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Pe3tome: Hugpopmayuonnslil cepsuc A61aemcs Kpaey2oroHuiM Kamuem a0ooti cogpemennoul I puo-cucmemut. C ux no-
Mowwio Opyaue nodcucmemvl I puo mMo2ym noayuame UHGOPMAYUIO 0 UMEIOWUXCSL PECYPCAX CUCTNEMbL, UX COCIOSIHUU U
xapaxmepucmurax. [{1s 60pbObl ¢ HEKOMOPLIMU 02PAHUYEHUSIMU MPAOUYUOHHBIX UHDOPMAYUOHHBIX CEPBUCOE Mbl De-
WUIU NPUMEHUMb CeManmuyeckue mexHono2ull passusarowuecs 6 pamkax xonyenyuu Cemanmuyeckou Iaymumnvl. B
Hawell pabome Mbl NPeOCMAsseM pa3pabomanubiil HAMU NPOMOMUN CEMAHMUYECKO20 UHPOPMAYUOHHO20 Ccepeuca
Tpuo.

KuaroueBsie ciioBa: [ puo, ungopmayuonnulii cepsuc, 6aza sHanuii, cemanmuxa, onmonocuu, OWL.

GRID-DL — SEMANTIC GRID INFORMATION SERVICE
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Abstract: The effectiveness of complex Grid systems strongly depends on the availability, accuracy and relevance of
information on all connected resources, their characteristics and state. An access to this information plays a very im-
portant role in any Grid system, providing necessary information for other Grid components and users. We believe that
application of semantic technologies can improve Grid utilization and enhance user interaction with the system. We
present our vision of the semantic Grid resource information service.
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CHUCTEMBI MOKHO JIETKO 3aMETUTh €€ UCKITIOUNTEINb-
HYIO T€TEpPOr€HHOCTh, TaK KaK BCE CTPYKTYPHBIE CO-
craBisiomue I'puna yHUKanbHBl B OTHOLUCHHU HX
nporpaMMHOro M ammapatHoro obecmedenus. [lo-
TOMY ympaBiieHHe U 3(PPEKTUBHOE HCIIOIH30BAHUE
I'pun cucteM HEBO3MOXHO 0€3 HalIW4Us TOJHOH,
JOCTOBEPHOW W akTyaJbHOH HH(OpMAmMH O BcexX
NOJK/IIOYEHHBIX pecypcax, HX XapaKTepUCTUKaX,
COCTOSIHUM U TOJWTUKE HCNONb30BaHHA. B I'pun
cucTeMax 3Ty (PyHKLIMIO BBIIONHSIOT WHGOpPMALU-
OHHbIE cepBHCHI. be3 OvICTpoOil, HanEéXHOU, MacIITa-
Oupyemoit u ynoOHOW JUHAMHUYECKOW MH(OpMAIIH-

BCTYNNEHME: LEJIb U NEPCMNEKTUBDI
AJAHHOWU PABOTbI

MoOXHO € YBEpPEHHOCTHIO 3asBUTH, 4TO [ 'pua-
CUCTEMBI CTald HOBBEIM MOIIHBIM W, B HEKOTOPOH
CTETNICHH, Jake HEOOXOJIMMBIM HHCTPYMEHTOM JUIS
COBPEMEHHON HayKH U HHKeHepuHu. C UX MOMOIIBIO
CTAJI0O BO3MOXXHBIM arperupoBaTh Teorpaduuecku
pactpenenéHHbIe PeCypChl B MPEIOCTABISITh K HUM
KOJUIEKTUBHBIA JTOCTYI IS TPYIIBI CIEIHATUCTOB,
KOTOpPBIE COBMECTHO pabOTaroT HaJ JOCTHKCHHEM
o0mumx 1enedt. ['pug mo3BoOIsSET OTACHUTE MOTPEOU-

TeJel BBIYUCIIUTENBHBIX PECypCOB OT “IPOU3BOAM-
TEJIe” ATUX PECYpPCOB M PEOPTaHU30BAThH CBI3U Me-
XKy HIMU TaKuM 00pa3oM, 4To Obl TOCTHUYb MAKCH-
MaJbHOHU MPOU3BOIUTEIBEHOCTH CUCTEMBI B IIEJIOM.
Ecmu mocMmoTpeTs Ha CTpyKTYpy Jo0oi ['pun

OHHOHM CHUCTEMBI B IIPUHIIUIIE HEBO3MOYKHO PEaIH30-
BaTb KAYE€CTBEHHBIN | pUA-TIPOEKT.

Jlrobas mH(pOpMaLMOHHAs CUCTEMa UIPaeT pojb
HEpBHOHM cHUcTeMbl ['pua um obecrieyuBaeT Cleayro-
mue QyHKIUH:
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- omHcaHue pecypcoB (ornpeneneHue u Gpopmaiu-
3alys CTAaTHYECKUX W IUHAMHYECKHX MapaMeTpoB
pecypcos ['pun)

- arperanus pecypcoB (0ObeTUHEHUE U CTPYKTY-
pUpOBaHHUE pacrpeneiéHHoi nHHOPMAIUK O pecyp-
cax ['pux cuctemsr)

- TIOUCK pecypcoB (oOecredueHne WHCTPYMEHTOB
0 JOCTYIY K HAKOTJICHHOW WH(OPMAIIH)

HaunGonee u3BecTHble HHOOPMAIMOHHBIE CEPBU-
cel 370 MDS[1] u3 nakera Globus, BDII[2] u3 mpo-
MEXYTOYHOTO MporpaMmMHoro obecrnieueHus glite, a
takke ARC Information System[3], RGMA[4] u
JpyTHe.

BonpmIMHCTBO W3 BHIMIEYMOMSIHYTHIX HH(OpMa-
[UOHHBIX CEPBHUCOB OCHOBAaHBI Ha TEXHOJIOTHSX
cranaapta cepun X.500 st ciy>x0 pacnpenenéHHo-
ro karajora cetH. Karajmorum HOJHOCTBIO CTPYKTY-
PUpPOBaHBI M MPEAOCTABISIOT LEHTPAIN30BAHHYIO
nH(popMaIio 000 BceX IMEHOBAHHBIX 00BEKTaX ce-
TH B (hopMe MepapXU4ecku CKOMIIOHOBAHHBIX 00B-
€KTOB.

M3uauvansHo ctangapt X.500 mmaHupoBancs st
WCTIONBb30BaHUs HMMEHOBAaHHBIX Y3JI0B, alIpecoB H
ITOYTOBBIX SIIUKOB, IPEIYCMOTPEHHBIX CTaHAAPTOM
X.400 u ObT ONTUMHU3UPOBAH I XpPAaHEHHsSI CTaTH-
YECKUX U PEIKO W3MEHSEMBIX IaHHBIX IJIS OYCHb
OBICTPOTO OTKIIMKA Ha 3allpOCHI MOMCKA M YTEHUS.
IIpu stom wuHboOpManus XpaHUTCA B TEKCTOBOU
(hopMe 1 KakIbli aTpHOyT 3JIEMEHTa, KaK MPaBuiIo,
MOJKET UMETh HECKOJIbKO 3HAUCHUI

Hns noctyna k uH(OpMAaLUU UCTIONIB3YETCs MPO-
TOKOJN  mpukiagHoro ypoBHs LDAP  (amrm.
Lightweight Directory Access Protocol — “ob6ier-
4€HHBI TPOTOKON JocTyna K Karajoram™). s
MIPOIIEAYP UMITOPTA U IKCIOPTA TAaHHBIX, BCEMHU Cep-
Bepamu LDAP monmepkuBaercsi eauHbiii (opmar
oOmena maaasiMu — LDIF.

NudopmanmoHHble cepBUCH HAYYWINCH P eK-
THUBHO UCIIOJIB30BATh 3T TEXHOJOTHH /sl paboTHI ¢
JMHaMU4ecKkod mnpuponor I'pun cucrem, HO TpHU
3TOM OCTAIOTCS 3aJI0KHUKAMHU UX OTPaHUYCHHH.

Bo-niepBreix, Bce momb3oBaTenu [pun oOsi3aHBI
UCIIOJIb30BaTh €IUHYIO OOIIyI0 cxemy|[S5], ¢ momo-
b0 KOTOPOH MPOUCXOIANT UMEHOBAaHUE PECYPCOB.
Kak crmenctme, Takme cXeMmbl 3a4acTy0 H3PATHO
MeperpyKeHbl, CIEeIUaTN3UPOBaHbl, TPYJHBI B HC-
MTOJIE30BaHUH H TIOJITICPIKKE.

Bo-BTophIX, (opmar arpuOyTOB pECypcoB B
ciry’)k0e KaTaJoroB MPUBOAMT K YacThIM CHHTAaKCH-
YeCKHM OITMOKaM, HHOT/Ia HEOJHO3HAYEH U CIOC00-
CTBYET HU3KOH 3(PEKTUBHOCTH MTOUCKA PECYPCOB.

Emé oqauM KpymHBIM HEJOCTATKOM TPaIUIOH-
HBIX MH()OPMAIIMOHHBIX CEPBUCOB SBIISIETCS TPUH-
LOUI CUMMETPUYECKOTO CpPaBHEHUS MpPHU MOHCKE pe-
cypcoB, kak 3T1o crenado B Condor[6] m PBS. Takoii
[IO/IXOJ] TIO3BOJISIET HANTH TOJIBKO T€ PECYpPChI, OIH-
CaHHMe KOTOPBIX CTPOTO COOTBETCTBYET 3ampocy, U
NOYTH HE JIOMyCKAaeT HUKAKOW TMOKOCTH W WHTEIN-

JIEKTYaJbHOTO aHAINM3a MPHU MOUCKE. DTO MPHUBOIUT
K moTtepe obmei dpdexTuBHOCTH ['pua cucTeMsl, U
MOBBIIIAET KOJMYECTBO 3a7ad, KOTOPhIE HE CMOTJIH
YCIIEITHO 3aBEPIIUTHCA[ 7] Wil OBUTH TTOTPYIKEHBI Ha
HE ONTHMAJILHEIE Y3JIHL.

BrnobaBok Kk yke MepedncIeHHBIM HEeA0CTaTKam
MOJKHO yIIOMSHYTH IUIOXYIO PACHINPSEMOCTh TPaIn-
IIMOHHBIX MH(OPMAIIMOHHBIX CEPBUCOB, CIOKHOCThH
WX TIOCTETIEHHOW SBOJIIOIIMOHHONW MOJIEPHHU3ALNN U
HE JApYXKeMoOHOCTh K moiib3oBaremo. [locnemnee
3aMe4yaHne 0co00 Ba)XKHO B CBETE JIBWIKECHHUS 3a TIO-
nyJsipu3anuio ['puji TEXHOJIOTUN cpelld He crielua-
ucToB B obnactu IT.

Jnss 6opeOBI ¢ Ha3BaHHBIMH HEIOCTATKAMU MBI
pelIIId TPUMEHUTh CEMAHTUYCCKHUE TEXHOJIOTHH,
pa3BHUBarOLIUECs B paMkax KoHueniuu CemaHTHUe-
ckori Ilayrmabl. C WX TIOMOIIBI0 MBI IUTAHHPYEM
CO3l1aTh “‘MHTEIUICKTYyaJbHBIN~ WHPOPMAIOHHBIH
cepsuc ['pun. B ocHoBe Takoro cepBuca OyneT Je-
’KaTh 0asa 3HaHUi 0 pecypcax ['pui, mocTpoeHHAs ¢
MOMOIIBI0 CUCTEMHBIX U TOJB30BATEIBCKUX OHTO-
soruii. Ilonp30BaTenp CMOXET MPUMEHSTH BBICOKO-
YPOBHEBOE U JAPY>KECTBEHHOE OMHMCAHHUE pelIacMOin
UM 3371a4dl B MOHATHBIX €My TE€PMHHAaX, a HEOOXO-
IUMBIC JIS 3TOTO MPOTPaMMHEIE M amlmapaTHbIe pe-
CypChI OyAyT omnpesielieHbl M HAMICHBI TPH TTOMOIIU
CHUCTEMBI JIOTHYECKHX BBIBOJIOB.

JpyruM MpenuMyIecTBOM TaKoro Moaxoaa Oyaer
HaAEKHBIA MEXaHWU3M IPOBEpPKU TpeboBaHuit ['pun-
3aJjaud Ha KOPPEKTHOCThb, TaK KaK MOXHO OyneT
MTHOBEHHO MPOBEPUTH 3aMPOC HA MPEAMET JIOTUYE-
CKHAX HECOOTBETCTBUH, YTO MOMOXKET MHHHUMH3HPO-
BaTh OITMOOYHBIC HA3HAUCHHS U MPOCTON PecypcoB
B CBSI3H C TIOJIh30BATEILCKUMH OIIHOKAMHU.

MsI cunTaem, 4TO MPUMEHEHHE CEeMaHTHIECKHUX
TEXHOJIOTUN MO3BOJIUT CYIIECTBEHHO YNPOCTUTH HC-
monp30BaHMe ['pua cucreM He cCHeNUaTUCTaMd B
obmactu IT, yto OyzmeT cmocoOCTBOBATH MOMYJISIPU-
3aIli{ 3TOM TEXHOJIOTHH.

[locpencTBOM MPEIOKEHHOTO TMOAX0Ja BO3-
MO>XHO TakKe CO3JaHHe ‘“‘OHTOJIOTHYECKHUX MOCTOB’
MEXIy pa’UYHbIMH peanusanusmu ['pua, roe cy-
MIECTBYIOT Pa3IMYHbIC KOHIEHIIMU U TMOHSATHS, KO-
TOpBIE UMEIOT, M0 CYTH, CXOXKUH cMbIch. Takum 00-
pazoM, WHGOPMAIMOHHBIC CEPBUCHI OMHOW ['pum-
CHUCTEMBI MOTYT KOPPEKTHO UHTEPHPETUPOBATH JaH-
Hbele Apyroil ['pua-cuctemsl, obieryas mporecc ux
HMHTETpaIiy.

B a3roit paboTe MBI mpencTaBiseM MPOTOTHIT Ce-
MaHTH4YecKoro nHpopmanronHoro ceppuca Grid-DL
Ha KOTOPOM MBI alpoOupyeM Halry THIIOTE3Y O BO3-
MOXKHOCTH M LEJIeCOO0Pa3HOCTH IPHUMEHEHUS ce-
MaHTUYECKUX T€XHOJIOTuH B ['pu.

1. APXUTEKTYPA

Grid-DL mpencrasmnsier coboit aBToHOMHOE Beo-
MIPIIIOKCHHE cozeprKaliee Habop BeO-Ciry k0 1 BeO-
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uHTepdetic. Ilpoekt peamm3zoBaHo Ha IuTaTdopme
Java Bepcun 1.7. [ xoOMOIHUISIIUN U COOPKHU IPH-
JIOKEHUSI UCTIONB3YeTCs YTHIUTA Ui aBTOMAaru3a-
UM Tpolecca cOOPKH MPOrpaMMHOI0 00ecIeUeHHS
Apache Ant. Pe3ynabTaTom mpoliecca cOOpKU SIBIIS-
eTcsl yMaKoBaHHOE BeO-NPUIOKEHHWE B BUAE Wwar-
¢aiina, roToBOE Ui BHEIPEHHUS M 3allycKa B KOH-
teiinepe ceppieroB Apache Tomcat wm J2EE-
COBMECTHMOM CepBepe MPUI0KEHUH.

Jus coopku u koppektHOU padotel Grid-DL He-
00XOUMBIL:

- Oracle Java Development Kit 7

- Apache Ant 1.8+

- Apache Tomcat 7.0+ uaM COBMECTHMBI KOH-
TEWHEp CEepPBIIETOB

- Mercurial SCM 1.8+

VYka3zaHHbIE BEPCHH SBIAIOTCS PEKOMEHIOBaH-
HbIMU. BO3MOXXHO mpuMeHeHne Oonee CTapbiX Bep-
CHUil YKa3aHHBIX ITPOJYKTOB, OJJHAKO MOJHAas paboTo-
CIOCOOHOCTH MPUJIOKEHUSI Ha MOJO0OHBIX KOH(UTY-
panusx He poBepsIach.

Ha Puc. 1 uzobpaxena o000IeHHAs apXUTEKTY-
pa cepBepa M €ro BCIIOMOTAaTEIbHBIX KOMIIOHEHTOB.
MoXHO BBIAETUTH 4 OCHOBHBIX CTPYKTYPHBIX 3JIe-
MeEHTa!

1. onopHBIi HH(OPMAITMOHHBIN cepBuc I 'pun,

2. ceMaHTHYEeCKNI HH()OPMAITMOHHBINA CEPBHC,

3. peno3uTapuii JOMEHHBIX OHTOJIOTHH,

4. moyb30BaTeNN U KIUEHTHI CEPBHCA.

PaccmoTpum nx B IOAPOOHOCTSIX.

1.1. OMOPHbIN UHOOPMALIMOHHbIN
CEPBUC

Ha nanHOM »Tane peanu3anuyl Halled UJIEU Mbl
peLIIN HEe CO3AaBaTh CBOIO paclpeleliEHHYIO ap-
XUTEKTYPY MOHHTOPUHTA PECYPCOB, a HCIIOJIb30BATh
yke uMmeroryrocs. Takum oOpa3oM, ceMaHTHYECKUH
WHPOPMAIOHHBII CepBHUC U3BJICKAET HEOOXOJMMEBIC
eMy Juisl paboThl naHHble 0 ['pua pecypcax u3 Kop-
HeBOoro mH(popmarmonHoro cepsuca ['pun. B xaue-
CTBE TAKOTO KOPHEBOTO WH(OPMAIIMIOHHOTO CepBHCa
MBI paccMmarpuBaem cuctemsl BDIL, GIIS u EGIIS
KOTOpBIE HCHOIB3YKTCS B IMPOMEKYTOUYHOM IIPO-
rpammHoM obecrieuenuu glite, Globus m ARC co-
OTBETCTBEHHO.

Jis yHHBepcallu3allud Mbl TIPEIYyCMOTPENIA Me-
XaHW3M TOJKIIOYaeMbIX aJalTepoB, C IIOMOIIBIO
koropbix Grid-DL mopkmrogaercs K HEOOXOTUMBIM
TUTIAaM WH(POPMAIMOHHBIX CepBUCOB. B mocnenct-
BUU BCE JIaHHBIC MTOTyYEeHHBIE TAKUM 00pa3oM OyayT
MpUBEACHBI K OOOOMEHHOMY NpPEICTaBICHUIO, KO-
TOpOE HMHBAapHAaHTHO OTHOCHUTEIBHO CBOETO0 HCTOY-
HUKa OJ1arofapsi IpUMEHEHHUIO OHTOJIOTHIA.

1.2. CEMAHTI/MECKI/]I;I
NH®OPMALIMOHHbBIN CEPBUNC

Ucxonst u3 camoii punocoduu ['pun-cucrem, ie-
necoo0pa3Ho pa3iuuaTh JBa YPOBHS: OOIIUEN st
BCEH CHCTEMBI B IIEJIOM, U YPOBEHb BHUPTYyaTbHOU
OpraHM3alyd, B paMKax KOTOPOH OTMEPUPYIOT IOJNb-

Vs
GIIS/Top-BDII e
_Hymopm KOPHEEOIt g
:; HMIIOPT. Tbox Jlormueckmi §
_MOAYIE 4 porneccop e
| S ' | E
i \ f \ 3 9 % C:'>| KeIl R
3 = MeTKa  A-box IS
GRIS/Site-BDII
XpaHWIHIIE JOMeHHBIX CepBHC-
’ OH'?‘j)ﬂgl"Hﬁ Hﬁlﬁp@acaﬂ {3anpoc,
— T ’ ThoxID}
3anpoc Y
Thox no ID @ <€
- - > (e ) b
Vupasnenue
OHMOJA0IHAMIU ITonB20BATEIH

XHM.

Duz.

Puc. 1 - O606ménnas apxurektypa Grid-DL
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3oBarend. TakuM 0Opa3oM, CeMaHTHYCCKHUH HHOP-
MaluoHHb cepBuc (Puc. 2) momxen orobpaxars
3Ty 0COOEHHOCTh MyTEM HCIIOJIB30BaHUS JABYX OHTO-
JIOTHHA: CHUCTEMHON M MOJb30BaTelbCcKoil. OOmas
I'pua oHrtoNOrMs OYAET BCCOXBATHIBAIOIICH, OTHO-
CUTEIPHO CTaTUYHOH U JIOCTYITHOW B PEXKUME
“TONIBKO YTeHHE . A TaK KaK BUPTyalbHbIC OpraHU-
3aruu (BO) dhopMupYIOTCS AT TOCTH)KESHUS BIIOJTHE
OnpefenEHHBIX IEJICH, TO IeJIeCO00pa3HO pacCIIu-
PATH OOIIYI0 OHTOJIOTHIO OOJiee AeTaTbHBIM JOMEH-
HBIM OITMCAaHWEM CIEIU(PUKNA ITHX OpPTaHH3AIHA.
Yyactauku BO OyayT COBMECTHO ydacTBOBaTh B
(bopMUPOBaHUM TaKOW OHTOJIOTHH, JOTONHSS U
yTouHsIsI e€ mo Mepe HeoOxomumocTtH. lloip3oBa-
TeJIhCKask OHTOJIOTHS, TaKMM 00pa3oM, OyIeT OTHO-
CUTEIFHO TUHAMHYHA, JOCTYIIHA B PEXKUME ‘‘dre-
HUE-3alUCh” U 3alMUUIEHHAs CUCTEMOW KOHTPOJIS
BEpCUil.

[MonyuuB moctyn K MHGOPMALMOHHOMY CEPBHCY
I'pun-cuctemsl uepe3 COOTBETCTBYIOIIMM amamtep,
AMITOPTHPYIONTNH Moxyss (a) dopmupyer ABox
onrosioruto (b) comepKallyr0 MHOXKECTBO YTBEp-
XKICHUN o0 pecypcax. Bece yTBepxkaeHHsI 3TOM BHYT-
pEHHEH OHTOJIOTHU (POPMHUPYIOTCS C MCIIOIB30BAHH-
€M TEPMHUHOB JIOCTYIHBIX U3 KOopHeBoM TBox oHTO-
noruu (c). KopHeBast OHTOIOTHSI MaKCUMAaJIBHO TOJ-
HO W BCEOOBEMITIOIIE OMKCHIBAET BCE BO3MOXKHBIC
TUTIBI PECYPCOB NOCTyNHBIE B ['pua-cucreme m mx
XapakTepucTuku. JletanpHyl0 WH(pOpPMAIMIO O CO-
JICpKAaHUH KOPHEBOH OHTOJOTHMH MOXHO TIOYepII-

OHHOMY CEpBHUCY COAEPKHUT MH(OpMaIuu 0 Bpeme-
HU TIOCJIEIHETO YCIIEIIHOTO OOHOBJIEHHS BHYTpPEH-
Hell 0a3bl 3HaHMI 0 pecypeax [pu.

Jns  mporeccrHra OHTOJIOTHH — HCIIONIB3YETCS
OWL-nporeccop Pellet[9] (e) momkmodYeHHbIN ue-
pe3 unrepdeiic OWLAPIL. B cucremMHbIX HacTpoOii-
kax Grid-DL Bo3MoxHO ykazaTh 000# npyrou
OWLAPI-coBMecTHMEIH TTpoOIIeCCOp OHTOJIOTHH KO-
TOpBIA OyZeT MCIONb30BaThesl Ui paboThl C OHTO-
JIOTUSIMH B CUCTEME.

Bcé B3ammopelicTBHe ¢ CeMaHTHYECKUM WHOOP-
MAIMOHHBIM CEPBUCOM TPOUCXOJIUT MOCPEICTBOM
BeO-ciryx0 (f). Jna peanuszanuu 3TOro KOMIIOHEHTa
MBI BOCIIOJB30BaNINCL OuONMnorekoir JAX-WS, ko-
TOpast sBIseTCs YacThio Tiargopmel J2EE. Hcnoms-
30BaHHE BEO-CEPBUCOB, TAKUM 00Pa30OM, MO3BOJISET
o0ecneunTs HaM HWHTEPONEepabenbHOCTh C 00N
1aT(OpPMOil U SA3BIKOM MPOTPAMMHUPOBAHUSI.

Bce 3ampocsl, moctymatonme Ha Grid-DL, mpo-
XOAAT MpeNBapUTENbHYIO Baluaaluoo (g) Ha IMmpen-
MET JIOTHYECKOT0 HECOOTBETCTBUS W CEMaHTUIECKIX
omu6O0K. JIOMOTHUTENBHO, C IENbI0 MOBBICUTH MPO-
W3BOIUTEIBHOCTD, 3alpOChl (a TaKKe MX pe3yibTa-
ThI) Kemmpyrotes (h).

1.3. PEMO3UTAPUN OOMEHHbIX
OHTONOr N

Penosurapuii N1OMEHHBIX OHTOJOTHM TpPEACTaB-
nseT coboit mmatdopMy UIS KOJUIEKTHBHOM paspa-

a KOpHEBOH
HMIIOPT. Tbox JlorH4aeckHuit
_MOAYIE 4 IIPOLIECCOP
n 10

MeTKa  A-box

CeppHc-
HBIT dacag)

Puc. 2 — CTtpoeHue ceMaHTH4€CKOT0 HH(POPMALIMOHHOIO CepBHCa

HYTh W3 Hamed pamHeid padoTsi[8]. Ilomp3oBarenn
MOJET IONYYUTh AOCTYN K KOPHEBOH OHTOJIOTUH
yepe3 cooTBeTcTBYIOUMA BeO-cepuc (d). TBox on-
TOJIOTHS JOCTYIIHA TOJIBKO JUIS YTEHUS U UIEHTU(U-
LUPYETCS 10 HOMEPY BEPCHH.

ABox oHTOMOTHS, copepKamas WHPOPMAIHIO O
pecypcax I'pun, aHHOTUpYETCS BPEMEHHONW METKOM.
Taxkum 00pazom, pe3ynbTar 3ampoca K nHpopmaIm-

0OTKH, YTOUHEHHUS W OOMEHa JOMEHHBIMH OHTOJIO-
THSIMH KOTOpPBIE OyIyT MCIOJIb30BaHbl IpU paboTe ¢
CEMaHTUYECKUM  WHGOPMAIMOHHBIM  CEPBUCOM.
JlaHHBI KOMITOHEHT WPEICTaBIsAET CO0OHM camo-
CTOSITENIbHBIA CEPBEP C YCTAHOBJIEHHON CHCTEMOU
ynpaBieHHs BepcusiMu. TakuMm 00pa3oM, MOJIb30Ba-
TEH MOTYT y4acTBOBAaTh B COBMECTHOW pa3paboTke
JTOMEHHBIX OHTOJIOTHI WIJTH MOJIE30BATHCS YK€ TOTO-
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BeIMH. CeMaHTHYeCKUH HWH(POPMAITMOHHBIA CEPBHUC
oOpamaercs K perno3uTapuio JOMEHHBIX OHTOJIOTHH
npu o0paboTKe 3ampoca, IpU 3TOM HMCIIONB3Ys Ha-
0Op OHTOJIOTHIA yKa3aHHBIX MOJIB30BaTEIIEM.

B xagecTBe peno3uTapusi Mbl HCIIOJIB30BAIH pac-
NIpeeNEHHYI0 CHCTEMY  KOHTpPOJs  Bepcuil
Mercurial[10], B KOTOpoi#l TOCTaBIIeH aKIEHT Ha
MIPOM3BOAUTEIHHOCTb, MPOCTOTY W TEPENOBBIE Me-
TOIUKU CIUSAHUS BeTOK. /| paboThl ¢ peno3utapu-
€M JIOCTaTOYHO YCTaHOBHUTH JIOOOH COBMECTHMBII
Mercurial-kMeHT, 0HAKO MBI TUTAHHPYEM B Oymy-
IIeM WHTETpHpOBaTh €ro B PEJAKTOpP OHTOJIOTHH
Protégé [11].

BzaumogeiicTBre KIMEHTOB W CEMaHTHYECKOTO
MH()OPMAITMOHHOTO CEPBHCA C PEMO3UTAPHEM IIPO-
HACXOIUT nocpencTsoM nporoxona HTTP.

Jus paboter ¢ Mercurial B Grid-DL npegycmort-
peH ajamnrtep Juis 3Toi cuctemsl. JJomyckaercs moj-
KJIIIOYEHHE APYTUX aJanTepoB, IS UCIIOIB30BaHUS
JOpYTUX CHUCTEM KOHTpOIISl BepcuH, B yactHOCTH Git
i Subversion.

1.4. MOJIb3OBATENN U KITMEHTHI
GRID-DL

Tak kak BCE B3aMMOJEWCTBUE C CEMaHTUYECKUM
HHPOPMAIMOHHBIM CEPBUCOM TPOUCXOAUT MOCPET-
CTBOM BeO-cepBucoB, kimeHToM Grid-DL Moxer
BBICTYNaTh JII00O€ TPWIOKEHUE C TOICPKKON
crarnapra Bed-cmyx0 (URL, XML, SOAP, WSDL).
Omrcanue TPeAoCTaBIIEMbIX BeO-CEpBHUCOB JIOC-
TYImHO 10 ajapecy ‘“‘ampec cepepa:nopt/Grid-
DL/ServiceFacade?wsdl”.

Jusa Bzammopeticteust ¢ Grid-DL moctymHb cie-
IyIOIIe BeO-METObI:

- getTbox (mony4eHre KOPHEBOW OHTOIOTHH)

- getTboxVersion (mony4eHne BepCHUU TEKyIIEH
KOPHEBOI OHTOJIOTHH )

- submitQuery (pa3melleHue 3ampoca K CeMaH-
THYECKOMY WH(pOpMaIMoHHOMy cepBucy. CepBuc
BO3BpAIllaeT YHUKAIBHBIA WICHTH(OUKATOP 3ampoca,
110 KOTOPOMY MOKHO Oy/IET MPOBEPUTH €r0 COCTOSI-
HUE U PEe3yJIbTaT)

- getQueryTask (momydenue wHbopMamm o co-
CTOSTHHH 3arpoca U ero pe3yibraTa. B kadecTBe ma-
pameTpa NPUHUMAET YHUKAIBHBIN HICHTU(DUKATOD
3arpoca B CHCTEME.)

Jns ammuauctpupoBanus Grid-DL u mpocMoTpa
COCTOSIHMSI BCEX IOCTYINHUBIIMX 3alpPOCOB K MH(OP-
MallMOHHOMY CepBHCY Ob1 paszpaboTaH  BeO-
nHTepdeiic JoCTymHBI B BeO-Opay3epe mo aapecy
“anpec ceprepa:nopt/Grid-DL/qtasks”.

2. BBAMMOOEUCTBHUE C
CEMAHTUYECKUM
NMH®OPMALIMOHHbIM CEPBMCOM

B camom mpocTtoM BapuaHTe, HE NpPUHHMAs B
pacuér mporecc pa3pabOTKH M HCIIONB30BaHUE JI0-
MEHHBIX OHTOJIOTHH, oOpalieHne K CeMaHTHIECKOMY
UHGOPMAITHOHHOMY CEPBHUCY MPOMCXOIUT TaK, Kak
nokaszano Ha Puc. 3. [lonp3oBaTens N0OMKEH npeaBa-
PUTETBFHO O3HAKOMHUTCS C COJEepKaHWEeM KOPHEBOU
TBoX OHTOJOTMHM M COCTaBUTH 3aIlPOC K CEPBUCY
ucnoas3ys mandectepckuit OWL cunTakcuc[12].

3ampoc AOKEH TmpencTaBisTh coboir OWL-
KJIacC, OK3EMIULIPHI KOTOPOro, IIOCNE TpoIecca
knaccuukanyuu, OyIyT TMPEACTaBIATh HCKOMYIO
unpopmarmio. [lpu momaye 3ampoca, ceMaHTHYe-
CKuii MHGOPMAIMOHHBIA CEPBHC BO3BpAIlacT €ro
YHUKAJIbHBIN UICHTU(OUKATOP B CHUCTEME, IO KOTO-
POMY MOXHO TOJIYYHUTh PE3YJbTAT €r0 BHIITOJIHEHUS.

¥

Puc. 3 — IIpocreiinee B3auMoelicTBHe MOJb30BATES
¢ ceMaHTH4YecKoil nHpopManHOHHON cHcTeMOM

Tenepb paccMOTpUM CXeMYy B3aUMOJICHCTBUS C
Grid-DL, npunuMas BO BHHMaHHE HCIOJIb30BaHHE
peno3uTapusi TOMEeHHbIX oHTojorui. Kak moxazaHo
Ha Puc. 4 monp3oBaTento HEOOXOMUMO YyKaszaTh B
CBOEM 3aIlpoce T€ OHTOJIOTHMH, KOTOpble HEOOXOAU-
MO OyZeT HCHOJb30BaTh MpH 00pabOTKe 3ampoca.
[lyth K OHTONIOTHMH 33a7a€TCS OTHOCHUTEIBHO KOPHS
perno3uTapusi JOMEHHBbIX OHToJorui. Hampumep:
“/general/operatingSystems.owl”

[Mocne momaum 3ampoca ceMaHTHYECKUI WHGOP-
MAaI[MOHHBIA CEPBHC MPOBEAET CHHXPOHU3ALHUIO C
peuno3uTapucM JOMEHHBIX OHTOHOFHﬁ, IMOJIYy4YUT HO-
BYIO BEPCHIO OHTOJIOTHH, €CJIM TakoBa OyneT U moj-
kmounT e€ kK OWL-tiporieccopy mepen BEITIOTHEHH-
eM 00paboTkH 3arpoca.
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] e

| User | L SIS | GridIS | | Repository |
createABox
* _________________
submitQuery
4,,,,,,,,,,,,,,,,: Syne(Thox)
{ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
getQueryTask
Er—— refreshABox
( _________________

Puc. 4 — Tunuunoe B3aHMO).'[eﬁCTBPIe N0JIb30BaTEJIsl C CEMAHTHYECKOM I/IH(l)OpMaIIl/IOHHOﬁ cHCTEeMOM

B3anMozeiicTBue MoONb30BaTENEH € PENO3UTAPU-
€M JIOMEHHBIX OHTOJIOTMH MIPOUCXOAUT IO MpaBHIaM
paboTel ¢ pachpedenéHHOM CHUCTEMOH KOHTPOJI
Bepcuit SCM Mercurial (Puc. 5). Ona obecrieqnBaeT
LENOCTHOCTH (DAMIIOB, IPOCTON MEXaHHU3M JO0CTyIa K
HUM, TPOCMOTP HCTOPUHM PAa3BUTUSI OHTOJOTHH H
MEXaHU3MBI TI0 KOJUTADOpaTUBHON pa3pabOTKe OH-
TOJIOTMM IOJb30BaTeNIIMU. MBI paccMaTpHUBaeM
BO3MOXXHOCTb MHTErpHpoBaTh Mercurial KIHEHT B
pemakrop oHronoruit Protégé must Gonee komMQopT-
HO# paOOTHI TOJB30BATENS C CUCTEMOM.

i SIS ! 1 User | i Repository

__________________ >

getTBox Commit -

( ,,,,,,,,,,,,,,,,,

Checkout
( _________________
submitQuery

__________________ )

Puc. S — B3aumogeiicTBue no/jib30BareJisi ¢ peno3ura-
pHeM OHTOJIOTHI

3. NIPUMEP UCMNMOJIb3OBAHUA
CEMAHTUYECKOIO
MHPOPMALIMOHHOIO CEPBUCA

IMpenacraBum cebe HEOMBITHOTO TMOJIE30BATEIS
I'pua, KOTOPHIA XOUET PElIUTh CBOIO 3ajjady MoJie-
KyJSIPHO# MHAMUKH B paMKaX JOCTYIHBIX VIS €rO
BUPTYaJIbHOM OpPraHu3allii PECypPCOB.

I'pun, kK KOTOPOMY Yy HEro ecTh JOCTYIH, COJACp-
JKHUT THICSYM PabOYMX Y3JIOB, C pPa3HBIMH KOH(UTY-
pamusimu. OH oOpamiaeTcs K OHTOJOTMH CBOCH
BUPTYaJIbHOM OpPraHU3aliy U TONyYaeT CICeIyHONIe
OTIPEICIICHHS :

MolecularDynamicsSim = GROMACS App or
LAMMPS App

GROMACS App = ApplicationSofiware and
hasRunTimeEnvironment SOMe string [pattern
"GROMACS"]

LAMMPS App = ApplicationSoftware and
hasRunTimeEnvironment SOMe string [pattern
"LAMMPS"]

GROMACS Host = Host and describedBy some
GROMACS App

LAMMPS Host = Host and describedBy some
LAMMPS App

GROMACS Cluster = MPI SubCluster and
X86 64 SubCluster and (SubCluster and
describedBy some GROMACS Host)

LAMMPS Cluster = MPI SubCluster and
X86_64_SubCluster and (SubCluster and
describedBy some LAMMPS Host)

MolDynSubCluster = GROMACS Cluster or
LAMMPS Cluster
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MolDynCE = ComputingElement and partOf
some (Cluster and contains some
MolecularDynamicsSubCluster)

B 3T0if OHTONOTMH, Cpenyu MPOYero, onpeaeaeHbl
MPOrpaMMHBIE MAKEThl HEOOXOIUMBIC ST PabOThI
oTpeJieNieHHe Ki1acTepa CrocOOHOTO MX BBHITIOIHUTH.
[pu »stom ompenenennss MPI SubCluster wu
X86 64 SubCluster Haxonsarcs B Oojee oOmIei
OHTOJIOTHH,  KOTOpas  WCIONB3yeTCs  BCEMH
BUPTYaJIbHBIMU OPraHU3alUsIMUA. B 4YacTHOCTH Tam
Oyzer ompeneneHHe Kiactepa ¢ MOJAEPKKON
texHonorun MPI u matdopmer x86-64:

OPENMPI = ApplicationSoftware and
hasRunTimeEnvironment value "OPENMPI"

MPICH = ApplicationSoftware and
hasRunTimeEnvironment value "MPICH"

MPI Library = MPICH or OPENMPI

MPI Host = Host and describedBy some
MPI Library

MPI SubCluster = SubCluster and describedBy
some MPI Host

MPI Cluster = Cluster and contains Some
MPI SubCluster

X86 64 Arch =Architecture and
hasPlatformType value "x86 64"

X86 64 Host =Host and describedBy some
X86 64 Arch

X86 64 SubCluster =SubCluster and
describedBy some X86 64 Host

X86_64_Cluster = Cluster and contains Some
X86 64 _SubCluster

Ha sToM sTame momnp3oBarenb MOXKET JT00AaBUTh
CBOM JINYHBIC OTPEICICHUS, KaK HallpUMEp MOHSATHE
HE3arpy>KEHHOTO BBIUUCIUTEIBHOTO JJIEMEHTA |
OKOHYATEIFHO ONPEACTUTh Y3ei Ui paOboThI:

Availible CE = ComputingElement and hasState
some (CEState and hasRunningJobs value 0 and
hasWaitingJobs value 0 and hasFreeJobSlots some
integer[>0])

MyVoACL = AccessControlBaseRule and
hasPrefix value "VO" and hasSCN value "myVO"

CEForMyWork = MolDynCE and Availible CE
and hasAccessControlBaseRule some MyVoACL

3anpoc K CEMaHTHYECKOMY HH(OPMAIIHOHHOMY
cepeucy CEForMyWork ¢ ykazanmeMm wucmonb3ye-
MBIX OHTOJIOTHI BEPHET CITUCOK TMOAXOISIIHIX MOJh-
3oBatento y3noB ['pua. Ilpu 3ToM mnoip3oBaTelb
H30JIUPOBAH  OT CJOXHOCTH  WH(POPMAIMOHHOM
cxeMbl [ pua-cucTeMBbl OHTOOTHUSIMH.

4. 3AKNIOYEHUE

IlpumeHeHrne CEeMaHTUYECKUX TEXHOJOTHM OT-
KpPBIBA€T MHOXKECTBO BO3MOXKHOCTEH M TIEPCIICKTHB
JAJIEHEHIIIEr0 COBEPIICHCTBOBAHUS 0a30BBIX 3JIe-
MeHTOB ['pua cucreM. C X TTOMOIIBIO TIPEAIIOara-

eTcs CO3/laHHe CEMaHTHYECKOro MH()OPMAaMOHHOTO
cepBHCca, KOTOPHI OyAeT OCHOBAaH Ha TEXHOJOTHIX
MHTEJUIEKTYaIbHOTO YIIPABICHUS 3HAHUAMU.

[IpencraBneHHsplii B AaHHOW pabOTe MPOTOTHI
CBOOOJTHO JIOCTYTICH JJIsl IPUMEHEHUST U IOpabOTKH
[13]. MbI ucnosp3yem ero Kak miaTgopmy JUis Ipo-
BEACHUS HCClefoBaHUN B obnactu ['pux m ceman-
TUYECKUX TEXHOJIOTUH M HOOYXIaeM BCEX >KeJaro-
IIUX TPUCOESTUHHUTHCS K ITOMY MPOLECCY.
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MocnewHbin AnekcaHgp Cep-
reeBM4Y, acnupaHT W acCUCTEHT
Kkacpeapbl BbIYUCIIUTENBHOW TeEX-
HUKN dakynbTeTa UHopmaTuku n
BblYMCAIUTENBbHON TexHukn HTYY
“Knn.

HayuyHble wuHTepecbl: [pua-
CUCTEMbI, BbICOKONMPOU3BOAUTENb-
Hbl€ BbIYMCMEHUSA, CEMaHTUYECKME
TEXHOMOMMK, WHTENMNEeKTyanbHble CUCTEMbI, Npea-
CTaBrieHne 3HaHWUW, WCKYCCTBEHHbIN WHTEMEeKT,
CUCTEMHOE MpOrpaMMmMpoBaHue, BCTpanBaeMble
CUCTEMbI, NONb30BaTENbCKUE NHTEPMENCHI.

CtupeHko Ceprenn [puropb-
€BWUY, KaHOMOAT TEXHWYECKMX Ha-
YK, OOUEHT kadeapbl BblMUCIU-
TENbHOM TEeXHUKM dakynbTeTa
MHOPMATUKM U BbIYNCIINTENBHOWN
TexHukn HTYY “KMNn”.

Hay4yHble wuHTepechl: opraHu-
3aunsa  9PMEKTMBHBIX BbIYUCIIU-
TenbHbIX NMPOLECCOB B reTeporex-
HbIX BbICOKOMPOU3BOAUTENMBHBIX Cpefdax; 3JKCcTpe-
MasnbHble nNapannenbHble BbIYUCIEHUS ANA Npo-
GrIeMHO-OPNEHTUPOBAHHbIX NPeaMETHbIX obnacTten;
NMOCTPOEHNE CXEeM MeTaJaHHbIX W OHTOMOrMn Ans
MOBbLILLEHNS KayecTBa WMHTENNEKTyanbHOro mnowmcka
"png pecypcos.
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Abstract: The effectiveness of complex Grid systems strongly depends on the availability, accuracy and relevance of
information on all connected resources, their characteristics and state. An access to this information plays a very im-
portant role in any Grid system, providing necessary information for other Grid components and users. We believe that
application of semantic technologies can improve Grid utilization and enhance user interaction with the system. We
present our vision of the semantic Grid resource information service.

Keywords: Grid, information service, semantics, ontology, OWL.

1. INTRODUCTION

Grid computing proved to be effective and po-
werful instrument for modern data-intensive science
and engineering. One of the distinct characteristics
of grid system is extreme heterogeneity as every
Grid site is unique with respect to their hardware and
software composition.

Effective management and use of such complex
system is entirely dependent on the availability, ac-
curacy and relevance of information on all available
resources, their characteristics and state. An access
to this information should be as clear as possible for
a wide range of users and at the same time suffi-
ciently flexible and adaptive for a wide range of
tasks.

Traditional Grid information services [1-4] tend
to force users to comply with their semantics [S] and
tend to be quite confusing and ineffective [6-7].

In order to address this issue we hypothesized [8]
that semantic technologies, developing under the
concept of the Semantic Web, can be effectively ap-
plied to Grid systems.

2. ARCHITECTURE

To test out and refine our ideas we have built a
prototype of Semantic Information Service (Fig. 1).

We decided to design it as complementary
information service to traditional MDS and BDII.
Thus, an import manager occasionally pulls (1) data
from GIIS or top-BDII server and using definitions
of core TBox ontology assembles knowledge base
filled with resource assertions. Optimized OWL rea-

soner [9] executes all processing and query subrou-
tines. Users build their queries (4) to semantic in-
formation service either using definitions from de-
fault TBox ontology (2) or by means of custom do-
main ontologies that capture some specific know-
ledge relevant to the domain user works in or any of
his arbitrary assertions. This way we allow user to
make queries to Grid infrastructure from his point of
perspective, adjusting to his terminology and aliases
and at the same time bringing in all relevant domain
knowledge. Domain ontology repository (3) is avail-
able as a common platform for collaborative domain
ontology development and refinement.

z,’ e o 80 0 N\\‘\

1 Pull | JRRA @ ’
1 =
data core @ ! é

. T-box :
import | OWL Reasoner i Q’S0
manager, ! 4 ﬁ It
,,,,,,,,,,,, ! 3
| LS
| < i
O o ) [

Server WS-
facade /|| 4 (Ouery,
ThoxId}
5. get Thox —l
_ byId (
3. Manage domain J) }
Chem.  Phy. ontology ’
Domain Ontology Grid user
Repository group

Fig. 1 — Sematic Grid information service architecture
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This component is build using distributed revision
control system with an emphasis on speed and
advanced branching and merging capabilities. For
implementation we consider use Mercurial revision
control systems [10].

Ontology development is carried out by Protégé
editor [11] with a plug-in that will interface it with
Domain ontology repository.

Users perform resource querying by specifying
ontology IDs of their choice that will be retrieved by
information service from domain ontology reposito-
ry, validated and used by OWL reasoner when
processing knowledge base.

This way users can perform queries to Grid
infrastructure using their terminology they are
accustomed to, share it with other users and continue
to build-up more and more concepts to fully describe
grid environment from their perspective.

It would be possible to define a set of programs
and their resource requirements and make search
query such as “find all Grid resources that satisfy the
requirements of the program X”. Or search for
resources necessary to perform some specific tasks
(i.e. “what resources on the Grid capable of solving
my problem X?”).

3. CONCLUSION

Application of semantic technology opens up
many possibilities and prospects for further
improvement of the basic elements of Grid systems,
promoting the emergence of new models of user
interaction with them. We set a goal for
“intellectualization” of key Grid systems to promote
it to a larger audience of users that sometimes have
difficulties adjusting to way Grid is operated. We
also think that semantic technologies will help us
scale our systems more easily and allow us to
integrate  different Grid implementation under
umbrella of interlinked ontologies.

A source code of presented prototype is freely
available for application and improvement [12].
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