JexnapaTuBHasl aHAJIMTUKA B MYJbTHANAJIECKTHOU cpeje

J1.}O. KoBanes
Wucturyt npobdaem nnpopmaruku PAH
r. Mocksa
dm.kovalev@gmail.com

AHHOTANUA

Pa3BuTHe HayK ¢ WHTEHCHBHBIM HCIIOJB30Ba-
HHEM JaHHBIX TpeOyeT CO3aHUs HOBBIX CH-
CTEM MOAJCP)KKH HAYYHBIX HCCIICAOBAHUIL.
[Tono6HBIE cHCTEMBI TTO3BOJISIIOT HCCIIEAOBATE-
JSIM  ceuuduIUpoBaTh 3aJaddl B TEPMHHAX
HCCIICAYeMON MpPeIMETHOW O00JIacTH, OCy-
IIECTBIITh MacIlITaOUpyeMblil aHaIU3 pasHo-
POIHBIX NAHHBIX M3 Pa3JINYHbIX HCTOYHMKOB,
IpU 3TOM MOJAEPKUBAs COBPEMEHHBIE IJIaT-
¢dopmbl Oonbmmx naHHeix. B MHCTHTYTE MpoO-
omem wHpopMaTHku Poccuiickolt AkamemMuun
Hayk wmccienyercs MynbTHOMANEKTHas Cpena,
MO3BOJIIONIAsT  KOHIENTYaJbHO  OIMCHIBATH
HaydHBIC 3aJa4yd, NPH 3TOM Oo0OecreunBas WH-
TepornepabeNbHOCTh PA3IMYHBIX CHCTEM Ha
IpaBWiax M CPEJICTB WHTErpaluy JaHHBIX. B
JTaHHOH paboTe MpeaCcTaBIeH MpUMEp KOHIETI-
TyalbHOH crienuUKanuy 3aJadyd N0 aHalInu3y
(hMHAHCOBBIX AaHHBIX. [IpuMep AeMOHCTPHUPY-
eT HEoO0XOAWMOCTh MCIOJB30BAHUS Pa3HBIX
CHCTEM Ha TpaBWIax U OOMEHa NpaBUIAMHU
MeXIy HUMH. [IpeniararoTcs ycoBepIIEHCTBO-
BaHHBIH aJITOPUTM BBITIOJIHEHHS! KOHIIETITYallb-
HOM TIPOrpaMMBl, a TaKK€ COOTBETCTBYIOIIUH
3TOMY M3MEHEHMIO MOJXOJ| IJISl ONHCAHUS Jie-
KJIapaTUBHOW CEMaHTHKH PadOTHI CPEIbl.

1 Benenue u onucanue nNpoodieMbl

B Teuenune TOCJIICAHUX HCCKOJIBKUX JICT B OOJIBIINH-
CTBE Hay4dHBIX oOJylacTeil, a Takke B OM3HEce NPOM30-
1€ 3HaYMTENIFHBIM CKayoK B KOJMYECTBE MPOM3BOIM-
MBIX W HAaKOIUIEHHBIX JAHHBIX. BO MHOrMX HaydHBIX
obmactsix pabora ¢ JaHHBIMHM CTajla 3aHMMAaTh 3HAYM-
TEJIFHYI0 4acTh pabodero BpeMEHH HccieoBaTeleH.
W3mennnucsr cam ¢opMar M MOAXOA K HAaydyHOH nes-
TENBHOCTH, BO TJIaBy yrila ObUIa TOCTaBIICHBI paboTa C
JaHHBIMHU. 9t0 IIPUBECJIO K BO3HUKHOBCHUIO HOBOH ma-
paaurmMbel B HAYKE, a CaMH TaKWE Pa3JCiibl HAYKH ObLTH
Ha3BaHbl HayKaMW C HWHTCHCUBHBIM HCIIOJIb30BAHUEM
nauHbIx (data-intensive sciences (DIS)) [2, 17]. [Tpume-
paMy Hay4YHbBIX HarpaBiICHUH ¢ WHTEHCHBHBIM HCIOJb-
30BaHMEM JaHHBIX SBISIIOTCSI aCTPOHOMHS, HAYKH O
3emite, MoniekysipHast Ouosorus [17].

Tpyast 15-ii Bcepoccuiickoii Hay4yHOIl KoH(pepeHIUH
«JIeKTPOHHbIE GHOJIMOTEKH: NMePCNeKTHBHbIE METOABI M
TEXHOJIOTHH, JIEKTPOHHbIe KoJuleknum» — RCDL-2013,
SIpocaasasb, Poccust, 14-17 okrsiops 2013 r.
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HoBas napagurma tpedyer co3iaHusi HOBBIX CHCTEM
U CPEJICTB MOJICPXKKH BCEro IMKJIa HaY4HBIX HCCIEN0-
BaHWH, HAYMHASI OT MOJYYCHHMS JIAHHBIX W 3aKaHUWBas
aHAJIM30M JAaHHBIX M BU3yalH3alliell MOJy4YEeHHBIX pe-
synpratoB [2]. Ilpm co3maHum NOJOOGHOW CHCTEMEI
HEen30eKHO NMPECTONT PELINTh CICAYIOIINE 3aa4H.

e UHTErpamys pasHOPOIHBIX, pPaclpenecH-
HBIX HH()OPMALMOHHBEIX PECYPCOB;
pa3paboTka MacITaOUPYyEMBIX aJTOPUTMOB
Juisl paOOTBl B paclpeseieHHOH ¥ Tapal-
JIENIBHOM cpefax;
OINMCaHUe 3a/1a4U B TEPMUHAX NPEAMETHOU
obnacté (KOHIENTYyaJbHO), COKpAIIeHUE
KOJIa IPOTpaMMBbl;
n30aBJIeHUE MONb30BaTeNsl OT HEOOXOIH-
MOCTH BpPYYHYIO pacHapauleluBaTh ajro-
PHUTMBIL.

[Ipu pabore ¢ OompmMMU 00bEMaMH JAaHHBIX aJro-
PUTMBI aHANIM3a JAHHBIX PEAJM3YIOTCS HAJ pacnpere-
JIEHHOW WHQPACTPYKTYpord. DTO MOTYT OBITh Kak ma-
pasuienpHble MamMHbl 6a3 JaHHbIX, Tak U Hadoop. Ta-
Kasi peanu3aius He TpeOyeT u3MeHeHH Ko/ia porpam-
MBI TIPH YBEJINYEHUH 00beMa JaHHbIX.

Cy1iecTByeT JiBa OJX0a K 00€CIIeYeHHI0 MacIITa-
6upyemoctu anamutuku [15]. Lempro mepBoro momxosa
SBIISIETCS CO3/IaHME TMapauIeNIbHON Cpellbl BHITTOIHEHHS
MPOTPaMMBbI ISl SI3bIKa JOCTATOYHO BBICOKOTO YPOBHSA
(R, Matlab). TIpumepamu Takoro moaxojaa MOTYT CIIy-
stk System ML [11], Revolution Analytics[22], Snow
[30]. s mMrepaTUBHBIX SI3BIKOB paclapauIeIMBaHHE
MIPOU3BOIUTCS BPYYHYIO (Hampumep, ¢ momomisio MPI-
uHTepdeiica). I AekIapaTUBHBIX SI3BIKOB 3Ta )K€ 3a-
Jlaya pelaercsd aBTOMAaTUYeCKH CaMOW CHCTEMOM.
Hanpumep, B System ML nporpammsbl Ha R-momo6HOM
SI3bIKe aBTOMATHYECKH TPAHCIHPYIOTCS B IMPOTPaMMy
nan Hadoop.

Llenpro BTOpOro MOAXOAA SBISIETCS MIPEJOCTABICHHE
MOJIB30BATEII0 CUCTEMBI CO BCTPOCHHBIMH NPUMHUTHBA-
MH HHM3KOTO YPOBHSI COBMECTHO C NPHMHUTHBAMH JUIS
KOOPJMHAIIMK BBIMOJHEHUs] Nporpammsbl. [lpuMepamu
takoro moxaxona ssisitotess Apache Mahout [5], SciDB
[29], MADIib [15].

Jlpyroii clnoxHOCTBIO, Bo3HMKaromed B DIS, sBis-
I0TCs pazHooOpasue (OpMaToB W MOJENEH JTaHHBIX,
MPEICTaBICHUN U CIOCOOOB XpaHEHUs! OONIBIIOTO 00B-
eMa JIaHHBIX, a TaK)Ke MHOKECTBEHHOCTh pacIpe/iesieH-
HBIX MCTOYHHKOB JaHHBIX. Bce 3TO mpuBoauT K HEOO-
XOAMMOCTH WHTETPallid Pa3HOPOIHBIX AaHHBIX. lIpm
peanuzany MaTepualibHONM M BHUPTYaIbHOW HWHTErpa-



IUU JaHHBIX OOBIYHO HCIONB3YIOTCS moaxoasl GAV
[31, 14] u LAV [14] nnu ux kombunamus GLAV [9].

Peanmzanus napopMannoHHEIX cucteM B DIS ocy-
IIECTBISIETCS. B KOMOMHHUPOBAHHBIX apxuTekTypax WUT
CPEICTB, BKIIOYAIOIMINX TUIAT(QOPMBI MOJAEPKKHA OO0IB-
IIUX JAaHHBIX, CYNEPKOMIIBIOTEPHI, MHOTONPOLECCOP-
HBIC CHCTEMBI, TPHI W OOJIauHble apXWTEeKTYphl [2].
Crnemmdukanus ¥ peanusanus paclpelesieHHBIX Mpo-
rpaMM aHajM3a JaHHBIX HaJ TaKOH KOMOMHHPOBAaHHOM
pacIpeielieHHOM apXUTEKTYPOH SIBISIOTCS HETPHBH-
anbHOM 3amaueii [16]. Hu3koypoBHEBbIE NPUMHTHBBI U
aOCTpaKkIMy HMMIEPAaTUBHBIX S3BIKOB IMPOTPaMMHPOBA-
HUsT Hed(PEKTUBHBI B TAKUX apXUTEKTypax sl BbIpa-
XKEHUsI aJITOPUTMOB 3a/ad aHAIN3a IAHHBIX, TpeOyto-
KX KOHIENTYaJIbHOTO TPEICTABICHHS, HE3aBHCUMOTO
OT KOHKPETHBIX JAaHHBIX U 00ECHEUMBAIOIINX BO3MOXK-
HOCTh MX MOBTOPHOTO HCIIOJIBb30BAaHMS B JPYTUX IPH-
MEHEHHAX. B KauecTBe ambTEpPHATHUBBI HCIIOJIB30BAHHIO
HUMIIEPAaTUBHBIX S3BIKOB, IIOO0HO CEMaHTHYECKOMY
BeOy [27], s pemenuns 3aqay aHaau3a JaHHBIX MPE.-
CTaBJISIETCS LIeJIeCOO0pa3HbIM HCIOJIB30BaTh SI3bIKH Ha
npaBuwiax. 1IoMMMO ecTECTBEHHON KOHLENTYyalU3aluu
npoOyieM B TakuX sI3bIKaX pasHooOpasue MX CeMaHTHK
SIBJISIETCSI CYLIECTBEHHBIM PacUIMPEHHEM BO3MOXKHOCTEH
TPaIMLUMOHHBIX METOJIOB aHajM3a JaHHBIX IMPU pelie-
HUM CJIOXHBIX 337ad. Takxke ICKJIapaTHBHBIC S3BIKH
SBJISIOTCS XOPOLIO pacrapauienuBacMbiMu [16].

B pesynprare hopmymupoBanHus mpodiem u Tpebo-
BaHUI K HOBBIM cHcTeMaM moanepxku DIS Opumm BI-
SIBTICHBI HEKOTOPBIE CBOWCTBA, HAJIMYHE KOTOPBIX HE00-
XOJIMMO YUYHUTBHIBATh IpU WX co3fganuu [2, 16]. Takue
CHCTEMBI JIOJDKHBI COYeTaTh B cebe CpeicTBa MHTErpa-
LUK M aHalM3a JIaHHBIX, 03BOJIIONINE Y(PPEKTUBHBIM
00pa3oM BbIpakaTh aHAJUTUYECKHE aITOPUTMBI B TEp-
MHHAaX KOHIIETITYaJIbHOTO MPE/ICTABICHUS MPEIMETHBIX
obmacreii. Kpome Toro, poct 00bemMa JTaHHBIX IPUBOIUT
K TOMY, 9TO ()yHKIIMM aHaIn3a HEOOXOINMO BBIIIOIHATD
KaK MOXHO Oyke K AaHHbIM. CHCTEMBI 0JDKHA OBITH
JIETKO pa3BOpadMBacMbl HaJ] KOMOMHHUPOBAHHBIMU pac-
npeneneHHbiMu W T-cpencTBamu, COXpaHsisi IPH 3TOM
npueMIIeMyro 3 (HeKTHUBHOCTH pabOTHI.

Psny mepeumcneHHBIX TpeOOBaHMI COOTBETCTBYET
paspabareiBaemas B UIIIM PAH cpena, mozBossiromias
JICKJIapaTUBHBIM 00pa30M KOHIIENTYaJIbHO OIHCHIBATH
3a7aud W3 PaslUYHBIX MpeaMeTHhIX obmacrei [18]. B
Hell MCIOJIb30BaH BBICOKOYPOBHEBBIE MOJXOJBI K IPO-
rpaMMHUPOBAHHIO 33]]a4 Ha OCHOBE SI3bIKOB Ha MpaBUIax
B COYETAHHH CO CPEACTBAMHU MHTErpAlMH JAaHHbIX, TakK-
K€ BBIPAKAEMBIX JICKJIapATHBHO.

[epBBIit M3 NMOAXOAOB TEXHWYECKH Oazupyercs: Ha
ucrionb3oBanuu crangapra W3C no oOmeHy mpaBuiia-
mu Rule Interchange Format (RIF) [27]. OTtoT cTanmapt
MI03BOJISIET 00ECHEYNTh CHHTAKCHUYECKYIO U CEMaHTHUe-
CKYI0 HHTEpOIepadenbHOCTh MPOrpaMM, IPeCTaBlIeH-
HBIX B Pa3JMYHbIX $3bIKAX Ha MpaBHJIaX, HA OCHOBE
cranaapTu3oBaHHbIX auanekToB RIF. CormacHo cras-
JapTy, Ui KQKIO0H M3 KOHKPETHBIX CHCTEM Ha IMpaBu-
Jax TpeOyercsi HOCTPOUTh OTOOpaKEHUE M3 S3bIKA CH-
creMbl B ogxosmuid nuanekt RIF u o6patHo. OT06-
paKEHUE JOJDKHO COXPaHSATh CEMaHTHKy OToOpaxkae-
MBIX SI3bIKOB. [IpaBuia mepenaroTcs OT OJTHOIM CHCTEMBI
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K Jpyrod Ha IPOMEKYTOUYHOM SI3bIKE, B KAUeCTBE KOTO-
POTO UCMOJNIB3YeTCs HeKOTOphIN auanekt RIF.

B cymectByromelt pemakmuu RIF ompeneneno He-
ckonbko guanektoB. Tak, RIF-BLD sBisercs ocHOB-
HBIM JIOTHYECKHAM JIuanekToM B ctanmapte RIF u coort-
BETCTBYET XOPHOBCKHMM IpaBHJIaM C HEKOTOPHIMHU CHH-
TAKCHYECKUMH H CEMaHTUYCCKUMU PACIIUPEHUSMHU
[24]. HMuamekr RIF-PRD [28] o6oGimaer mpUMHTHBBL
pa3IMYHBIX NPOAYKUMOHHBIX cucteM. [lmanexr RIF-
Core paspabatbiBaicsi ¢ IIENbI0 MAKCUMU3AIMHU TIepece-
YeHUs MPOAYKIMOHHBIX U JIOTUUECKHUX auanekToB. Cy-
IIECTBYIOT U Jpyrue nuanektsl RIF, moka He sBIsONIU-
ecs pekomennanuein W3C: CASPD [25] — mnst cuctem,
00JIIaI0IINX CEMAHTUKON cTabuIbHBIX Moneneit [10],
CLPWD [26] — mmst cucteM ¢ XOpOIIo-000CHOBaHHOM
cemantukoii [33]. Ilo mpuyMHE TOTO, YTO TPH CIICIH-
buKanuK 3a1a4 MOXKET OBbITh UCIIOJIB30BAHO HECKOIBKO
muanektoB RIF, paspabareiBaemas cpema moirydmiia
Ha3BaHUE MYJIbTUIUATICKTHOM.

CpencrBa MHTErpaluy AaHHBIX B paccMaTpuBacMoOn
cpene oO0ecCHeunBalOT BUPTYAIBHYIO HWHTErpaluio |
COBMECTHOE HCIIOJIb30BAaHHE HEOIHOPOJHBIX PECYPCOB
Ha OCHOBE TEXHOJIOTUH MPEAMETHBIX MOCPETHUKOB [34,
20]. TlocpemHUK pacmonaracTCsi MEXIy MOJTb30BATENIEM,
KOTOpBIH  (hopMyJUpyeT MpoOiIeMbl KOHIEHTYaJIbHO,
HE3aBUCHUMO OT PECYpPCOB, M Pa3HOPOAHBIMH HH(OpPMa-
[HOHHBIMHU PECYPCaAMHU.

HecMmoTpss Ha To, 4TO yXe celiyac B 3TOH cpene
MOXHO pelIaTh HHTepecHble 3amaun [18], yuwuThiBas
TpeOoBaHUs 3amau aHanmu3a naHHBIX B DIS, tpebyercs
pa3BHUTh €€, BCTPOUB CPEJICTBA AHATUTHUKU U COXPAHUB
IPU 3TOM BBICOKMH YPOBEHb HCIIOJIB3yeMbIX a0CTpak-
UWUWA U IPUMUTHUBOB.

CraTbsi CTPYKTYpUpOBaHa CJIEIYIOIUM 00pa3oM: B
paszenie 2 KpaTko ONHMCaHa CYyNIECTBYIOIIAs Cpeia, B
pasneine 3 npecTaBiIeHbl OCHOBHAS 1EJb UCCIIEIOBAHHS
M COMyTCTBYIOIME 3aaaun. Pazjgen 4 omuchIBaeT moj-
X071 K mpobJieMe 1 OCHOBHBIE Ujien paboTsl. Hakower, B
pasjerne 5 npecTaBlieHO 3aKII0UEHHE.

2 MyabTHANAIEKTHAA cpeaa

[IporpamMmoii Ha mpaBMiIaX Ha3bIBAETCSI HEKOTOPHII
KOHEYHBIH HaOop mpaBWi. JIBUXKOK, KOTOPBIA OCY-
IIECTBJISICT BBITIOJTHEHHE MPOTPaMMBl Ha MPaBUIIAX,
Ha3bIBACTCS CHUCTEMOW Ha mpapmiaX. KIIOYeBBIM mpu
BBIBOJIE SIBJISIETCSI OTHOIIEGHHE BBIIOJHUMOCTH (HOpMYIL.
Jlornyeckuii sI3BIK MMEET TEOPETUKO-MOJENIBHYIO ce-
MaHTHKY, COTJIACHO KOTOPOI omnpenensiercsi, Kakue Mo-
JIeN CYIIECTBYIOT JUIs Kaknoi mnporpammsbl. Cyte-
CTBYET HECKOJIbKO Pa3IMYHBIX CEMaHTHK JJIsl paboThI C
otputianueM. OCHOBHBIMH SIBIISIIOTCSL  CTpaTu(UIMPO-
BaHHbIH gaTajor [32], cemaHTHKa CTAOUIBHBIX MOJIENCH
1 XOpOII0-000CHOBAaHHAS CEMaHTHKA.

Cpena [18] obecrmeunBaer B3aMMHYIO paboTy
CPE/ICTB MHTErpallMd M CHUCTEM BBIBOJA HA NpaBHIIaX.
OHa COCTOHT M3 HECKOJIbKMX Y3JI0B, OCYLIECTBIISIOIINX
oToOpakeHHE W3 s3bIKa CHCTeMbl B nualekT RIF u
HaobopoT. B cpeny Taxke BXOIAT CyIlepBH30p, OTBe-
YaONUil 32 MCIOJHCHHUE MPOrpaMMbl Ha TMpaBiaX, U
nocpeaHuk. Tak Kak MOCPEJHHK crieln(UIMpPyeTcs: Ha
JIOTHYECKOM S3bIKE, MOKHO OTHOCHUTBCS K HEMY KakK K



MIOJIHOTIPaBHOMY y3i1y. 3anaua (opMyIupyeTcs U pera-
ercsi B TEPMHHAaX IpPEAMETHOH obnacTH (ONHMCaHHOU
KOHIIENITAMH W3 MOKIIOUEHHON oHTonorum). [lpo-
rpaMMa, HalMCaHHAs B KOHIENTaX MPEAMETHOW oOia-
CTH, Ha3bIBacTCsA KOHIeNTyansHOH. Ilpm moGamieHNH
nH(pOopManny 0 MPUHAICKHOCTH NPaBHII U NPETUKATOB
KOHKPETHOMY Y31y CHCTEMBI KOHLENTYyalbHas Ipo-
rpaMMa CTaHOBUTCS pactpeneneHHod. Ilpu ucnomne-
HHUHU TPOrPaMMBI IPOUCXOMAAT CACAyIoLIHe AeicTus: 1)
NepennChIBaHNe KOHIENTYaJbHOW MpOrpaMMbl B pac-
NIpe/ICICHHYIO ¢ J100aBJICHHEM ISl KaXKJIOr0 IpaBuiIa U
NpeArKaTa B IpaBHie, COOTBETCTBYIOIIETO €My MMEHH
y371a, 2) pacchlUIKa 4acTe mporpaMMbl Ha y37bl, 3) Uc-
MTOJTHEHHE TIPOTPaMMBI Ha y3I11ax, 4) IOIydIeHHE OTBETA.

KiroueBbIM MEXaHW3MOM IpH HCHOJHEHHH IIPO-
rpaMMBbl sBIsIeTCs AeerupoBanue [1] — mepenaua mpa-
BWII U (paKkTOB OT OAHOTO y351a K Ipyromy. OTBETCTBEH-
HBIM 32 Ilepesiady NpaBHUiI U (AKTOB SIBISETCS CYNEPBH-
30p cpenbl. Ha naHHBI MOMEHT OCYyIIECTBIEHA JIHIIb
YacTHYHAs MOJIEPIKKA MEXaHHW3Ma, HalpuMep, MOXKHO
oOMeHUBAThCs (haKkTaMu.

3 Lesb 1 321244 HCCJIe0BAHUS

Ienbro paboOTHI SABIIAETCS UCCIIEIOBAaHNE U PA3BUTHE
MIPOrpaMMHOM cpenbl Ui CONPOBOXKICHHS HAy4YHBIX
HCCIIEIOBAaHUN, B KOTOPOM KOHLENTYallbHO M JAeKIapa-
THUBHO HCIIONB3YIOTCSI pa3HOOOpa3Hble MHCTPYMEHTHI —
SI3BIKA U CHCTEMBI Ha IPaBUIIaX, CPEICTBA MHTETPALUU
JTAHHBIX, AaHAIUTHYECKUE METOIBI.

JUis DOCTIKeHHS MMOCTABICHHOW e HeoO0X0IUMO
pemuTh psAA 3a7ad.

Bo-nepBbIx, TpeOyeTcs OnpenenauTh 3agady, pele-
HHE KOTOPOH IPOJEMOHCTPUPYET HEOOXOIUMOCTH HC-
MOJIb30BAHUSI HECKOJIBKMX CHUCTEM Ha IpaBUIIaX C pas-
HOW CEeMaHTHKOM, a Tak)ke OOMEHa NpaBWIIAMH MEXIY
CHUCTEMaMHU BBIBOJIA.

Bo-BropbIX, TpeOyercs pasBHTh M aBTOMAaTH3HPO-
BaTh aJArOPUTMBI NEPEMUCHIBAHHUS MPOTrPaMMBl U3 KOH-
LENTyaJbHOH B pacmpezaenieHHyro. Ilpu 3ToM oTobOpa-
JKECHUE JOJDKHO COXPAHATH OTHOILIEHUE JIOIMYECKOIo
cienoBaHus mporpaMM. /IpyruM HalpaBJIEHUEM pa3BU-
TUS SBJIAETCS COBEPLICHCTBOBAHME aJITOPUTMA BBIIOJ-
HEHHsS paclpefeneHHoW mporpaMmel. Heobxomumo
chopMynrpoBaTh TpeOOBaHMS, KOTOPBIM JOJDKEH YHO-
BIIETBOPATH ITOT AITOPUTM, PEaln30BaTb €ro B COOT-
BETCTBUM C 3THMH TPEOOBAaHUSIMH, MPOBECTH DA IKC-
MIEpUMEHTOB 0 CpaBHEHHIO 3((eKTHBHOCTH TpeIyIo-
KEHHOTO allTOpUTMa C JPYTMMH MOJOOHBIMH CHCTEMa-
MHU.

B-TpeTpux, HEOOXOAMMO OMHUCATH AEKIAPATUBHYIO
(TeopeTHKO-MOAETIbHYI0) CEMAHTUKY BBIIIOJHEHUS pac-
NIPENEICHHON NIPOrpaMMbl U IIPOBECTU OKA3aTENbCTBO
TOT'O, YTO BCE IOJYYEHHBIE MOJEIM SIBIISIOTCS MOJIENS-
MH ¥ JUI1 KOHIENTYaJIbHOH MPOrpamMMEbl, T. €. yCTaHO-
BHTH OTHOIIIEHHE BBITIOJTHUMOCTH IIPOTPaMM.

B-derBepThIX, cpeay IUIaHUPYETCs PACHIMPUTH B
CTOPOHY MOAJEPKKU XpaHWIUIl AaHHbIX. Ilpn 3ToM
OHHU MOTYT COJIepKaTh B ce0€ MHCTPYMEHTHI aHAJIUTHKH.
[Tpu Takoit nHTErpanny TpedyeTcss COXpaHUTh JeKiiapa-
TUBHOCTh M KOHIIENTYadbHOCTh Moaxoaa. Cpena Iomx-
Ha YYUTHIBATH BO3MOKHOCTH COBPEMEHHBIX ILIAT(OPM,
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a TaKKe pPacCIpeleNICHHBIX Cpel — TpuA U 0OJaKOB.
HeobxoanmMo IpoieMOHCTpUPOBaTh BO3MOXKHOCTD (-
(heKTHBHOTO HCHOIb30BAHUS MPEATAaraeMoro moaxonaa B
3THX Cpenax.

B-mATBIX, TpeOyeTCsl OLIEHUTH CIIOKHOCTD BBITTOJIHE-
HUS PACHpEeNeNICHHOW NpOorpaMMbl W ONPEAEIUTH
HACKOJIBKO CHJIBHO TIPEIUIOKEHHAsI Cpela YCIOXKHSET
pelIeHue 3a1ad.

4 TlpensiaraeMblii MOXXO0J

4.1 Ilpumep 3a1a4u AJsl pelieHUs B MYJIbTH/IHA-
JIEKTHOI1 cpeje

Jlist mydinero moHMMaHusl HE0OXOJUMOCTH HCIIOJb-
30BaHMSA MYJIbTUAMANIEKTHOW Cpenbl MpeAnokKeHa 3aja-
4a, WUTIOCTPUPYIOMAs NPEUMYIIECTBA HCIIOJIB30BAHMA
HECKOJIKMX CHCTEM BBIBOJIA C Pa3HBIMU CEMaHTHKaMH H
oOMeHa mpaBuiamMmu Mexay Humu [18].

Tpebyercs mocTpouTh AWBEPCH(DHUIIMPOBAHHBINA
nopt¢ens MakcuMansHoro pasMepa. [loprdenem HazbI-
BAETCsl MHOXKECTBO IIEHHBIX OyMar, Takux Kak akIWuu H
oOnuranuu. JIUBepCHPHUIMPOBAHHOCTh O3HAYACT, 4YTO
JIBIDKEHHUE 1IeHBI OyMaru He 3aBHCHUT OT JPYyTUX Oymar.
Takum 06pa3oM, CHI)KAIOTCSI PUCKHM CHJIBHOTO TaJICHUS
COBOKYITHOH IIeHBI IOPTQEIs.

IIpexne Bcero, TpebyeTcs pelIUTh NPOOIEMy HUHTE-
Tpanyyl JaHHBIX W3 Pa3IMUHBIX (PUHAHCOBBIX MCTOYHH-
koB (google finance, yahoo finance) u mpoGnemy mo
MOCTPOEHHIO TOPTQENs MakCHMaJIbHOTO pasmepa. [lo-
Ka3aHo, 4TO MOCJTEIHSSA MpobiIeMa CBOIAMUTCS K IOUCKY
MaKCHMaJIbHOM KIWKH B rpade. [laHHas 3a1ada sBiIseT-
cst NP-crmoxxuot. s pemeHust MOZOOHBIX 3amad (1o
CKOPOCTH BBITMIOJIHEHUSI W TIPOCTOTE HAMCaHHUS Mpo-
rpamMmbl) Xoporro moaxoast ASP cuctembl Ha TpaBu-
Jax co CTaOMJIbHOW CEMaHTHKON Mojesied, Hanpumep
cucremMa DLV. Jlnsg uHTerpanmu NaHHBIX W3 Pa3HBIX
HCTOYHUKOB HCTIONIB3yeTcs jJorndeckuit s3e1k CUHTES.
B3aumMopeiicTBue cuCTeM BBIBOJA B MYJIBTHIUBAJICKT-
HOW cpefie MeXIy cOOOH TpeacTaBiIeHo Ha puc. 1.

o Rue Google
loadRul Node Inference Finar?ce
loadRules
submitQuery Wrapper System

Java getResult ‘
Program & loadRules loadFacts query it
loadRules ‘
Mediator Mediator
e Node Runtime resul—— Yahoo!
i Finan
Wrapper | Environment [——duery—1 ance

Puc. 1. MynpTuananekTHas cpeia Ajs 3aJa4u OUCKa JTH-
BEPCUPHUIIUPOBAHHOTO TOPTGhEs

KonnenryansHast mnporpaMma oOmnpejessiercss Ha
muanektax RIF-BLD (unterpamus manwsix) u  RIF-
CASPD (morck MakCUMaJIbHOU KIMKH). 3a/1a4y TOHCKa
MaKCHMaJIbHOM KIIMKH MOYKHO CUMTATh OJIHOH M3 Kiacca
3amauy Ha Tpacdax. [Ipm wucmomb3oBanum s3bika DLV
crieuduKanys 3a1auu 0 MOMCKEe MaKCUMabHON KIMKH
CTaHOBUTCS MPOCTBIM M MPAKTUYECKH TPHBUAIIBLHBIM
JIEWCTBHEM. Onwucanne TIOUCKa MPOUCXOUT
KOHLENTYaJIbHO M JIeKJIapaTUBHO:

Document ( Dialect (RIF-CASPD)



Group (

Forall ?X(Or(prt:portfolio (?X)
prt:nonPortfolio(?)) :-tickers@gex (?X))

Forall ?X ?Y( :- And(prt:portfolio(?X)
prt:nonPortfolio (?X)))

Forall ?X ?Y( :- And(prt:portfolio (?X)
prt:portfolio (?Y)
ed@gex (?X ?Y))) )

Forall ?X( :~ prt:nonPortfolio(?X)) ) )

(Naf noncorrelat-

dopmMalbHOE ONMCAHUE MPOLECCa PELICHUs 3a/1auu
npencrasneHo B [18].

3amady moncka MaKCHMAIBHOW KIMKH MOXHO CYH-
TaTh OIHOW W3 Kiacca 3amad Ha rpadax. [loaxox, mo-
JOOHBIN H3II0KEHHOMY, MOKHO IPUMEHATh M UL IpY-
TMX 3aJa4 U3 JTOr0 Kjacca, a TaKXKE APYIHX KJIacCOB
3ajJ1ad4.

Bropoii 3amaueil sBiseTCS MHTErpanusl JaHHBIX U3
pa3NIUYHBbIX UCTOYHUKOB. /I ee pelieHus UCTIOb3yeT-
Ccs KOHUEMNUUS MNPEIMETHBIX IIOCPEIHUKOB U S3BIK
CUHTE3 [20]. Creundukarms OCYIIECCTBISCTCS Ha
muanexre RIF-BLD:

Document ( Dialect (RIF-BLD)
Group (

Forall ?t ?tp ?symbol,
Exists ?ts( And(?ts#gex:tickers
?ts[symbol -> ?symbol]) ):-

And (?t#srt:stockRates ?t[
ticker->7?symbol])
Forall ?m ?n ?tickerl ?ticker2 ?start

?end ?ratesl ?rates2 ?dvl ?dv2 ?datel

?2ticker (

?date?2 ?seriesl ?series2?2 ?corr (
Exists ?e (

And (?e#gex:noncorrelated ?e|
start->?tickerl end->?ticker2])):-
?m#srt:stockRates ?m|[

ticker->?tickerl rates->?ratesl]
?n#srt:stockRates ?n|

ticker->?ticker2
?dvli#?ratesl ?dvl[date -> ?datel]

?dv2#?rates2 ?dv2[date -> ?date2]

rates->?rates?]

External (pred:date-greater-than-or-

equal (?datel 2012-01-01))
External (pred:date-less-than-or-
equal (?datel 2012-12-31))

?c#srt:correlation ?c[corr->?corr
seriesl->?ratesl series2
->?rates?2]

External (pred:numeric-greater-

than (?corr -0.25)
External (pred:numeric-less-
than (?corr 0.25))

External (pred:numeric-less-
than (?tickerl ticker2)) )))
IToapoOHOE ommcaHWe MPaBWI W B3aUMOACUCTBHS
MEXIy MOIyisMu mpeactasieso B [18]. Bes mporpawm-
Ma 3aHMMaeT Bcero 6 mpaBui. B MynbTHIHANEKTHOU
cpele CTaHOBUTCS BO3MOXKHBIM BBIIEIUTH HECKOJIBKO
yacTell IpOrpaMMel, Ui KOTOPBIX TpeOyeTcs pa3iud-

205

HBIE CHUCTEMbI Ha NpaBHJax C pa3HON CEMaHTHUKOW, NpH
9TOM oOOecre4ynB WX B3aUMOJAEHCTBUE IIOCPEICTBOM
oOMeHa mpaBriIaMu gepe3 auanekTsl RIF.

4.2 ANTOpUTM NepenuchLIBAaHUS H HCTIOJTHEHHS pac-
npeaeJeHHOI NPOrpaMMbl

Ha mamnbIii MOMEHT mpezuiaraeMasi cpena obiamaer
psooM orpaHndeHuid. PaKTUYECKH MpU HUCIOIHEHHUH
ITOPUTMA Ha KaXIOM M3 Y3JIOB NPOTpaMMa HCIIOJIHS-
eTcs He Oonee ogHOTO pasa. [lpemmaraercsa onpenenuTs
BBIYHCIICHIE PACTPEEICHHON MPOrpaMMbl Kak Iocle-
JIOBaTEIbHOCTh JIOKAIBHBIX BBIYMCICHUN HA y3Jax cpe-
ael [3, 21]. V3nbl cpenpl akTHBHPYIOTCS OJMH 3a Opy-
I'MM B KaKOM-JIHOO MopsiaKe. DTO NMPOUCXOANT, MTOKA HE
jJocturayta HemomsrkHas touka (fixpoint) pacmpene-
JICHHOU IIporpaMMsbl. B TeueHue KaX<0ro JIOKalbHOIO
WCIIOJTHEHUsI YacTH NPOTpaMMBbl y3el IMOJy4aeT M OT-
MPaBJISET COOOLICHUS, a TAKXKE COBEPINAET HEKOTOPBIH
JIOTMYECKUH BBIBOJ, OIPEACICHHBIH CHCTEMOW BBIBOJA
B IaHHOM Yy3ie. IlocienoBaTenbHOCTh BBIYNCICHUI HE
MpeKpaIaeTcs 10 TeX Iop, MoKa He JOCTUTHYTa HEro-
JIBIDKHAS TOUKA.

Iycts || — xoHEUHEII HaOOp (akToB Ha y3i1e L, P —
4acTh pacHpeneeHHON nporpamMMsl Ha y3ne L, Factsy,
— Habop (akToB, MOJYYEHHBIX OT JIPYTUX Y3JIOB, a
Rules,c\, — MHOX>KECTBO COOTBECTCTBYIOIIMX IOJYYCHHBIX
npasui. Ilycte takxke induc(P)[I] — sto mabop edb-
(axToB, MpHHAICKAINN JaHHOMY Y3JIy U HOJIy4YeH-
HBIX B PE3yJIbTaTe BBHIIOJHEHUS MporpaMmsel P Haj Oa-
30it nannbix I; facts(P)[1] — na6op edb-dakros, He npu-
HaUIeKAIUX JanHomy y3iy, rules(P)[I] — waGop mpa-
BWJI, HE IIPUHAUISKAIIMX JaHHOMY y3my. Torma B pe-
3yJIbTaTe BBINOJIHEHHUS MPOTPaMMBbI IOTYYUTCS HaOOp
(haKToB, KOTOPHIE MOMOIHAT JIOKAIBHYIO 0a3y JaHHBIX

J =1 Uinduc(P, U Rules,.,)[I U Fatcs,.,],

a TaKkke Habop (PaKTOB U MPaBHJI, KOTOPbIE HEOOXOAUMO
OTMPaBUThH HA COOTBETCTBYIOIIHNE Y3IIbI:

Fatcsgng = facts(P, U Rules,.,)[I U Fatcs,.,]

Rulesg,; = rules(P, U Rules,.,,)[I U Fatcs,c,]

CoOTBETCTBEHHO IOCTIE OTHPABKU COOOMICHUH 3aITy-
CTUTCSI OYEPEJHOW JIOKaJIbHBIM wmar BelyucieHui. Ilo-
CJIEJIOBATENIFHOCTh JIOKALHBIX BBIYHACICHUN CTPOUTCS
CJICIYIOLINM 00pa3oM:

P P2 P

1 Facts,Rules Facts,Rules Facts,Rules

ANTOopuUTM 3aBepIaeTcs, eCiu Habop (GakToB U TMpa-
BUJI, MOJICKAIUX OTIPABJICHUIO, ITYCT.

Ha nanHOM 3Tamne B cpelie nmpearnosaraercs nepeaa-
ga (hakToB KoJUiekiued. [lpemmaraercs ycoBepIeH-
CTBOBaTh QJITOPUTM B COOTBETCTBHHU C IPEIIIOKCHHOM
CXEMOH.

BHenpenne 3TOro anropuTMa BBIOTHEHUS pacipe-
JISJICHHON TPOTpaMMBI TTO3BOJIUT UCIIOJNHATH IPOU3-
BOJIbHBIC TIPOTPaMMBI B MYJBTUIHAJICKTHON cpene.
Kpowme Toro, ctaHOBUTCS BO3MOKHBIM B COOTBETCTBUH C
MPEUIOKEHHBIM ~ QJITOPUTMOM ~ OMHCAaTh  TEOPETUKO-



MOJIETIbHYI0O CEMaHTHKY HCIIOJHEHHS IPOTrpaMMbl |
JI0Ka3aTh €e COOTBETCTBHE ceMaHTuke auanekra RIF.

OOMeH mpaBWIaMH MEXAY MPOAYKIHMOHHBIMHU CH-
CTeMaMM Ha IPaBWJIaX C HCIOIB30BAHUEM JHANICKTa
RIF-PRD mnpencrasnen B paborax [12, 8]. OcHOBHBIM
OTJIIMYMEM SIBISIETCS TO, YTO MPOAYKIIHOHHBIE CHCTEMBI
paboTaloT ¢ eOWHOW ONIeparMoOHHON CEeMaHTHKOH W,
CIIEIOBATENIFHO, IPOIAaeT MpobiaeMa COBMECTHOH pa-
0OTHI CHCTEM Ha NpaBWIAX C PA3IMYHOW JIOTMYECKOU
CEMaHTUKOM.

ABTOpY HE M3BECTHHl YIIOMHMHAHHUSI B JIUTEpaType
ONMCAaHUI MEXaHW3MOB OOMEHa MpaBUIIAMH MEXAY CH-
CTeMaMH C OIEpalMOHHON M JIeKJIapaTHBHOW CEMaHTH-
kamu B RIF. Omnako cymectByer psg pabor mo wc-
MOJIb30BAHMIO S3BIKOB 0a3 MAaHHBIX A CHEIU(HUKALIH
JCKIIapaTUBHBIX PACHpEeACICHHBIX NMPOTPaMM U MaHH-
IyJIMPOBaHUS [AHHBIMH B PpacIpelelicHHONH cpere
[21, 13, 3, 1]. B omiu4ne OT MyJIbTH-AHAICKTHOTO MOJI-
X0/1a, B YIHOMHHAEMBIX CHCTEMaM HCIOJIb3YETCS €IH-
HBII SI3BIK Ha NpaBWiIaX Ha BcexX y3nax. OOBIMHO 3TO
JIaTaJIor ¢ OTPHUIAHUEM C J00aBJICHUEM IMOHATHS JIOKa-
JIM3alUK — NPUHAJISKHOCTH (haKTa WK MpaBUiia onpe-
JICTICHHOMY y31y. B OTIIMuMe OT 3THX S3BIKOB, B Ipel-
JIOKEHHOM ~TOAXOZE HCIOJB3YIOTCS CTaHJapTHBIE,
onpeneneHHsle B RIF ynanenHsle 1 UMIIOPTUPOBaHHEIE
TEPMBI.

4.3 CemaHTHKA

IIpu nepenuceiBaHUM KOHLIENTYaJIbHOM IPOrpaMMBl
B pacIpeICiICHHY0 MOXET U3MCHUTHCS HAO0Op BBHIBOIHU-
MBIX Mojenell. OnpeneneHne AeKIapaTUBHON CEMaHTH-
KU pacrpeelIeHHOW MPOrpaMMBbl MO3BOJHUT YCTAHOBUTH
OTHOIIICHHE JIOTHYECKOTO CJENOBaHUSA MEXKIYy HEed u
KOHLENTYaJbHOU MPOrpaMMoil.

Juis mepenucaHHoOi mporpaMMbl P U3 KOHIENTY-
QTBHOU Pione TOMKHO OBITH BEPHO OTHOIICHHE JIOTHYE-
cKoro cretoBatust Peone [= Pyisty TO €cTh Bce Moenu Pyig
JTOJDKHBI OBITH U MOACISIMU Ponc.

Jis MOCTWKEHHUST 3TOTO MOYET OBbITh MPHUMEHEHO
HECKOJIBKO TMOJIX0A0B. MOXXHO OIpPENEeTUTh TEOPETHKO-
MOJICTIFHYIO CEMAaHTHUKY KOHIIENTYalbHOW M pacmpee-
JIEHHOW MPOTPaMM M YCTAaHOBHTH OTHOIIEHHWE JIOTHYE-
CKOTO clieZIoBaHuA. J[pyruM BapHaHTOM SIBIISIETCS OMpe-
JeNieHre HaOopa omeparuii MepernuchIBaHus TPOrpaM-
MBI, COXPAHSIONINX CEMaHTUKY. OCTaeTCsl ONpPEeIIHTh,
YTO 3TO 3a OMNEpalul U KaKuM 00pa3oM yCTaHOBUTH
COXpaHCHHE CEMAaHTHUKH MPH OTOOPasKCHIH.

Jiisi OONBIIMHCTBA paclpeleICHHBIX SI3BIKOB Ha
MpaBUJIaX HE ONpEAeNeTCs NCKIapaTUBHAs CEMaHTHKA
10 TpPUYUHE HAIHYUS HEJIOTHYECKHX KOHCTPYKIIUH.
Hckmouenuem spisietcs s3eik Dedalus [3], ams koTopo-
T'O OTIpe/iesieHa MMOJTHOCTRIO IeKIapaTHBHAS CEMaHTHKA.

5 3akaouenne

CMeHa mapajurmMbl B HEKOTOPBIX O0JACTSIX HAYKU
TpeOyeT co3/TaHus COBPEMEHHBI CPEJICTB U CUCTEM ITOJI-
JIep>KKH Hay4dHbIX nccienoBanuii. B UIIU PAH wuccie-
JyeTCsl CHCTeMa, TIO3BOJISIONAsl JeKIapaTUBHO CIIEIH-
¢umpoBath HaydHbIe 3ama4yn. C MENbIo ee pa3BUTHS B
TAHHOW paboTe TpeACTaBICHBI IPUMEp 3aJadH 110 aHa-
3y (UHAHCOBBIX AAHHBIX, HOBBI QJTOPHTM BHITIOJ-
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HEHMs PACIpe]eNIeHHON MporpaMMbl U COOTBETCTBYIO-
oM eMy HOAXOJ MO OINpPENCNICHHIO JeKIapaTUBHOU
CEMaHTHKH Iporpamm. [Ipumep neMOHCTpHpYET HOTEH-
[IaJbHBIE BO3MOXKHOCTH MYJBTHIAMAIECKTHON Cpenbl, B
TOM YHCIIE WHTETPALUIO JaHHBIX U3 Pa3lNYHBIX UCTOY-
HHUKOB W AEKIapATUBHBIN aHAIN3 MOIYyYCHHBIX JAHHBIX.
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Declarative Analytics in Multidialect Infra-

structure

D. Kovalev

Data intensive sciences require new systems to
support scientific research, starting from data
acquisition and finishing with data analysis and
visualization. At the Institute of problems of

informatics RAS a new multidialect
infrastructure is investigated to satisfy these
needs. Problems could be specified

conceptually. System supports interoperability
of rule systems and integration facilities. A
use-case of conceptual specification of a
problem in the financial domain is presented.
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