CBOWCTBA MCXOJHBIX MOCTaHOBOK [10, 16]. lekommosunus 3amaqn
MTOWCKa TTap OPTOTOHAJBHBIX JIMATOHAJIBHBIX JIATHHCKUX KBAJIPATOB OBILIA OCYIIECTBJICHA CJIe-
JytormM obpa3oM. BapbupoBasinch 3HAYEHUs TIEPBBIX 8 sUeeK BTOPON M TPeThell CTPOKM Iep-
BOTO KBaJpaTa. Bcero okaszasoch okKojo 230 MWIIMAPIOB BO3MOYXKHBIX BapPUAHTOB 3HAYCHUIMA
otux 16 ddveek, He HAPYIIAIONINX YCJIOBHUE, YTO KBAJIPAT SIBJIAETCS JTUATOHAJIBLHBIM JIATHHCKUM
KBaJIpaToM. Bruio pereno cdpopmuposars i pernenns B SAT@home nepsoie 20 MUIINOHOB
noxzagad u3 230 Muumapaos (r.e. Bcero okoso 0,0087 % ommcaHHOrO BBIIIE TPOCTPAHCTBA
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noncka). B urore kaxkmas nogzanada hOpMUPOBAIACH B PE3yJIbTATe MOJCTAHOBKY B HEPBbIii
KBaJIpaT 8 MEpBbIX S49€eK BTOPOW W TpeTheil cTpoku (mpu (BUKCHPOBAHHON TEPBON CTPOKE).
SHaUEHNST OCTAJNBHBIX 74 sideek mepBOTo KBajpara u Bcex 100 saeek BTOpPOro KBajpaTa ObLIn
HEM3BECTHBI — WX JoJiKeH Obin Haiitm SAT-pemarens. Ha kaxmayo momzamady ObLT ycra-
mosyieH aumuT B 2600 pecrapros pemaresns MiniSat 2.2, 910 TpuUMepHO COOTBETCTBYET H MU-
HyTaM paboTwl ogHOro sapa mporeccopa Intel Core 2 Duo E8400. Ilpu mocTmkenun JTuMUTA
BBIUMCICHUSA TIpepbiBanch. Kaxkmoe 3amanue, Koropoe nojaydan ydactHuk SAT@home, co-
crosiyio u3 20 Takux nojzanad. PopMupoBaHre UMEHHO TAKOIO KOJIMYECTBA T0J33a9 B 3313~
HUM OBLJIO IIPOJAUKTOBAHO HEOOXOIUMOCTHIO 0DECIIEYNTh B 38 IaHUH OKOJIO 2 YacOB PabOTHI HA
OJTHOM siJIpe Tporeccopa (Takas MPOIOJIZKUTEIHHOCTD BBIIOTHEHNS 3a/IaHUN XOPOIIO II0/IXO0-
mut g BOINC-npoektos). Ha 06paborky 20 MuLInoHOB moj3anad (B Bujge 1 Musuimona 3a-
JTaHWUii), CEHEPUPOBAHHBIX JIJIs JJAHHOTO 9KCIEPUMEHTa, MOoTpeboBaIoCh OKOJIO 9 MecsIreB pa-
6orbl npoekTa (¢ cenrsiOpst 2012 no mait 2013). Boruncsienns npakTUYIeCKU JJId BCEX IMOJI3a-
Jad ObLIM TpEpPBaHbl IPHU JOCTHXKEHUU JIMMHUTA, HO perreHue 17 1oj3aad 3aKOHUIUIOCH
YCHENTHO — B pe3yJbTare ObLIM HalijieHbl 17 HOBBIX IIAp OPTOTOHAJIBHBIX JTUATOHAJIBHBIX Jia-
TUHCKUX KBaJpaToB mopsiaka 10 (Mbl CpaBHHBAJIM WX C TPEMs DaHee M3BECTHBIMHU HapaMu
kBaapaToB u3 crarbu [8]). Bee naiisennbie napsl pasmernienbl Ha cafite npoekra SAT@home
[11] B pasmene «Haiinennsie pemenusi». Ha puc. 2 npuseieHa neppas napa OpTOrOHAJbHBIX

JIMarOHAJIBHBIX JIATMHCKUX KBaJIpaToB mopsaaka 10, Haiimennas B mpoekTe SAT@home.

01234567891101234567 89
1204379856117519280463
7359048621111 034675298
35689041721|9847521036
4972681503(|16790832154
5846713290114651098327
8491237065112385164970
67301259481|5278349601
9015862437(|3462907815
'26875903141189067135 4 2

Puc. 2. IlepBas mapa OpTOroHAJBHBIX JUATOHAJIBHBIX JIATHHCKUX KBaIpaTOB mopsiaka 10,
Haiiennas B mpoekte SAT@home

Kak yxke ObLIO OTMEYEHO B IPEHbIAYIIEM Pasiiese, €CTb MHOTO Pa3JINYHBbIX BaPUAHTOB
dopMUPOBaHUS IPOIO3UIINOHAILHON KOIUPOBKHU 33/Ia49M IIOMCKA IIap OPTOrOHAJILHBIX IHArO-
HaJIbHBIX JIATHHCKHUX KBaJIpaToB. IIpyr 3TOM BCTaeT BOIPOC CpaBHEHUS PA3INIHBIX KOIUPOBOK
mo 3ddexkruBHocr. Kak mokasaja MpaKTHKa, KOJUIECTBO MEPEMEHHBIX U IU3bIOHKTOB B
KH® wme Bcerma aJieKBATHO yKa3bIBA€T Ha CKOPOCTHL ee 0bOpaborku ¢ momorrsio SAT-
pematresneii. Mbr npesmnosaraeM B OJmekaiiiiemM Oy IyIlieM KCIOJIb30BATh HAWIEHHBIE MAPhI OP-
TOTOHAJIBHBIX JIMATOHAJBHBIX JIATHHCKUX KBAJIPATOB (& TAKXKe paHee M3BECTHbIE IMAapbl) JIIst
oreHKH 3(M@PEKTUBHOCTH BO3MOXKHBIX KOJIMPOBOK PAaCCMOTpeHHOU 3agauu. CpaBHEHHE MOXKHO
nposoauTh 1o Habopy KH® (kaxkgas KH® coorBercTByer mM3BecTHOl mape OPTOrOHAJBHBIX
JIMAarOHAJIBHBIX JIATHHCKUX KBaIpaToB mopsaka 10), B KaxKI0il U3 KOTOPBIX MOJICTABJIEHO Ipa-
BUJIbHOE O3HAYMBAHUE HECKOJIbKUX CTPOK IEPBOIO KBaJpaTa W3 COOTBETCTBYIOIIEH MAPHI.
Tak:ke ¢ IMOMOIIIBIO TAKOI'O TECTOBOIO HAOOpa 3aJad MOXKHO BBIOpPATH HAMOOJIEE ITOIXOISIINE
Jia oTo npeamerHoit obmactu SAT-permarenn.
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3. Ilouck IICeBAOTPOEK OPTOrOHAJIBHBIX JHMAaroHaJIbHBIX

JIATUHCKHNX KBaJApaTOB HA BbBIYUCJ/INTEJIBbHOM KJlaCcTepe

BouibInoit Hay4HbIil HHTEPEC MPEJICTABSET 3HAMEHUTAs 33/a49a O CyIIeCTBOBAHUU TPOUKH
MOTIAPHO OPTOTOHAJIBHBIX JATHHCKUX KBaapaToB mopsaaka 10. Omnako, maHHas 3a7ada KpaifHe
TpyaHa. [losToMy akTHUBHO mccieayeTcs 3ajada HAXOXKIEHUs TAKUX TPOEK JIATUHCKUX KBAJI-
paToB, UTO yCJOBUE OPTOrOHAJILHOCTH BBITIOJIHAETCS He JJIsi BCEX Nap KBaJpaToB (HAIPUMED,
TOJIBKO JIJIsi OJTHOW VUM JIJIsl JIBYX MAp M3 TPeX BO3MOXKHBIX). Jlajiee moo6HbIE CHCTEMBI JIa-
TUHCKUX KBaJIpATOB HA3BIBAIOTCH IICEBJOTpOiikamu. [JiaBHas XapaKTepUCTUKA IICEBIOTPOEK,
KOTOpas OyJIeT pacCMATPUBATHCS Jajiee — DTO KOJIMIECTBO YIOPsIOYEHHBIX Iap JIEMEHTOB,
II0 KOTOPBIM BBITOJHSAETCS YCJIOBHE OPTOTOHAJBHOCTH OJHOBPEMEHHO IJIS BCEX TpPeX map
kBagapatoB (A u B, A u C, B u C), cocraBnsionux ncesgoTpoiiky. Ha manubiii MoMeHnT pe-
KODJIHBII 110 3TOMY MOKa3aTei0 HAbop — 3T0 onybJIuKoBaHHasa B crarbe [19] mceBmorpoiika ¢
xapakTepucTukoit 91, mpu 3TOM M1 ABYX Iap KBaJIpaTOB U3 TPEX yCIOBHE OPTOTOHAJIBLHOCTHU
BBINOJIHAETCA TOJTHOCTRI0. Ha puc. 3 mpejicraBieHa JaHHasi NCEBIOTPOIKA, B Hell kBajpar A
oproronajeH kKpazaparam B m C, mpm 3ToM kBagpaTel B m C OpTOroHaJ bHBI TOABKO MmO 91

VIIOPSIOUeHHOU mape 31eMeHTOB 3 100 BO3MOXKHBIX.

08975642317 078912345 6] 078912345 6]
9146273805 9061832547 6428951370
7425138690 7204391865 4953276018
8653921047 8530217694 5176438902
A:621840957SB:6953074218C:329O715684
4932750168 4176508932 1037682549
5371086924 5428960371 2801349765
3509842716 3617485029 9542860137
1760395482 1842659703 7365094821
208461735 9 123957461 80 1861450729 3

Puc. 3. Pexopiuast nceBoTpoiika OPTOrOHAIBHBIX JIATHHCKUX KBaJApaToB nopsaka 10 us
crareu [19]

Mpb1 paccMoTpesm IOXOXKY IO MOCTAHOBKE 3aJlady, COCTOSIIYIO B IIOWMCKE IICEBIOTPOEK
JAUArOHaJIbHBIX JIATHHCKUX KBaApaToB nopanka 10. B megBHOM Buze mamHas MOCTAHOBKA MPU-
cyrcrByer B crarbe [8]. B 9roil crarbe mpuBesieHbl 3 mapbl OPTOTOHAJBHBIX JHATOHAIBHBIX
JIATMHCKUX KBaJIpaToB mopsijika 10, mpu 3TOM B HEPBOH u BTOPOU mape (GUrypupyer OJuH U
TOT Ke KBajpar (BTopoil B 00enx mapax). YIOMsHyTble HAOOPbI KBAJIPATOB M300Da’KEHbI Ha
puc. 4 u puc. 5 COOTBETCTBEHHO.

0946175823] [0851734692
7194538062 5172980346
4628317590 1729568034
6073284915 9643027158
A—[5367429108|, 13086415927
8412950637 4308659271
2530896471 7295146803
3289041756 6430892715
9751603284 2964371580
118057623491 185172034609

Puc. 4. Ilepas napa oOpTOroOHAJBHBIX JUATOHAJBHBIX JIATUHCKUX KBaJIPATOB mMOpsaka 10

u3 crarbu [8]
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041982735 6] 0851734692
3168294507 5172980346
6524903871 1729568034
1853749062 9643027158

A:9205478613B:3086415927
8637150924 4308659271
4072536198 7295146803
2941685730 6430892715
7396012485 2964371580
15780361249 185172034609

Puc. 5. Bropas napa opToroHaJibHbIX JIMATOHAJBHBIX JIATUHCKUX KBaJIPATOB mMopsaka 10

u3 crarbu (8]

Ha ocuose sTux ABYX IIap OPTOr'OHaJIbHbBIX TUAIOHAJIBHBIX JIATHHCKHUX KBadpaTOB IIOPAI-

~—

kKa 10 MOYKHO €CTeCTBEHHBIM 00Pa30M TOCTPOUTD TICEBAOTPOIKY mopsigka 10 (cm. puc. 6

0851734609 27 094617582 3] 041982735 6]
5172980346 7194538062 3168294507
1729568034 4628317590 6524903871
9643027158 6073284915 1853749062
A:3086415927B:5367429108C:9205478613
4308659271 8412950637 8637150924
7295146803 2530896471 4072536198
6430892715 3289041756 2941685730
2964371580 9751603284 7396012485
851720346 9 11805762349 57803612409

Puc. 6. IlceBmoTpoiika OpTOrOHAIBHBIX TUATOHAJIBHBIX JIATHHCKUX KBAIPATOB mopsiaka 10,
KOTOPYIO MOYKHO [OCTPOUTH Ha OCHOBE IIEPBBIX JIBYX I1ap KBAaJPATOB U3 CTaThH [§]

Herpynuo nocuntarh, 9T0 XapakKTEepHCTHKA TaKo# mnceBaoTpoiiku pasHa 60. HamomumMm, 9To
I10JT, XapaKTEPUCTUKOMN IICEBIOTPONKN MOHUMAETCA YHUCJIO YIIOPSIOUYEHHBIX AP IJIEMEHTOB, ITO
KOTOPBIM OJTHOBPEMEHHO BBINIOJIHSETCS YCJIOBUE OPTOTOHAJBHOCTH JIJIA BCEX TPEX Hap KBaJl-
paTtoB mnceBnorpoiiku. Ha puc. 7 mpencrasiieHbl cooTBeTcTBYONME 60 yIOpsiJOYEeHHBIX ITap
3JIEMEHTOB JIJ1d JJAHHOM IICEBIOTPOMKU.

000102 — — 0506 — 08 —1

1011 — 13 — 1516 — 18 —
— 2122 — 2425 - 27 — 29

- —3233 — - 3637 — 39
— 41 — — 44 4546 — 4849
50 — 5253 — 55 — 575859
6061 — — — 6566 — — 69

— — 72737475 - 77 — 79
— — — 838485 — 8788 —
190 91 — 9394 — 96 97 98 99-

Puc. 7. Habop u3 60 ynopsiiodeHHBIX TIap 3JIEMEHTOB, 10 KOTOPBIM OPTOTOHAJIbHBI BCE TPHU

mapbl KBaIPaTOB TICEBIOTPONKH, N300parkeHHoi Ha puc. 6

Mpsb1 paccMOTpesn CIeIyIONTyIo MTOCTAHOBKY 3aa9l: HANUTH IICEBIOTPOUKY OPTOrOHAJIBHBIX
JIMArOHAJIBHBIX JIATHHCKUAX KBAJAPATOB Hopaiaka 10 ¢ XxapaKTepucTUKON OOJIbIle, YeM y IICEB-
qorpoiikn u3 crareu [8]. st pemieHusi mocraBiieHHON 3a/1a4du OBLIO PEIIEHO HCIOJIB30BATH
napbl OPTOTOHAJIBHBIX JIMANOHAJBHBIX JIATUHCKUX KBaJparToB mnopsjaka 10 (3 mapel u3 crarbu

[8] m 17 map, HaiiJieHHbIX B pe3yJbTaTe SKCIEPUMEHTA, ONMCAHHOTO B IIPEIBIAYIINEM Da3ere).
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Wnes cocrouT B reHepanuu IUArOHAJBHBIX JIATUHCKAX KBaJIPaToB mHopsinka 10 ¢ mocemyto-
muM (DOPMUPOBAHUEM JBAJIIATH [ICEBIOTPOEK HA OCHOBE M3BECTHBIX Map M KaXKJIOI'O CreHepu-
poBaHHOTO KBajsipaTa. s KaXk10#l 1CeBIOTPORKN MOXKHO OBICTPO BBIYUC/IUTD €€ XapaKTepu-
cruky. TakuMm 00pasoM, MOXKHO BBIOPATH JIYUIIyIO INCEBAOTPOHKY (U3 ABajUaTH) JJisi KOH-
KPETHOI'O CreHEPUPOBAHHOTO KBAJIPATa, & TAKXKe JIYUIIyIo IICEeBAOTPOMKY JJisi BCEX CreHepu-
POBaHHBIX KBaJPATOB.

st reHepaluy IUATOHAJIBHBIX JIATUHCKUX KBAJPATOB ObLI UCIOJIb30BAH AJTOPUTM ITOUC-
ka ¢ Bo3BparoM. OCHOBHasI Wesl STOTO AJTOPUTMA 3aKJIIOYAETCS B TOCTIEI0BATEIBHON MO~
CTaHOBKE JIOMYCTUMBIX 3HAYECHUN B sTICHKU TAOIUIBI, KOTOpas M3HAYATBLHO MyCTa. 3AMOJTHE-
HU€ TIPOMCXOJIUT CJIEBA HAIPABO CBEPXy BHU3 10 cTpoKam Tabsmmibl. [louck 3aseprnaercs, ec-
JIM HAfJIEHO 3alloJIHEHUE TabJ/IUIbI, KOTOPOE COOTBETCTBYET HEKOTOPOMY IUATOHAJBLHOMY Jia-
TUHCKOMY KBajipaty. llociie mojcraHoBKM KaXKJI0ro HOBOTO 3HAYEHUS B HEKOTOPYIO SYEHKY
OCYIIIECTBJISIETCs IIPOBEPKA, HAPYIIAET JIM TEKYIIee 3aI0oJHeHre TaOJIUIbl yCJIOBUS, HAKJIAbI-
BaeMbIe Ha JIEMEHTHI B JIMArOHAJBLHOM JIATUHCKOM KBajipare. Kcjum 3amojiHeHue He MPOIILIOo
IIPOBEPKY, MPOUCXOIUT BO3BPAT 0 OJmKaiiieil s4ueifiku, 3JIEeMEHT KOTOPOUM HAPYIIAET yCJIO-
BHSI, TIOCJIE YEro ITOi sueiike HA3HAYAECTCS JIPyroe JOIMyCTUMOe 3HadeHue. B ajropurme xpa-
HUATCS UCTOPHSA Y2KE HUCIOJIb30BAHHBIX HEY/IAYHBIX 3HAYCHUHN IS KaXK/I0U SYCHKU TabJIUITHL.
DTO HYKHO JJIsT TOTO, YTOOBI UCKJIIOYUTH MOBTOP BAPUAHTOB, KOTOPBIE MPUBOJISAT K HEJIOIY-
CTHMBIM BapuaHTaM 3amnoJiHeHuit. Eciu i HEeKOTOPOW s9eiiKu TpeOyeTcs MOMEHSATh 3Hade-
HUe, HO MCYEPIAHO MHOXKECTBO JOMYCTUMBIX BApPUAHTOB, TO MPOUCXOIUT BO3BPAT HA MTPEIbI-
AYILYIO d49eiKy.

KimroueBoit 0coGEHHOCTHIO OMMCAHHOTO AJTOPUTMA SIBJSETCS TO, YTO JJI YBEJIUUEHUS KO-
JITYECTBA CT€HEPUPOBAHHBIX JUATOHAJIBHBIX JIATHHCKUX KBAJPATOB 3a €INHUITY BPEMEHU CJe-
JIyeT TpepbIBATb TEKYIIUH TOUCK TOCEe JOCTUKEHUsT HEKOTOPOTO JIUMUTA BPEMEHU. ITO CBSI-
3aHO C TEM, UTO IPU BHIOOPE HEYIAYHBIX» 3HAUEHUI B NMEPBBIX CTPOKAX TAOJIUIBI AJITOPUTMY
MOKEeT MOTPe0OBAThCsI OU€Hb OOJIBIIIOE BPEMs JIJIsi BO3BPATA K STUM HAYAJBHBIM 3HAUEHUSIM.
Eciu ke HavanbHble 3HAYEHWS BBIOPAHBI yJIA9HO», TO UCKOMBIA KBaJpaT MOXKET OBITbH
HaiifieH oYeHb ObICTPO. OUBITHBIM IyTeM OBLJIO YCTAHOBJIEHO, YTO HAMOOJIEE TOIXOISIIUN JTr-
MUT IO BPEMEHU [IjId MPOTPaAMMBI, peaju3yiomieil maHubii amroput™m — 310 0,001 cexyHmbI.
IIpu srom daxkTuvueckn 3TOT BPEMEHHON MOPOT JIWIIb HEMHOIO IPEBBIIAET MUHUMAJBHOE
BpeMsi, HEOOXOTUMOE JIJIsi «IOCTPORKM» TUATOHAJILHOTO JIATUHCKOTO KBAJpPATa IPHU KYIaTHO»
BBIODAHHBIX HAYAJILHBIX 3HAUECHUSIX.

Ha ocuoBe ommcannoro anropurma Obur cozgana MPI nporpamma [20] Ha si3bike 1Ipo-
rpammvupoBanus C++. YIPaBJLoOMNil TPOIECC ITOW MPOrPaMMbI MOJIYYaeT COOOIeHus 000
BCEX PEKOPIHBIX IICEBIOTPONKAX, HANJIEHHBIX B IIPOIECCe PabOThI MAPaJIJIeIbHON TPOrPAMMBIL.
Broramcimrenbable TPOIECCH TEHEPUPYIOT JHATOHAJBHBIE JIATUHCKHE KBaApaThl mopsaka 10 c
WCIIOJIb30BAHUEM IPUBEIEHHOTO BbINIe ajropuTMa. [Ipm mHaxokmeHum odepeaHONl peKOpIHOM
IICEBJIOTPONKY BBIYUC/IUTEIbHBII IIPOIECC OTIPABJSET COOTBETCTBYIONIEE COODOIEHNE Ha
YIIPaBJIAIOIINNA IIPOLIECC.

Coznannas MPI nporpamma ObLia 3amyinena #Ha 1 cyTku Ha 30 y371aX BBIYUCIUTEILHOTO
kyactepa «Akanemuk B.M. Marpocos» Upkyrckoro cymeprkomMmbioTeproro mnearpa CO PAH.
Ha srux 30 y3nax 6su10 33aeiicrBoBano 60 16-saepubix nporeccopoB AMD Opteron 6276, T.e.
cymmapuo 960 mporeccopubix siep. B pesysbrare paborsr MPI nporpammbr Obiia HaiimeHa
IICEBIOTPOUKA C XapaKTEPUCTUKON 62, 4TO ABJS€TCS PEKOPAOM B CPABHEHWH C PACCMOTPEH-
HOU BBIIIIE IICEBAOTPOUKONA U3 CTaTbU [8] Pexkopanas mceBmorpoiika ObLIa HaiijeHa depe3 7
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qacoB 20 MUHYT TIOC/IEe cTapTa pPaboThl IporpaMMbl. Beero e 3a cyTKu ObLIO CrEHEPUPOBAHO
ok0y10 20 MWIJIMOHOB PA3HBIX JAWATOHAJBHBIX JIATHHCKAX KBaApaToB mopsaaka 10, coorset-
CTBEHHO OBLIO copMupoBaHo 0K0J0 400 MUTHOHOB TceBnOTpoek. OmmcaHHBIE PE3yJIbTATHI
apryMeHTUPYEeT MPUMEHEHUE JJisi PACCMOTPEHHON 3a/1aYi BBICOKOIPOU3BOIUTEILHBIX BBIUKC-
Jienuii, Begpb Ha 00braHOM IIK 7151 IpOBEJIeHMsT TAKUX PACIETOB MOTPEOOBAJIOCH Obl HECKOJIBKO
MecsneB. Ha puc. 8 mpejcrasiiena HalijileHHass HaMU PEKOPJHAS IICEBIOTPOiika, a Ha puc. 9
MPEICTABJIEHBI COOTBETCTBYIONME eif 62 ymopsaodeHHble Mapbl 37eMeHToB. OTMETHM, YTO
JIaHHAs TICEBIIOTPONKA OCHOBaHA Ha OJHON w3 17 map OPTOrOHAJIbHBIX JUATOHAJBHBIX JIATHUH-

CKUX KBaIpaToB mopsaka 10, Haiimerusx B mpoekTe SAT@home.

0123456789 0123456789 368594207 17
1204679538 6745930812 5960814327
6985132047 7610348295 1872069534
9031265874 8579123640 6304178295
A:345071896ZB:9261875403 C:213859O746
7392840156 2834069571 8421607953
8567923401 4956702138 9253786410
5749381620 1082594367 0749253168
4618507293 3407281956 4017325689
2876094315 5398617024 759643180 2

Puc. 8. IlceBnoTpoiika OpTOrOHAIBHBIX TUATOHAJBHBIX JIATUHCKUX KBaIPATOB mopsaka 10,

Haiinennas ¢ momorbio MPI mporpammbr

— 01 02 03 04 05 06 07 08 —
1011 — 13141516 — — —
- 21 — — — — 26272829
30 — 32 — 343536 — 38 —
4041 — 43 - — — — — 49
50 — 52535455 — — 58 —
60 — 62 63 64 65 66 — 68 —
7071 — — — 75 = 777879
80 — 82 — — 858687 — 89
L— 91929394 — 96 97 98 99-

Puc. 9. Habop u3 62 ynopsiio9eHHBIX TIap 3JIEMEHTOB, 10 KOTOPBIM OPTOTOHAJIBHBI BCE TPHU

Imapbl KBaApaTOB, BXOISAIIUX B IICEBIOTPOMKY, ITPEJICTABJIEHHYIO Ha PHUC. 8

3akJiroueHue

B crarbe ommcano ycreninoe mpuMeHEHUE MPOEKTa JOOPOBOJIBHBIX PACIPEJIEIEHHBIX BbI-
yncnennii SAT@home mjis moucka map OpTOrOHAJbLHBIX AUAIOHAIbLHBIX JATHUHCKAX KBaJIpPAaTOB
nopsigka 10. Haiimerno 17 Takux map, Bce OHU SIBJISIIOTCSI HOBBIMU (B CPABHEHUM C TPEMs DaHee
u3BecTHbIME). Ha OCHOBe HaiiJIeHHBIX MAp C MOMOIIBIO MAPAJIEIBHON pean3alui ajJropuTMa
reHepaluy JHArOHAJIbBHBIX JIATMHCKUX KBaJIpPaTOB OblLIa HalJeHa IICEeBIOTPONKa C PEKOPIHBIM
KOJIMYECTBOM yIOPSIOYEHHBIX AP 3JIEMEHTOB, IO KOTOPBIM OPTOTOHAJBHBI BCE TPHU HAPbI
KBaJIPATOB W3 ICEBJOTPOUKHU. B jajbHeiilieM Mbl IJAHUPYeM pa3paboTaTb W pPeajn30BaThb
HOBBIE ITPOITO3UITMOHAJIBHBIE KOJIUPOBKU JIJisi IPUBEJIEHHBIX B CTAThe 3aJia4, a TaK¥XKe YCKO-
puTh pabory ucnoiab3dyemoro SAT-pemmarens Ha 3a1ad4ax MOUCKA CUCTEM OPTOTOHAJBHBIX Jia-
TUHCKUX KBauaparoB. Mul 6arogapum A.A. CeMeHOBa 3a LIEHHBIE COBETHI, KOTOPHIE IIO3BOJIN-
JIM YJIYYIIUTh KadecTBo fAanuoi cratbu, M.A. Tlocemkuna, H.H. Xpanosa u N.1. Kypoukuna
3a IOMOLIL B cOmpoBOxKIeHuu mpoekTa SATQ@home, a Takke mOOPOBOJIBIEB 38 IPEIOCTAB-

JICHHbI€ BbIYUCJ/INTEJIbHbIE PECYDPCHI.
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Paboma 6vina noddepotcara POPU (eparmuv Ne 14-07-00403-a, 14-07-81172-moa-a u 15-
07-07891-a) u Cosemom no eparmam IIpesudenma P® (cmunendus N CII-1184.2015.5 u
eparm das noddeporcku eedyuyux Haywnux wroa N HIIT-5007.2014.9).
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In this paper we consider the approach to search for systems of orthogonal Latin Squares,
that is based on reducing the corresponding problems to Boolean Satisfiability problem. We con-
structed the SAT encoding for finding orthogonal diagonal Latin Squares of order 10. Using this
encoding and the resources provided by the volunteer computing project SAT@home we managed
to find 17 previously unknown pairs. Based on these 17 pairs and on 3 previously published pairs
we constructed the pseudotriples of diagonal Latin Squares of order 10. To construct pseudotriples
we employed the computing cluster. The last step required us to make parallel implementation of
the algorithm for generating diagonal Latin Squares of order 10.

Keywords: Latin squares, volunteer computing, Boolean satisfiability problem, SAT@home
project.
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