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AHHoTaums. I'padpl MCIONB3YIOTCS B Ka4yeCTBE CTPYKTYPHI NAHHBIX IS HPEICTABICHUS
OonbIMX 00beMOB HH(OPMANUY B KOMITAKTHOHN U yIOOHOH JuIst aHAann3a (GopMe B pa3IMIHbBIX
obnactsix — ouounpopmaruke, rpadoBEIX 0a3ax NAHHBIX, CTATHYECKOM aHANIM3€ KOJxa M Jp.
ITpu >TOM OKa3BIBAaeTCSI HEOOXOAMMO BBIUUCIATH 3alPOCHl K OOIBIIMM TpadaM C IEIbio
BBISIBJICHHSI 3aBUCHMOCTEH MeXay uX BepmnHamu. OTBETOM Ha TakHe 3arpochl OOBIYHO
SIBJIICTCS. MHOXKECTBO BCEX TpoeK (A, m, n), U1 KOTOPBIX CYIIECTBYET IyThb B rpade ot
BEPIIMHBI 7 JI0 BEPIIMHBI 7 TaKOH, YTO METKHM Ha pebpax 3TOro myTH 00pasyloT CTPOKY,
BBIBOAMMOIO U3 HETEpMHUHANA A B HEKOTOPOH KOHTEKCTHO-CBOOOIHOM rpammaruke. ['oBopsT,
YTO TAaKOW THN 3alpPOCOB BBIYMCISETCA C MCIOJIb30BAHUEM DEIISLIHOHHOW CEMaHTUKH
3anpocoB. Kpome TOro, CymiecTBYIOT KOHBIOHKTHBHbBIE I'DaMMaTHKH, oOpasyomue Ooee
MIMPOKHH KJAcC TpaMMaTUK, 4eM TPAIUIMOHHBIE KOHTEKCTHO-CBOOOIHBIE TI'PAaMMAaTHKH.
Vcnonp30Banne KOHBIOHKTUBHBIX I'PAMMATHK B 3aJ[ade CHHTAKCHYECKOTO aHayn3a rpaos
1o3BoJIsieT (hOPMyYIIMPOBATH OOJIEE CIOMKHBIC 3aIPOCH K rpady U pemarts Goliee MUPOKUI KpyT
3azau. MI3BecTHO, 4TO 3a/ja4a BBIYUCIICHHS 3aIIPOCOB K rpad)y C UCII0JIb30BAHUEM PEILILIHOHHON
CEMaHTHKH U KOHBIOHKTHBHBIX T'pDaMMAaTHK SBISeTCA HepaspeminMmoi. B nmannoil pabote
NpeUIaraeTcsi alropUT™, BBIYHUCIIIOIMN MPUOIIKEHHOE PEIIeHHEe 3TOH 3aJaui, a UMEHHO,
annpoKCUMALUIO0 cBepXy. IIpeasioyKeHHbIil aropuT™M OCHOBAaH Ha MATPUYHBIX OIEpaLUsX, U
MPOBEJCHHBIC JKCIIEPHMEHTHI IOKa3bIBAIOT, YTO €ro IPOM3BOAMTENBHOCT MOXET OBITH
CYIIECTBEHHO TIIOBBINIECHA, ONarofgapst HCIONB30BAaHHMIO BBIUMCIEHHH Ha TpadUueckoM
IIpOLIECCOope.

KitoueBble cJI0Ba: CHHTAKCHYECKHH aHAM3 rpadoB; KOHBIOHKTUBHBIC TI'PaMMAaTHKH;
TPAaH3UTHUBHOC 3aMbIKaHHE, MATPHYHBIC OMEPAalldH; BBIUMCICHHS Ha rpaduueckom
poreccope.
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1. BeedeHue

I'padbr Mconb3yroTCs BO MHOTHX 00NacTsx, Hanpumep, B ononHpopmaruke [1], B
rpadgoBeIX 0a3ax MaHHBIX [2], TpW craTndyeckoM aHanm3e mnporpamMm [3], B
HaBHUTallMOHHBIX CEPBUCAX JJISl CPENICTB BU3YaJIbHOTO MoaenupoBanus [4]. [Ipu atom
OKa3bIBaeTCsI HEOOXOAMMBIM BBIYHCIISATH 3aIPOCHl K OONBIIMM rpadaM C IeJbio
BBISIBIICHHSI CJIOXKHBIX 3aBHUCHMOCTEH MeEXIy WX BepIIMHAMH. Pe3ynpraTom
BBIYUCIICHHSI TAKUX 3alPOCOB SIBISICTCS MHOXKECTBO HESBHBIX OTHOIICHUH MEXIY
BepIIUHAMU Tpada, TO ecTb myTei [5].

EctectBenHo momeuaTh pebpa Tpada CHMBOIAMH W3 HEKOTOPOTO KOHEYHOTO
andaBruTa W BHIIENATH IyTH C MOMOIIBI0 (POPMATBHBIX TPaMMAaTHK Hall TEM Ke
andaBuToM (peryispHbIE BBIPAKEHUS, KOHTEKCTHO-CBOOOIHBIE TPAMMATHKH).
T'oBOpSIT, YTO TaKOW THUIl 3aPOCOB BBIUUCIEH C HCIOJb30BAaHUEM PENSALIMOHHON
CEMaHTHKH 3ampocoB. Hambonee mOMyISIpHBIMH SIBISIFOTCS 3aIlPOCHI, KOTOPHIE
UCIIONB3YIOT KOHTeKCTHO-cBoOonHble (KC) rpammaruku. Tarke CyIIECTBYIOT
KOHBIOHKTHUBHBIE I'paMMaTHKH [6], 3aaromnye OoJiee MMUPOKHHA KI1acc S3bIKOB, YeM
KOHTEKCTHO-CBOOOTHBIE.

Hcnonb3oBaHHe KOHBIOHKTUBHBIX I'PAMMATHK B 33J[adye CHMHTAKCHYECKOTO aHan3a
rpad)oB MO3BOJIIET (POPMYJIUPOBATH 0OJiee CIOXKHBIC 3aMPOChl K rpadaM U peliaTh
Oosiee IIMPOKMH Kpyr 3ajay, Hanpumep, 3aJayd IIOMCKa [CEBJOHHMOB H
ysi3BUMOCTEH B ucxoHOM Koje [3]. Heo6XoaumMo OTMETHTB, YTO 3a/1a4a BEIYUCICHUS
3aIpocoB K rpady ¢ UCHOIb30BaHUEM PEJISIIMOHHON CEMaHTHKH U KOHBIOHKTHBHBIX
rpaMMaTHK sIBJsIeTCs HepaspermmMoi [5]. OIuH W3 pacipoCTpaHEHHBIX CIOCOOOB
HAaTH TpUOMIDKEHHOE  peIleHHe Hepa3pemuMoi  3aJadd  —  IOCTPOUTH
ANTPOKCUMAITUIO PEIICHHUS.

B nanHOi1 paboTe npeuIoskeH allrOpUTM, BEIYHCISIONIMN MPUOIIKEHHOE pelleHNe
3alaud CHHTAKCHMYECKOTO aHajim3a TpadoB C HCHOIB30BAHHUEM PEIAIMOHHOM
CEMAaHTUKH 3allPOCOB W KOHBIOHKTUBHBIX TPaMMAaTHK. [IpeayoXeHHBIA anropuTM
OCHOBAH Ha MATPUYHBIX OTIEPALUSIX, YTO TIO3BOJISIET TOBBICUTH IPON3BOTUTEILHOCTD,
HCTOJB3YA VIS BEIYHCICHAN TpauUIecKuii mpoIieccop.

CraThsi opraHm3oOBaHa ClIeAyIOIIIM oOpa3oM. B pasnm. 2 mpuBeNeHBI OCHOBHBIC
OTIpEJIeTICHUs], CBSI3aHHbIE C 3a/@ueil CHUHTAKCHMYECKOro aHanu3a rpadoB, H
PaccMOTPEeHBI OCHOBHBIE ITOAXO/BI JaHHOW 00JIacTH; B pasf. 3 MpoaHaTU3UPOBAHEI
CYIIECTBYIOIIME DEIICHUS ITaHHOW 3aJauyd; B pa3d. 4 NpPEeACTaBICH alrOpUTM
CHHTaKCHYECKOro aHaim3a TrpadoB, HCHOIB3YIOIIUI DEITSIHOHHYI0 CEMaHTUKY
3aIpOCOB U KOHBIOHKTUBHBIE TPAMMATHKH, a TAKXKe JI0Ka3aHa ero KOPPEKTHOCTD; B
pa3za. 5 paboTa MpeIoKEHHOTO aJropuTMa pa3odpaHa Ha HEOOJIBIIOM IpUMEpE; B
pas3a. 6 mpezcTaBleHbl pe3yibTaThl MPOBEICHHBIX 3KCIIEPUMEHTOB; 3aK/IIOYEHUE U
HarnpasJieHus OyIyIIMX UCCIIEA0BaHUI IPUBEICHBI B a3, 7.

2. O630p

B stoMm pazaeic Mbl ONPCACIIUM 3a4a4y CHHTAKCHUYCCKOI'0 aHalIn3a l"pa(l)OB n
06CY,HI/IM OCHOBHBIC TOAXO/bI, IPUMCHACMBIC [JI €€ PCIICHUS.
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[TycTh £ — KOHEUHOE MHOXKECTBO TEPMHUHAIIBLHBIX CUMBOJIOB. [lomeuennbim epagom
Oynem HaspBath mapy D = (V, E), toe V sBinseTcss MHOKECTBOM BepminH, a E C
V X ¥ X V — MmHO)ecTBOM pebep ¢ MeTkamu u3 andasura X. st mytu 7 B rpade D
MBI OyJieM UCIIONIBb30BaTh 0003HaueHHe /(T), 9TOOBI yKa3aTh Ha CIIOBO, MOIYYCHHOE
KOHKaTCHaIel METOK Ha peOpax gaHHoro mytu. Kpome toro, 3anmce mzn Oynet
0003Ha4aTh, YTO B pacCMaTpUBaeMOM rpade CyIIeCTBYET ITyTh U3 BEPIIMHEI M € V B
BepuiMHy n € V.
PesynbraroM  paboThl  anropuTMa = CHHTAKCHUECKOro aHanmmiza rpadoB
UCII0JIb30BaHUEM (opMaibHON rpaMMaTUKK G OOBIYHO SBIISIETCSI MHOYKECTBO BCEX TPOEK
(4, m, n), 1 KOTOPBIX MyTh M TN TAKOB, YTO CTPOKa /(7) BBIBOJMMA U3 HETepMUHana 4 B
rpamMaTtuke G. ['OBOpAT, 4TO TaKOH THIT 3alPOCOB BBIYMCIIEH C HCIIOJIb30BAaHHEM
PENAYUOHHOU CeManmuKu 3anpocos [5].
TpaguunoHHO B KauecTBe rpaMMaTUKK G UCTIONIB3YIOTCS PEryJIIpHBIC BRIpaKEHUS [2,
7, 8,9, 10]. Ho B nocnennee BpeMs cTajno MOMyJSIPHBIM Ucnonb30BaTh KC-rpamMMaTuxu
[5, 11, 12, 13], Tak KaK HEKOTOPBIC IOJIE3HBIC 3aMIPOCHI HE MOTYT OBITH OIHCAHBI C
MIOMOLIBI0 PEryJsIpHBIX TIpaMMaTHK. [IpuMepoM TakuxX 3ampocoB SIBISIFOTCS
KJIACCHUYECKHE 3ampochl MOMCKAa BCEX BEPIIMH B rpade, HaXOAAMHMXCS HAa OTHOM
ypoBHe uepapxuu [14]. Bee paccMoTpeHHbIE alrOpUTMBI CHHTAKCHYIECKOTO aHATIH3a
rpadoB mpuHUMarOT Ha BXog KC-rpamMmmatuku B Hopmanvrot ¢hopme Xomckoeo [15].
CymiecTByeT psijt aTTOPUTMOB CHHTAKCHUYECKOTO aHaIn3a rpad)oB ¢ UCIOIb30BaHUEM
PpeNAINOHHOM ceMaHTHKH 3anpocoB U KC-rpammaTtk [5, 12, 13], KoTOpBie OCHOBaHBI
Ha METO/e IUHAMHUYECKOTO MpOrpaMMHUpPOBaHUs. JlaHHBIE auropuTMBI 0000IIar0T
TaKkWe aJrOPUTMBI CHHTaKcmdeckoro anammsa, kak CYK [16, 17] u Earley [18]. B
pabote [5] mst 3agannoro rpada D =(V, E)u KC-rpammaruku G =(N, X, P) s
Kaxnoro A € N onpenensitoTcs KOHmMeKCmHo-c80000Hble omHoutenus Ry SV XV,
SIBJISIFOLIIMECS] MHOXKECTBOM I1ap BEPIIUH, MEXJY KOTOPHIMH CYLIECTBYET IIyTh,
oOpasyromuii CTpOKy, BBIBOAMMYIO u3 HerepmuHaia A. Takue oTHOIIEHHS
OIIPEIETISIIOTCS CIEAYIOIUM 00pa3oM:

Ry = {(n,m) | Inwm(I(x) € L(G,)}.
rae L(G,) — 9710 A3bIK, MOPOXKACHHBINA IPaMMaTHKON G CO CTAPTOBBIM HETEPMHUHATIOM
A.
B [5] npencrapieH aaroput™, BEIMUCISIONINNA KOHTEKCTHO-CBOOOIHBIC OTHOIICHUS R .
Kpome TOro, cymectByeT ajiroputM CHHTAaKCHYECKOro aHanuiza rpadoB C
HCIIONIb30BaHNE  PEJSIIMOHHOM  ceMaHTWKH  3ampocoB M KC-rpammaruk,
BBIUMCIISIIONIMN  JaHHBIE KOHTEKCTHO-CBOOOJIHBIC OTHOLICHUS R, HCHONB3yS
MaTpUYHOE TpaH3UTHBHOE 3aMbikanue [11]. JaHHBIA anropuTM 0000IIAEeT aarOpUTM
BonmanTa [ 19] 1 cBoAUTCS K YMHOKESHHUIO OYIIEBBIX MAaTpPHII.
Takke CyIMECTBYIOT KOHbIOHKMuUSHble epammamuxu [6], oOpasyromue Ooiee
IIMPOKUH KJIacC TPaMMAaTHK, 4Ye€M KOHTEKCTHO-CBOOOIHBIE. KOHbIOHKMUGHAS
epammamuxka — 310 Tpoika G = (N, X, P), tne N — KOHEYHOE MHOXECTBO
HETEPMUHAIIBHBIX CHMBOJIOB, X — KOHEYHOE MHOKECTBO TEPMUHAIBHBIX CHMBOJIOB M P —
KOHEYHOE MHOKECTBO IPaBHJI CIICAYOIIETO BHA:
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e A-B(&..&B,Cp,imam=1,A,B;,C; €EN,

e A-ox,misiAEN, x €.
Kak um B cimyyae KC-rpammarmk, MBI paccMaTpuBacM TOJBKO KOHBIOHKTHBHBIC
rpaMMaTHK B OWHApHOH HOpManbHOW ¢opme [20], Tak Kak A  KaKHOH
KOHBIOHKTHBHOM IpaMMaTHKH MOYKHO ITOCTPOUTH SKBUBAIECHTHYIO €if IpaMMaTHKy B
JnaHHOM (opme. Kpome Toro, Mbl He BBIIENSEM CTApTOBBI HETEPMHHAN, TaK KaK €ro
MO>KHO OyZIeT OIpe/IeNTUTh BO BpeMsl CHHTaKCHYECKOT0 aHaIM3a rpada.
Msbr Oymem mmcatb A —* w, uyTOOBI yKa3aTh, YTO CTpoka W € X* MoOxkeT ObITh
HoJlydyeHa W3 HETepMHHANa 4 HEKOTOPOH II0CIeOBATEIbHOCTHIO MPHUMEHEHUH
NpaBWJI KOHBIOHKTUBHOM rpaMMaTHKH. OTHOIIEHHE — ONpPEJEeNUM  CIEAYIOIUM
obpazom.

e [Ipu npumenennu npasuna (A - B;C;& ... &B,,C,,,) € P moboitnoarepm A
JM000ro TepMa MOXKET OBbITh 3aMeHeH mnoarepmoM B C;&...&B,,Cp:
Ao .. (B1C1&...&B,,Cp) ..

e KOHBIOHKLUS HECKOJBKHX OJMHAKOBBIX CTPOK M3 X* MOXeT ObITh
nepe3anucana OJJHON CTPOKOM, T.e. st iroboro w € X*
(W& LEW) o W

A3vikom, 3amaBaeMbIM KOHBIOHKTUBHOU TpamMmatukoir G = (N, Z, P) co CTapTOBBIM
HerepMmuHanoM S € N, 6ynem HaswiBath L(Gs) = {w € X*|S =* w}.
Omnpenenennie KOHTEKCTHO-CBOOOJHBIX OTHOIICHWH R, €CTECTBEHHBIM 00pa3oM
00o01raercst 10 onpeeNeHns] KOHbIOHKTUBHBIX OTHOIIEHHH R, myTem 3ameHsl KC-
rpaMMaTHKH Ha KOHBIOHKTHBHY0. Takum 00pa3oMm, 3aa4a CHHTAaKCHYECKOT0o aHaM3a
rpaoB C HCHOJIBb30BAHHEM PEISMOHHON CEMaHTHKH 3alpOCOB M KOHBIOHKTHUBHBIX
IpaMMaTHK CBOJHMTCS K IIOMCKY KOHBIOHKTHBHBIX OTHOLICHWH R, ui1 Bcex
HETEPMHHAJIOB A.
Ho Taxxe u3BecteH (akr, 4To JaHHas 3a7aya sBisiercs Hepaspermumoi [5]. TToatomy
€IMHCTBEHHBI M3BECTHBIN aNrOpUTM AN PELIeHHs JaHHOW 3aJa4yM, OMUCaHHBIA B [3],
JIaeT MPUONMKCHHBINA pe3yibTaT. JlaHHbIH aITOPUTM HCIIOIB3YETCs IS CTATHIECKOTO
aHaJIKM3a MPOrpaMM M armpOKCUMHUPYET CBEPXY KOHBIOHKTUBHBIC OTHOLICHUS Ry, TO
€CTh TOYHOE PEUICHUE SBISETCS TTOJAMHOXXECTBOM MPEATI0KEHHOTO.

3. Cywecmeyroujue pabomsi

Vmeercst psIl anrOpuTMOB JUIS CHHTAKCHYECKOTO aHain3a TpadoB ¢ UCIONB30BAHUEM
pensiunoHHOM cemaHTuku 3amnpocoB u KC-rpammatuk [5, 12, 13], kotopble, oaHako,
JEMOHCTPHPYIOT HA3KYIO MPOU3BOIUTEIIEHOCTE Ha OOIBIIHX IpadaX, TaK KaK HMEIOT B
XyJIIIEM CiTydae KyOM4ecKyI0 BpEMEHHYTO CIIOKHOCTE. OTHOM M3 CAMBIX Oy IIPHBIX
TEXHHK, HCTIOJB3YEMBIX JUTS YBEINUCHNS IPOU3BOAUTENFHOCTH MIPH padoTe ¢ OOTBIITUMHI
00BeMaMu TaHHBIX, SBJIAETCS HCIIOIb30BaHKe Tpadudaeckoro npomeccopa. B padore [11]
NPEJICTABICH aJTOPUTM CHUHTAaKCHMYECKOro aHaiu3a rpadoB, HCHOJIb3YIOIIUIA
PEAIMOHHYI0 CeMaHTHKY 3ampocoB M KC-rpaMMaTHKH M BBIYHCISIOIINNA MaTPUIHOE
TPaH3UTHBHOE 3aMbIKaHWE C MPHMEHEHHEM MaTpH4HBIX omepauuii. Kpome Toro,
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W3BECTHO, YTO JUI BBIYMCICHUH MaTpPUYHBIX ONEpalud MOXHO 3(deKTHBHO
WCIIOJIb30BATh rpadudeckuii mpoueccop [21].

OnHako Bce epevyrcieHHbIe alropuT™MBbI paboTarot Tosibko ¢ KC-rpaMmmaTiukamu u He
MO3BOJIAIOT 00pabarThiBaTh 3ampoChl, ONMMCAHHBIE C IIOMOLIBI0 KOHBIOHKTUBHBIX
rpammatuk. B pabote [3] ommcaH anroput™m, paboOTaromMil ¢ KOHBIOHKTHBHBIMH
rpamMMatikamMi. Ho IaHHBIH airOpuTM NPHHMMAeT Ha BXOI TOJBKO OIpPEACTCHHBIH
HOJKJIACC KOHBIOHKTUBHBIX T'PAMMAaTHK, 8 HMEHHO, JIMHEHHbIE KOHBIOHKTHBHBIC
IpaMMAaTHKH, KOTOpBIE MMEIOT He OoJjiee OJHOTO HETEPMHHAJIBHOIO CHMBOJA B
Ka)kKZIOM KOHBIOHKTE ITPaBHJIA.

Takum 00pa3oM, 3aJa4a IIOCTPOSHHUS AITOPUTMA CHHTAKCHYECKOr0 aHau3a rpados,
UCIIOJB3YIOLIET0  PEISIMOHHYI0 CEMaHTHKY 3alpocoB M padoTaromero ¢
[IPOU3BOJIBEHBIMU KOHBIOHKTHBHBIMU I'PAMMATHKaMH, SBJIIETCS OTKPBITOH.

4. Anzopumm

B nanHOM paszene Mbl IPEACTABISIEM alTOPUTM CUHTAKCHYECKOTO aHalu3a rpados,
UCTIONIB3YIOLIMI  PENIMOHHYI0 CEMAaHTHKY 3alpocOoB M  KOHBIOHKTHUBHBIC
rpaMMaTHKH. [Ipe/uIoKeHHBIN aNropuT™M HAaXOAWT AIPOKCUMALUIO CBEPXY IS
KOHBIOHKTHBHBIX OTHOIIEHUH R,, BHIYMCISS HEKOTOPOE MaTPUYHOE TPAH3UTHUBHOE
3aMBIKaHHE.
[ycTb nansl nomedenuslit rpad D = (V, E) 1 KOHbIOHKTHBHas rpammaruka G =(N,
Y, P). OmnpenieniuM KOHbIOHKMUBHOe MaAmMpuyHoe yMHodxcernue aob = c,tne au b —
MaTpHILBl HOAXOISIIETO pa3Mepa, JIEMEHTaMH KOTOPBIX SIBJISIOTCS ITOJMHOKECTBA
MHOXXECTBa HETEPMHHAIOB N, CIEIyIOIINM 00pa3oMm:

c;j ={A|3(A - B;(,&..&B;,Cy,) € P, 1.4.(By, C) € d; ;},
rzie MaTpuua d siBIIseTcst pe3yJIbTaToM JISKapTOBOIO POU3BEACHHS MaTpHILL d U b, T.e.
dij = Ug=1Qi X by;.
Kpome Toro, onpeaenum KoHbIOHKMUHOe mpaH3umueHoe 3aMblKanue KBapaTHON
matpurpl a kak a® = a® ua® u .., roe a® = a@ Dy (@D o q-D) ux
i=2una® =a.
Uro0bl TOCTPOHUTH ANMPOKCHMALIUIO CBEPXY AT KOHBIOHKTUBHBIX OTHOIIEHHH Ry,
MBI IIOCTPOUM MaTpuiy 7, HCHONB3ys pedpa rpada D u rpammatuky G. [l Hagama
npoHyMepyem BepmHE Tpada D ot 0 xo (|V| - 1) u Oymem acconmmupoBaTh BEPITHHEL
¢ ux Homepamu. VHunmanusupyem Kaxisiil aieMeHt |V|X|V| matpuusl 7' mycThIM
MHOXecTBOM @. [lanee, s KaXIbIX { M j Mbl NPHCBAMBACM B SUYCHKH MATpPHUILIBI
CJICYIOLIME 3HAYCHUS:

Ti; = {Ak | 3x(((i,x,)) € E) A (A = x) € P))}.

Hakoner, MbI BBIUHCIIIEM KOHBIOHKTHBHOC TPAaH3UTHBHOE 3aMbIKAHHE Teon =
TOUT@uU .., e TO=TED YTEDoTEDY g i 22, a TD — 310
nmocTpoeHHass Hamu Marpuna 7. Crenn¢ukanus anropuTMa IIpeACTaBIeHAa Ha
suctuHre 1.
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/* D - BxonHoii mome4eHHbIH rpad
/* G —-BxopnHasi KOHBIOHKTHBHAsSI TpaMMaTHKa
/* T —Pesynbrar
N < KOJIM4ecTBO BepLIuH rpada D
E < MHOXecTBO noMeyeHHbIX pebep rpada D
P < MHO>XeCTBO NIPaBUJ FPaMMaTHUKU G
T « MaTpuua n X n ¢ KaKAbIM 3J1eMEHTOM PaBHbIM @
for each (i,x,j) € E
T;j<T;jU{A|(A—>x)€EP}

while maTpuna T usmensiercs do

0 N OO A WON -

T « T U (T oT) [* BbluKcIeHHE TPAH3UTUBHOTO 3aMbIKaHHS

Jlucmunz 1. Aneopumm cunmarxcuueckozo anamsa spagpos
Listing 1. A path querying algorithm

Ji1st npecTaBIeHHOro aaropuTMa CIpaBeUIUBEI CIIELYIOIIE YTBEPKICHUS.
Jlemma 1. [Tyctb nanbt nomeueHuslid rpad D = (V, E) 1 KOHbIOHKTHBHAS TPaMMaTHKa
G = (N, £, P) B HopManbHO# (opme. PaccMoTpum BepiuHsl i, j Takue, uto (i,j) €
R, W cymecTByeT IyTh izj TAKOH, 94TO IUIA CTPOKHU /() CYIIECTBYET AEPEBO BHEIBOAA
rpammatukd G = (N, Z, P) ¢ HEKOTOPBIM CTapTOBBIM HETEPMHMHAIOM 4 C BBICOTOH
h <k TornaA €T

Jloka3aTeJbCTBO.

basza unoyxkyuu. TlokaxkeM, 9To yTBep:KIE€HHE JeMMbI BepHO Tipu k = [. [y mro0b1x
i, j v uist moboro HetepmuHania A € N, eciu (i, j) € Ry ¥ cylecTBYeT yTh i7j TAaKOH,
YTO ISl CTPOKH /(7) cymiecTByeT JepeBo BbiBoAa rpammatruku G = (N, X, P) co
CTapTOBBIM HeTepMUHAIOM A4 C Bblcorod h <1, TO HyTb 7 COCTOUT W3
€IMHCTBEHHOTO pedpa, BEAyILEro 13 BEPIUHHEI i B BepIuuHy j, U (A — x) € P, rae x
= l(x). Taxum obOpazom, A € Ti‘(}) ¥ YTBEpKICHUE JIEMMBI IPH kK = | JOKa3aHo.

Hnoyrkyuonnwiti nepexod. IIpeanonoxum, 4To yTBepKAeHUE JIEMMbI BEPHO AT BCEX
k< (p—1),rne p = 2. IlokaxxeM, 4TO yTBEPXKJICHNE JIEMMBI TaK>Ke BEPHO NpH k =
p-

Ilyctp cymecTByeT myTh izj, 00pa3ylomuii CTpoKy /(), Al KOTOPOH CyIIEeCTBYyeT
JepeBo BbIBoja rpammatukun G = (N, Z, P) co CTapTOBBIM HETEPMHUHAIOM A C
BeicoToll h < p. Ec h < p, TO yTBEpiKIEHHE JIEMMbI BEPHO MO MHIAYKIOHHOMY
npeanonoxenuo. Ilycte h = p, ¥ mpaBmilo, MCHOIB30BAaHHOE YIS KOPHS 3TOTO
nepesa Berusgur T1ak: (A - B;C;&...&B,,C,,,). Torma Bce NOANEPEBBS IS
HETEPMUHAJIOB (BLCl, . By, Cm) UMEIOT BBICOTY MeHble, 4eM p. llycTs kaxnas
napa HeTepMHHAIOB B KOHBIOHKTaX (B;Cj,...B,C,) pa3OuBaecT B BeplIMHax
t1, ..., tyy, MyTh izj HA 1Ba TOAIYTH. [0 MHIYKINOHHOMY IIPEATIOI0KEHHIO TTOIyIaeM,
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uro B, € Ti(fx_l), aC, € Tt(xpj_l) st Beex 1 < x < m. Takum o6pa3om, Bce mapsl

nerepmuHanos (By, Cy), ... (By, Cp) mpunamnexar d; j, rae d;;j = U=y Tl.f,’:_l) X

Tk(‘;];_—n. 3HAUUT, N0 OIPEACNICHUI0 KOHBIOHKTHBHOIO MAaTPUYHOTO YMHOXKEHHS
nonmydaem, uro A € Ti‘(]’?), re T® = 7@ y (T®D o TPV Takum o6pazom,
YTBEpK/JCHHE JIEMMBI TAK)XKe BEPHO JUIS k = p, 4. T. I

Teopema 1. (Koppexmnocmo aneopumma). Ilycts nansl nomedeHsslit rpad D = (V,
E) n xoHbroHKTHBHAs rpamMaTuka G = (N, X, P) B HopmaibHOH hopme. Torma s
TMOGBIX i, j 1 AN mo6oro HetepmuHana A € N, ecin (i,j) € Ry, T0 A € Ti?nj .

Joka3aTebCcTBO.

Mycts (i,j) € Ry. To onpeneneHni0 KOHBIOHKTHBHBIX OTHOILICHUH R, moiy4aem,
YTO CYIIECTBYeT IyTh i7mj Takoi, 4YTro cTpoka [(7) NPHHAMIEKHUT S3BIKY,
MTOPOKICHHOMY TpamMMaTukoi G co CTapToBBIM HeTepMuHalIoM A. PaccMmoTpum
HEKOTOpPOE IepPeBO BBIBOJA ATOM TpaMMAaTHKH I cTpokH /(7). IlycTh BBICOTa 3TOTO

nepesa paBHa /. Torma, mo nmemme 1 mosrydaem, uto A € Tl(}h) A Tak kak TV =
TOUYT@ Uy . 10AE€E TL._C;’T”, 9. T. .

Teopema 2. (Koneunocmo aneopumma). Ilycts nansl nomeuennsiii rpad D = (V, E)
U KOHBIOHKTHBHas rpammatuka G = (N, X, P) B HopmambHOIl Qopme. Torma
KOHBIOHKTHBHOE TPAaH3UTHBHOE 3aMBIKAHWE MATPHUIIH! 1, IOCTPOCHHOH 10 Tpady D
U rpamMMmatike (G, MOXKeT OBITh BEIYHCIICHO 32 KOHEYHOE YHCIIO OIlepalnii.
Joka3aTesbCcTBO.

Ecmu juis Hekotoporo p = 2, T® = T®=D 1o 1 moboro k > p, T = TP~V y
T¢on = T®P=D Takum o6pa3om, sl HaxoxaeHHs MaTpuibsl T nocraTouno
seraucisth Marpunsl T 10 Tex mop, moka He BCTPETATCS IBE MOAPAM HIyIIHe
OJMHAKOBble MaTtpulpl. [lo ompeneneHnio KOHBIOHKTUBHOTO TPAaH3UTHUBHOTO
3aMBIKaHus, B K10 sueiike Marpuisl TCHD) konmmdecTBO HeTepMUHANOB GOIBIIE
1m0 paBHO, 4eM B cooTBeTcTByRomieil sueiike matpuisr T, A Tak kak obmee
KOJIMYECTBO HETepMHHANOB B jr060it Matpuie T He Moxker GbITh Gonblie, ueMm
[VI2IN|, to T =TWVIIN Takum oGpasom, marpuma T Moxer GbITh
BbIYMCIIEHA 32 KOHEYHOE YUCIIO Ollepanuii, u. T. II.

Takum 00pazomM, MBI IOKa3alIH, KaK alpoKCHMAINs CBEPXY BCEX KOHBIOHKTHBHBIX
OTHOWEHNH R, MoOxeT ObITh HaiileHa C IOMOIIBIO BEYHMCIICHUS! KOHBIOHKTUBHOT'O
TPaH3UTHBHOTO 3aMbIKaHus T O™

5. Mpumep pabomsbi anzopumma

B nanHOM pasnerne Mbl IPOJEMOHCTPUPYEM PadOTy MPEIIOKSHHOTO alropuT™Ma Ha
HEOOJIBIIOM IIPUMEpE.

[Tpumep ocHoBaH Ha rpamMmatuke G CO CTapTOBBIM HETEPMUHAIOM S U NpaBHIIaMH,
MIPEACTaBICHHBIMH Ha pHC. 1.
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S - AB&DC
A-a
B — BC
B—-b
C-c
D —- AD
D-b

Puc. 1. Ilpumep 6x00HOI KOHBIOHKIMUBHOU 2DAMMAMUKU
Fig. 1. An example of the input conjunctive grammar

KonbroHkt 4B mnopoxnaer si3bIk Lyp = {abc*}, a koHbloHKT DC TOPOXKAAET S3bIK
Lpc = {a"bc}. Takum 00pa3oM, KOHBIOHKTHBHas IpammaThka G CO CTapTOBBIM
HEeTepMHHAJIOM S OpOXKIaeT s3bIK Lg = Lyp N Ly = {abc}.

PaccmorpuM paboTy mpenioKeHHOTO alrOpUTMa € BXOXHOW TpaMMaTHkod G U
rpadom D, mpencTaBIeHHBIM Ha puC. 2.

Puc. 2. Ilpumep exoonoco epagha
Fig. 2. An example of the input graph

CHavana marpuna 7 WHHIUATU3UPYETCS B CTpoKax 5-6 muctuara 1. MBI Oynem
MHJIEKCUPOBaTh cocTossHUs Marpulbl 7. O603HauuM uepe3 Ty COCTOSHHE MaTPHILIBI
T, nocne nannuanuzanuu. Marpuna T npuBeneHa Ha puc. 3.

¢ {4} 0o o o 0 )
¢ ¢ {BD} © © {4 @
o 0 o {€} o 0 )
o 0 ) o {C} 0 )
o 0 ) o ¢ 0 )
o 0 ) o © ¢ ({BD}
o 0 ) o {C} 0 )

Puc. 3. Mampuya T,
Fig. 3. The matrix Ty
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Janee B cTpokax 7-8 nucTUHra 1 BRIYUCISAIOTCS NOCHELYIOUE COCTOSIHUAS MaTPHLIbL
T no Tex mop, noka He Haingercst takoe k = 1, uto Tj, = T_,. Takum oOpazom,
marpuua Ty, OyzAeT sBJsieTcst pe3ysIbTaToM paboThl aJIrTOpUTMA.

st Beraucnenus Matpuibl T; = Ty U (T, o Ty) HE0OX0JMMO BBIYUCIUTH MATpHLLy d,
SIBJISIFOLIYIOCSI JIEKApTOBBIM TpOW3BeieHHeM marpullbl Ty ¢ coboii xe. Marpuna d
MpejicTaBiIeHa Ha puc. 4.

o 0 {(AB)4D) 0 0 ¢ 0
o 0 [0} {(B, 0), (D,C)} [0} [0} {(A, B), (4,D)}
o 0 [0} [0} {(c,0)n [0} (0]
o 0 [0} [0} [0} [0} [0}
o 0 [0} [0} [0} [0} [0}

\@ o ¢ 0 (B,C),(D,0)} © 0 /
o 0 [0} [0} [0} (0} [0}

Puc. 4. Mampuya d
Fig. 4. The matrix d

Io marpuue d crpoutcs matpuna Ty = Ty U (T, o Ty), npencraBieHHas Ha puc. 5.
Hosble HetepMuHanbl MaTpuipl T;, MO cpaBHEHUIO ¢ Marpuued T, BbIJACICHbI
KUPHBIM IIPHPTOM.

0 (4 D} © o © 0
® ¢ {BD} {B} ¢ {4} (D}
o 0 © (€ 0 © 0
|(Z) (0] (0] o {C} 0o (0] |
® 0 © © © 0 0
\e) ® ¢ ¢ {B ¢ ({BD} /
o o )

? o {Cy o

Puc. 5. Mampuya Ty = Ty U (Ty o Ty)
Fig. 5. The matrix Ty = Ty U (Ty o T)

[Janee BBIYMCIAIOTCA MOCIENYIOIKE COCTOSIHUA MaTpulbl 1" 10 T, BKIIOUHUTENBHO,
tak kak T, = T5. Bce nocienyromiie cocTosiHUsI MaTpuilsl 1 pecTaBlIeHbl HA PUC.
6. HoBble HeTepMHUHAIBI MaTpULbl T;, 10 CPAaBHEHHUIO ¢ MaTpulel T;_,, BBIICIEHBI
JKUPHBIM IIPUPTOM.

¢ {Ay {p} {S} ¢ ¢ {D}
((D ¢ {BD} {B} {SB} {4} ({D} \
2 9 o {3 0 ? )
T,=|0 @ ? o {c 0 ?
2 9 ? ? ? ? ?
2 9 ? o {B} © ({BD}
2 9 ? o {c 0 )
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o {4y (D} {s} (s} o (D}
(Q) ¢ {B,D} {B} {S,B} {4} {D}W
o ¢ © { © ¢ 0
T3=| o ¢ ¢ 0 (€ o 0 |
o ¢ o ¢ 6 ¢ 0
\cz) ¢ © ¢ (B} © {BD)
o ¢ ¢ 0 (€ 0o 0
¢ {4y P}y {3 {5} o {D}
(Q) @ {B,D} {B} (5B} {4} {D}\
6 o © { © ¢ ¢
T,={¢0 ¢ © © f{} o 0
o ¢ o ¢ 0 ¢ 0
¢ ¢ ¢ © (B} @ ({BD}
9 ¢ ¢ o € ¢ 0

Puc. 6. Ilocnedyrowue cocmoanus mampuyvt T
Fig. 6. Remaining states of the matrix T

Takum o00pa3om, pe3ynbTaToM pabOTHl TNPEIVIOKEHHOTO aJITrOPUTMa  SBISIETCS
marpuiia T,. Jlasee Mbl MOKEM CKOHCTPYHPOBATh MHOXECTBA R, KOTOPBIE ABIISIIOTCS
anmnpoKCUMalUel CBepXy KOHBIOHKTUBHBIX OTHOILIEHUN R, AT BCEX HETEPMUHAJIOB
A€ N,r1e R, 2 R,. Hanpumep, Tak kak B stueiike (0,3) pe3yabTHPYOIIECH MaTPHIIbI
T, umeercs nerepmunan S, 1o (0,3) € Rg. CKOHCTpYyHpPOBaHHBIE MHOXKECTBA R Juist
Bcex HeTepMuHanoB A € N npencTtaBieHsl Ha puc. 7.

R = {(0.3), (0.4), (1,4)}

R, ={(0,1),(15)}

Ry ={(1,2),(1.3),(14), (5.4),(5,6)}
R: =1{(2,3),(3,4), (6,40}

Rp = {(0,2),(0,6),(1,2), (1,6, (5.6)}

Puc. 7. Annpokcumayus KOHLIOHKMUBHBIX OMHOWEH U
Fig. 7. An approximation of the conjunctive relations

JlaHHblli TpUMEp JEMOHCTPUPYET, YTO HE BCErJa YAAETCs IIOJIYYUTb TOYHOE
petrerne. Hanpumep, napa sepumn (0,4) npunamiesxxut Rg, XOTsS He CYIIECTBYET
nytd u3 BepwHbl 0 B BepuimHy 4, 00pa3yloIero CTpOKY, BBIBOJHMYIO H3
HeTepMuHaia S (TaKOBOH SIBISETCS EIMHCTBEHHast CTpoka abc). JlnmimHue mapbl
BEpIIMH J00aBIAIOTCS B TOM Ciydae, €ClIM CYLIECTBYIOT pa3iM4yHble IyTH W3
BEPIINHBI | B BEPUIMHY j, KOTOPBIE CYMMAapHO COOTBETCTBYIOT KOHBIOHKTaM OJTHOTO
MpaBWJIa, HO HE CYNIECTBYeT IYTH M3 BEPUIMHBI [ B BEPIIMHY j, KOTOPBIH
OJTHOBPEMEHHO COOTBETCTBOBAJ OBl BCeM KOHBIOHKTaM 3TOro npasuia. Hampuwmep,
JUIS KOHBIOHKTOB npaBmia S — AB&DC cymiecTByeT MyTh U3 BepIIUHEI O B BEPIIMHY
4, oOpazyromuii CTpoKy abcce, ¥ CyleCTBYET TaKke MyTh U3 BepiiunHbl 0 B BEpIIUHY
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4, oOpasyronmii cTpoky aabc. IlepBhIii IyTh COOTBETCTBYET KOHBIOHKTY AB, Tak Kak
cTpoka abcc npuHaUIeKuT 536Ky Lup = {abc}, a BTOpoH MyTh COOTBETCTBYET
KOHBIOHKTY DC, Tak Kak cTpoka aabc npuHajnexur s3biky Ly = {a*bc}. OnHako,
OYEBUIIHO, YTO HE CYLIECTBYET IMyTH M3 BepluuHbl 0 B BeplunHy 4, oOpasyromero
CTpPOKY abc.

6. QkcnnepumeHmMbI

B »TOoM pasmene MBI NPUBOAMM PE3YJBTaThl JKCIHEPUMEHTOB, LENBIO KOTOPBIX
ABIISIETCSA IEMOHCTPALUS MPAKTHYECKON MPUMEHMMOCTH IPEATIOKEHHOTO AITOPUTMA
M BO3MOXXHOCTH €ro 3HAQUUTEIBHOIO YCKOPEHHUS IIPpM HCIOJIb30BAHUU IS
BBIUMCIICHUI Tpaduueckoro mporeccopa. s MOCTIKECHHS MTaHHOW IEIH MBI
peau30Balid AITOPUTM JBYMSI CIOCOOaMH: BBIYMCIISSI MAaTpUYHbIE OIEpaluHd Ha
HITY u Bblumcisii ux Ha rpaduyueckoM mpoleccope. Mbl 3amycTHIIU JaHHbBIE
peanu3aly Ha KIACCHYECKMX KOHBIOHKTMBHBIX TIpaMMaTHKax [6] u ciyuyaiiHO
CreHEepUPOBaHHBIX rpadax.

6.1 NMocTaHOBKa 3KCNEPUMEHTOB

OKCIIepUMEHTH  MPOBOAWINCH Ha  pabodedl  CTaHIMH CO  CICAYIOUUMH
XapaKTepUCTUKaMHU: oriepaloHHas cucrema — Microsoft Windows 10 Pro x64-based
PC, LITY — Intel i7-4790, 3601 Mhz, 4 Core(s), 4 Logical Processor(s), onepariuBHas
namate — 16 GB, rpaduueckuii nporieccop — NVIDIA GeForce GTX 1070 (CUDA
Cores: 1920, Core clock: 1556 MHz, Memory data rate:8008 MHz, Memory
interface: 256-bit, Memory bandwidth: 256.26 GB/s, Dedicated video memory: 8192
MB GDDRS).
Bbu10 BBINOTHEHO /ABE peanu3aliy alropuT™Ma Ha si3bIKe IporpamMmmupoBanus F# [22].
0 Peamusauusa onCPU wucnons3yer HIIY s BelUMCIEHHS MaTpUUHBIX
orepanuii. Jlist XpaHEHHUs MaTpHI] B pa3pexeHHOM (opmarte U BBIYUCICHUS
MaTpHUYHBIX ONlepalyii ucronbs3oBaHa oudanorexka Math.Net Numerics [23].
0 Peammzaums onGPU nucnonb3yet rpaduieckuii mpoueccop ist BEIMUCICHHUS
MaTpUYHBIX omepanuid. [ BBMHCIEHHS MaTPUYHBIX ONepanuil Ha
rpadpmdeckoM  mporeccope  ucrmoms3oBaHa  00€prka CUSPARSE-
Ooubnmotekw, B3ATYyI0 U3 bubmmorekn managedCuda [24].
CpaBHeHHE TPOU3BOJIUTENBHOCTH JIByX BBINOJHEHHBIX pPEIN3alMid MO3BOJIUT
onpenenuts S(PQGEKTUBHOCTh  YCKOPEHUS  IPEUIOKEHHOTO  allrOpHTMa, C
HCIIOJIb30BAHUEM BBIUUCIICHUI MaTPUYHBIX OIlEpalvii Ha rpauIecKoM MpoIieccope.
J11s1 5KCIIEpUMEHTOB MBI HCIIOJIB30BAJIM [BA 3aIIpOca K CIIy4ailHO CreHEepUPOBaHHBIM
rpadaM, COOTBETCTBYIOLIUM JIByM KJIIACCHYECKUM KOHBIOHKTHBHBIM IPaMMaTHKaM.
3anpoc 1. JlaHHbBI{ 3ampoc OCHOBAaH Ha KOHBIOHKTUBHOM rpammaruke G co
CTapTOBBIM HETEPMHUHAIIOM S, KOTOpasi HoposkaaeT s3bik {ab™c™|n > 0}. [IpaBuna
JTAaHHOW rpaMMaTHKH IPE/ICTaBIEHBI Ha puc. 8.
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5 — AR&DC
A—Add|a
B — bBc | be
C—=CC|c
D —aDb|ab

Puc. 8. Konvionkmugnas epammamuxa, nopoxcoarowas azeik {a™b™c™[n > 0}
Fig. 8. An example of the input conjunctive grammar for language {a™b™c™|n > 0}

[TpencraBneHHas rpaMMmaruKa MPUBOJUTCS B OWHApPHYIO HOPMalbHYIO (GOpMy H
MOJIaeTCsS Ha BXOJ| ajirOPUTMa BMECTE CO CIy4allHO CreHepHpOBaHHBIMH rpadamu,
METKH Ha pedpax KOTOpbIX mpuHaiexar andasuty X = {a, b, c}. [IpemnoxeHHbli
ITOPUTM BBIACISAET Naphl BEPIIMH B HAlJEHHOHN alllPOKCUMAIH KOHBIOHKTUBHOT'O
OTHOIICHUsS R, Kak IIOTCHUMATbHBIE, MEXIY KOTOPBIMH CYIIECTBYET IIyTb,
(dhopmupyroruii cTpoKy U3 si3bika {a"b"c”n > 0}.

3anpoc 2. JlaHHBII 3ampoc OCHOBaH Ha KOHBIOHKTUBHOW rpammaruke G co
CTapTOBBIM HETEPMHHAIOM S, KOTOpas mopokaaer s3eik {wcw |w € {a, b}"}.
[IpaBuiia 1aHHOW rpaMMAaTHKH NPEICTAaBICHBI HA puC. 9.

5 = CED

C—=alfa|aCh| bla |bCh|c
D —= aA&aD | BBEBD | cE
A—=ada|adb | bda| bdb | cEa
B — aBa |aBb | bBa| bEb | cEb
E = aE |BE | &

Puc. 9. Konvionkmuenas epammamuxa, nopoxcoarowas sazvik {wew | w € {a, b}"}
Fig. 9. An example of the input conjunctive grammar for language {wcw | w € {a, b}"}

[peacraBneHHasl rpaMMaTHKa TAKXKe IPUBOANTCS B OMHAPHYIO HOPMATIbHYIO (hopMy
U reHepupylorcs rpadel ¢ Merkamu Ha peOpax u3 andasura X = {a,b,c}.
IIpennoxeHHbI aIrOpUTM BBIAEISAET Maphl BEPIIMH B HAWJEHHOMN anmpoOKCUMaluu
KOHBIOHKTUBHOI'O OTHOLICHUS Ré, KaK TOTCHIUAJIBHBIC, MCKAY KOTOPLIMU
CYIIECTBYET IyTh, OPMUPYIOIINI CTPOKY M3 sizbika {wcw | w € {a,b}*}.

6.2 Pe3synbTathbl

PesynbraTsl BeIUMCIICHHH 3ampoca 1 mpencraBieHsl B Tabn. 1, rae |V] sBusercs
KOJIMYECTBOM BEPIINH CreHEPUPOBAHHOTO rpada, |E| — koaudecTBoM pedep, Hresults
— 9TO KOJIMYECTBO Iap BEPUIMH B HAIJICHHOW ammpoKCHMaldd KOHBIOHKTHBHOI'O
oTHOIIeHUS Rg. st ABYX BBIMOJHEHHBIX PEAIN3aLHil B COOTBETCTBYIOIIHX CTOIONAX
MIPEICTABIICHO BpeMs pabOThI AITOPUTMA B MIJUTUCEKYHIAX.
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Tabn. 1. Pesynomamul gviuucnenuti 3anpoca 1
Table 1. Evaluation results for query 1

V| |E| #results onCPU (ms) onGPU (ms)
100 25 0 2 7
100 75 0 10 20
100 200 79 101 213
1000 250 1 265 25
1000 750 13 2781 102
1000 2000 731 12050 347
10000 2500 4 26595 41
10000 7500 136 241087 213
10000 20000 4388 1305177 1316

PesynbraThl BBIYMCICHHN 3ampoca 2 TpeacTaBieHsl B Tabm. 2. g aByx
NPe/IIOKEHHBIX PeaIn3alii B COOTBETCTBYIOLIMX CTOJIOLAX IMPEACTABICHO BPEMsI
paboThl ainropuT™Ma B MHJUIMCEKyHIax. Bpemst pabotbl peanusaunu onCPU nns
BxoaHoro rpada ¢ 10000 Bepura n 10000 pebep ormynieHo n3-3a CIMIIKOM HU3KOH
MIPOM3BOANTEIHHOCTH JaHHOW pean3aly Ha OobImx rpadax.

6.3 AHanu3 pe3ynbTaToB

Pe3ynbraTsl BRIMHMCIIEHHH 3ampoca 1 MoKa3pIBaloOT, YTO peayi3anus, BHIYUCIISIOMmAs
Marpuunble onepanuu Ha LIITY, Goxee nmpousBoauTENbHAS TOJBKO HA HECKOJIBKHUX
HeOopmMX Tpadax. ITo CBA3aHO C BPEMEHHBIMH 3aTpaTaMy Ha BBIEICHUE TaMsITH
u oOMEeH JaHHBIMH C rpaduueckuM mpoueccopoM. Kpome Toro, mpupoct
NPOU3BOAMTENEHOCTH TPH  HCHOJB30BAaHUM TpaHyecKoro mporeccopa s
BBIYHCIICHUSI MATPUYHBIX ONIEpaLii 3HAUUTENILHO YBEJIIMUMBACTCS C POCTOM pazMepa
BXOJHOTO Tpada.

Tabn. 2. Pesynomamul gulyucienuil 3anpoca 2
Table 2. Evaluation results for query 2

V]| |E| #results onCPU (ms) onGPU (ms)
100 25 9 14 67
100 75 29 114 129
100 100 47 254 483
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1000 250 82 2566 127
1000 750 279 21394 530
1000 1000 438 64725 1951
10000 2500 829 268843 257
10000 7500 2796 3380046 1675
10000 10000 27668 = 3017

AHaNOrn4YHO, pe3yJbTaThl BBHIUMCICHUI 3ampoca 2 IO0Ka3blBAIOT, YTO pean3anus
onCPU 6onee npon3BoUTENbHAS 110 CPaBHEHUIO ¢ peanm3anueit onGPU TonbKo Ha
HECKOJIBKUX HeOompIMX rpadax W MPUPOCT  MPOM3BOAUTEIBHOCTH  HPH
HCTIOJIb30BAHUH T'PaUECKOTO TPOIECCOPa TAKXKE 3HAYUTEIHHO YBEINYNBACTCS C
pocTroM pasmepa BxomHoro Trpada. Kpome TOro, CpaBHEHHE pE3YIbTaTOB
BBIYUCIICHUH 3ampocoB | W 2 TMOKa3BIBAET, YTO BEIUMCIIEHHE 3ampoca 2 Tpedyer
3HAYUTEIBHO OOJBIIETO0 BPEMEHM, YEM BBIYMCIICHHE 3ampoca | NMpH aHaJOTMYHBIX
BXOJHBIX rpadax. OIHOM U3 IPUYHH 3TOTO SABJIETCA HATMYHE OOJIBIIETr0 KOJIMYeCTBa
IpaBUII B IpaMMaTHKe, IIPUBEICHHON B HOPMAJIbHYIO (opMy, 11 3ampoca 2, yeM B
aHaJOTMYHON TpaMMaTHKe JUIs 3ampoca 1.

Takum 00pa3oM, MOCTaBJIECHHBIE 3KCIEPHUMEHTHI JIEMOHCTPHPYIOT MPAaKTHYECKYIO
MPUMEHUMOCTD MPEAJI0KEHHOTO aJTOPUTMa U MOKA3bIBAIOT HATMYNE BO3MOKHOCTH
€ro 3HAYUTEJBHOIO YCKOPEHHUs OJylarojapsi WCIOJIb30BAHUIO BBIYMCICHUH Ha
rpapuyeckoM IpoLeccope.

7. 3aknro4vyeHue

B nanHO#l pabore ObLI NpeaoKeH alroOpUTM, BBIYMCISIONMHA TPUOIMIKEHHOE
pelIeHre 3ajayd  CHHTAKCHYECKOro aHaiu3a rpadoB C  HUCIOJIb30BAaHHEM
peJ’IHLlIdOHHOﬁ CECMAHTUKU 3aIllpOCOB U KOHBIOHKTUBHBIX I'PaMMATHUK. KpOMe TOTO,
ObUTM  IIPOBEIOECHBI  DKCIIEPUMEHTHI,  JAEMOHCTPHPYIOIIME  HPAKTHYECKYIO
NPUMEHUMOCTh NPEAJI0KEHHOTO ajirOpuTMa M BO3MOXKHOCTb IIOBBICHTH €rO
MPOU3BOIUTEIBHOCTD, UCTIONB3YS JUIS BBIYHUCICHUH rpaduecKuil IpoLeccop.
Kpome Toro, Mbl MO’keM ONpENeTUTh HECKOJIBKO OTKPBITHIX POOJIEM JUIsl Oy Ty Iux
uccnenoBaHuid. B nanHOW paboTe Obula paccMOTpeHa TOJBKO OJHA CEeMaHTHKA
3ampocoB — pensinuoHHas. Ho cymecTByroT apyrue ceMaHTHKH 3ampocoB [25], B
KOTOPBIX HEOOXOAMM NPENOCTaBIATh OAWH WM JaXe BCE IyTH, OOpasyromue
CTPOKH, BBIBOJVMBIE W3 HETEPMUHAJIOB BXOAHOW TpaMMaTuku. MoXeT 1
TIPEUIOKEHHBIN alTOPUTM OBITH 0000IIEH O JAHHBIX CEMAaHTHK 3aIIpOCOB?

Taroke, cymectByloT BymeBbl rpammatuku [26], KOTOpBIe MpHHAIJISKAT Oojee
OIMPOKOMY W BBIPA3UTEIBHOMY KJIacCy TIpaMMaTHK, 4Ye€M KOHBIOHKTHUBHBIE.
CymecTByeT Taxke MaTpUYHBIN aJropuT™M [27] CHHTAaKCHYECKOTO aHajIu3a CTPOK,
ucnonp3ytoiuii bynessl rpaMmarrki. MoXKeT JIU Halll aITOPUTM ObITh 0000IIEH /10
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aJropurtMa CHHTAKCHYCCKOI'O aHalin3a I‘pa(i)OB HCHOJIB3YOLICTO PCIIAINOHHYIO
CEMAaHTHUKY 3aIlIPOCOB U ByJ’ICBH FpaMMaTI/IKI/I?
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Abstract. Graphs are used as a data structure to represent large volumes of information in a
compact and convenient for analysis form in many areas: bioinformatics, graph databases,
static code analysis, etc. In these areas, it is necessary to evaluate a queries for large graphs in
order to determine the dependencies between the nodes. The answer to such queries is usually
a set of all triples (A, m, n) for which there is a path in the graph from the vertex m to the vertex
n, such that the labels on the edges of this path form a string derivable from the nonterminal A
in some context-free grammar. This type of query is calculated using relational query semantics
and context-free grammars but there are conjunctive grammars, which form a broader class of
grammars than traditional context-free grammars. The use of conjunctive grammars in the path
querying allows us to formulate more complex queries to the graph and solve a wider class of
problems. It is known that the path querying using relational query semantics and conjunctive
grammars is undecidable problem. In this paper, we propose a path querying algorithm which
uses relational query semantics and conjunctive grammars, and approximates the exact
solution. The proposed algorithm is based on matrix operations, and our evaluation shows that
it is possible to significantly improve the performance of the algorithm by using a graphics
processing unit.
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GPGPU.
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