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AHHOTaHI/Iﬂ CUCTEMBI C HWHTCHCHUBHBIM HCIHOJB30BAHUEM JAAaHHBIX

CraThs paccMaTpUBaeT BOIPOCH OPraHU3aLUH
HCCIIeIOBAaHUII B HAyKax C HWHTCHCHBHBIM
UCIIOJIb30BaHUEM JIAHHBIX (HUU ).
KoHkpeTHO B Heil wu3y4aercs mpodiema
HOBTOPHOTO HCIIOJb30BaHMUsI MMOTOKOB paboT B

Hay4HBIX HCCIIEIOBaHUSAX. B CTaThe
NPEACTaBICH  IOAXOA K  BCTPaMBaHHIO
MPEAMETHBIX TIOCPETHUKOB B Cpely AJst

COBMECTHBIX ucciaenopanuii B HUMJ. Dtor
MOJXOJ] TO3BOJIAET CO37aBaTh METOJBI H
JITOPUTMBI PELIEHUs] 3aJad HEe3aBUCHUMO OT
KOHKPETHBIX peaIM3aluii PecypcoB (ITaHHBIX U

CEPBHUCOB). 3a cyer obecrneueHus
HE3aBHCHUMOCTHU MOTOKOB pabot oT
KOHKPETHBIX KOHHeKHHﬁ JaHHbIX U CEPBUCOB
CYIIECTBEHHO  YNpOLIAeTCS  BO3MOXKHOCTb

MOBTOPHOT'O UCIIOJBb30BAHHS ITIOTOKOB pa60T.

1 BBenenue

Hayku ¢ HMHTEHCHUBHBIM HCIOJBb30BAaHUEM JAaHHBIX
(HUW[) pasBuBaroTcsi B paMKax HOBOH IapajnurMbl
Hay4yHbIX HUCCIEOBaHMM (Tak Ha3piBaeMoi  4-i
napaaurmsl [14]), coryiacHo KOTOpOl HOBBIE 3HaHUS
00pa3yloTcsi B pe3yJibTaTe aHajm3a pPa3HOOOpa3HBIX

JAHHBIX, HAKOIUICHHBIX B pPE3YJbTAaTe IPOBEICHUS
HU3MEpEHUH, HaOJII0ICHHH, MOZEINPOBAHNUSA,
BbluMciaeHuil. ®dopmynaupoBaHHME HTOH MapaaurMbl

SIBUJIOCH PE3YJBTATOM OCO3HAaHHs BCE BO3pacTaromnieit
POJIH aHHBIX [UTSA Pa3BUTHS HAYKH, HAYYHBIX OTKPBITHI
MIPAKTUYECKH BO BCEX HAy4dHBIX oOmacTsax. JlaHHbIE
CTAHOBATCs KIJIFOYEBbBIM HUCTOYHUKOM TNOJIyuCHUA
snanuit 8 HUM/. Tlpu stom oObeM, pasHooOpasue u
Ka4eCTBO HaAKaAIlJIMBA€MbIX JOaHHBIX 6]:ICTpO pacTeT
oryacTu Onarogapsi OBICTPOMY PAa3BUTHIO TEXHUKH
HaOJIOMCHAM W W3MEPEHHH pPasnYHBIX MPUPOIHBIX
SIBJICHAA W TIPOIIECCOB, BBEICHUIO B TPAKTHKY HOBBIX
METOJIOB M HWHCTPYMEHTOB HaOmogeHus. [losToMy

Tpyasl 15-ii Bcepoccuiickoii Hay4yHOil KOH(pepeHIUH
«JJIeKTPOHHbIE OMOJIMOTEKN: NepCHeKTUBHBIE METOABI U
TEXHOJIOTHH, JIeKTpoHHbIe Kosuleknum» — RCDL-2013,
SIpociaBas, Poccus, 14-17 oktaéps 2013 r.

UMEIOT  CYNIECTBEHHOE IIepeceueHne ¢  OBbICTpO
pa3BuBaeMoii 061acTeio, IMeHyeMoit «Big Datay.

Bmecte ¢ tem, B HUU]/| «ydensle, BMECTO TOTO,
YTOOBl 3aHUMATHCS HCCICAOBAHUSIMHU, 3aTPAuydBaAIOT
OOJBITYI0 YacTh CBOETO BPEMCHHM Ha IOWCK JaHHEBIX,
MaHHITYTUPOBaHWE, OOMeH JaHHBEIMH. I Takoe
MOJIOXKCHHE BCE BpeMsl ycyryomsercs» (HaOJroIeHHE
DoE Office of Science Data Management Challenge B
USA).

Haubonee  3aMeTHBI  clieayrouye
opranusanuu uccineposanuii B HUM/I:

poOIEMBI

1) CosmaBaembie B HHUWJ| Meronmsl aHanusa
JIaHHBIX W QJITOPUTMbl pPEIICHHsS 3a7ady KakK MpPaBUIO
OpUEHTUPOBAaHBl Ha KOHKPETHBIE KOJUJIEKLUMHU AAaHHBIX,
HaxoJsIIrecss B TOJie 3pEHHs] KOHKPETHBIX YYEHBIX B
KOHKpDETHBIi MOMEHT. M3-3a 3TOro  OTCYTCTBYET
BO3MOXHOCTb ~ MOBTOPHOTO  HCIIOJIb30BAHUS  TaKUX
METO/IOB, aJITOPUTMOB U UX pealu3aluil HaJ APYrUMH
JIaHHBIMU, B Apyrux kosumektuax HUN/I.

2) OrcyrcTByeT  NpaKkTHKAa  HAKOIUJIEHUS U
MOBTOPHOI'O UCHOJb30BAaHUS METOAOB aHaM3a JIaHHBIX,
QIrOPUTMOB peUIeHUs 3aJad M HUX peaju3auuil B
HaydHOM cooOmiectee HUMUWJ]. daktudeckd OMBIT
HpOBeﬂeHMﬂ I/ICCJ'IG[[OBaHI/Il‘/‘l, METOAbI pemeHI/m 3aaa4
ananm3a nasaeix B HUM ]I He HakamnBaroTCs.

3) B HUNA OTCYTCTBYET MpaKTHKa
¢dbopmupoBanus MT-0a3upoBaHHBIX, COTVIACOBAHHBIX B
coo01ecTBaX KOHIENTYaJIbHBIX ONpPEIeSIeHUI HayUHBIX
oOmactel (BK/IIOUAIOIIMX HX CTPYKTYpY, IOHATHUS,
crenuduKay METOJIOB, 3ajay, TEXHUK IPOBEACHUS
WU3MEPEHHH U 9KCIICPUMEHTOB, U IIp.).

JlaHHasg cTaThsl MOATOTOBJIEHA B paMKax HpOGKTal,
OpPHEHTHPOBAHHOTO HA  MPEOJOJCHUE  Ha3BaHHBIX
mpobiem.  Jnst  mpeomoneHuss — mpoOseMbl  (2)
npejsiaraeTcss  HMCHOJB30BaTh IMMOTOKM — paboT  Kak

IIpoexr “ObecrmeyeHne MOBTOPHOTO  MCIOJIb30BaHUSA
peanu3anuii METONOB aHaNM3a MH(OPMAIMU U aIrOPUTMOB
pemreHHsi 3amad B HAYYHBIX OOJACTAX C WHTECHCHBHBIM
HCTIONb30BaHUEM  JaHHBIX' B paMKax  [POTPaMMBI
¢ynnamenTanbHEIX nuccnenoBanui Ipesmmuyma PAH Ne 16
«DyHIaMeHTaIbHbIE npoOIIeMBI CHCTEMHOTO
MPOTPaMMUPOBAHHSI»
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YHUBEPCAJIBHOE CPE/ICTBO ONPEACICHUS U peau3aliu
METOJIOB aHAJIN3a JAaHHbIX, AITOPUTMOB PEILCHUS 3a1aq
1 UX KOMIO3UIUi. OMBIT MPOBEICHUS UCCICTOBAHHUN C
WHTEHCHUBHBIM HCIOJIB30BAHUEM JAHHBIX B HAyYHOM
coobmectse HUM /I npeanaraeTcss HaKamInBaTh B BHIC
MMOTOKOB paboT m wx Meraommcanmii. CpencTsa
HaKOTUICHHS cnenuuKamit MTOTOKOB pabot
peann30BaHBl NIPH 3TOM Ha OCHOBE OOOCHOBAHHOTO
BBIOOpa OJHOTO M3 CYHIECTBYIOIIHUX MEXIYHAPOIHBIX
MIPOEKTOB IMOJOOHBIX cucTeM (Takux kKak myExperiment
[4], Wf4Ever [11], VisTrails [10], Trident [9], u ap.).
OI[HI/IM u3 CYIECTBEHHBIX HEIO0CTAaTKOB TaKuX
IIPOCKTOB SBJISICTCS OTCYTCTBHC BO3MO>XHOCTH
UCTIONb30BAaHNA B HHUX KOHLENTYalbHBIX ONpPEIEICHUH
KOJUIEKIMH JaHHBIX, 00padaThIBaeMbIX IIOTOKaMH padoT
(mpobmema  3), u, KaK  CIEICTBHE 3TOrO,
OpPHEHTHPOBAaHHOCTh ITOTOKOB paboT Ha KOHKPETHBIE
KOJUISKIINM JaHHBIX, YTO HPEMATCTBYET BO3MOXKHOCTH
MOBTOPHOTO HCIIOJIBb30BaHUS CHENN(HUKALUN HOTOKOB
paboT M WX peanM3auMi HAA APYTMMH JaHHBIMH B
npyrux uccnenposanusax HUW] (mpobnema 1). B cratbe
MOKa3aHo, KaK IMPeoJI0JIeTh Ha3BaHHbIC HEJOCTATKU 3a
CUCT BBCACHUA KOHUCUTYAJIbHBIX CHCI_II/I(bI/IKaI_[I/Iﬁ B
NPaKTHKy ONpe/eNieHHsT TOTOKOB pabOT M 3ajaHus
OTO6pa)I(eHI/Iﬁ B HHUX KOHKPETHBIX KOJ'IJ'ICKI_II/Iﬁ JaHHBIX
Ha OCHOBE TEXHHKH IIPEIMETHBIX IOCPEIHHKOB. Tem

CaMbIM yaaceTces o0ecreunTh HC3aBUCUMOCTH
HaKalUIMBAC€MbIX  [JIsI  MOBTOPHOTO  UCIIOJIb30BAHUA
cneumbmcaunﬁ IIOTOKOB pa60T OT KOHKPETHBIX

KOJ'IJ'IGKIII/Iﬁ JAaHHBIX, a TaK¥XC MpHu HGO6XOHI/IMOCTI/I
MNPUMCHUTL  HUHTCTpAlUI0  KOHKPETHBIX KOJ'IJ'IGKHI/Iﬁ
JaHHBIX JIISL 06pa3013aH1/1;1 aJICKBATHBIX
KOHIECIITYaJIbHBIX KOHHCKHHﬁ.

2 Cpenpl AJ1s1 my0JMKANMH ¥ TIOBTOPHOIO
HCMO0Jb30BAHNS MOTOKOB PadoT

B nHacrosmiem pasnene maH KpaTKAid 0030p CHUCTEM,
00€eCIIeUnBAIOIINX My OIMKannio 154 MTOBTOPHOE
WCTIOJIb30BaHUE CHEIM(PUKAIINN ITOTOKOB padoT.

Oco00 CcTOUT BBIIEIUTH CPEAY JUIS COBMECTHBIX
nccnepoBannii myExperiment [4], B KOTOpo#i ydeHbIe
MOTYT IIyOJIHMKOBAaTh HOTOKH pabOT [UIs peIIeHNs 3a1ad.
Cpena myExperiment Opu1a BBegena B 2007 roxy u B
HACTOSAIIES BPEMS SIBISICTCS OAHON M3 CaMbIX OOJBIINX
PETIO3UTOPHEB TIOTOKOB paboT (B HEH CoAepKHUTCS
6omee 2000 mOTOKOB paboOT), MCMOIMB3YETCS THICTIYAMH
YYEHBIX B pa3iIMuHbIX oOnactsax Hayku. Cpena
myExperiment no3Bosisier myoJIMKOBaTh HOTOKH paboT B
pa3IMUHBIX CHCTEMax YIPaBJICHUS IOTOKaMu pador.
Jlst psima cucteM yrpaBiieHHsS TOTOKaMU paboT (Takux,
kak Taverna [6], Galaxy [8], Trident [9])
MOAACPKMUBAIOTCA JOIIOJTHUTCIIbHBIC BO3MO>XXHOCTH
TakWe, KaK YNpaBJICHWE METANaHHBIMH, W3BIICUCHHUE
nHdopmannu 00 UCIIOJIb3yEMBIX CepBHUCax,
BU3yaIM3aIHs HOTOKOB PadoOT.

JlpyruM nOpUMEpOM pPEro3uTOpHs IOTOKOB pPadoOT
seisiercst npoekt ER-flow [S5] (mpoext FP7 "Building a
European Research Community through Interoperable
Workflows and Data"), sBistommiicss mpoIobKeHHEM
npoekta SHIWA. Ilpoexkr ER-flow mnpenocrasnser

YYE€HBIM MPOTrpaMMHYIO NOJACPKKY MJIsi CO3JaHMs,
oOMEHa W 3allycKa IIOTOKOB paboT B Pa3IMYHBIX
cucreMax ynpasieHus norokamu pabor (ASKALON,
Galaxy, GWES, Kepler, LONI Pipeline, MOTEUR,
Pegasus, P-GRADE, ProActive, Triana, Taverna, WS-
PGRADE).

CucTeMbl yIpaBJIeHHsS IOTOKaMH padOT B Hayke
HOAJEP)KUBAIOT JIOCTYH K I[IMPOKOMY Habopy yixe
CYIICCTBYIOIIUX 0a3 HaHHBIX W CEPBUCOB aHaJIH3a
JAHHBIX B Pa3JIMYHBIX 00JAcTIX Hayku (B OHOJOTHH,
ACTPOHOMHH,  COLUMAIBHBIX  HAyKax, ©  Jp.),
HCIOJB30BAHUE  KOTOPHIX  IMO3BOJSICT  YIPOCTUTh
MIPOIIECC CO3/JaHusI TOTOKOB paboT.

Pemo3utopuu MOTOKOB pabOT MO3BOJISAIOT YYCHBIM
HAXOJUTh  HMHTCPECYIOUIME WX TOTOKH  PadoT,
BOCIIPOM3BOJIUTh PE3YJbTAThl ATHX IOTOKOB padoT,
MOBTOPHO KCIOJB30BAThH CYNICCTBYIOIINE OTOKH padOT
Ul pemieHus 3aJad B paMKaX Ha3BaHHBIX BbILIE
OrpaHUYEeHUN.

Jns  KOHKpeTH3alMu pPacCMOTpPEeHHs B JIAHHOM
CTaThe IpejarnosaraeTcs MCroibp3oBaTh myExperiment ¢
OpHEHTalell Ha CUCTEMY YIIpaBJIeHHs ITOTOKaMH padoT
Taverna [6]. Taverna — 3T0 cucTeMa yIpaBIICHHUS
MOTOKaMHU paboT, KOTOpasi MOXKeT OBITh MCIIOJIb30BaHA B
pasnuuHbIX obmactsax Hayku. OHa TIpenocTaBisieT
HaOOp CEpBHCOB Ml CO3JaHWUS W BBIIOJHEHHA
pa3HooOpa3HbIX MOTOKOB padot. Taverna Obuta co3mana
B pamMkax npoekra myGrid [7].

3 IIpo0OJieMbl MOBTOPHOIO UCIOJIb30BAHUS
NMOTOKOB pPadoT

Taverna mpemocTaBisieT CpeacTBa I MOWCKa (IO
TeraM) TIOTOKOB paboT B cpeme myExperiment.
Haiinennsle moTokn paboT MOXHO 3aIycKaTh Kak C
WCXOAHBIMH  3HAYEHUSIMM  BXOJHBIX  IAapaMeTpOB,
NPE/IOCTaBICHHBIMU  pa3paboTYnkamMH, Tak M  C
NPOM3BOJBHBIMUA  3HAYCHMUSIMH.  JTO  TO3BOJISET
BOCIIPOM3BECTH PE3YJbTAaThl HCCIEIOBAHUS JPYTUX
YYEHBIX C  [EeJNbI0  BO3MOXKHOTO  IIOBTOPHOTO
UCIIOJIB30BaHUs pa3pabOTaHHBIX MOTOKOB paboT. Tem
HE MEHEe 3a4acTyi0 IOBTOPHOE HCIOJIb30BAHUE MOXKET
0Ka3aThCs HEBO3MOXKHBIM.

Crenudukanus motoka pabor B Taverna 3amgaercs B
BUJie HarpasieHHoro rpada. [Totoku pador B Taverna
peanu3yroT Mozesb OoTOKOB NaHHbIX (data flow model).
Takum 00pa3oM,.MOTOK pabOT COCTOMT W3 CEPBHUCOB,
MIPEACTABISIIONNX CO00H MPOrpaMMHBIE KOMITOHEHTBHI
(Takme Kak BeO-CEpBHCHI), W HAIPABICHHBIX CBs3CH
MEXIYy HUMH, BEIPAKAIOMIMX 3aBUCHMOCTH MO JIaHHBIM.
Taverna moanepxuBaeT  INUPOKHH  HAbOp  Kak
JOKAJIBHBIX, TaK U yIAJICHHBIX CEPBHUCOB B PA3IMYHBIX
obnactsx Hayku. B wactHoctn, Taverna obecneunBaet
noctyn k npousBoibHEIM WSDL n REST cepBucam; k
KOHKPETHBIM BeO cepBHcaM, TakuM kak BioMoby [15],
BioMart [12] u SoapLab [16]; x nokansHEIM Java
cepBucam (BeanShell ckpunrtel); k 0azaM JaHHBIX
IIOCPEICTBOM JDBC. Taverna MOJJIEP/KUBAET
WCIIONIb30BaHNE BIIOXKEHHBIX IIOTOKOB paboT. JIT0
MO3BOJISIET BCTPAMBATh YXKE€ CYHIECTBYIOIIME ITOTOKH



paboT (BO3MOXHO pa3pabdOTaHHbIC IPYTUMH YUCHBIMH)
IIPU CO3/IaHUH HOBBIX IIOTOKOB Pa0oT.

OpHOM M3  TJHaBHBIX  IpoOJNeM  MOBTOPHOTO
UCIIONb30BaHUA NOTOKOB pabor B Taverna sBisercs
3aBUCHMOCTh  CHEUU(HKALMA IOTOKOB padoT oOT
KOHKPETHBIX KOJUIEKLUH NaHHBIX W/WIK CepBUCOB. B
Taverna Kazplii cepBUC HACTpaMBAETCS Ha JOCTYI K
KOHKPETHBIM CepBHCaM M 0a3aM JaHHBIX. OJTO He
MO3BOJIICT TOBTOPHO HCIIOJIB30BaTh TaKHE MOTOKH
pabot, ecmu HeEOOXOAMMO, Hampumep, oOpadaTHIBaTh
Ipyrue KOJUICKIMH NaHHbIX. Takke, ecinm Kakou-1mudo
U3 CepBHCOB WM 0a3a JAaHHBIX B HACTOSIIMA MOMEHT
HEJOCTYIHBL, TO BECh MOTOK pPa0OT HE CMOXET OBITh
BBITIOJIHCH.

JlaHHAs cTaThs HalleJIeHa PEKE BCETO HA pelIeHne
npoOIeMbl MOBTOPHOTO MCHOJIB30BaHUS IOTOKOB PadoT
B Taverna Hag 6a3aMu naHHBIX. Taverna moiepXuBacT
psio crocoOoB JocTyna K 0a3aM NaHHBIX M3 IMOTOKa
pabort:

1. Cospmanue BeO cepBHca, pean3yIOLIEro J0CTYII
Kk 6aze maHHBIX. JlocTym K 3TOMY BeO cepBHCY U3 ITOTOKA
paboT ocymecTBisieTcs Mo mpotokory SOAP;

2. Tlonmnas peamuzauusi uHTEpdelica paciIupeHus
(extension point) Taverna, BKIOYAIOIIETO IOIIAEPKKY
s3bIKa 3almpocoB K 0a3e HaHHBIX U rpaduyeckuit
uHTepdeiic ANd  KOHCTPYHPOBAaHHS — 3allPOCOB U
MIPEOCTABICHUS MTOJTL30BATEIIO MeTalaHHBIX
MOJIKITF0YaeMoi 0a3bl maHHbIX. B Taverna 3ToT moxxox
peanmzoBaH s cepBuca BioMart [12] u B marune
AstroTaverna [13];

3. Hcnonp3oBaHME CYIIECTBYIOUIMX CEPBUCOB
BioMart s moctyma K HOAKII0YaeMOl 0a3e TaHHBIX;

4. HWcnonw3oBanue JDBC cepBuca st qoctyna K
0a3aM JaHHBIX.

B03M0XHOCTh MOJKIIOUEHHUS] HOBOTO pecypca depes
BioMart 3aciyHBaeT OTHENBHOTO PacCMOTPEHUSI.
BioMart (a Tounee BioMart moprtan) mpeaCTaBIsIET
co0oif cucTeMy yIpaBICHUSL JaHHBIMH,
OpMEHTHPOBAaHHYIO Ha BBIIIOJHEHHE Pa3HOOOPa3HBIX
3aIpocoB HaJ OMOIIOTHYECKMMHU JaHHBIMH. B moprane
CHCTEMBI MOXXHO HAaWTH HYXHBIE pECypchl IO
MeTaJlaHHbIM, a TaK)Ke 3a/1aTh K HUM 3aIpoC U MOITyIUTh
pe3ynbrar. Taroke 3ampockl MOTYT OBITH 3aJaHbl HaJ
HECKOJILKUMHM ~ KOHKPETHBIMH  0a3zaMHM  JIaHHBIX,
3aperucTpUPOBaHHBIMU B mopraie. Jlanusie u3 BioMart
MOTYT OBITH IOJYY€HBI MOCPEJICTBOM BeO CTpaHMIIbI,
rpadu4ecKoro WM KOHCOJIBHOTO HHCTPYMEHTApUsl, HIIH
W3 TpOorpamMM  IOCPEJICTBOM  BEO-CEpBHCOB  JIMOO
HanpsaMmyro depes perl mwmm java ATIN.

C npyroit croponsi, BioMart (a Tounee BioMart
cepBuC) NPEACTaBISIET coboii ajanrep,
YHAGUUMPYIOIMH UHTep(eiic pa3IniHbIX 0a3 JaHHBIX,
takux kak MS SQL Server, PostgreSQL, MySQL, DB2,
Oracle. ITo cyrn, mobas (W3 ToQIepKUBacMbIX) Oa3za
JTAHHBIX MOXeT OBITh oopmileHa kak BioMart cepBruc,
MocJe Yero IIONYyYCHHBIH CEepBUC TOAKIIOYACTCS K
moptaimy. C TOYKM 3peHHSI CXEMBI pecypca, IpH
co3mannn BioMart cepBruca BO3MOXXHO OIpEICIICHUC
B3r70B (SQL views) Hal MCXOTHOW CXEMOW I ee
MonubuKamy (yIaIuTh aTpUOyTHI, yOpaTh KakHe-TO

TaOMUIBI, M00aBUTh KIIOYM, W 1p.). Takke, g
MTOBBIIICHUS TPOU3BOJAUTEIFHOCTH B3TIISABI  MOXKHO
MaTepuanu3oBaTh. BioMart aBTomMaTHueckn O0OHOBJISET
MaTepHAIN30BAHHBIC B3MJISABI B CIy4ae H3MEHCHHS
HCXOIHBIX JaHHBIX B pecypce. Kpome TOro, MOKHO
YCTaHaBIMBAaTh CBS3M MEXAY pazIHYHBIMH 0azaMu
JAaHHBIX (IO KJIF0YaM), 00pas3ys ux (emeparuro.

C KoHIENTyalbHOH TOYKHM 3peHusi cxeMbl BioMart
CEpPBHUCOB OMNPEACIAIOTCS Ha OCHOBE CXEM DPECYPCOB.
DTOo moaxoJ HW3BECTeH B nuTeparype kak GAV [2] u
o0JyiaiaeT psAOM HEOOCTATKOB, OCHOBHBIM U3 KOTOPBIX
ABIIsIeTCA ciabasi MacmTabUpyeMocCThb, T.K. J00aBIeHNE
(ymanenme) OIHOTO W3 pECypcoB BIEUeT 3a co0oit
u3MeHeHne (enepaTUBHONW cxeMbl. MHCTpymeHTapuii
Taverna npenocraBnsier noctyn He k BioMart noprainy,
a X oraenbHeIM BioMart cepBucam. UtoObl 1006aBUTH
HOBYIO OIEpalli0 B IIOTOK padoT, BhIOMpaeTcs
KOHKpeTHbII BioMart cepBuc, ¢ KOHKPETHOW CXEMOH, U
(dbopMynupyeTcss KOHKPETHBIH 3ampoc, 4YTO TaKKe
3aTpyIHSET MOBTOPHOE HCIIOJIB30BAaHHE IOTOKA 3TOTO
pabor.

OCHOBHOE OTJMYUE MpeJIaraeMoro B HACTOSIICH
paboTe MOIXOAa  3aKJIIOYaeTCs B MOAJCPIKKE
KOHIICTITYaIbHOW CXEMBI TMPEAMETHONH 00JacTu yis
crnemuduKany  MOTOKOB  pabOT M BBEICHUH
MPOMEKYTOYHOTO CJIOS TIPSIMETHBIX TTOCPEAHUKOB,
00eCTIeYnBaIEero 0TOOpaKeHNEe CXeM IMPOU3BOIBHBIX
KOHKPETHBIX pecypcoB (0a3 MaHHBIX W CEpPBUCOB) B
KOHIICTITyaJlbHYI0 ~ CXEMY, HWHTETPAllMI0  PECypCOB.
Brnaromapst stomy crnenmdukanus MOTOKOB padOT HE
TpeOyeT W3MCHEHHS NpH H3MEHCHHH pPECypCcOB, YTO
SBIIIETCS HEOOXOAWMBIM  YCJIOBHEM oOecredeHus
MOBTOPHOT'O MCIOJIb30BaHUs TOTOKOB PaboT.

4 UndpacTpyKTypa npeaMeTHbIX
NOCPETHUKOB KAK CPEJACTBO pelleHHs
npo0.JieM MOBTOPHOI0 UCIOJIb30BAHUS

4.1 Konnenuuu nHQPacTPYKTYp NpeIMeTHBIX
TOCPETHUKOB

OcHOBHOM njeeil HHPPACTPYKTYpPhI pemieHUs 3a1ad
HaJl HEOAHOPOJHBIMH WH()OPMAIMOHHBIM pecypcamu
SIBIISICTCS. BBEJICHHE MPOMEKYTOYHOI'O CJIOS MEKIY

pecypcamu u HOTPEOUTEISIMU nHpopmanny,
0o0pa3yeMoro MpeaIMETHBIMH  TOocpeaHukamu  [1].
Kaxnpiii mpenMeTHBIM TMOCPEOHHUK — MOIAEPKUBAET

cneumbm(aumo HpeZ(MeTHOﬁ obnactu AJId peIICHUA
HCKOTOPOT'O KJj1acca 3a/1a4.

ITocpenHuku peanusyroT NOAXOM K PELICHUIO 3a/aY,
OpPHEHTHPOBaHHBIN Ha TpobieMy. B pamkax momxona,
OPHEHTHPOBAHHOTO Ha npobiiemy (momxona,
«IBMIKHMMOTO MIPUIIOKEHUEM), bopmynupyeTcs
KOHILENTYyalbHas cenupuKanus 3a1a4uy, BKIIOYaromas
6a30BbIC CYIIHOCTH W TOHSITHS NPEIMETHOH 0o0macTy,

¢yHKIMM, mpomecckl W mp. Takoe ompeneneHue
peAMETHON obmactu, MPE/CTABISIET coboit
cremu(UKani0  IPEAMETHOTO  IOCPEIHHWKA IS

pemenns knacca 3agad. CyoiHOCTM W MOHATUSA
IpeAMETHONH 00JacTH, ONpENeNICHHBIE TaKUM 00pa3oM,
HE 3aBUCAT OT CYLIECTBYIOIINUX HH()OPMAIOHHBIX



pecypcoB. B TepMmmHaXx mpeaMeTHOW — oOiacTh
(OpMYyIMPYIOTCS NMPOTPaMMBbl ISl PEIICHHs 3aJadl Ha
S3bIKE  MPaBWJI  TIOCPEJHMKA M Ha  SI3BIKAax
nporpaMMupoBanus. JJig pemenns KOHKPETHOU 3aauu
BBIABILIIOTCSL HHPACTPYKTYPBI, COJEPIKAIINE PECYPCHI,
HEOOXONWMBIE U €€ pelieHds (HampuMep, TPHIH,
o0xauHble MHQPACTPYKTYPHI, PEMO3UTOPUHN NAHHBIX, U
Ip.). Hauee, HACHTUPHUIHPYIOTCS pecypcsl,
pelieBaHTHBIE 3ajave, UCIOJb3ysl PEeecTpbl JOCTYIHBIX
nndpactpykryp. PeneBaHTHble  3amaue  pecypchl
PETUCTPUPYIOTCSA B TNPEAMETHBIX  I[OCPEIHMKAX,
3aJal0lIMX ~ OTOOpaKeHHWE  CXeM  pecypcoB B
KOHLENTYaJbHYIO CieH(UKaIHIO.

Takum oOpa3om, nmpu U3MEHEHUH Habopa pecypcoB,
cneuuduKanys aqropuTMa pelieHus 3a/ladud OCTaeTCs
HEM3MEHHOM, ¥ MOXET OBbITh MOBTOPHO HCIIOJb30BaHA
Ha JIpyroM Habope KOJIEKIUN JaHHBIX.

4.2 O6ecneyeHHIO He3ABUCUMOCTH NMOTOKOB padoT oT
AAHHBIX HA OCHOBE MPeAMETHBIX NOCPEeIHNKOB

Kak GpUTO OTMEYEHO BHIIIE, BCE CEPBUCHI B MOTOKAX
pabor Taverna ompenesneHbl B TEPMHUHAX KOHKPETHBIX
CepBHCOB M 0a3 MaHHBIX, YTO HE IIO3BOJIAET 3a/aBaTh
cnenu@UKad  TOTOKOB  PabOT HE3aBHCHMO  OT
KOHKPETHBIX PECYPCOB.

I[lo cytn, TOCPEmTHUKH TPEACTABIAIOT COOOM
BHpTyallbHBIE 0a3bl MaHHBIX, W B TIOTOKax padoT
Taverna uX MOXXHO TTOAKITIOYATH AHAJIOTUYHO OOBIIHBIM
0azamM naHHBIX. Bo3MOXHBI 2 crioco6a TOIKITIOYEHUS
nmocpeqHUKOB K Taverna: mocpeacTBoM BeO cepBuca U
TIOCPEICTBOM pa3zpaboTaHHOTO ITaruHa
(cootBeTcTBytomue 1-My w®  2-My  cmoco0awm,
paccmoTpeHHBIM B pasnene 3). IIpu mepBoMm crocobe

HaJl  TOCPEJHMKOM  co3faeTca  BeO  cepBHC,
peammsyrommii  uHTEepdelic nocpemHuka. Joctym K
MOCPETHUKY u3 IIOTOKOB pabor Taverna

OCYIIECTBIISICTCS TTOCPEICTBOM 3TOr0 BeO cepBHCa 110
npotokory SOAP. BropeiM cnocoOoM IMOIKIFOUCHUS
NIPEAMETHBIX MOCPEJHUKOB K Taverna MOKeT SBISATHCA
pa3paboTka CHELMabHOIO IUIarMHA HOJA CPENCTBO
pa3paboTkn moTOoKOB pabor Taverna Workbench.
Taverna mpemocTaBiIsieT BO3MOXKHOCTH  CO3/IaHUS
MOJOOHBIX  TUIATMHOB,  TOCPEICTBOM  HHTep(eiica
pacmupenus (extension point), mus moOaBiIeHUS U
pacupenus ¢yHkimonansHocTH Taverna Workbench.
OTOT IJIarMH CMOXET NPEJOCTaBIATh TpaduuecKuii
uHTepdeiic Uil MOMOIIM B KOHCTPYHPOBAHHUH 3aIIPOCOB
K TpeJMETHBIM IOCPEJIHUKaM | uHTepdeic s
A0CTyNa K MCTaJaHHBIM NPEAMETHOTI'O MOCPEAHUKA.

Bce noctynubie B Taverna pecypcsl, HCIIOIb3yeMbIe
B KadecTBe Y3JOB B IOTOKax pabOT, MOTyT OBITH
UCIIOJIb30BaHbl TAaK)Ke IMOCPEACTBOM IOCPEIHUKOB. B
YaCTHOCTH, NPEJAMETHBIC MOCPEIHUKH MOJIEPIKUBAIOT
ucnonbp3oBanne WSDL cepBucoB B BuUIE (QYHKIHH.
Konkpernsle BeO-cepBuchl (Hanpumep, BioMoby,
BioMart u SoapLab) Taxke MOTYT OBITh HCIIOJIB30BAHEI
nu3 nocpeanuka. BeanShell ckpuntel Moryr ObITH
odpopmieHsl B BHAe IporpamMm Ha Java Hax
MIPEAMETHBIM TIOCPETHUKOM, JHOO B BHIE (YHKIUH
MIPEAMETHOTO MIOCPEIHUKA. bazpr JAHHBIX

IIOJKIHOYA0TCA K
aaanTepoB.

MOCPEAHUKY noCpeaACTBOM

KoH1enTyanpHple KOJUICKIMU ¢ TEXHHYECKON TOUKH
3peHHs] MOTYT OBITh HCIOJB30BaHBI TOYHO TAKKE KaK
oOblyHBle 0a3bl fgaHHBIX B Taverna. C momomnipro
MIPEAMETHBIX TOCPEIHUKOB B BHJE KOHLENTYaJIbHBIX
KOJUIEKIIM MOTyT OBITh O(opMIIeHBI JF0OBIe 0a3bl
JaHHBIX.  [7aBHOe  oTIMYMEe  KOHLENTYaJbHBIX
KOJUICKLMH OT OOBIYHBIX 3aKJIIOYaeTCS B TOM, YTO MX
cXeMa OCTaeTcsi HEM3MEHHOH He3aBUCHMO OT Habopa
(aKTHYECKH HCIIONB3YyeMBIX pecypcoB. B pesynbrarte,
3aIpochl K KOHIENTYaJbHOH  KOJUICKIWH, |
CIIEJOBATENILHO, NIOTOK PAabOT OCTAIOTCS HEN3MEHHBIMU
IIpY M3MEHEHUH Habopa KOHKPETHBIX pecypcoB. Takum
00pa3zoM MOXeT OBbITh HOJTydeHa creluduKays MoToka
pabor, ompexnensemMas B TEPMHUHAX IMPEIMETHON
00J1acTH MPEMETHOTO MOCPEAHUKA U HE 3aBHCSILIAs OT
KOHKPETHBIX PECYPCOB. DTO penIaeT OHy U3 OCHOBHBIX
npo06JieM MOBTOPHOTO UCIIOIb30BaHMS IIOTOKOB padoT.

5 Ilpumep npuMeHeHHs MOAX0/AA K
o0ecre4eHUI0 He3aBUCUMOCTH
cienpuUKANUN IOTOKOB padoOT HA OCHOBE
3aJ1a4M onpeieleHUH BTOPUYHBIX
CTaH/IapTOB

B sTtoM paszmene Mbl paccMOTpuUM TpeiJiaraeMblit
HAMH TIOIXOJ Ha 3agade OIpPENIeNCeHUS BTOPHYHBIX

CTaHAapTOB i (oTOMETpUYEeCKOH  KaaHOpPOBKH
ONTHYECKUX KOMIIOHEHTOB KOCMHYECKHX TaMMa-
BCILIECKOB [3], MOCTaBJIEHHOM WucturyTom
Kocmuueckux UccnenoBanuit PAH. 3amaya

3aK/IH0YACTCA B TOM, YTO II0 KOOpJAUHATAM IUIOLIAJKH,
TpeOyeTcsi HaiTH B HeW 3BE3/bl, YHOBJICTBOPSIOIIUC
psny ycinoBuif (HE Te€peMEHHbIe, TOYEYHbIE, C
XOPOIIMMHU H3YyYeHHBIMH HapameTpsl). Takue 3Be3abl
Ha3bIBAETCSl  «CTaHAapTaMM» M MOTYT  OBITH
WCTIONIb30BaHbI JJIs1 KAJIMOPOBKM HOBBIX HOCTYIAIOIINX
JIAHHBIX.

5.1 Onucanue cxeMbl NOCPeHUKA JJIS 3a1a4H
omnpejaeleHusi BTOPUYHBIX CTAHAAPTOB

Ha Puc. 1 mnpexacraBieHa cxema IOCPEAHHKa,
paspaboranHas JuUId peuieHuss 9Tod 3amaun. OHa
BKJIFOYAET B ce0sl ONMMCaHue KOHIENTOB, HEOOXOANMBIX
JUISL pELIeHUWs] 3aJayd, TaKMX KakK: OSKBaTOpUAJIbHbBIC
koopauHatel (COOrdEQJ); dboromerpuyeckyo cuctemy
(PhotometricSystem);  goToMeTpHdecKyl0  IMOJOCY
(Passband); maruutyy B HEKOTOpPO#i (HOTOMETPHUECKOA
cucreme (Magnitude); aOCTpaKTHBIA aCTPOHOMHYECKHIHA
o0bekT (Astronomical Object); 3Be3ay (Star); crangapt

(Standard); wusobOpaxenue (Image). Takxe cxema
MOCPEHUKA COAEPKUT (PYHKIIMH, HEOOXOMUMBIE ISt
pelieHusl  3ajaud, ~ BKJIOYas:  METOoJ  Kpocc-

unentudukanuu (matchObjects); MeTox BBIYHCIICHHS
BetoBoro nHnekca (colorlndex); Mmeron npoBepku TUma
00BEKTa 1O HEKOTOPOMY JSTAJOHHOMY KaTaJoTy
(xaranoram) (checkType); MeTol NMPOBEPKH, SBISETCS
JM 3Be3/la epeMEHHOW Ha OCHOBE JAHHBIX W3 MHOTHX
apyrux pecypcos (isVariable).
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Puc. 1 Cxema MOCPEIHUKA IJIA 3aJa4YM ONPeaeICHUA BTOPHYHBIX CTAHAAPTOB

[IpencraBnenHas cxeMa He 3aBHCUT OT KOHKPETHBIX
PECypcoB, HCIIONB3YEMBIX Ul pelIeHHs 3aJadu.
Karanoru SDSS, USNOB-1, 2MASS, GSC, UCAC -
OCHOBHBIE PECYPCHI, HCIOJb3yeMble s HW3BJICUCHHS
cTaHmaproB. VIMEHHO cpexum  3THX  KaTajoros
OoTOMpalOTCSI  BCE  3BE3Ibl,  YAOBICTBOPSIOIINE
napameTrpam. Katamorm VSX, ASAS, GCVS, NSVS
UCTIONB3YIOTCSL ISl MPOBEPKH (haKTa IEePEeMEHHOCTH
BBIOpAaHHBIX cTaHIApToB. CIIMCOK PECypcOB MOXKET CO
BpPEMEHEM MEHSTHCS, HO IIPU 3TOM CXeMa HOCPEIHUKA
OCTaHEeTCS HEW3MECHHOM W METOIbl pelIeHHs 3aiad
OIpeIeNICHUs] BTOPUYHBIX CTaHIAPTOB TAK)KEe OCTAHYTCS
HEU3MEHHBIMHL.

5.2 HporpaMMa pelicHus 3a1aY4 ONpPeacJaCHUA
BTOPHYHBIX CTAHAAPTOB

CTaHAapTOB ObLa
BHIE HPOTPaMMBI
OpaBWiI)  HAag  CXEMOH,

[MapamMeTpoM POrpaMMEI

3amaya Onpe/IeeHUs
chopmynrpoBaHa B
(moce0BaTebHOCTH
PAcCMOTPEHHOW  BBIIIIE.

SBJISIETCS TUTOLIA KA Ha HebecHo#l cdepe, B KOTOPOi
POU30IIEIT raMma-BCIIECK. [Tnomanka
XapaKTePU3yeTCs IIEHTPOM C KOOpIMHATAMH queryRA,
queryDE u pagmycom radius. IIporpamma mocpenHuka
COCTOHMT M3 BOCHMH IMOCJICIOBATEIbHBIX TPABHUIL

IlpaBuno 1 — B mnepBoM mnpaBuje cpeau Bcex
aCTPOHOMHYECKNX OOBEKTOB BBIOMpAIOTCS TE€, HTO
NonajgaroT B YKa3aHHYIO IuTomanky. IIpm sTom Hac
MHTEPECYIOT TOJBKO KOOpAWHATH (ra, de), 3Be3aHBIC
BEIMYMHBI B Pa3IMYHBIX IojJocax (magnitudes), Tum
obwekta  (objectType), coOCTBEHHOE  JBIIKECHHE
(properMotion) m xauecTBo HaHHBIX (quality). Oto
NpaBWIO HA S3BIKE TPaBWI IOCPETHHUKOB  (SI3BIK
CUHTE3 [17]) BBITISAMT ClieTYIOIIHM 00pa3oM:

r(x/[ra, de, name, magnitudes, objectType,
properMotion, quality])

:- astronomicalObject(x1/[ra: spatialCoord.ra, de:
spatialCoord.de, name, objectType, properMotion,
quality, magnitudes])

& ra < queryRA + radius & ra > queryRA - radius



& de < queryDE + radius & de > queryDE - radius

[IpaBuiao MpoOAYIUPYET KOJUICKIHUIO I, COCTOSIIYIO
13 acTPOHOMHYECKHMX 0OBEKTOB (astronomicalObject),
coJiepIKaIux HEOOXOIUMBIE aTpuOyTHI )54
YIOBICTBOPSIIOIIMX OTPAHUYEHHUSM Ha KOOPJAUHATHI,
YKa3aHHbBIC B TeJE MPaBUIIa.

[MpaBuno 2 — Bo BTOpoM mpaBwiie OTCEHBAIOTCA
HEHM30JIMPOBaHHBIE 00BEKTHI. V301MpOBaHHbBIE OOBEKTHI
— 3TO 00BEKTHI, B HEKOTOPOH OKPECTHOCTH KOTOPBIX Ha
HeOecHOH cdepe He HabmomaeTes IPyrux 00HEKTOB:

getlsolated(rl, r2);

IIpaBuno 3 — B TperebeM mpaBuie cpenu paHee
BBIODAaHHBIX OOBCKTOB OTCEHBAKOTCA TaJaKTHKH, U
BBIOMPAIOTCS 3BE31bI C OYECHb MAJIBIM COOCTBEHHBIM
IBWKCHHEM M KA4eCTBCHHBIMH (POTOMETPUUECKUMU
JIaHHBIMH:

r3(x/[ra, de, name, magnitudes])
:- r2(x1/[ra, de, name, objectType, properMotion,
quality, magnitudes])
& checkType(ra, de, 'Galaxy', nType) & nType = false
& objectType = Star
& properMotion < 0.01
& quality <0.01

[IpaBwiio 4 - B deTBepTOM TpaBHUIIE HCIIOJIB3YIOTCS
O0OBEeKTHI, TONy4YeHHBIE B TepBoM mpaBmie. Cpemn
00BEKTOB JTOro Kiacca BLI6I/IpaIOTCH TOJIBKO TC, IJIs
KOTOPbIX BEPHO, YTO OHU MECPEMCHHBIC. HepeMeHHOCTL
oIpeesaeTcs ¢ MOMOIIIBIO ¢dyHKIMH
isVariableByMagnitude.

r4(x/[ra, de, name])

:- r1(x1/[ra, de, name, magnitudes])

& isVariablebyMagnitudes(ra, de, isVar) & isVar = true
IMpasuno 5 - B mnarom mnpaBmiie BbIOUpAIOTCA

HepeMEeHHbIE 3BE3/bl U3 KaTaJoroB INEPEeMEHHBIX 3BE3[;
GCVS, VSX, NSVS, ASAS.

r4(x/[ra, de, name])
:- variableStar(x1/[ra: spatialCoord.ra, de:
spatialCoord.de, name])

IMpaBuno 6 - B miecrom mnpaBuie, MPOM3BOAUTCS
KpOCC-I/II[eHTI/I(l)I/IKaIII/IH 00BEKTOB us3 KJacca
KaH/IW/IaTOB B CTaHAapThl (pe3yibraT mnpaBuwina 3), U
Kjlacca TMEpPCMCHHBLIX 3BE3J][, MOCPCIACTBOM BbI30Ba
¢bynkmur Xmatch.

xmatch(r3, r4, r5);

Ilpapuno 7 - B ceapMoMm mpaBwie U3 Kiacca
KaHJUJIATOB B CTaHAAPTHI, MOJYYSHHOIO MOCie Kpocc-
UIeHTH(UKALNH, BBIOCUPAIOTCS TOJIBKO T€ 0OBEKTHI, AJIs
KOTOPBIX HE HAUUIOCh OJHM3KO PAaCMOJI0KEHHOTO
nepemenHoro oowekra (distance > 0.01). Ha mpakruke,
3TO O3HaYaeT 4YTO0 KaHIUOaT B CTaHZApThl — He
TIepEMEHHBII 00BEKT.

ré(x/[ra, de, name magnitudes])
:- r5(x1/[ra, de, name, magnitudes, distance])
& distance > 0.01

IIpaBuiao 8 — B mpenpiayineM MpaBuiie MOCTPOCHA
KOJUIeKIHs 6, coliepikarnas CTaHIapTHBIE 3Be3dbl. B
3aKJIFOYUTENIEHOM IIpaBUIIE CTAHAAPTHI MAPKUPYIOTCS Ha
I/I306pa)KCHI/IC IIomaaxKu raMMa-BCIIIIECKA, n
TIPEAOCTABIIAIOTCS ITOJIB30BATEIIIO IJISI YTBEPIKIACHUS.

r7(im/Image)

:- r6(x/ra, de, name, magnitudes])
& showsStadards(ra, de, radius, magnitudes, im)

5.3 Onucanue Bed cepBuca 1Jis1 A0cTyNna K
MOCPEAHUKY AJIsl 32/1a4M ONpe/ie/ieHUs] BTOPUYHBIX
CTaHAAPTOB

Jnst mocTymna K IpeIMETHOMY MOCPEAHUKY PEIICHHS
3aJayy OIpeeseHuUsl CTaHAapTOB OBl pa3spaboran Bebd
cepBHC. DTOT BeO CepBHC BKIIOYACT B ce0s CIIEoyIOIue
METO/Ibl, peau3yoIie ONUCAHHbIE BhIIIE IpaBUIa!

executeQuery — BBITIOJHSAET TPABUIIO MOCPEIHUKA
[17]. DOtum npaBwaoM JOCTalOTCS KaHAWIATHI B
CTaHIapTel. B KadecTBe TpaBWia HCIIOJIB3YETCsS
KOMOWHAIMs M3 OMMCAHHBIX BhIIIE TIpaBui 1-3 (pasaen
5.2). Jlaunbie BosBpamatotcs B popmare SynthClass?.

getVariableStarsFromCatalogues - mnomnydaer wu3
IMOCPETHNKA KOJIJICKIIUIO TICPEMEHHBIX 3BEC3 ] B
SaHaHHOﬁ 00JaCTH M3 KaTaJloroB TICPEMEHHBIX 3BE3]]
(mpaBuyo  5). JlaHHBIE BO3BpamamTcsI B (opmare
SynthClass.

getVariableStarsByMagnitudes - momygaer wu3
NOCPeHAKA  KOJUIGKIMIO IIePEeMEHHBIX 3Be31 B
3agaHHOW 00JACTH, ONpeneNss INepeMeHHas JIM OHa IO
MarauTygam (npaswio 1 u 4). JlaHHbIe BO3BpAIIaloTCcs B
dopmare SynthClass.

removeVariableStars - momyyaer  KOJUICKIHIO
CTAaHJApPTOB, W KOJUICKIMIO MEpPEeMEHHBIX (aHajor
mpaBua 6 W 7 peanm30BaHHBIX OJHOHM (yHKIHEH). M3
MIEPBOH YAANSAIOTCS T€ OOBEKTHI, KOTOPHIE COAEPKATCS
BO BTOpOIL.

removeStarsWithAnomalyMagnitudes - orceuBaeT
AHOMAaJIbHBIC 3BC31bI U3 BXO,I[HOP'I KOJIJICKIINH 00BEKTOB.
i) Z[OHOHHHTeHLHBIﬁ METOA, HE OIMMCAHHEBIA BEINIIE B
npaBujiax. Brein Z[O6aBJ'I€H 0 HAaCTOAHHUIKO aCTPOHOMOB
JUIA obOecrnieuenus 0OJbIIEH TOYHOCTH pe3yibTarta.

getAladinCandidates — mo momy4eHHON KOJUICKIIHH
00BEKTOB BO3BpaIlaeT M300paXkeHne (aHAJIOTH MPaBHIIA
8), KoTOpOe MOXKET OBITh OTKPBITO CIICH[HAIMCTOM M3
mporpammbl  Aladin - [19], momymsipHo#t  cpenu
ACTPOHOMOB.

2 dopmat npegcraBnfeT cobon pacwmpeHune
CTaHAapTHOro ANs BUPTyanbHOW obcepBaTopum
npeacTtasneHua Tabauy VOTable [18]. PacwunpeHus
obecneynBatoT BO3MOMXKHOCTb NPeACTaB/ieHuUA
KONINEKLMNIM OOBbEKTOB C/IOXKHOM CTPYKTYpPbl.



Puc. 2 ITorok padoT pemienus 3a1a4u BTOPUYHLIX CTaHAapTOB B cpeae Taverna

5.4 Onucanue NOTOoKa padoT pelIeHNs 3a1a41
onpesesieHUs] BTOPUYHBIX CTAHIAPTOB B cpefe
Taverna

Ha Puc. 2 mpencraBmeH mOTOK paboT pemieHHs
3aJa4d BTOPHYHBIX CTaHIApTOB B cpexe Taverna.
BxomHBIME napaMeTpamMH €ro SIBISIOTCS KOODIMHATHI
IUIOIAKU Ha HeOecHOH cdepe, B KOTOPOH mpousomien
raMMa-BCIUIECK.

ITotok paboT mpeacrasisier co0ol HaOOP BHI3OBOB
MeToZioB Beb cepBuca, OMMCAaHHOIrO BhImie. Takke B
MOTOKE  PaboT  MPHUCYTCTBYIOT  BCIOMOTaTelIbHbIC

GbyHKIMH 1peoOpa3oBaHMS BXOAHBIX M BBIXOAHBIX
napametpoB MeTo1oB B popmat XML.

Pe3ynbTaToM BBIIIOJHEHHS ATOTO TIOTOKa pPadoT
seisieTcst m3obpakenne Aladin [19] ¢ HamoxeHHBIM Ha
HEro cIuckoM crtanmapToB. Ha Puc. 3 mokazan mpumep
pe3ysbTara, MOJy4aeMOro CIEHHAIUCTOM. Pe3ynbraTt
BKIIIOYAET B ceOs M300pa)keHne, a Tak’Ke OTMEUEHHBIE
Ha M300pa)KeHUU OOBEKTHI — KaHAWAATHl B CTaHAAPTHI,
YIOBJICTBOPSIOIINE BCEM TPEOOBAHUSIM.

5 3akiawuenue

IIpennaraemslit TMOIXO0JT o BCTpauBaHUIO
MIPEAMETHBIX TIOCPETHUKOB B Cpely OpraHH3aluH
uccinenoanuii B HHWMJI mno3Bonsier  ynpocTUTH
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Puc. 3 U300paxkenne HAHAEHHBIX KAaHAHIATOB B CTAHAAPTHI

pemieHne psga MpoOiIeM TakhX, Kak: HAKOIICHHUE
METOJIOB aHANIM3a JAaHHBIX, aJITOPUTMOB pELICHU 3a/1a4
W MX pealu3alMid B  HAy4HOM  COOOIIECTBE;
BOCIIPOU3BEJCHUE U MOBTOPHOE MCHOJIb30BAHUE TAKUX
aNropuTMOB M MeToloB;  ¢opmupoBanue UT-
0a3upoBaHHBIX KOHIIENITyaJIbHbIX onpeneneHui
HaY4YHBIX 00J1acTel; NCIOIBb30BaHNUE METO/IOB U CPEJICTB
BBICOKOYPOBHEBBIX  JAEKIAPATUBHBIX  ONpPEICICHUH
METOJIOB aHAIN3a JAaHHBIX M QJITOPUTMOB DEIICHUA
3agady B HUMJ. Xors crarbs paccMaTpUBaeT
MpeATaraeMblil TTOX0/ MPUMEHUTENEHO K KOHKPETHOH
cpene myExperiment v cucteme ynpasieHHs! TOTOKaMH
pabor Taverna, mpemaraeMblii MOJXOJ MOXKET OBITh
aHAJIOTMYHO MCIIOJIB30BaH B APYTUX Cpelax C APYrUMH
CHUCTEMaMH yIpaBJIeHUsS TOTOKaMH paboT.
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METaI[aHHI)Ie 0 HAYYHBIX MCTO/1aX
I o0ecrieyeHus UX IIOBTOPHOI'0 UCITI0JIb30BaHUSA
N BOCIIPOU3BOAUMOCTH PE3YJIAbTATOB

© H. A. Cksopuos, JI. O. bproxos, JI. A. Kanuanuenko, [I. Koanés, C. A. CTynmHUKOB
HNucturyT npobnem nadopmarnku PAH

Mocksa
nskv@ipi.ac.ru
HHTepOHepa6eJ’ILHOCTL, BO3MOXHOCTH
AHHOTAIUSA
TIOBTOPHOTO HCHOJIB30BaHUA U 06eCHe‘~II/ITL
BOCIIPONU3BOAUMOCTD PE3yJIbTATOB,

B Haykax ¢ MHTEHCHUBHBIM HCIOJb30BaHUEM
JIAHHBIX TPENbSIBISIOTCS BHICOKUE TPEOOBAaHUS
K 00paboTke OoyblMX O00BEMOB JaHHBIX
HabOpOM Hay4YHBIX METOJOB JUIS IOJY4EHUs
BTOPUYHON WH(GOpPMAIMA W HOBBIX 3HAHUH 00
ucciueayeMpix oObekrax. I[lpm 3ToM BakHOM

OKa3bIBAETCS JOCTYITHOCTh peanu3aruii
HAYYHBIX METOJIOB, MIPUMEHSEMBIX B
OpeJIMETHOW  00JacTH Uil OpraHU3aluu
00pabOTKM MJaHHBIX H pemeHdus 3ajad.
ObecnieueHue 3JIEKTPOHHOTO XpaHeHuH,
HOBTOpHOFO HUCIIOJIB30BAaHUA nu
BOCIIPOU3BOAUMOCTH pe3yIbTaToOB

3KCIEPUMEHTOB CTAHOBSTCS HEOThEMJIEMBIMU
aTpuOyTaMu peaau3aluii HaydHbIX METOIOB. B

CTaThbe HCCIENYeTCsl COCTaB METaJaHHbIX,
KOTOPBIMH JIOJKHBI COTIPOBOXKIATHCS
TPOIIECCHI, crenuGUIUp yIomue 581071
peamu3yroome  Hay4YHbIE ~ METOIBI,  JUISA
obecriedyeHHsT X TOBTOPHOTO HCIOJIh30BAaHUS
" BOCTIPOHU3BOIUMOCTH Pe3yIBTaTOoB.
KoMmoneHTs! TIPOIIECCOB 31 JTaHHEIE

COTIOCTABJISIIOTCA C TOHATHAMH IIPEAMETHOMN
0051acTH, CONPOBOXKAAIOTCS HH(OpMalueil 00
UX TPOMCXOXKACHHU M KadecTBE, CHCTEMBI
TECTOB OIUCHIBAIOT PA3HOBHIHOCTH CUTYAI[HH,
B KOTOPBIX METOABI TOJDKHBI — paboTaTh
ompenenéHHpIM  oOpazoM. Ha  mpumepe
OTKPBITOH cpenbl MyExperiment,
OpraHu3yoIIEell U NpeIoCTaBIAIOIEH JOCTYH K
KOJUICKIIMM  HAYYHBIX  IIOTOKOB  padoT,
MOKa3aHO,  Kak  pacUIMpeHHe  CcocTaBa
METaIaHHbIX  IIOTOKOB  PaboT  MO3BOJISIET
OpPTaHM30BaTh B KOJUICKIIMM CEMAHTHYECKUH
MOMCK  PEJIEBaHTHBIX  pEIIaeMoN  3ajade
HayYHBIX METOZIOB, NPOBEPHUTH HaWIECHHbIC
peanuzanun METOJIOB Ha

Tpyast 15-ii Bcepoccuiickoii Hay4yHOil KoH(pepeHIUH
«JJIeKTPOHHbIE OHOJIMOTEKH: MePCHeKTHBHBbIE METOABI H
TEXHOJIOTHH, JIEKTPOHHbIe KoJuleknum» — RCDL-2013,
Spocaasasb, Poccust, 14-17 okrsiops 2013 r.

MOJYYEHHBIX [IPU UX TPUMEHEHHU.

Paboma evinonnena npu nodoepoicxke POOU
(epanmur  11-07-00402-aq, 13-07-00579-a) u
Ilpe3uouyma PAH (npocpamma 1611, npoexm
4.2).

1 Beenenue
ITonydyenne KOJOCCANBHBIX OOBEMOB  JTAaHHBIX,
MOJUIeKANTNX ~ aHAIW3y  HAYYHBIM  COOOIIECTBOM,

pOXKIaeT KadeCTBEHHOE H3MEHEHHEe B IOJX0JaX K
MOCTPOCHUIO HH(POPMAITMOHHBIX CUCTEM JIJIsT 00paboTKH
JIAHHBIX U MOJJICPXKKH HAy4HBIX HccieaoBanuil. Hayku

C UHTCHCHUBHBIM HCIIOJIB30BAHHUCM JaHHBIX [ 1]
MpU3BaHbl BbIABUTHL IIOJIC3HBIC 3HAHUA U3 00BéMa
HaKOIMMBIINXC paHee JaHHBIX u IIOTOKa

MOSIBJISIIOIIMXCSL  JAHHBIX. DTO TpeOyeT MOCTOSHHOTO
ABTOMAaTHYECKOTO MIPUMEHEHUS HIMPOKOTO
aCCOPTUMEHTa HM3BECTHBIX METOJIOB, BKIIIOYas OLIEHKY
CYIICCTBEHHBIX CBOWCTB W TapaMeTpoOB OOBEKTOB,
MIPOBEPKY HAYYHBIX T'MIIOTE3, BBISBICHUE PE3YJIbTATOB,
MOJATBEPIKIAIOLUX WIn OIPOBEPTAOLIUX
SKCIIEPUMEHTANIbHBIE MOJEIIN U Tak Aajiee. Pe3ynbraTel
NPUMEHEHHUSI HAy4YHBIX METOJOB COXpAHSIOTCA H
CTaHOBATCS HWCTOYHHKOM JaHHBIX Ui pabOTHI OPYTUX
METOJI0OB B JIAHHOW 00JacTH W  CONPSHKEHHBIX
MpoOJIeMHBIX 00TaCTSIX.

WubopmManoHHBIE  CHCTEMBI B  HayKax ¢
WHTCHCUBHBIM UCIIOJIE30BAaHHEM TAHHBIX KOMOWHUPYIOT
OpTaHU3aAIMI0 HHOOPMAIH B HCCICAYeMOU 00NacTH H
OpTraHU3aIM0 [OU(POBOTO XPAHCHUS M TPUMCHCHUS
Hay4YHBIX METOOOB, HCIOJB3YyEMBIX B I[aHHOf/'I
npeaMeTHor  obmactu.  HaydHele MeTOmsl  MOTYT
MPEJICTaBIATh COOON ONMHCAHWE MPOIECcCOB 00paboOTKH
JaHHbIX. Peanu3anuu MeTONOB pa3pabaThiBalOTCS B
BUJIE CEPBHCOB W MOTOKOB pPabOT HaJx AOCTYHHBIMH
naHHbIMH.  CrenuduKanuy — ONpPEAeNsIOT,  Kakue
BXOJIHBIE JTaHHBIE HEOOXOMUMBI Ul PabOThl METOMOB,
YTO M MO0 KaKUM QJITOPUTMaM OHH PEATHU3YIOT U KaKue
pe3yibTatel  BblnatoT. IloTokm pabor Moryr OBITh
BIIOKCHHBIMH, TO €CTb, BBI3BIBATH JpPYyr JIpyra B
Ka4yecTBE MO/AIPOLECCOB.



Kosutekiiun Hay4HBIX METO/OB pa3padaThIBAIOTCS H
3aHMMAIOT CBOE MECTO B HHCTPYMEHTAaX Hay4dHOTO
coobmecTBa. B xadecTBe NpHMEpPOB MOXHO IPHBECTH
CHCTEMBbl TIOJUICP)KKH  HCCIIeOBaHUH B  obyacTH
acrponomun.  [lpoektr  VizieR  [3]  cobupaer
BCEBO3MOJKHBIC KAaTaJOTH, OPraHM3yeT HX HOHCK H
HONCK B HUX, IIPEIOCTABIsIeT HA0Op CEPBHCOB, KOTOPHIE
Hamnbonee BOCTpPeOOBAaHEI ACTPOHOMHUYIECKAM
cooOmiectBoM. OfHAKO 10 CHX HOp HaboOp CEPBHCOB,
peaM3yIonMX Kakne-I100 acTpOHOMHYECKHE METOJB,
JIOCTaTOYHO  OrpaHH4eH. OTol  MH(OPMALUOHHOM
CHCTEMO Onaronaps JIOCTYITHOCTH JIAHHBIX
MOJB3YIOTCS NPAaKTHYECKH BCE, KTO padoTaeT c
ACTPOHOMHMYECKMMH JHaHHBIMH. Cpena BHPTYyalbHOM
obcepBaropuu  Astrogrid  [10],  mommepxwuBaet
yIanéHHBIA IOCTYN HE TOJNBKO K JAHHBIM, HO H K
CepBHCaM  pa3IMYHOIO HAa3Ha4yeHWs. PacummpeHue
Astrogrid cpeactBamu mpeaMeETHBIX MOCPeTHUKOB [12]
MO3BOJIMJIO ONHUCHIBaTh B grid-cpene cnenudukanuu
MpeIMETHBIX obmacTelt mns  (OpMYJIMPOBAaHUS W
pelIeHus]  KJIAaccoB  HayuyHbIX  3angad.  OTkpeiTas
KOJUIEKIMsI HAYYHBIX MOTOKOB pabor MyExperiment [6]
00BEMHSIET THICSIUM MOJIb30BATENCH U TIOTOKOB PadoT U
JIECATKA TIPOEKTOB, B TOM 4YHCIe B 00JIacTu
aCTPOHOMHH, MPEAOCTABIISIONINX MM HCIOJIb3YIOMINX
HaKOIUICHHBIE TIOTOKH PadoT.

Jst Toro, 4ToOBI MOMOOHBIE KOJJIEKIIUU METOJ0B
Ppa3BUBAIIUCH u UCIIOJIB30BAJIUCH Hay4YHBIM
c000IIeCTBOM, JOJDKHA BBIHTH Ha HOBBIN YPOBEHB BCS
HHPPACTPYKTYpa MOIIEPKKH HAYIHBIX HCCIICIOBAHUH.
Heob6xonumo pa3BuTHE u ITOBCEMECTHOE
UCTIONIb30BAaHKE  COOOIIECTBaMH  OOIIEOCTYITHBIX
cnenudUKanuil MpeIMETHBIX 00JIACTEH UCCIICTOBAaHUN 1
pa3BUTHE CEMAaHTHUYECKUX TOIXOJOB PELICHHUS 3a/1a4 C
UX  WUCIOJIb30BaHWEM. VICTOYHMKHM  JaHHBIX U
peanu3aiyu HAYYHBIX METOJIOB JIOJDKHBI
CHCTEMaTH3HPOBATHCS " CBSI3BIBATHCS co
crenupuKanuIMu MIPEeIMETHOM o0acTu. 9t0
MO3BOJISICT YIPOCTUTH HWHTETPALNI0 HHPOPMAITHOHHBIX
1 METOJNYECKHX PECypPCOB, aBTOMATU3UPOBATh MHOTHE
mard B 00paboTKe MaHHBIX, KOTOpPBIE O CHX TIOp
peIaNrCh MOCPEACTBOM PYYHBIX MAHHUITYJISINN BCAKHN
pa3 IpH peleHUH HOBBIX 3a4ad. Peanusanuu HaydHbIX
METOJIOB TPeOYIOT pa3pabOTKU TakuM 00pa3oM, YTOOBI
YIIPOCTUTH Ui Jaxe ABTOMATU3UPOBATH nux
CEMaHTUYECKUI IIOUCK U HUCIOIb30BaHUE B COITIACHU CO
cnenuPUKAUAME [IPeaAMETHOW obnactu. JlaHHbIE |
METOJIbl HEOOXOUMO COMPOBOXKAATH MH(POpMAIUEH 00

HUX TMPOUCXOXKIACHUH, TOYHOCTH, IOJHOTC. B eI
pa3pa60TKH u peaausanuun METOA0B JOJIKHBI
HW3Ha4YaJIbHO 3aKJIaJbIBaTbCA BO3MOXHOCTH ux

MOBTOPHOTO HCIOJIb30BaHUsl B JAaHHOW M CMEKHBIX
o0nactsx, BO3MOYKHOCTH BOCIIPOU3BENCHUS
pe3yabTaTOB MPH OAWHAKOBBIX HCXOIHBIX JTaHHBIX.
Coznanne MHQPACTPYKTYphl HAYYHBIX HCCIIEIOBAHUH,
MO3BOJISIIONIEH  WCHOJB30BAaTh  METOIBl  IOBTOPHO,
OCBOOOINT HCCIEIOBaTeNeH OT yCHIIHH, MPUIAaraeMbIX
ceroaHs TUTS MHTETPaIiH HEOJHOPOIHBIX
HHPOPMALMOHHBIX PECYPCOB M PEaTH3alUy JOKAIBHO

METO0B uXx o00paborku. Bwmecro »storo camo
HaKOIUICHWE  METOAMYECKOM  0a3bl,  JOCTYITHOH,
Han&KHOM, COINIACOBAaHHOW €O  crenu(pUKanusIMH

HpCHMCTHOﬁ obmacty u y,HO6HOI>i B HCIIOJIB30BAaHUU,
6yﬂ€T SABJIATHCA BKJIAIOM B Pa3BUTHUC HAYKE.

JlaHHOE wuccienoBaHME HMEET LeNblo pa3paboTKy
METaJaHHBIX M METOJOB pabOTHl C HUMH, KOTOpBIE
JOJDKHBI ~ CONPOBOXJAaTh  HAaydyHble  JaHHbBIE |
peanu3aliy HayYHbIX METOAOB Uil JOCTHIKEHHS HX
MOBTOPHOTO HUCIIONIb30BAaHUS W BOCIIPOM3BOJIMMOCTH
pe3ysIbTaToOB HAay4YHBIX AKCIIEPUMEHTOB. B paznene 2
o0cyxmaroTcsi TpeOOBaHHUSA K JOCTYIHBIM PeaTH3allisIM
HayYYHBIX METOJIOB, HCXOJHBIM JAHHBIM U MOIYYaeMbIM
pe3ynpTaTaM ~ HCCIEIOBAaHMH B CBETE HAyK C
WHTEHCHBHBIM HCIIONB30BaHHEM JaHHBIX. Pazgen 3
MOCBAIIEH CBA3aHHBIM MPOEKTaM M peIIeHusAM. B
pasnene 4 Ooyiee TOAPOOHO OIMUCAHBI HEKOTOPHIC
acrekThl  peanmzanuu  npoekra — MyExperiment,
BBIOpAaHHOIO Uil JAEMOHCTpPAallMM  BO3MOXHOCTEH
UH(PACTPYKTYPHI MOJACPIKKH HAYUHBIX HCCIIETOBAHUM
C pacIIMpEeHHBIM HAOOPOM MeETaJaHHbBIX CHeUU(UKALUIA
HayuyHBIX TOTOKOB paboT. Paznen 5 onmceiBaer
COOCTBEHHO mpeaiaraeMblii  HabOp  MeETa/laHHBIX,
COINPOBOXKIAIOMIMX JIOCTYITHBIE HAay4dHbIE JaHHbIE WU
peanuM3ali  HaydHBIX MeTolIoB. B  pasmene 6
JEMOHCTPHPYETCS  HCIOJIb30BaHUE  MPEIUIOKEHHBIX
METaJaHHBIX IJIsI OpPraHW3allid IOMCKAa U TOBTOPHOTO
HCIIONIb30BAaHUS HAYYHBIX METOJIOB B HMH(PACTPYKTYype
MOAICPAKKHU HAYUHBIX UCCIIEOBAHUM.

2 TpeOoBaHus K peaju3alMi HAYYHbIX
MeTO/J0B B cpe/e MOIePKKH HAYYHbIX
Hceae10BaHui

Bravane HEOOXOMUMO MPEICTaBUTH TPEOOBAHMUS,
KOTOpBIE TPEOBSBISIOTCS K HAyYHBIM JaHHBIM M|
METOAaM JUIA CO3JaHMsA HHOPACTPYKTYPH TOIICPIKKHI
HayyHBIX MCCIEAOBaHUM, II03BOJIIOLIEN pa3BUBATh
cnenu(UKay TPEeIMETHBIX 00JacTeil M KOJUICKITUH
HAYYHBIX JAHHBIX W METOIOB M HCIOJB30BATH UX
pea3anyy B MCCICIOBAHUSX.

1. Tlog cmemudukanueli MpeIMETHOW OOJIACTH,

JIOCTYITHOU u NIPUHUMAaEMOU €000IIECTBOM
UccieoBaTeNneil, MOKHO MOHMMaTh HaOOp CBSI3aHHBIX
(OopManbHBIX ~ OHTOJIOTMH  TpeAMETHOH  00IacTH

HACCIENOBAaHUA MW CMEXHBIX ¢ Hell oOmacreir. B
COOTBETCTBUU C OHTOJOTHUSIMU MOTYT CO3J1aBaThCS
KOHIICTITYaJbHbIC ~ CXEMBI  IPEAMETHOH  00jacTw,
HEOOXOMUMBIC ISl OpraHu3anuud HH()OPMAIHOHHBIX
CTPYKTYp U crHenu(UKAIUK METOJOB, UCIIOJIB3YEMbIX B
00pabOTKE TaHHBIX.

Hdnst  pa3BUTUsS  CEMAHTHMUYECKHX MOAXOAOB K
PELICHUI0 HAYYHBIX 33ja4 JaHHble, WH()OpMAIMOHHbIE
pecypchl U peau3aliy HayYHBIX METOJI0B HEOOXO0AUMO
CBSI3BIBATH CO ClielM(UKALMIMH IPEJAMETHON 00IaCTH.

ATreHTaMH Hay4HOTO COOOIIEeCTBa MOTYT BBICTYNATh
KaK MCCIIeIOBATEINH, TaK U HH(GOPMaMOHHbBIC CHCTEMBI.
[MosTomMy crenudukanyuy, ONMMCHIBAIOIINE METOIBI
JIaHHbIE, JIOJKHBI obecrieunBaTh MOHMMaHHe
YeJIOBEKOM M BO3MOXKHOCTh MAIIMHHON 00paboTku. B
STOH CBSA3M HEOOXOAWMO HCIIONB30BaTh pPa3padOTKH,
CBSI3aHHBIE C CEMAHTHYECKUM BeOoM [9].



2. Hayunple MeTOmsl W JaHHBIC JOJKHBI OBITH
OTPBITBI W JIOCTYIHBI JJIsl HMCIOJb30BAHUS HAYYHBIM
CO00IIIeCTBOM, pabOTAIONUM M PEIIAIONIUM 3a7add B
IaHHOW mnpeaMeTHOH oOmactu. Pe3ymbraTel paboTHI

METOZIOB TaKXe JOJDKHBI OBITH TOCTYIHBI  JUIS
HCTONB30BaHUA. Jlmg 3TOro OHM JOIDKHBI  OBITH
HaJIEeKAIIHM obpazom cnenuUITUPOBAHEL "
OMyONMKOBaHEI B  OOMICTOCTYNHBIX  KOJUICKITHSX.
Komnexuu cobuparot u CUCTEMATU3UPYIOT
nHdopmanmio u  obecreynmBarOTCs  CPEICTBAMH

CEMAaHTHYCCKOI'O ITOMCKaA.

3. BaxHbIM NOPUHIMIIOM pEATU3ANUU HAYYHBIX
METOJIOB SIBJISIETCS WX HE3aBHCUMOCTh OT HCTOYHHKOB
JaHHBIX. HO,Z[MCHa HUCTOYHUKOB JaHHBIX JOPYIrUMHU
PCICBAHTHBIMU HCTOYHHUKAMHW HAJICKAIICTO KadeCTBa
JOJIDKHa 6I:ITL nmpoCTa W HE MOOJDKHA CKa3bIBaTbCsA Ha
paboTococoOHOCTH METOIOB.

4. Inst obecrieueHnss TOBTOPHOTO MCHOIB30BAHUS H
JaHHBIE, W METOAbl HEOOXOAMMO CONPOBOXKAATH
nHdopmanueit 06 ux npoucxoxaeHun. OHa BKIIIOYAET
ayTeHTH(UKALNIO METOIOB M JAHHBIX, UX HCTOYHHUKH,
HCTOPHIO UX Pa3BUTHS U TPAHCGHOPMALHU OT CO3JAHUS
JI0 MOMEHTa ucnojip3oBaHus. C Opyrol CTOPOHHI,
peaiM3aiiy METO/IOB IOJDKHBI COXPaHITh HH(OPMALIUIO
0 TPOHMCXOXKICHHM o00pabaThIBaeMBIX JaHHBIX |
oOecrieunBaTh JOMOJIHEHWE J3TOW HWH(OPMAaLUK B
COOTBETCTBUM C MAHUIYJSIIUSAMU, HPOU3BOJUMBIMHU
MMM HaJl JaHHBIMH.

5. Jus  OUEHKM BO3MOXHOCTH  IOBTOPHOTO
WCTIONb30BAaHUS JAaHHBIX, METOJIOB U PpPe3ybTaToOB
pacuéron WIn JKCIIEPUMEHTOB HeoOxoauMa

I/IH(i)OpMaIII/ISI 00 MX KayecTBE: TOYHOCTH U IIOJHOTE
OTKPBITBIX JAHHBIX, TOYHOCTHU U IOJHOTE PE3YJIbTATOB,
o0ecreurBaeMEIX Hay4YHBIMU MCTOJaMHU.

6. ObecrieyeHrie TOBTOPHOTO MCTIONB30BAHUS TAKKE
MIpearnoiaraeT HeoOX0UMOCTh JIOCTATOYHO MOAPOOHBIX
cnenudukanuii  TpeOOBaHMI K WX BXOJAHBIM U
BBIXOIHEIM JAHHBIM.

7. ObecrieueHne BOCIPOU3BOANMOCTH PE3yIbTaTOB
paboTBl METOOB MOJpa3yMeBaeT IOA COOOW CpeicTBa
OIMCAHUS Cpenbl, HEeoOXOOMMOHM sl HMCHONHEHUS
NPENOCTABIAEMBIX METOJIOB, crielrpUKaALIN
MOJJIEP)KUBACMBIX ~ CTAHIAPTOB, a TaKKe HabOpBbI
TECTOB, 00ECIIEUNBAIOLIMX [TPOBEPKY PaOOTHI METO/IOB B
Ppa3JIMYHbIX CUTYaAlUAX.

3 CBsi3aHHbIE PabOTHI

WurepecHoit  pa3pabOTKOH €  TOYKH  3peHHA
HAaKOIUICHHMS HAayYHBIX METOJIOB SIBJISETCS — Cpela
pa3paboTku ¥ cOopa HaydHBIX IIOTOKOB padoT

MyExperiment [6]. Ona oprann3oBaHa Kak cOLUaIbHas
CeThb, MO3BOJIAIONIAs PErHCTPHPOBATh HCCIENOBATEICH,
BKIIIOYaTh HMX B Pa3IWYHbIC TEMAaTHYECKHE TPYIIIIH,
myOnuKOBaTh TOTOKHM pPaboOT, pealn3oBaHHBEIE B
pasNMYHBIX ~ CTOPOHHHMX  CHCTEMaxX,  OIMCHIBAThH
9KCIIEPUMEHTHI, CBS3aHHbBIE C BHI30BOM IIOTOKOB pador,
COCTaBISATh OOBEKTHl  HccieloBaHus  ((pakTHUECKH
MPOEKTBHI), COCTOSAIINE M3 MOTOKOB PaboT, JOKYMEHTOB,
¢aiinoB  naHHbIX, ccbuiok. Cpema MyExperiment
o0ecrieunBaeT MOUCK MOTOKOB paboOT MO MeTaJaHHBIM,

IIPEIOCTABIIAECT UX ONUCAHUE, NTO3BOJISIET UX 3aIyCKaTh.
Wurtepdeiickl  cpelpl  COOTBETCTBYIOT — CTaHIApTy
CBSI3aHHBIX ~ OTKPBITBIX OaHHBIX [11] w® wuMeror
COOTBETCTBYIOIIME HHTEpQeHcs i 3Toro. Tem
BPEMEHEM, Yy JAHHOH Cpelbl €CThb s HENOCTATKOB,
HPENSATCTBYIOIUX BO3MOYKHOCTH HMOBTOPHOTO
UCTONB30BaHUsI W BOCHPOM3BEIEHHS  PE3yIbTAaTOB
HCTIOJTHEHHSI TOTOKOB PadoT.

To, w4ro cnemudukamuu  MOTOKOB  pador
nyOnuKyloTcss B BHae (aiiyioB, CreHEPHPOBAHHBIX B
(opmMarax CTOPOHHHX PEOaKTOPOB MOTOKOB paboT, ¢
OJTHOM CTOPOHBI, MO3BOJISIET WCIIOJIB30BATh PAa3IHYHbBIC
CpeAcTBa JUIi WX CO3/aHMsA, C JAPYrodl CTOPOHBI,

SIBJISIETCS MIPUYUHOMN HEOJHOPOJHOCTH u
HEBO3MOXXHOCTH aBTOMAaTHU3allMd  MCIOJb30BaHUS
OTYOJIMKOBaHHBIX peanuzanuii. B YaCTHOCTH,

crienu¢UKaly MOTOKOB paboT, Co3AaHHbIC B HanboJee
UCIIONIb3yEMOM B JaHHOHM Cpejie BHEIIHEM pPeIaKTope
Taverna [7], pasOuparoTcs cpemod Uis BBIAEICHHS
BXOJHBIX W  BBIXOJHBIX JaHHBIX, BH3YaJIH3ALUH
CTPYKTYpbl ~TOTOKOB pabOT, OJHAKO HE HMeEeT
uHTep(EecoB TOCTYNma K BHYTPEHHEH CTPYKType
MOTOKOB PadoT.

JaHHBIE JUI1  OKCIIEPUMEHTOB ¥  PE3yJbTaThl,
CBsI3aHHBIE C MMOTOKamu pabot, B MyExperiment Takxe
OTAaHBI Ha OTKYIl BHEIIHUM pejlakTopaMm. B yactHoCTH,
Taverna mopnepkuBaeT BKIIOYEHHE B CIEHU(PHUKAIIIO
MOTOKa PabOT TECTOBOTO NpUMEpa JUIsS WCIIOJHEHHUS.
Jns moaTBepxkaeHUss BOCOPOU3BOAUMOCTH PE3YJIbTATOB
9TOr0  HEAOCTATOYHO, TaKk KaKk  HEBO3MOXHA
Cneumbymaum] PA3JIMYHBIX CIIYy4acB U aJIbTCPHATUBHBIX
MyTel MPOX0XKAEHHS IOTOKA paboT.

B cpene MyExperiment HeT  TpeOOBaHHS
HE3aBUCHMOCTH METOJIOB OT MCTOYHHMKOB JAaHHBIX HJIH
BO3MOJKHOCTH TOJMEHBI HMCTOYHHKOB, M B KOJUICKIHH
€CTh MHOJYKECTBO IIOTOKOB DPadOT, KOTOpBIE IO CBOEH
CYyTH SBISIFOTCS HE peanu3alusMH  METOAOB, a
CepBHCAMH, MPEOCTABISIOMUMHA  JTAHHBIE u3
crieupUIECKUX HUCTOYHHKOB JAHHBIX IO HEKOTOPHIM
BXOJIHBIM MapaMeTpam.

Xota MyExperiment gexiapupyeT pacmmpsieMOCTb

OHTOJIOTHH, Ha KOTOPO# MOCTPOCHA cxema
WHQOPMAIIMOHHONH  CHCTEMbI, Ha  Jele  CBS3H
cnenuUKaui  MOTOKOB paboT ¢  KaKUMH-THOO

ONMMCAaHWSAMHU TIPEIMETHOM 00JlacTH  HCCleIOBaHUS
c/leNnaTh IOCPEJCTBOM CYIIECTBYIOIMX HHTEp(eicoB
HEBO3MOXHO. B cpene moaiepKuBarOTCs  TOJIBKO
BepOaJbHbIE TIOSICHEHHSI K IOTOKaM paboT M TerH, U
obecrieunBaeTCsi BO3MOXKHOCTB TIOMCKA 110 HUM.

B Taverna mommepXuBalOTCS — cHELU(PHUKALIH
MIPOUCXOKACHHUA JaHHBIX. OpHAKO IpeAHa3HAYCHBI
METaZaHHbIE O MPOUCXOXICHWU TOJBKO JUIS 3aliCH
IyTH TPOXOXKJCHUS JaHHBIX BHYTPH HCIIOJHEHHOTO
moToka  pabor. Jlig  OCTOBEPHOW  INPOBEPKH
BO3MO)XHOCTH TIOBTOPHOTO HCIIOJBb30BaHMS JaHHBIX
3TOTO SBHO HEJOCTATOYHO, TaK KaK HEBO3MOXKHO
OTCJICINTH UCTOPHUIO WX TOJyYECHUs] M MPeoOpa30oBaHUs
OoT MoMeHTa co3zanmsi. K ToMmy e nocryma depes
naTepdeiicsi MyExperiment kK UMEIOIIUMCS TaHHBIM O
IYTH NpeoOpa30BaHusl JaHHBIX B IOTOKE paboT HeT.



IMpoekt wfdever [4] npemocTaBnser HaboOp cpencTs
JUTSL TIOJICP>KKK MTOBTOPHOTO UCIOIB30BaHUS, IPOBEPKHU
MPUMEHNUMOCTH,  BOCIPOM3BOAMNMOCTH W  JIPYTHX
CBOHCTB TOTOKOB paboT. Cpenn OomUcaHWil B MPOEKTE
BO3MOJKHO crenuuIpoBaTh MIPOMCXOXKICHHUE,
BHYTPEHHIOIO CTPYKTYPY TIOTOKOB paboT, BOZMOKHOCTH
JOCTYyTIA, KI3HCHHBIH UK, pa3BuTHE,
MHOTOBEPCHOHHOCTD H APYTHE acleKThl. [loTokn paboT
MOTYT MPOBEPATHCA HA NOJHOTY, HCIPOTUBOPECUNBOCTD,
AOCTYNMHOCTb U COBMECTUMOCTHL HWCTOYHUKOB JaHHBIX.
J171st 3TOTO MPeIoCTaBIISIOTCS HEOOXOAUMBIE CTPYKTYPBI
JaHHBIX M uHTepdeickl nonp3oBaresss. B paHHOM
MPOEKTE B KAayecTBE JKCIIEPUMEHTAIbHON 0a3bl B3siTa
KOJUTCKIIHSI MTOTOKOB pabot MyExperiment.
Criemudukanuy MPeIMETOB HCCICOBaHUS W ITOTOKOB
pabor MoxkHO wmMITOpTHpOBaTh W3 MyExperiment,
JOTONTHAUTE  CIICHU(PHUKANAAMH, TPEAOCTABIICMBIMHU
MPOEKTOM, H WCIIONB30BaTh HAOOp CEpPBHUCOB I
MOJICPKKH  KM3HEHHOTO IMUKJIa TOTOKOB  PadoT.
[IpoexT He mpenmnosaraer OOJBIIUX MPOJBUKEHUA B
CTOPOHY CEMaHTHYECKHX MOIXO0I0B K OOECIEeYCHUIO
JOCTyna K TOTOKaM paboT, a HampaBjieH OoJblle Ha
aHaJIM3 caMHUX MOTOKOB. B "wacTHOCTH, OHOM M3 Henei
OKCIICPUMEHTOB CTaBUTCA aHAJIM3 TOro0, IMOYEMY MHOT'UE
U3 TOTOKOB pabor B cpeae MyExperiment ©Ha
CETOHAIIHAN MOMEHT TOIIPOCTY HE 3aITyCKAIOTCS.

4 Cpena noaiep:KK1 KOJIJIEKIMHA HAYYHbIX
norokos pador MyExperiment

Ha mnpumepe cpemsl pa3pabOTKH U ITyOJUKAIMH
Hay4HBIX IOTOKOB pabor MyExperiment Mbl Oynem
MMOKa3blBaTh,  KaKHWe  METaJaHHble  HEOOXOIUMO
n00aBIATh K cHenupUKausM MOTOKOB paboT s

obecnieuenus ux TIOBTOPHOT'O HUCIIOJIb30BaHUA u
BOCITIPOM3BOANMOCTH  pe3ynbTaToB. IlosToMy Oomee
MOIPOOHO  OCTAaHOBHMCS HAa  pealu3allid  Cpex
MyExperiment

Jliist xpaHeHUs1 MeTanH(pOpMaIIUHU 0 MOTOKax paboT B
cpene MyExperiment wucrons3yercss 6asa JIaHHBIX,
cxeMa KOTOpO#l crenuduimpoBaHa HaboOpoM MOJyJeit
OHTOJIOTHH. B 3THX MOIYJIAX ONpeIeNeHbl CpecTBa
OITMCAHUSI BHYTPEHHEHW CTPYKTYPHI HAKATUTMBAEMBIX
MIOTOKOB paboT, CrelU(pUKAIIMHA TTOJIB30BATEICH, TPYIIIT,
AQHHOTAIMA W JAPYTUX HEOOXOIMMBIX METa0OBEKTOR.
PaccMOTpHUM 9acTh M3 HUX, TPEICTABISIONIYIO HHTEPEC
JUTSL TAHHOTO MCCIIeOBAHHSL.

Jnst XxpaHeHUsI MeTa00ObEKTOB O PasJIMYHBIX BUAAX
KOMIIOHEHTOB ~ IIOTOKOB ~ paboT co3maHo  0a3oBoe
mousitue  WorkflowComponent.  Ero  moamonsitae
NodeComponent omuchiBaeT y3ibl MOTOKOB paboT.
Pa3sHOBHAHOCTH y3JI0B TPEACTABJICHBl MOHATHAMHU:
Source — y3JIbI-UCTOYHUKH, TIPHHOCSIINI B TIOTOK paboT
JaHHbIe HA 00paboTKy, SiNK — y3/1bI OKOHYAHUS TOTOKA
paboT, B KOTOpBIE IPHUXOAAT JAaHHbIE pPE3YJIbTATOB
HCTIONIHEHUSI TOTOKa pabor., u Processor — y3isl,
HCTIONHSAIONINE CEepBUCH 00paboTKM NaHHBIX. B cBOIO
ouepe/ib, THIbl HCIOJIHUTEIBHBIX Y3JIOB OMHCHIBAIOTCS
noamoHsTusMu. B ugacthHoctn, WSDLProcessor
COOTBETCTBYET BBI30BY BeO-cepBuca. DataflowProcessor
cnenuUIUpyeT BIOXKEHHBIH IIOTOK padOT, TaKKe

COCTOSIIHKN U3 KOMIOHEHTOB. JlaHHbIe, BXOIBI, BRIXOIBI
U COCOWHEHMS KaXAOTOo Yy3la B IOTOKe pador
omuchkiBatorcst ToHAtusMu  Input, Output wu  Link
COOTBETCTBEHHO M OOBEIMHSIOTCS 0a30BBIM IOHITHEM
|OComponent.

OOBexT HCCIICTIOBaHHS B MyExperiment
MPECTaBIsIeT cOO00H KOHTEHHEp, coaepr aimuid (hanipl
(Hanpumep, NaHHbIC, TOKYMEHTbI), BHCUIHAE CCHLUIKU H
moTOKK pabotr. [[nsg XpaHEHHsS TOTOKOB paboOT Kak
LIETIOCTHOTO 00BEKTa CITyKaT MTOHATHE
AbstractWorkflow u ero mnoamoustus Workflow u
WorkflowVersion. AHAIOTHYHO  CcHeUU(UKAIHSIM
¢daimoB  cootBercTBYrOT TmoHsATHS  AbstractFile ¢
noanousitusamu File u FileVersion. Takast opranuzaiust
MO3BOJISIET CO3/[aBaTh MHOTOBEPCHOHHbBIE OOBEKTHI.

[Monstus aitioB U MOTOKOB pabOT OOBSBISIOTCS
uMeronmmi cynepriorsatus Annotatable. C momorisio
3TOTO HOHATHSA C HUMH MOTYT OBITh CBSI3aHBI HECKOJIBKO
BUJOB AaHHOTAIMH, CpeaM KOTOPHIX KOMMEHTapHH,
IIUTUPOBAHUS, TETW W Jpyrue. Terd HCHOIb3YIOTCS B
KayecTBE OIMCAHMS MOTOKOB pPaboT u QainoB ais
norcka B kojurekuun MyExperiment.

Camu MeTaoOBEKTHI, OMUCHIBAIOIINE IOTOKH paboT,
XpaHSATCS B pPEIIUOHHONH 0a3e, HO peaan30BaHa
reHepanusi ux npencrasieHus B monenu RDF  kak
JK3eMIUIpoB  oHTonorun  MYyExperiment.  Kaxprit
METa00BEKT HMMEET B CHCTEME CBOH YHUKaJIbHBIHA
upnertuukarop URI. Hampumep, wuneHTHDUKATOD
KOHKPETHOTO  TOTOKa  paboT  BBINNIANT  Tak:
http://www.myexperiment.org/workflows/3514/.

s pa3paboTINKOB MIPHIOKECHUH Hax
MyExperiment noctynHsl Heckonbko uHTepdeiicoB. K
merauHpopmanun MyExperiment MoXHO 3amaBaTh
http-3anpocs uepe3 REST-unrepdeiic. Java-unrepdeiic
MyJPl  mpencraBnser  coboit  REST-unrepdeiic,
oOEpHYTHII B Kiaccel s3bIka  Java.  Hakower,
peamm3oBaH wuHTepdeiic Toukm poctyma SPARQL,
MO3BOJISIOIUH 3a71aBaTh 3alPOChl K METanH(OpMAaLUH
MyExperiment wu  nomydars ~ RDF-manmble B
COOTBETCTBHH CO CXEMOH, 3aJJaHHOM OHTOJOTHEH, B
HECKOJBKNX (opMmMaTax c yuérom wmium 0e3 yuéra
aBTOMaTH4YeCKOro BeiBoaa no mpasmwiaM RDF Schema.

OnHako Bce YHNOMSHYTbIE HUHTep(ENWChl HMEIOT
OrpaHMYEHNE. B HHUX HE peaju30BaH JOCTyI K
BHYTPEHHEHl CTPYKType HOTOKOB paboT, HECMOTps Ha
TO, YTO OHAa ONpENENIeTCS  OHTOJNOTHEeH  Kak
KOMIIOHEHTBI MIOTOKOB pabor. ITocpencreom
HPOrPaMMHBIX MHTEP(EHCOB MOXKHO MOJTYYHUTh CCBHUIKY
Ha TOTOK pabor kak ¢aitn Taverna. Otor aiin
MOJICKUT pa3dopy Yyxke cpeiactBamu Taverna s
MOJIYYCHHsI JaHHBIX O BHYTPEHHEH CTPYKType HOTOKOB
pabor. DTO oO3Hayaer, YTO B paMKax 3ampoca Ha
MOJIYYUTh BHYTPEHHIOIO CTPYKTYpY IOTOKa paboT He
yIacresl.

B coctaBe 00BEKTOB WCCIEAOBAaHHS, IMOMUMO
(haiioB (IOKyMEHTAIMU, JaHHBIX), CCBUIOK, MOTOKOB
pabor u AHHOTAIIUH, MOJICP)KUBAEMBIX B
MyExperiment, us  obecreueHus  TpeGOBaHMI,
M3JI0)KCHHBIX B pasjieie 2, JODKHBI COACPIKATh TAKKEe
HCUEPIIBIBAIOIIHE HAOOpBI TECTOB, YYHTHIBAOIIHC



pa3janvdHbI€ CUTyalluh, U COOTBCTCTBYIOIIUC JaHHBLIC
PE3YJIbTATOB TECTOB IIPU PAa3HbIX BXOJHBIX YCJIIOBUA.

Takum 00pazom, TSt CO3JIaHUsI cpenbl
HCCIEIOBaHUM, oOecmeunBaromeil  CEeMaHTHYECKUI
[IOMCK  METOJOB, TIOBTOPHOE HCIOJb30BaHUE U
BOCIIpOU3BOAMMOCTE, B MyExperiment TpeOyetcs
pacimupeHue UHTEPQEHCOB IOCTyma K CTPYKType
MMOTOKOB paboOT ¥ TMOAJCPKKA CHCTEM TECTOB C
pe3ynpTatamMu. B 1emom, 3TO BO3MOXXHO, TaK Kak
MyExperiment sBISI€TCSI TPOEKTOM C OKPBITHIM KOJIOM.
OpnHako Ha TAaHHOM 3Talle HCCIENOBAaHUE MPOBOANIOCH
c WCTIOJIb30BaHUEM OpUTHHAIBEHOTO cepaepa
MyExperiment, cOOTBETCTBEHHO, CPECTBA CO CTOPOHBI
MyExperiment He MEHSITHCH.

5 PacmimpeHnue coctaBa MeTaJlaHHbIX,
CONMPOBOXKAAIMINX MYy0JTUKYyeMble JaHHbIE U
HAy4YHbIe MeTO/bI

Jliist moncka 0OBEKTOB HCCIEIOBaHUS, PEIEBAHTHBIX
pemaemoii 3amgade, B MyExperiment npenHazHaueHbI
TOJIBKO MX TEKCTOBBIE ONMCAHUS W aHHOTAI[MH TETaMH.
[Tpuuém cBs3aHBI OHH, MOTYT OBITH TOJBKO C MOTOKAMH
pabor B meiroM wiam (QaitmamMmu, HCXOOI U3 HX
cynepronsitusi Taggable. J{as KOIEKIMH METOIOB U
IIOTOKOB paboOT, oOecleYnBamed MX IOBTOPHOE
UCIIONIb30BaHKeE, 3TOT0, O€3YCIOBHO, HEJI0OCTATOYHO.

MbI TIpOU3BOUM pACHIMPEHHE COCTaBa XPaHUMbBIX
METaJaHHBIX 00 O00BEKTaX HCCICHOBAHUSA, ITOTOKAX
paboT W HMX  KOMIIOHEHTax, Uil pealu3aluu
CEeMaHTUYECKUX IOJXOJ0B paboThl €  METOAaMH
npeaMeTHOM obnactu. CreunduKauu pacuupeHHOro
cocTaBa METaJaHHBIX O(GOPMIIAIOTCS B BHIE Habopa

OHTOJIOTMII ~ pa3HOTO  Ha3HA4YCHWUS. OrnucaHHbIe
OHTOJIOTHUECKHE MOJAYJIH HAXOASITCS B OTKPBITOM
JOCTYTIe o azapecy:

http://ontology.ipi.ac.ru/ontologiedastront, — u moryr
WCTIONL30BAThCSA NIl  HAKOIUICGHWS METaJaHHBIX B
COOTBETCTBHH C WX OIpeneeHusMH. (s XpaHeHHs
MeTalaHHEIX, CBSI3aHHBIX c KOHKPETHBIMU
MeTao0beKTaMu MyExperiment, UCTIONB3YyeTCs
otnensHas 6a3a sx3emiuipoB RDF.

Jis  peanu3alii  CEMaHTHYCCKUX IOAXOIOB K
IONCKY IIOTOKOB pPa0OT, pPENCBAaHTHBIX pemIacMoit
3amadye, WX  IOBTOPHOMY  HCIIONB30BAaHHIO U
00eCTIICYCHHIO BOCIIPOU3BOIMMOCTH, B TIEPBYIO OYePEIb,
HEOOXOIMMO pa3BHBATh CICHU(PUKAINNA TPESIMETHOMN
00JacTH, B KOTOPOU COOHMpaeTcs KOJUICKIHS METOIOB.
[Mouck mOTOKOB paboT, OTBEYAIOMIMX TPEOOBAHUSIM
3amadd, HEOOXOOMMO CBS3BIBATH C  OHTOJIOTHEH
MpeAMeTHOW  o0ylacTH,  KOTOPOM  MPUHAIJIEKHT
KOJUIEKLIMSI U B KOTOPOM pemraercs 3anaya. s sToro
MeTa00BEKTHI, OTMCHIBAIOIIINE MOTOKK  pabor,
OOBSBIAIOTCS  JK3EMIUIIpAaMH  KJIacCOB  IMOHATHI
OHTOJIOTHH MpeIMETHO M oOacru. OtHecenne
METa00BEKTa K KJIacCy MOHITHS B TEPMHUHAX OHTOJIOTHI
peanusyercst mocpeactBoM otHomenus rdf:type. st
Ooyiee CIOXHBIX ONMUCAHUN B TEPMHHAX OHTOJOTHH
METa00BEKTBl MOTYT CTAHOBHTBHCS  JK3CMILUIIPaMU
HECMMCHOBAHHBIX  KJIACCOB,  ONPEACICHHBIX  Kak

MOIITOHATHS IIOHSATHI OHTOJOTMH, HO O€3 BBEIEHUS
HOBBIX TIOHSTHH U CBOMCTB B OHTOJIOTHIO.

Msbl  paccMaTpuBaeM ~— INPEAMETHYIO  001acTb
3BE3MHON  aCTPOHOMHM,  BKIIOYAIOUIYIO  ITOHATHS
OJIMHOYHBIX 3BE3J,, KpaTHBIX cucTeM 3BE3x. C HHUMH
CBSI3aHBI MOJYJIM C ONHCAaHWEM TOHATHH acTpOMETpPHH,
¢oTromeTprur, acTpOU3MKH KaK MOHSATHH CMEXHBIX
obyacteil. OTH MOIYIH HCIIONB3YIOTCA B OOJBIIMHCTBE
3a7a4 B OONAacTH acTPOHOMHM BHE 3aBHCHUMOCTH OT
TOT0, KaKHe 3a/1a4 OHU PEeIIatoT.

B YaCTHOCTH, B MOAYJIC aCTPOMETPUHN OIPCACIICHBI
CJICAYIOINEC TOHATHSA:

e Coordinate

e CoordinateSystem

e EquatorialCoordinateSystem
e  CoordinateSystemComponent
e Epoch

e RightAscension

e Declination

e U Apyrue.
IlonATHS UMEIOT HEPAPXUI0, OIIMCAHUE CTPYKTYPBI C
MIOMOIIBIO CBSA3EH U OTPaHUYEHUM.

B oHromormio mpeagMEeTHOW OONACTH BKIFOYCHBI
Taxke OoJee crierupUIecKre MOIYITH, OIPEACISIONINE
3HaHUsS O Iapax M KOMIIOHEHTax KpaTHBIX 3BE3],
mapameTpax OpOMT JBOWHBIX 3BE3M, MapaMeTpax
KpHUBOW CBETUMOCTH 3aTMEHHBIX 3BE3[ U Ipyrux. Takue
MOJTyJIH HCIIONB3YIOTCA B OoJlee y3KHX Kilaccax 3a/1ad, B
YaCTHOCTH, CBSI3aHHBIX C ONpPEACIEHHBIMU BHUIAMH
ACTPOHOMHYECKUX OOBEKTOB.

B kadectBe npuMepa OTHCCCHHUA JaHHBIX WA
KOMIIOHEHTOB IIOTOKOB pa60T K IIOHATHUAM OHTOJIOTUH
MpeIMeTHOW 00JacTH, METAa00BEKT ¢ JaHHBIMH O
KoopauHaTe mpsmoro  Bocxoxaenus  (RA_J2000)
ACTPOHOMMYECKOTO O00BEKTa MOXeT OBITh CBSI3aH C
nonsiTueM oHtosnorun RightAscension, HO mis Gornee
TOYHOTO OIMCAaHHS TAaKOM METa00BEKT NOJIDKEH CTaTh
9K3EMIUISIPOM BBIp@KEHHs (MOAIIOHSTHS) B TEPMHUHAX
OHTOJIOTHH, OTPAaHMYMBAIOLIETO KJIACC MHOXXECTBOM
9K3eMIULIPOB X TaKuX, 4TO0 X mpuHagiexut Right
ASCeNsion, W CyllecTByeT KOOpAMHATA Y, CHCTeMa
KOOpIMHAT y KOTOpPOM 3KBaTOpHajbHas, U y KOTOPOM
€CTh KOMITOHEHTHI: X W »moxa, paBHas J2000. Bribop
MPOCTOr0 WAM 0ojJee TOYHOTO CTWISA OIMCAHHA
METaIaHHBIX B JajbHEHIIEM BIHWAET HA KadecTBO
TIOVCKA META00BEKTOB B TEPMUHAX OHTOJIOTHH.

Hapsmy C MOAYJIAMHU OHTOJIOTUH HpEHMeTHOﬁ

obmactTh B  HamleM  TOAXONE  CHEeIU(PUKAINH
MeTaJaHHBIX TIOTOJTHSAOTCS TaKxKe
CHEUATM3UPOBAHHBIMHU OHTOJIOTHSIMH,
OMHUCHIBAIOIIMMHU  TPEOOBAHUS K  MPOHUCXOKACHHIO

JAAaHHBIX, UX KaUCCTBY U CPEAC UCIIOJTHCHU.

B kauecTBE OHTOJOTMHM MPOUCXOKACHHUS JTaHHBIX
HCIIONB3YETCS B COOTBETCTBUH C pekoMenmanmeit W3C
ontosioruss PROV-O [2]. B e€ ocHOBe JIeaT IOHSATHS
arenta (Agent), mesrenmprocTr (Activity) u cymHOCTH
(Entity). Arentamu Moryt ObITh denmoBek (Person),



opranmsauus  (Organization)  wim  mporpamMma
(SoftwareAgent). Bapuanun OTHOIIEHUH ux
9K3EMIULIPOB JPYT C JIPYrOM OIMCHIBAIOT Pa3INYHbBIE
COOBITHS W CHUTyaluH, KOTOpBIE  HEOOXOIMMO
¢uKCUpoBaTh MpH Mpeodpa3oBaHWM, IIEPEMEIICHUH,
W3MEHEHHH CTaTyca NaHHbBIX. Hampumep, MeranaHHBIC
00 HCXOIHBIX MHAHHBIX, KOTOpPBIC HCIIOJIb30BAJIHCH
IpOLIECCOM,  BBIp@XaeTcs  OTHOIIEHHeM  used,
CBSI3BIBAIOIETO areHTa M JCATEIbHOCTh;, HH(MOPMAIIHS
00 WMHCTPpYMEHTE, KOTOPBIi OBUI HCIIOJB30BAH JIJIsS
TeHepalMy  pe3yJibTaTa, BbIPAKAETCS OTHOIICHHUEM
wasAttributedTo,  cBsa3bIBaroIero  CymHOCTh |
nporpamMmy M Tak jganee. IlocpenctBom  Takoii
OHTOJIOTHHM MOKHO 33JaBaTh METaJIlaHHBIC 00 aBTOPCTBE
Y TIPHHAUISKHOCTH JTaHHBIX U METOIOB, NPOCIIE)KUBATH
HCTOPHIO npeoOpa3oBaHUs JaHHBIX oT
MEPBOHAYAILHOIO MCTOYHMKA JI0 TEKYIIETrO COCTOSHHS,
CONPOBOXK/ATh pealbHbIe JAaHHBIC M METOIbl IPYroi
Mo J00HOH HH(OpPMAITHEH.

[MpuBeném npumMep crenupUKaIUU TPOUCXOKICHHS
JAHHBIX A7s1 oToka pabot Wf3514, obparnatomierocs K
BHelTHeMy cepBucy resolve_coordinates (Sesame Name
Resolver) mis  nmokanu3aimuu — aCTPOHOMHYECKOTO
oObekTa Ha Hebe MO ero MMeHH. Pe3ynbTHpyrolue
nmaHHele  motoka  resolve_coordinates outputTable
MOTYT COJepkaTh MH(OPMAIMIO B BHJIE TPUIUIETOB 00
MHCTPYMEHTE, KOTOPHIM CO3/[aHbl JaHHbIE U O MOTOKE
pabor:

wf3514:resolve_coordinates
rdf:type prov:SoftwareAgent .
wf3514:resolve_coordinates outputTable
rdf:type prov:Entity;
prov:wasAttributedTo
wf3514:resolve_coordinates,
prov:wasGeneratedBy wf3514:wf3514 .

Emé onna wacte crnenudukanuyd HEOOXOAUMBIX
METaJaHHbIX, OHTOJOIMs KadecTBa HaHHBIX DQ [5],
CONIep)KUT  HaOop (GaKkTOpOB  KadecTBa JIAHHBIX,
OTpeNeNIeMbIX ~ M3MEPEHHSIMH B  MHOTOMEPHOM
MIPOCTPAHCTBE 3HAYCHUN W METPUKAaMHU KadecTBa B 3TUX
n3MepeHusx. B kauecTBe mpuMmepa B3ATH M3MEpPEHUS
nonHoTel JaHHBIX (Completeness), o0béma JaHHBIX
(Data Volume), Bospacta manubix (Timeliness),
tounoctn (Accuracy), uenoctaoctn (Consistency),
mepbl  mosepust (Confidence). CoctaB usmepenuil u
METPUKH JUIi WX pealu3ald CHIBHO 3aBUCAT OT
npeaMeTHo  obmacth  uccnepoBanus. C OJHUM
00BEKTOM MOXET OJHOBPEMEHHO OBITh CBS3aHO
HECKOJIBKO 3HAUCHHWH KadyecTBa B Pa3HBIX M3MEPEHUSIX.
DK3EeMIUISIPbI MOHTHH JTaHHOM OHTOJIOTUH
CBSI3BIBAIOTCA C IMOTOKaMHU paboT W (aimaMu B ILIEJIOM,
JFOOBIMH KOMIIOHEHTaMH TIOTOKOB PadoT, CepBUCAMHU U
WX TapaMeTpaMH, a TaKke C CaMHMH JaHHBIMU.
MeTpuKHU OLIEHKH KauecTBa TaK)Ke MOTYT Pa3iIMYHBIMHU,
HO OHHM COIJIACOBBIBAIOTCS W CHEUU(PHUIUPYIOTCS
co00111eCTBOM, pabOTaIOIIMM B IPEMETHOI 00acTy.

Crneundukanuu cpel BOCHPOM3BEACHHS TaKxke
MOT'YT TpeOOBaTh OINpEIETICHUSI HEKOTOPOH CTPYKTYpHI
MeranaHHbIX. OnHaKo, IaHHbIE, HEOOXOIUMBIE JUIS

obecneueHus BOCIIPOU3BOAUMOCTHU ISKCICPUMEHTOB, B

MHOTOM BBIPa3UMBI CpencTBaMu OHTOJIOTUH
MIPOUCXOKACHHS TaHHBIX.
Taxxke B cpene MyExperiment TpeGyercs

pa3paboTka MOMJEPKKU cuUcTeM TecToB. J[o cux mop
OHH OIHCHIBAIOTCS TOJIBKO HEKOTOPBIMU
HCCIICAOBATENAMI U HE(POPMAIbHO, B IIOJIC OIHCAHUS
moToka paboTr, b0 B (aiimax, BKIOYEHHBIX B
KOJUICKIHIO 00BbEKTa McciaeqoBanus. [locie peann3annu
TAKOW TOIACPKKA BXOJHBIC M BBIXOIHBIC TaHHBIC
TECTOB, TOJI)KHBI CBS3BIBATHCS

Jis cOOTBETCTBHUS pa3pabOTaHHBIM TPEOOBAHUAM K
myONMKAaMd ~ HAYYHBIX  METOJOB  HEOOXOIMMO
obecrieueHme OTIpEICIIEHHBIX MeTa00BEKTOB
MyEXxperiment MeTalaHHBIMA B TEPMHUHAX YIIOMSHYTBIX
OHTOJIOT .

MeTtagaHHBIMH B TEPMHUHAX OHTOJIOTHUH Hpe[[MeTHOﬁ
obactu JOJIXKHBI COTIPOBOKAATHCS:

e (ailipl, MOTOKM paboT KaK IEJIOCTHBIE OOBEKTHI;
e BXOJHBIC y3JIbI B KAUECTBE NPEIYCIOBHH;

e  BBIXOJHBIC Y3JIbI B KauecTBe crenupUKanuil ux
MIOCTYCJIOBUIA;

e y376I 00pabOTKM JaHHEIX;
®  UX BXOJbI M BBIXO/IBL

Takum 06pa30M, MMPOU3BOAUTCA OIIMCaHHC
CCMAHTHUKHN KOMIIOHCHTOB IIOTOKOB pa60T B OHTOJIOI'HMH,
Ha OCHOBE€ KOTOPOTO IOABUTCSA BO3MOKHOCTH ITOHMCKa
IIOTOKOB pa60T, PCICBAHTHBLIX 3aJavdaM, IO IOHATUAM,
COOTBETCTBYIOLIUM IIOTOKaM B OeCIoM, 10
COOTBCTCTBUIO CCMAHTHUKHW BXOJHBIX MW BBIXOAHBIX
Y3JI0B, 10 CEMAHTHKE Y3JIOB O6pa60TKI/I, M0 CCMAaHTHUKE
OJIOKOB M ITOTOKOB JAaHHBIX BHYTPU ITOTOKOB pa60T.
ITomumo ITOHUCKa MOABIIACTCA BO3MO>KXHOCTb
BepI/I(I)I/IKaHI/II/I IIOTOKOB pa60T 1 UX UCIIOJIb30BaHHUs.

MeTa[LaHHLIMI/I B TEPMUHAX OHTOJIO'HH

IPOUCXOXKICHUS COIPOBOXKAAIOTC:

e caMU TMOTOKM pPabOT KaK OIHMCAHUS HAYYHBIX
METOJIOB, TpeOyronmx MIPOSICHEHUS
MIPOUCXOMKICHUS;

e oOpaOaTeiBarolIMe KOMITIOHEHTHI IOTOKOB paboT
Kak Omnpe/iei€HHbIC HayYHbIe CEPBUCHI;

e JaHHEBIC, HAmpaBisieMble Ha 00pabOTKy B TOTOKE
pabot, Haxoxmsmecs B mporecce 0OpadOTKH H
Pe3yNbTHPYIOLIHNE.

JIroOble naHHBIE, BXOJSIIUE B OOBEKT MCCIIEIOBAHUS
B BUje (aioB MM YyYacTBYIOIIME B MOTOKax padoT,

JOJDKHBI ~ OBITh ~ COOTHECEHBl € OHTOJOTHSMH
NpeAMETHOW  O00NacTH, TPOMCXOXKACHHUS, KadecTBa
JaHHBIX.

Hexoroprle acnekTbl kauecTBa JaHHBIX MOTYT OBITh
CBSI3aHBl C METOJJaMU U TIOTOKaMU paboT B IEJNIOM Kak
crenupUKAIUSIME KauecTBa, O0XHUIAEMOTO0 OT pPabOTHI
METOJIOB.

TecThl M WX pe3yabTaThl CHAOMXKAIOTCS CBA3SIMH C
OHTOJIOTHEH IIPEIMETHOM 001acThio, NIPUIEM
0COOCHHOCTH Pa3NIMYHBIX CHUTYAIMH, MPENCTaBIIEMbIX
pasHBIMH  TecTaMH, O KEIaTelIbHO  OTpaXaTb B



OTpaHUYCHUSAX MOHATHH. Pe3yiabTaTbl TECTOB OJIKHBI
MMETh METaJaHHbIE MPOUCXOXKACHHUS, CBA3aHHBIE C
HCTOpHEH BBHITIOJHEHUS TECTOB B ITOTOKaX padoT.

6 IIpumMeHeHUe MeTaTaHHBIX JIsI
o0ecrneyeHusi MIOBTOPHOI0 UCOJb30BAHNS
U BOCIIPOM3BOAMMOCTH pPe3y/bTATOB
padoThl HAYYHBIX METO/I0B

OHTOJIOTUH TPEeIMETHOW OO0JaCTH HCCIICIOBAHMYSI,
MIPOUCXOKACHUS [TaHHBIX, KauyecTBa JAaHHBIX, CpPE.
UCTIOTHEHUS (PaKTHUYCCKHU OMPEICISIOT Pa3HbIC PAKYPCHI
B3IJISla Ha OIMCHIBaEMbIE OOBEKTHI HCCIEHOBAHHUSA U
Hay4YHBIC  METOJbl. MeTamaHHBIE B TEPMHHAX
OTpPENICIEHHBIX OHTOJIOTUN — HE 3aBHCHUMBIC JAPYT OT
Jpyra TIPOCKIMUA HAa OOBEKT HCCIICIOBAHUSIB KOHTCKTCE
3HAaHUI JaHHOW OHTJIOTHH. 3ampochl B TEPMHHAX
Ka&XJOH U3 ITHX OHTOJOrHH, MOTYT BbIIATh MOTOKH
paboT WIM HMX KOMIIOHEHTBI, COOTBETCTBYIOIIUE
onpeenéHHbIM  TPeOOBAHUSAM C  TOYKA  3PEHHS
KOHKPETHOU OHTOJIOTHH.

Jnst XxpaHeHWsT MeETaJlaHHBIX WCIOJIb3yeTcs: 0Oasa
RDF-tpunneroB Ha ocHoBe Jena. B He#l xpansarcs
9K3EMIUIIPBl B COOTBETCTBHM CO  CTPYKTYpOH,
oTpenenEHHON ONMMCAaHHBIMU BBIIIE OHTOJOTHSAMHM. {71
paboTel ¢ ©0a30i HK3EMIIIIPOB HCIIOIB3YETCA SA3BIK
3arpocoB SPARQL.

IIpu pemenun HaydHbIX 3a4ad U IIOUCKE
PEIEBAHTHBIX 3aJa4ye pean3allui HaydyHBIX METOZOB
BO3HHMKHET HEOOXOIMUMOCTh IPEIbIBICHUS TPEOOBAHUH

OJHOBPEMEHHO C HECKONbKHX paKypcoB. Takum
o0pa3oM, TMOHamoOOHWTCS  00pabdaThIBATh  3ampPOCHI,
BKJTIOYAIOII e KOHBIOHKTHBHO TpeboBaHuUs

OAHOBPEMCHHO B TCPMHUHAX HCCKOJBKUX OHTOJIOTHH.
[Ipumep 3ampoca.
prefix rdf:
<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
prefix mecomp:
<http://rdf.myexperiment.org/ontol ogies/components/>
prefix astrobjects:
<http://ontol ogy.ipi.ac.ru/ontol ogies/astrobj ects.owl>
prefix prov:
<http://www.w3c.org/ng/prov#>
SELECT 2workflow WHERE
{ ?output rdf:type astrobjects.AstrObject .
2output prov:wasGeneratedBy 2workflow .
?output prov:wasAttributedTo :resolve_coordinates.
SERVICE <http://rdf.myexperiment.org/sparql>
{ ?output mecomp:belongs-to-workflow workflow .
?output rdf:type mecomp:Sink }

Takoii 3ampoc k 6a3ze RDF-3k3eMIUIsIpOB BBHISCHSET,
Kakie MOTOKH paboT u3 Komekuun MyExperiment
BO3BPAIIAIOT aCTPOHOMHYECKHE OOBEKTHI, 00Opaasch
3a HUMH B cepBuc resolve_coordinates (c Touku 3peHust
OHTOJIOTUH MPOUCXOXKACHHUS JAHHBIX).

CoOTBETCTBEHHO, OH BKJIIOYAeT B ceOs TpeOOBaHUSA K
BEIOOpKe w3  Toukm  goctyma  MyExperiment
MetaobbekToB Kiaacca Workflow, k koTopsiM OTHOCSITCSI
Metao0bekTh! Kiacca Sink. B si3pike 3ampocos SPARQL
JUIst oOpallieHuss K pachpenesi€éHHbIM TOYKaM JI0CTyIa
UCHOJIB3YIOTCA CpeJCTBA (DeAepaTUBHBIX 3alpPOCOB C
nomomipto  koHctpykumu  SERVICE. u  mpsimoro
yKazaHHsi ajapeca Toukm moctyma MyEXperiment.
OctanpHble TpeOoOBaHUS OTHOCATCS K TeMm ke RDF-
pecypcam, Ho ompainuBaetcs 6aza RDF-3x3eMIuspos ¢
MeTtagaHHbIMU. OTHO U3 HUX OTHOCHTCS K METaJlaHHBIM
B TEPMHHAX  OHTOJOTHHM AacTPOHOMHH, a HMEHHO,
NPHHAUISKHOCTh BBIXOJHBIX JAHHBIX IOTOKAa paboT
noustuio AstrObject,. A npyroe — K MeTaJaHHBIM B
TEpMHHAX OHTOJIOTHHM TIPOUCXOXIEHHS JIaHHBIX, a
MMEHHO, KakOW MHCTPYMEHT HCIIOJIB3yeTCs s
reHepaluy JaHHbIX. TakuM o0pa3oMm, OJHMH 3arpoc
ucrmons3yer  TepMuHel  MyExperiment, TepMHHBEI
OHTOJIOTUM  TPEJAMETHOW  00JaCTH W TEPMUHBI
NPOUCXOXK/ICHUS JaHHBIX, a pe3yJbTaToM 3ampoca
SIBJISIFOTCSI HAH/ICHHBIE B KOJUIEKIIMHM HAYYHBIX METOJIOB
MOTOKK paboT, peneBaHTHbIE C(HOPMYJINPOBAHHBIM B
3arpoce TpeOOBaHUM.

ITomo6HOE MCIOJIB30BAHNE METAJAHHBIX ITO3BOJISET
peliaTh MHOTHE 3a[a4M, CBSI3aHHBIE C CEMaHTHYECKUM
MOJXOA0OM K OOECIEUeHHUI0 HHTEPONepadeIbHOCTH
HAYYHBIX METOJOB, WX TOBTOPHBIM HCIOJb30BAHHEM H
o0ecIeueHueEM.

Ha ocHoBe MmeTamaHHBIX O CBSI3U C TNPEAMETHOMU
00J1aCTBI0 MOYKHO peIIaTh 3a7a4yyl TOUCKa PEJICBAHTHBIX
METOOB!

® [0 NOHATHUSIM, CBS3aHHBIM C IMOTOKaMH paboT B
LIETIOM;

® [0 COOTBETCTBHIO TPCOOBAHMSM 3aJa4d IMOHSATHI,
CBSI3aHHBIX C BXOJHBIMU U BBIXOJHBIMU JAaHHBIMU
MOTOKOB paboT, TO €CTh, MO CHEeHU(PUKAIUH B
TEPMHUHAX OHTOJIOI'MH TOTO, YTO MBI HIMEEM H TOTO,
Kakhe [aHHble MBI MMEEM, M TOIO, YTO XOTHUM
MOJIY4HUTh B pe3yabTaTe paboThl METO/A;

L 0 MNPUCYTCTBUIO B IIOTOKE pa60T KOMITOHCHTOB-

CTafuii, KOTOpble HEOOXOMUMBI [UI pEIICHHS
3a1a4;
e 10 JPYTHM BO3MOXHBIM KPHUTEPUSIM,

GbopMyIHpyeMbIM C HCHOJB30BAHHUEM MOHITHN
peIMETHON 00JIACTH.

Bosmoxno TIPOU3BOAUTH CEMaHTHYCCKHUI KOHTpPOJIb
HCIOJIb3YyEMbIX MCTOJOB U IPUHATBHIX peH.IeHI/II\/'II

L4 TPOBEPKY CEMAHTUKH JaHHBIX MEXKAY BCEMHU
KOMIIOHCHTAaMH IIOTOKa pa60T;

®  TIPOBEPKY KOPPEKTHOCTH UCIIOIb30BaHUS
MOJMPOLIECCOB TIO0 HX BXOJHBIM U BBIXOJAHBIM
napameTpam;

L4 COOTBETCTBUC CEMAHTHKHW BXOAHOI'O KOMIIOHCHTA
CCMAHTHUKC BXOJHBIX JIaHHBIX, 0o BBIXOJJHBIX
JaHHBIX BBIXOJHBIM KOMIIOHCHTAaM,

®  COOTBETCTBHE CEMAaHTHKU AAHHBIX, IIPOXOIAIINX U3
BBIXOZIa OZHOTO KOMIIOHEHTa Ha BXOX JAPYTOH, IO
MIPUHIONIY CHEIU(UKAUA Mpel- W MOCTYCIOBHIL:



MOCTYCJIOBHUE BbIXOAA MPCALIAYIICTO KOMIIOHCHTA

JOJIDKHO OBITE CTpOKE HOpeAycCJoBUsA  BXOJa
TIOCJIEAYIOIIETO KOMIIOHEHTA.
BI/IHHO, 4To obecrneueHne CEMaHTHYECKOH

HHTepOHepa6eJ’ILHOCTI/I 3a CYET COOTHECECHHUS 3ajgad,
JaHHBIX U METOAOB CO 3HAHUAMU Hpe,HMeTHOﬁ obactu
SBIISIETCS  OCHOBOHM IS obecreyeHus TIOBTOPHOTO
HCIOJIb30BaHUA HAYYHBIX METOOOB.

ObOecrieueHue KadecTBa JaHHBIX, JIOCTOBEPHOCTH,
MOJIHOTBI M JPYIMX  acleKTOB, CBS3aHHBIX C
HaJEXKHOCThIO JIAaHHBIX W METOJOB, peaau3yercs ¢
[IOMOIIBI0  HUCIIOJIb30BAHUSI OHTOJIOTUSMH  KadecTBa
JTAHHBIX U UX MMPOUCXOKICHUS.

Bo3MoxxHocTH MCETaJdaHHBIX MPOUCXOKIACHUA
JAaHHBIX TAKXKE CJIOKHO MCPCOUCHUTD. C ux IIOMOIIIBIO
OCYILICCTBIISICTCS:

L4 KOHTPOJIb PCAJIbHBIX HCTOYHUKOB MHOAaHHBIX W HUX
Ka4y€CTBa B COOTBETCTBHHU C TpC6OBaHI/I$[MI/I 3aga4u,

L4 KOHTPOJIb 3a COOTBCTCTBHUCM
peaicHus 3aJaqyun HCIOJIb3yEMbIX
peanmaum‘/'l HAay4YHbIX METOHAOB

TpeOOBaHUAM
OTKPBITBIX

o KOHTPOJIb MIPOXOKACHUA
ONpEJEIEHHOMY IIyTM B
COOTBCTCTBHA  KadyCCTBa
TpeOOBaHUAM 337a4UH

TECTOB o
MOTOKax paboT U
MOJIYy4YacMbIX  JTaHHBIX

e  IIpOBEpKa TpeGoBaHuit BOCIIPOU3BOJUMBIX
9KCIIEPUMEHTOB K UCIIOJIHAEMOI cpene.

Takum 006pa3oM, BOCHPON3BOJUMOCTH PE3YJILTATOB
CIOCOOCTBYET BEJICHHE METAJaHHBIX IMPOHCXOXKICHUS
JUIL  KOKIOW MaHWIYJSIIHMH, NPOU3BOIUMOM TIpH
MIPOXOKICHUN HKCIEPUMEHTOB. [IpH BOCHIpOHM3BEICHUH
Pe3yIBTaTOB BO3MOXKHO OTCIIEAUTH OOPATHYIO IETIOUKY
MaHHITYJISIUI 1 TOBTOPUTH €.

Crneunduxannu TpeOGOBaHUH K HCHOIHAEMOI cpere,
HEOOXOAMMOM Uil TPOBENECHUS  OKCIEPHMEHTa,
(bOpMYyIHPYIOTCS B TEPMUHAX MTPOUCXOKACHHS TaHHBIX.

7 3akaouyenue

B crarbe npoaHaan3upoBaHbl TpeOOBAaHHS K cpelaM
HOAJEPKKH HayYHBIX MCCIECIOBaHUH IS 0OecrieueHus
MOBTOPHOTO MCHOJIL30BaHUS HAYYHBIX METOIOB H
BOCIIPOM3BOJMMOCTH  pe3YyJIbTaTOB ~ HMX  PabOTHI.
[Ipemioxen HabOp MeTalaHHBIX, KOTOPbBIC HOJDKHEI
COINPOBOXKIATh JaHHBIE M METOABI C JTOHW LEJBIO.
MerazaHHBIE OIPEAEIAIOTCS B TEPMUHAX OHTOJOTHH H
BKJIIOYAIOT TPUBS3KY OIMCAHMH HAayYHBIX METOJOB H
MOTOKOB palbOT K 3HAHUSAM MpPEAMETHOW oO0JlacTH H
TaKke cHaOxkeHHe MH(opMmanuel 0 MPOUCXOKICHUN U
KavyecTBe JNaHHBIX. [loka3aH MyTh UCIIOJIB30BAHMS ATHUX
MeTaJlaHHBIX.
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M etadata of scientific methods for
achievement of their reuse and
reproducibility of their results

N. A. Skvortsov, D. O. Briukhov, L. A. Kalinichenko,
D. Kovalev, S. A. Stupnikov

In datarintensive sciences there are high
reguirements imposed on big volume data processing
with a set of scientific methods to achieve secondary
information and new knowledge about investigated
objects. So accessihility of scientific method
implementations being applied at the domain for data
processing and problem solving organizing comes out to
be important. Digital reservation, reuse and
reproducibility of experiment results become inherent
attributes of scientific methods. The paper investigates
metadata structure to be attached to processes



specifying or implementing scientific methods for their
reuse and result reproducibility. Process components
and data are referred to the domain concepts and are
supplied with information about their provenance and
quality, test collections describe kinds of situations in
which methods must behave in a definite way. On the
case of the open MyExperiment environment organizing

and providing access to the collection of scientific
workflows we demonstrate how the extension of
metadata allows to organize at the collection semantic
search for methods relevant to a problem, to verify
interoperability, reusability and reproducibility of
method implementations.
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Abstract

A simple research activity model is suggested
that is agnostic to research domain and alows
independent  curation of the research
information lifecycle by a variety of its
stakeholders with a potential to further link
individual activities into meaningful research
provenance or research value chains. We
consider the drivers for conceiving the model,
its main aspects, an RDF manifestation of it, a
particular business case for its application, and
discussits potential for future applications.

1 Introduction

Different stages of the research lifecycle in natural
sciences as well as in social and economic research
produce multiple data artefacts under control of
different data management solutions and software
platforms. (We use the term “data’ here and there in a
broad sense: not necessarily numeric data resulting from
measurements but research proposals, software
components, configuration files, electronic publications,
etc.) Data curators working in a particular research
domain tend to develop a specific metadata model that
aims to cover the entire research lifecycle from the
research inception to the research outputs
dissemination. Such a metadata model quite often
serves as a foundation for the design of the actua
information systems and services. The example of a
comprehensive metadata model for the research
performed at large facilities like synchrotrons, powerful
lasers or neutron sources is the Core Scientific
MetaData model [5]; the example in socia research is
DDI-Lifecycle[7].
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Substantial effort of renown information experts has
been spent in order to extend some established metadata
models with new semantic features, the example in
social research will be DDI semantic modelling ([8],
[9]). The richness and the expressivity of metadata
model that has evolved through decades can be
considered a limitation that makes it harder to agree on
what should constitute the “true” semantic
representation, or what format of it should be a
“canonical” one. Also the attempts to transform the
entire domain-specific metadata model into semantic
representation, and then offer it for common adoption
and data linkage may contradict the social nature of
Linked Data as its curation can be reasonably
considered an incremental and opportunistic effort of
multiple parties (as brilliantly illustrated by [1]).

This is not to say that semantic modelling of the
entire research domain is not sensible or do not have a
potential for implementation. Collaborative projects of a
multinational scale such as PaNdata-ODI ([2], aso see
under [16]) consider semantic representation of the
popular domain-specific metadata model [5] with the
purpose of system integration. The motive for this
consideration is that, despite the actual information
systems in different research centres may be based on
the implementations of the same generic metadata
model and even on the same software platform for data
catalogue [14], the practices of the catalogue
configuration, the interpretation and the use of the
model elements, and hence the actual semantics of these
elements may vary dramatically. A common semantic
layer, probably in the form of ontology, is considered
then a viable architecture solution that should allow
retaining the existing local practices of data cataloguing
and at the same time, should give the IT teams an
ability to meaningfully integrate distributed data and
services.

That semantic layer, however, will require an
inclusion into a certain best practices framework to
sustain it through time [4], otherwise divergent business
needs and business practices of the collaboration
participants can make a thoroughly designed semantic
model obsolete the next day after its implementation in
area IT solution. Keeping a comprehensive semantic
model actual can be quite an expensive endeavour with
substantial overheads on continuous business analysis
and communication with multiple parties.

Another concern about the attempts of semantic
representation of comprehensive metadata models is a
tendency for them to reflect the information needs of


mailto:vasily.bunakov@stfc.ac.uk�
http://www.engage-project.eu/�
http://www.pan-data.eu/�

only a few types of the research lifecycle stakeholders:
this is commonly Researchers and Data Archivists. The
information needs of other stakeholders from Funding,
Industry, or Education are often under-represented. To
resolve thisissue, one can take two approaches:

A) As aresponsible information curator, conduct
thorough business analysis of the research
lifecycle stakeholders' types and their
infformation needs then incorporate the
knowledge acquired into a comprehensive
model that, in order to be effective, should be
validated by the stakeholders themselves (then,
ideally, permanently amended).

B) Give different stakeholders a reasonable
modeling means to express their role in the
research lifecycle so that each of them
becomes an information curator who cares
about the quality and the actuality of her
contribution into the shared pool of
information.

The latter approach seems more adequate in the
present situation when the advance of Linked Data
principles allows various stakeholders to meaningfully
model their part of information universe, also re-use the
results of similar modeling effort made el sewhere.

We suggest a small but quite universal “core” model
in the spirit of Linked Data principles [1] with low
barriers for its adoption and use for semantic annotation
of the research activity in different local information
contexts, with their further inclusion into a global
information context. We think that such a model should
not focus on data but on common patterns of research
activity observed in different research domains (for
which we give examples further in this paper); various
data then can be considered artefacts or “footprint” of
different types of research activity.

2 Resear ch activity model

2.1 Typesand common patterns of resear ch activity

Research lifecycles analyzed and structured by digital
curators in the respective research domains can be a
good source for discovering granular research activities
and their interrelations. In this work, we consider two
lifecycles: in facilities science' and in social research;
they are most relevant to the projects which contributed
to the development of our model ([11], [16]) and their
respective research domains stay quite far apart so may
help us with testing our model universality.

Lifecycle in facilities science that underpins CSMD
model [5] includes the submission of a research
proposal to the facility user office in order to get the

! For the sake of clarity, we use the term “facilities science” for the
rescarch  performed on large-scale  scientific  instruments
(synchrotrons, powerful lasers and alike) by visitor teams or
individual researchers who obtain, via the application process, access
to the common facility resource in order to conduct their experiments
or observations, and to collect the resulting data.

facility resource for research (e.g. beam time on
synchrotron); the further approval of the proposal by the
facility’s user office; experiment scheduling; conduct of
the actual experiment with data collection; data storage;
data analysis; and eventually publishing research results
with record keeping for them. Beyond this lifecycle that
is supported by facility itself, there is research funding
activity, or research policy making, or the researchers
social communication that all can be considered
elements of alarger “research value chain”.

=
Figure 1. Research lifecycle in facilities science (as captured by

CSMD modél).

The lifecycle of social research that underpins DDI-
Lifecycle model [7] includes the formulation of the
study concept, further data collection, its processing,
archiving, digtribution, discovery, analysis, and
repurposing. Funding, or policy making, or socia
communication, despite there are some placeholders for
references to these types of activity — are again beyond
the immediate scope of DDI.

/‘

| /.»—_-:> .

Study N pata | N oua N e N pata N oata
Concept [ Collestion procasting [ """ . Discovery Analysis
¥ j—/ L

= T
\_‘ E q‘/nelmr»osmq T
- . I' e

Figure 2. Research lifecyclein social science (as captured by
DDI-L model).

Each activity yields certain outputs, e.g. in facilities
science, the research proposal preparation results in the
investigation (experiment) description, data analysis
yields derived data etc. Previous activity may provide
an input for other activity or give it a context, e.g. it is
quite common for researchers to refer to the previous
investigations (experiments) when they apply for a new
investigation to be conducted at the same facility.

Despite there are similarities between the two
aforementioned lifecycles and between the roles of
stakeholders involved in them, there are differences,
too. Even more differences come up if we consider
context or scope of each research activity, or means for
their description that are present in each model. Asan
example, in facilities science, the scope of experiment
can be understood by considering what samples or
chemical substances have been under investigation; in
social research, it can be meaningful parameters
describing the human audience which the study has
been aimed upon. Not these details that may be
different but the very presence of Context and Scope, as
well as the Inputs and Outputs for the research activity,
or Actors who perform it, or Effects of the research do
represent a common pattern — very generic but universal



across research fields.

These patterns are common not only across different
research domains for the similar types of research
activity (when we draw paralels e.g. between facility
science Experiment and social research Study); this is
also the case for different types of research activity
within the same lifecycle, e.g. funding or data analysis
or record publication have their Inputs and Outputs,
their Actors, Effects, Context (Conditions) and Scope.

These basic patterns contribute to a reasonable
model that should not be too burdensome for the
respective stakeholders (or information speciaists
working for them) to apply, yet is expressive enough to
promote the principles and best practices of Linked
Data in various research domains. We consider a
potential for such an application below in the section
devoted to a particular business case; in the meanwhile,
we are going to formally introduce the major aspects of
ageneric research activity, and suggest a practical RDF-
based manifestation for them.

2.2 Generic research activity (resear ch activity
" Cdl”)

We deem important the following aspects of a generic
research activity:

Examples
Aspect Description - " Research
o s data
P analysis
Something that is | Previous Raw data
Input takenin or research
P operated on by
Activity
Something that is | Raw data Derived
intentionally (analyzed)
Output
utpu produced by data
Activity
Something that Sample One or more
Scope Activity isamed properties experiments
at or deals with
Something that Scientific IT
affects or supports | instrument environment
Condition | Activity, or gives
it a specific
context
Something or Investigator | Dataanalyst
somebody who
Actor participatesin
Activity
Somethingthat is | Environme | New
Effect a conseguence of nt pollution | software
Activity module

Schematically, the granular research activity can be
represented by the following diagram:
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Figure 3. Research activity “cell”.

Research activities can be combined as “cells’ in
chains where Output of one can be an Input to another
but in fact, the model alows other sorts of links
between activities. As an example, a piece of regulation
such as data management policy can be an Output of
one activity (policy making), and a Condition that
affects another activity (research per se); a new
software module that is a side Effect of a certain
activity (data analysis) can be a non-human Actor that
participates in other activity (e.g. automated indexing of
experimental data). This shows that activity aspects in
fact do not have “types’: a modeler can use and
combine them as dictated by the semantics of the
respective subject area.

This view is inspired, to some extent, by SADT
activity model [17] with its idea of combining activities
into the hierarchy or a grid but is quite different by
introducing some other activity aspects and not
imposing their typization. Also SADT promotes a top-
down approach to structured analysis and systems
design when we suggest a bottom-up approach that
allows combining the granular activities in more
complex information structures.

Compared to other project-driven attempts to model
research activity ([10], [15]) our model is going to be
simpler, more universal, and deliberately aimed at
semantic modeling of a granular activity rather than of
the entire research lifecycle thus providing a “building
block” for a more sophisticated information modeling
as and when required.

2.3 RDF manifestation of activity model

The outlined model may imply different manifestations;
we feel that one expressed in RDFS Plus (RDF Schema
with a few OWL terms) has a good potential for
adoption by information curators and implementation in
real IT solutions. This paper Appendix suggests the



RDFS Plus manifestation of the activity model that can
be extended by domain specific entities and properties.
As an example, an information modeler in facilities
science might want to extend the model as follows:

@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#t>.
@prefix am: <http://example.org/stuff/ActivityM odel#>.
@prefix rm: <http://example.org/stuff/ResearchM odel#>.
# For Activities
rm:Research rdfs:subClassOf am:Activity .
rm:Experiment rdfs:subClassOf rm:Research .
# For Conditions
rm:Condition rdfs:subClassOf am:Condition .
rm:Regulation rdfs:subClassOf rm:Condition .
rm:DataM anagementPolicy rdfs:subClassOf rm:Regulation .
# For Output
rm:Output rdfs:subClassOf am:Output .
rm:Publication rdfs:subClassOf rm:Output .
rm:Dataset rdfs:subClassOf rm:Output .
# For Scope
rm:Scope rdfs:subClassOf am:Scope .
rm:Experimental Technique rdfs:subClassOf rm:Scope .
rm: SubjectCoverage rdfs:subClassOf rm:Scope .
# For properties
rm:activity_location rdfs:subPropertyOf am:hasScope .
rm:activity subject rdfs:subPropertyOf am:hasScope .

The user of the information system where the RDF
data prepared according to our model is published can
then use reasonable SPARQL requests to inquire for
different aspects of research activities, e.g. trying to
realize first how much research output, and how much
of each typeisout there:

SELECT ?output_type (COUNT (?output) as total)
WHERE { ?output_type rdfs:subClassOf am:Output .
?output a Poutput_type .

GROUP BY ?output_type
or try to discover the chains of interrelated activities:

SELECT ?previous_activity ?current_activity
WHERE { ?previous_activity am:hasOutput 2output .
?output am:inputFor 2current_activity .}

User may be familiar with just our activity model
knowing very little about a certain research domain at
start, then accumulating more and more knowledge
through sensible incremental requests. In case the
information modeler, in addition to our basic activity
model, has followed good practices of data curation so
that e.g. instances of Scope or Condition subclasses are
not literals but dereferenceable URIs, the User will have
even more opportunities of getting familiarized with the
semantics of a particular research domain. When we tell
of “User” we of course mean the software agents, too,
as the prospect of employing them is a strong incentive
for any semantic modeling.

2.4 Business case for semantic categorization and
annotation of existing metadata

As we mentioned, it may not be easy to give birth to the
semantic representation of a comprehensive metadata
model because of its richness and complexity, and
because of substantial overheads for communication
among information curators who apply the model in

different contexts. Another observation is that detailed
metadata records may in fact represent different
activities performed by different stakeholders of the
research information lifecycle — while the records that
in fact circulate in the information management
solutions are focused on particular types of stakeholders
only and support their specific rolesin the first place. A
certain stakeholder, eg. Data Librarian or Data
Archivist may claim that Her information management
solution is focused on data in pursuit of some common
interest when, in fact, the information management
solution primarily supports this particular stakeholder
specific role in the information lifecycle with only some
types of other stakeholders well served.

As an example, DDI [7] suggests some means to
model information about funding but European funding
bodies are likely to use their own information systems,
many of them based on CERIF standard [6]. So the
richness and expressivity of DDI, as well as the actual
information systems based on it are in fact aimed at
researchers in social science and data archivists, not at
funders who are likely to have their own information
systems based on other metadata standards, and not at
other types of stakeholders in Business, Education, or
researchersin other research domains.

We feedl that it will be more productive to admit this
natural attitude of the information management
solutions and their ownersto cater for only one or afew
roles; it may be better to provide a reasonable means to
model different roles and their activities on a granular
level than try to capture an elusive information context
in more and more complex versions of a comprehensive
semantic model. If we take the existing records in a
certain rich metadata format, this approach results in
categorization and annotation of the entire metadata
records with other metadata based on a smaller but
semantically meaningful and universal information
model — like our activity model.

Let us see how our core semantic model may serve
DDI metadata categorization and annotation.” The
analysis shows that one DDI record typically represents
different types of research activity:

. - ~.
e Research per se
/ Research dl'strihutiun\
Research Study 1D
f funding Study title Contributor (distributor) \‘l
| Funding agency Study description Copyright

Contributor (author)
Temporal coverage
Spatial coverage
— Subject coverage
Related publications

Access type |,'

Access description
Access contact

Figure 4. Research activities represented by a DDI record.
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As we have identified different types of research
activity, we can model them accordingly; we can also

2 This approach was applied to DDI records harvested from the UK
Data Archive and GESIS archive ([18], [13]) in the interests of the
ENGAGE project [11] and was communicated in [3] as a
prolegomenon to the generic model that we are presenting now.



identify specific Actors (Funding Agency, Author,
Distributor), activity Outputs (Publication, Dataset),
Scopes (Spatial Coverage, Subject Coverage) and
Conditions (Copyright, Access Terms). Different
granular activities will be modeled then with different
amount of detail but we can enrich them with data from
other information systems: for research funding —
through funding agency portals, for research — through
the project and the individual investigators' Web pages.
This information enrichment should ideally be done by
the Actors of the respective Activities (Funding,
Research per se, Distribution) as they best understand
the information context and the semantics of their
business.

Our activity model then should allow curating the
data and data context (metadata) in a distributed
manner, and the combination of granular activities in
sensible information context chains. This should
eventually give us a more dispersed but a more
complete description of the research discourse for a
particular Study — more complete if compared to what
the Data Archivist deemed valuable to capture and
describe in a DDI record for the same. Our core model
then serves as a “glue” to support the common
information context and facilitate the interoperability of
different digital curation frameworks that are operated
by different Actorsin support of their own Activities.

The existing well curated archives of DDI records
can be considered then a valuable “fuel” to support the
launch of the research discourse “Web” or “grid”. The
role-centric nodes of it will be performing their part of
digital curation, with sharing its results via smple and
commonly understandable semantic model that can be
interpreted not only by data archivists or researchers in
social science but by various stakeholders from other
research domains, or business, or education, or policy
making.

2.5 Conclusion

We outlined the motivation for why a simple model
would be valuable for the semantic representation of a
generic research lifecycle. We introduced the major
aspects of the model, suggested an RDF manifestation
for them and showed how the domain-agnostic requests
might work for information discovery. We then
considered a particular business case of applying the
model to the existing rich metadata records in social
science but there are more promising cases to consider.

One of the immediate candidates is facilities science
with its CSMD metadata [5] that we already mentioned.
The diverse business practices for using the existing
mature data management solutions based on CSMD
model [14] may become a barrier to the meaningful
sharing of facilities science data as Linked Data. Our
model then may be of help for the re-engineering of the
existing data archives in spirit of Linked Data and
Semantic Web principles, through semantic annotation
of the CSMD metadata records (which may involve
some decomposition, too, similarly to what we
demonstrated for DDI metadata).

Another prospective area where we think our model
may prove to be valuable is long-term digital
preservation with its two well-known problems of the
accountable data provenance and of the meaningful data
representation for the future (and changing) community
of data consumers. The ability of our model to combine
individual data curation activities into the traceable
chains of them, as well asits very focus on the Activity
(with data being an artefact or footprint of it) may
contribute to the satisfactory resolution of the data
provenance problem. The model’s data discovery
capabilities based on standard information requests and
profiles of them when it is enough for the User to be
familiar with our basic semantic model in order to start
the incremental knowledge discovery — may contribute
to the meaningful data representation.

Also we find the multi-disciplinary and distributed
curation, discovery and reuse of the research
information to be in high demand; it is already in the
agenda of a few actual European projects (see under
[11], [12], [16]) and it is reasonable to expect more of
them to come. The domain-agnostic nature of our
model, as well as its very manageable core size and
expandability where required let us hope for its
application in some of the existing and future e
infrastructure initiatives.

3 Appendix: RDFS Plus manifestation of
the activity model

@prefix rdfs: <http://mwww.w3.0rg/2000/0L/rdf-schemad> .
@prefix owl: <http://www.w3.0rg/2002/07/owl#> .
@prefix am: <http://example.org/stuff/ActivityModel#> .

AR Core entities of Activity model #HHHHFHHHHHHHH

# Comments are based on the Oxford dictionary, with some
generalization or amendment where appropriate

am:Activity rdf:typerdfs.Class;
rdfs:label "Activity" ;
rdfs:comment " Something that Actor does, or has done,
or isgoing to do, or can do" .
am:Input rdf:type rdfs:Class ;
rdfs:label "Activity Input" ;
rdfs:comment " Something that is taken in or operated on
by Activity" .
am:Output rdf:typerdfs.Class;
rdfs:label "Activity Output” ;
rdfs.comment " Something that is intentially produced
by Activity" .
am:Actor rdf:typerdfs.Class;
rdfs:label "Activity Actor" ;
rdfs.comment " Something or somebody who participates
in Activity" .
am:Effect rdf:typerdfs.Class;
rdfs:label "Activity Effect” ;
rdfs:comment " Something that is a consequence
of Activity" .
am:Condition rdf:type rdfs:Class;
rdfs:label "Activity Condition" ;
rdfs:.comment " Something that affects or supports
Activity, or givesit a specific context" .
am:Scope rdf:type rdfs:Class ;
rdfs:label "Activity Scope” ;
rdfs.comment " Something that Activity isaimed at
or dealswith" .



A Core properties of Activity model #HHHEHH#HH

# am:haslnput or am:inputFor
#links Activity to its Input
am:haslnput owl:inverseOf am:inputFor .

# am:hasOutput or am:outputOf
# links Acttivity to its Output
am:hasOutput owl:inverseOf am:outputOf .

# am:hasActor or am:actorFor
#links Activity to its Actor
am:hasActor owl:inverseOf am:actorFor .

# am:hasEffect or am:effectOf
#links Activity to its Effect
am:hasEffect owl:inverseOf am:effectOf .

# am:hasCondition or am:ConditionFor
# links activity to its Condition
am:hasCondition owl:inverseOf am:ConditionFor .

# am:hasScope or am: ScopeOf
# links Activity to its Scope
am:hasScope owl:inverseOf am:scopeOf .
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