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B nacrosiieii padore npezcrasnena cucrema BiolnfoWF s aBromarideckoii reneparym Web-unrepdeiicoB u
Web-cepBHCOB [J1s1 BEIMUCIUTEIBHBIX MOJIYJIEH B 001acTi OnonH(popMaTuKH. [IJ1s KayKI0ro BBIYUCIUTETLHOTO
MOJYJIA, UCIOJIB3YEMOT0 B 3TO cucTeMe, BBOAUTCS MeTaonucanue Ha si3bike XML. Ha ocHOBe MeTaomncanmii
BiolnfoWF aBromarnuecku renepupyror Web-unrepdeiicel u Web-cepBHCHI, KOTOpHBIE B TATbHEHIIIEM MOTYT
HCIIOJIb30BAaTHCA KaK B pa3JIMYHbIX 6I/IOI/IH(I)OpMa]_Il/IOHHI)IX CHUCTEMAX, TaK 1 HEIMOCPEJICTBCHHO B caMoM cucteMe
BiolnfoWF. BeruncnurenbHble MOTYIH B HAIlleW CHCTEME MOTYT OOBEIMHSITHCS B KOHBEHEPHI, I KOTOPBIX
ABTOMAaTHYECKH T'€HEepUpYeTCsl Mosb3oBarelbckuii Web-unrepdetic. PaspaboraHHbIi HAMH HHCTPYMEHT Cy-
IIECTBEHHO YIPOLIAET pa3padoTKy 1 MyOIMKAIMIO MOJyJIeH aHaM3a OMOMH(OPMATHYECKUX JaHHBIX B CETH,
41O 00eCHeunBaeT UX JIOCTYIHOCTD JUIsl COOOIIecTB O1ooroB U ouonngpopmarukoB. Cucrema BiolnfoWF
pacnpocrpansercs oz cBobonHoi muensueit GNU GPL. luctpuOyTHB 1 MONB30BATENBCKA JOKYMEHTALIUS
cucrembl BioInfoWF moctynHs! Ha caiite http:/bioinfowf.bionet.nsc.ru.

KoaioueBble ciioBa: OnonHdopmaTnka, HHTErpanus JaHHBIX, KOHBeHepHast 00padoTKa JaHHBIX, METAOIIN-

canue JaHHbIX, Web-unTepdetic, Web-cepsuc.

BBEJIEHHWE

Merozapl OMonH(pOPMATHKK BCe MIMpE MpUMe-
HSIIOTCS B CAMBIX Pa3IMYHBIX 00IaCTSIX OMOJIOTHH:
NIPY aHAJIN3€ TAHHBIX BEICOKOIPOU3BOIUTEIBHOTO
cexBennpoBanus (Pop, Salzberg, 2008), B 6rome-
mutmae (Fernald et al., 2011), renetuke (Moore
et al.,2010), n3y4eHNN MOJIEKYIISIPHOM IBOITIOIIH
(Sanchez et al., 2011), npu ananuze GEeHOTHIH-
YeCKHX MpHU3HaKoB oprann3zmoB (Hartmann et al.,
2011). [Ins peuieHus: KOHKPETHOH OMOJIOrUIeCcKOr
3a]]a4u Py THHHBIMH POLIETypaMHU SBIIAIOTCS 00pa-
IIeHHeE K 0a3aM JaHHBIX, UCIIOIb30BaHKE OOJIBIIOTO
YHcia NporpaMM, 0ObeJTMHEHHBIX B IICTIOYKH, BU-
3yaJi3alus MOJyYCHHBIX PEe3yJbTaTOB Ha Pa3HbIX
sTamax o0pabdOTKH JaHHBIX. YCHEX pelleHUs
3aBUCHUT OT 3(p(heKTUBHOI 00pabOTKH OrPOMHOTO
KOJInuecTBa MHPOpPMALUHU, IPEICTABICHHON B
pasHbBIX hopMaTax; IPUMEHEHHS OOBIIIOTO YK CIIa

MaTeMaTH4eCKUX MOJICJICH, KOTOPbIC pealli30BaHbI
PasHbBIMU BBIYMCJIUTCIBHBIMU NpOrpaMMaMu U
anroputMaMu. Bee 3To 00yCIIOBIMBaET BaKHOCTh
WCIIONb30BaHUs B OnomH(OpMaTnke KOHBeHep-
HBIX CHUCTEM OpTaHW3aIllnk OO0paOOTKH JaHHBIX
(Deelman et al., 2009).

[Tpu pazpaboTKe MOJOOHBIX CHCTEM aKTyaJIbHOM
3amadeil siBnsieTcs oOecrnedyeHue BO3MOXKHOCTH
MMOBTOPHOT'O KCIIOJIb30BaHUS pa3pabdOTaHHBIX
KOHBEWEpOB, UX JIOCTYITHOCTH JIPYTHM IT0JIb30Ba-
TEJISIM, B TOM YHCIIE ¥ B BUJIE OTJEIIEHBIX MOYJIEH.
Takue BO3MOKHOCTH TipefocTaBisieT MuTepHer,
B YaCTHOCTH, OpraHM3alusi paboThl KOHBEHEPOB
Ha ocHOoBe Web-cepBucoB. Web-cepBuc — 310
[IpOrpaMMHasi CHCTeMa, UIeHTU(QUITpyeMast CTPO-
KO YHHBEpCaJbHOTO HISHTHU(HUKATOpa pecypca
(universal resource identifier, URI), ero o6mie-
JIOCTyIHBIE WHTEP(ENCHI OMPEeIeHbI Ha S3bIKe
XML u ocHOBaHBI Ha 6a3€ OTKPBITHIX CTAHIAPTOB
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U TpOTOKOJIOB. Web-cepBUC sIBISieTCA €AMHULICH
MOZYJIBHOCTU IIPHU HUCIOJIB30BAHUU CEPBUC-OPH-
EHTUPOBAHHOH apXUTEKTYPbI IIPUIIOKEHUS 1 00ec-
MEYMBACT B3aMOJICHCTBUE MPOIPAMMHBIX CHCTEM
HE3aBUCHMO OT TUIAT()OPMBI.

[Tpu GosbiIOM pa3zHOOOpa3HH UMEIOIIHXCS
Web-cepBHCOB BcTaeT 3a/1a4a HX CTPYKTYPH3aIHH.
B Hacrosmiee Bpemst pa3paboTaHO HECKOJIBKO I0-
MYJISIPHBIX CUCTEM KaTaJOrM3aLlui 1 KOHCTPYUPO-
BaHUS KOHBEWepOoB B 001acT OMOMH(OPMATHKH,
KOTOpbIe HCTOoNb3yIoT Web-cepBucsel. [Ipoekt
BioCatalogue (Bhagat et al., 2010) siBisieTcs peect-
pom duonoruyecknx Web-cepsucos. BioCatalogue
NPEeAOCTaBIsIeT 0OLMid nHTEepdelic Ui perucTpa-
WU, TIPOCMOTpPa ¥ aHHOTHpOBaHUA Web-ciyx0
B coolmiecTBe HayK O u3HU. [Ipyn aHHOTAaNUU
CEPBUCOB YUUTHIBAIOTCS WX TEXHUYECCKUU THII,
OououHpopMaTruueckasl KaTeropus, MmoCTaBIIUK
3TOTO CEPBUCA, Pa3UYHBIC MOJIb30BATEILCKUE
Tery, HopMaThl BXOJHBIX/BBIXOIHBIX AaHHBIX. Cep-
Brckl BioCatalogue Taxke sSBISIOTCS IPEIMETOM
MOCTOSTHHOTO MOHUTOPHHT ', TIO3BOJISTFOIIIETO HJICH-
TUQHUIUPOBATH POOIIEMBI C 00CTY)KHUBAHUEM U 13-
MEHEHHEM CEepBHCa. DTO MO3BOJISIET OCYIIECCTBIATH
GUIBTpaIMIO HEJOCTYNHBIX WIM HEHaJEKHBIX
pecypcoB. Cepsucsl B BioCatalogue moctymnHb! He
TOJIBKO B BHJIE IIPOIPAaMMHOI0 HHTEpdeiica, HO 1 ¢
nomMoinbio Web-uHTEpdeiica Ha OCHOBE TEXHOJIO-
ruii «Web 2.0» (Bhagat et al., 2010).

[Ipu pemieHNN KOHKPETHOH 3a1a4ud B 00JacTH
OnonH(pOpMaTUKH, KaK MPaBHUIIO, UCIOIb3YeTCs
Ha0Op METOIOB, KaXKABIH U3 KOTOPBIX peau30BaH
B BUJIE OT/IEJIBHOIO NpUIOKeHHs: win Web-cepBu-
ca. B nacrosimiee Bpemst pa3paboTaHO HECKOJIBKO
MOMYJISIPHBIX CHCTEM B 00J1aCTH OMOMH(OPMATHKH,
MO3BOJISIIONIUX OPTaHU30BBIBATh TaAKUE METOIbI
B KoHBelepsl. CxeMa KOHBelepa B 3TOM ciydae
SIBJISICTCS TUTAHOM DKCIIEPUMEHTA IS PELLCHNS KOH-
KpeTHOW Omornormyeckoi 3amaun. OTHOHN U3 MMOITy-
JSIPHBIX CUCTEM, TIPEJIOCTABIISTIONINX KOHBEHEPHYIO
00paboTKy naHHbIX, sBisiercs Galaxy (Goecks et al.,
2010). [Tonp3oBaTeny, He UMEIOIIUE OIBITA MPO-
TrpaMMHUPOBAHHMsI, MOTYT JIETKO 3a/1aTh TIApaMeTPBbI,
3aIycKasl BBIYUCIUTEIILHBIC MOLYJIN U KOHBEHEpHI.
[Tpn mpoBenenun Beraucnennii Galaxy dukcupyer
MIPOMEKYTOUHYIO WH(GOPMAITHIO, JJIST TOTO YTOOBI
nr000H TONT30BaTeNlb MOT IOBTOPHUTH M MTOAPOOHO
MPOAHATN3UPOBAT PE3YBTAThl YUCICHHOTO aHATH-
3a. B cucreme Galaxy mosp30Baresi MOTYT COBMECT-
HO UCTIOJIb30BAaTh U ITyOJIMKOBAaTh KOHBEHEPHI uepes

Web u coznaBats Web-10KyMEHTHI, OIICHIBAIOIIHE
IIPOTOKOJIBI 1 CMBICIT HCCIICAOBAHUM.

Hpyroil momynspHOW CHCTEMOU MOZO0OHOTO
tuna siisgercs Taverna (Oinn et al., 2004). D1o
rpaduyeckas cpena sl YIpaBJIeHHs U 3aIlycKa
KOHBENEpOB, pean30BaHHasl Ha sI3bIKe Java B BUJE
npuitokeHus ¢ rpagudaeckum narepgeiicom (GUI).
Taverna obecnieunBaeT y1o0CTBO HHTET PALIK IPO-
rpamm, 6a3 naHHBIX 1 Web-CepBHCOB, JOCTYITHBIX
B MuTepHeT. DTO MO3BOJISET OHOMH(pOPMATHKAM
KOHCTPYUPOBaTh KOHBEHEPHI [UIsl PELICHHS 3a1ad
B pa3lMYHBIX OONACTSIX, TAKHX, KaK CEKBEHUPO-
BaHWE W aHHOTalUsl TeHOMOB. Pacnpenenennas
Web-cepBuCHas apXUTEKTypa CHCTEMBI [T03BOJISIET
HCIIOIb30BaTh MHOTO Pa3JIMYHBIX IPOBANAEPOB pe-
CYpPCOB 15 IpoBeIeHN aHann3a. CxeMy roToBOro
KOHBeWepa MOYKHO COXPaHHTh, OTPEJAKTUPOBATH H
3aIyCTHUTh IOBTOPHO, ITpH4eM He Tosbko yepe3 GUI
uHTepdeiic, HO U KaK KOHCOJIBHOE TPUIIOKEHHE.

[NomynsipHOCTH KOHBEHEpPHOIH 00pabOTKH JaH-
HBIX ¥ HAKOIUICHHE OTPOMHOIO YHMCIA Pa3IMuHBIX
TOTOBBIX KOHBEHEPOB, KaX bl U3 KOTOPBIX HAlle-
JICH Ha PELICHUE Y3KOH OMOJIOrMYeCKOW 3a/adu,
MPUBENH K MOSBICHUIO TAKUX PECYpPCOB, Kak
myExperiment (Goble et al., 2010). myExperiment —
cpera Ayt COBMECTHOU PabOTBhl, i€ y4eHbIE MOTYT
IIyOJIMKOBATh CBOM IJIaHBI SKCIIEPUMEHTA, KOHBETe-
PBI, JICTUTHCSI UIMU C JAPYTHMH TIOJIE30BATEIISIMHU.
Kongeiiepbl, 00bEKTHI (IPOrpaMMbl U JAaHHBIE U3
0a3), UX CBA3KM (TaK Ha3bIBAEMbIC MTAKETHI) MOKHO
HCKaTbh, COPTUPOBATH U KJIacCU()UIIMPOBATH Kak (o-
Torpadun 1 Buzeo B MuTepuere. OnHako B OTIMUNE
ot Facebook nimm MySpace myExperiment moixo-
CTBIO OPHEHTHPOBAH Ha MOTPEOHOCTH HCCIIeIOBaTe-
neit. myExperiment obecrieunBaeT yoOHbIH JOCTYTI
K 3HaHMAM (MH(DOpMAaHHY, HayYHBIM JaHHBIM) JIJIs
CJICYIOIIETO MOKOJICHUS! YUCHBIX, MPEIO0CTaBIISSI
IyJl HAyYHBIX METOIOB, (hOpMUpYsl cOOOIIEeCTBa U
OTIPEIETISISt IIPOTOKOJI OOIIEHNSI BHYTPH 3TOTO CO00-
niecTBa. Bee 9To MPUBOJMT K yMEHBIICHHIO BpeMe-
HY BBIX0JIa Ha OMOJIOTHYECKHUI DKCTIEPUMEHT.

HlupoTa pemaeMbIxX 3a1a4 ¥ HOMYISIPHOCTH
paboThl B cuctemax, nmogooneix Taverna u Galaxy,
HAIPSIMYIO 3aBUCAT OT 10CcTynHOCTH Web-cepBrcoB
W pasHooOpasmsl 3amad, KOTOPbIE OHU CITOCOOHBI
BBITIONHATH. B HacTosmiel paboTe MBI MpencTaB-
nsiem cuctemy BiolnfoWF mns aBromarndeckoit
renepanuu Web-cepBucoB u Web-uHTepdencos.
[Ipennoxkeno GopmanbHOE METAONMCAHUE BBIYHC-
nutenbHbIx Moayned Ha XML. Ha ocHoBe Takux
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MmeTaonucanuii cucrema BiolnfoWF aBromarraeckn
reepupyer Web-untepodeiicsl 1 Web-cepBuchl,
KOTOpbIC B AAJbHEHUIIEM MOTYT HCIOJIb30BaThCs
KaK B pPa3IMYHBIX OMOMH(OPMAIIMOHHBIX CHCTe-
Mmax (Biocatalogue, Taverna, myExperiment), Tak
W HEMoCpeaCTBEeHHO B camoii cucteme BiolnfoWF.
BeranciurensHbie MOILYIU B Halllel CHCTEME MOTYT
00BEIMHATHCS B KOHBEHEPHI, IJ1s1 KOTOPBIX aBTOMa-
TUYECKU TeHEepHUpyeTCs Mojb3oBaTenbekuii Web-
uaTepdetic. PazpaboTanHblii HAMU HHCTPYMEHT CY-
HIECTBEHHO YIPOIIAET pa3paboTKy U MyOIHKAIHIO
Mojyiel aHaau3a OMOMH()OPMATHUECKUX JaHHBIX
B CETH U UX JOCTYNHOCTb B COOOIIECTBAX OMOMH-
(hopMaTHKOB 1 OMOJIOTOB, TAKKX, Kak Biocatalogue,
myExperiment u 1ip.

Takum o6pazom, BiolnfoWF no3Bosnser periars
3a1aui KOHBEeHEepHOI 00pabOTKH AaHHBIX, o0ecrie-
YHUBACT TEHEPALMIO yI0OHOTO MOJIb30BATEIHECKOTO
unTepdeiica «Web 2.0» 1711 3amycKa BEIYUCIHTEIb-
HBIX MOJYJICH 1 KOHBEHEPOB, a TAKKE JaeT BO3MOXK-
HOCTb aBTOMAaTHYECKHU co3/1aBaTh Web-cepBHUCHI.

MATEPUAJIBI U METO/IbI
APpXHUTEKTypa CHCTEMBI
[Ipennmaraemas cucrema BiIrodaet (puc. 1):

1) MeHe pKep 3aIycKa BHIYACIUTEILHBIX MOJTY-
Jneii 1 roToBbIX KoHBeliepoB BiolnfoWF;

| JlokanbHbI peno3vnTopui

| leHepaTtop Web-cepBucos ’

v

| Web-cepBuchbl ’

\,

Ynpasnsowui
cepsep BiolnfoWF

2) pero3uTOpHH, B KOTOPBIX XPAHSTCS: a) OTH-
CaHMs BEIYMCIUTEIBHBIX MOJTYIIEH 1 CXeM KOHBele-
POB, KoTOpbIE sIBIIsTIOTCSI Habopamu XML ¢aiinos;
0) BBIYMCIUTEIIHLHBIC MOMYIH, 0a3bl JAaHHBIX U
MIPOTPaMMBbI BU3YaJIU3alM1 JAHHBIX; B) TIOJIb30Ba-
TEJIbCKUE TAaHHBIE;

3) cucremsbl renepanun Web-untepdeiicoB u
Web-cepBucos.

OnucaHue KOHBeiiepa U ero UCIOJHEHHUE

B cucreme BiolnfoWF xoHBeiiep npencrapiser
co00# HaOOp BEIYMCIUTENBHBIX MOLYJICH, CBSI3aH-
HBIX TOMOJOIHEN BBINOIHEHHA 3afadu. Momynu
MIPEACTABISAIOT cOOOH MPOrpaMMbl, 3aIlyCKaeMble
B KOHCOJIBHOM pekiMe B cpezie Linux. Yipaemsiro-
11 e mapaMeTpbl (H33BaHI/I$I BXOIHBIX 1 BBIXOAHBIX
(aiinos, mapameTpsl aJrOPUTMOB) MEPEAAIOTCS B
pacueTHbIE MOIYJIN Yepe3 KOMaHHYIO CTPOKY HIIH
IIEpEMEHHBIE OKPY)KEHHUs. B XoJe BBITOIHEHUS
3aJ1a4¥ BBIXOIHBIEC JAHHBIE OJHOTO MOIYJISI MOTYT
MOJIaBaThCs Ha BXOA PYTOMY MOJYJIIO.

Paszpaborannast HaMu crcTeMa IIO3BOJISIET MHTET -
PUPOBATH JHO6I>I€ BbIYHCIIUTEC/IbHBIC MOAYJIN, Opra-
HU30BaHHBIC TIONOOHBIM 0OpazoM. Ilpu 3Tom naH-
HBIE MOT'YT HaXOIUThCA KaK Ha JJOKAJIHON MallIMHE,
TaK ¥ Ha yAajeHHoi. Cxema nHTerpanu (opsioK
BBITTOJIHCHUST Hpoue)lyp) 1 METAaOIIMCaHUs BBIYUCIIN-
TENBHBIX MOJYJIEH ONpeNeNaroTcs Ha si3pike XML.

A
N

YaaneHHbIn peno3nTopuin I

leHepartop Web-nHTepdeiicos

BmsyanmsaTopu AaHHbIX

| KoHconbHbIV UHTEPdEiC

]4->| MeHnenxep 3agad BioInfoWF]ﬂ

Web-nHTepdeiic I

)

/

| JlokanbHas malmHa 1

YnaneHHble cepeepsbl
1 CynepKoMMboTepbl

Puc. 1. OcHOBHBIE CTPYKTYpHBIE 11eMeHTbI cuctembl BiolnfoWF.
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CepBepHas 4acTh, pealln30BaHHas Ha S3bIKE
Perl, BbimonHsieT 3amyck KOHBEWEpa M OTCIIEKHU-
BAET CTaTyC BBINOJIHEHUS KayKIO0TO BEIYACIUTEIb-
HOTO MOIyJns. Ha BXOM MPUIIOXKEHHIO MOIaeTcs
OTMCaHNE CXEMBl KOHBEIepa U BBIYNCIUTEIbHBIX
Moaynei. IIpunoxenue 3amyckaer KOHBEHeD,
co3nasas ¢aiin ¢ oTueToM. B otuere ykasbiBaeTcs
CTaTyC BBITMOJHEHUS KaKJOTO y3Jla B KOHBeEWepe.
CepBepHas yacTb MOJACPKUBAET NapasuiesIbHbINA
3aIyCK y3JI0B KOHBeWepa, Py 3TOM MaKCUMaJIbHOE
KOJIMYECTBO IMIOTOKOB ONPE/ICIISIETCS B KOHPHUTYpa-
UOHHOM (haiiie IpUIIoKEeHHSI.

SA3bIK onMCcAHUS BBIYHCIMTENbHBIX
MOJYyJIel cXeM KOHBeiiepoB

st popManbHOTO ONMCAaHUs CXeMbl KOHBele-
pa ¥ BBIYUCIUTEIBHBIX MOAYJCH, U3 KOTOPHIX OH
COCTOUT, HaMH OBbLT pa3paboTaH sI3BIK HA OCHOBE
XML. Onucanue KoHBeliepa NPeaCTaBICHO ABYMS
¢atinmamu. [1epBoIif onECHIBaECT BBIYHUCITUTEIBLHEIC
MOJYJIH, BTOPOW 3aJ1aeT TONOJOTHI KOHBelepa
(puc. 2).

OnwucaHus BEIYUCIUTEIBHBIX MOYJIEH coaep-
JKaTcs B XPaHWJIMILE M COCTOAT U3 CIIEIYIOIINX
pasnenos:

— Bxoonvie ¢hatinel. OnMcanne TOTO, KaKHe
BXOJHBIC (hallJIbI TOAIOTCS HA BXOJI MOJIYJTEO; JUISI
KakJ0ro (paiia ykazplBaeTcs ero uaeHTU(hUKaTop,
JIAI0TCs onucanue, opmar ¢aiina.

— Buixoonvie ¢haiinei. Onrcanue BBIXOJHBIX
(aiisIoB BEIYUCIUTEIBHOTO MOIYJIS.

— apamempul u onyuu. Oncanyue napameTpoB
YOI JJISI BBIYUCITUTETBHOTO MOIYJIst. J[yist Kaxk-

OnncaHue Tononorun KoHBeriepa

JIOTO MapamMeTpa 3a1al0Tcs HACHTH(PHUKATOP, OIH-
caHme, THII mapameTpa (Harmpumep, CTpoKa, YHCII0
Win OMHApHOE 3HAYeHUE), 3HAYeHHUe M0 yMOoIda-
HUIO, BHEIITHUI BUJI MOJIS 3apoca 3HAYEHUS IS
napameTpa Ha ctpanuie WW W-0paysepa.

— [lpasuna eenepayuu KOManOHOU CMPOKU.
Onucanue HaOOpa BXOJHBIX MApaMETPOB BBIYMCITH-
TEBPHOTO MOAYJIS U CITMCKA BXOIHBIX U BBIXOTHBIX
(hatinmoB. Ha ocHOBE »TOM HHpOpPMAITUH MEHEKEP
3aIrycKa reHeprpyeT KOMaHIHYIO CTPOKY JJIs 3a-
ITyCcKa BBIYUCIUTEIHHOTO MOTYJIS.

— Ilpasuna nogedenus nonv306amenbCcKO20
unmepetica. ONIMOHANBHBIA pa3aes, KOTOPBIH
yKa3bIBaeT, kakuM obOpa3zom Web-unTepdeiic
OyneT TUHAMWUYECKH pearupoBarh Ha JeHCTBUS
I10JIb30BaTeNeH.

[Ipumep onucanus B popmare XML xomaH 161
kill, koTopas mpekpamiaeT BHIIIOJIHEHHE KaKOTO-
100 BEIYMCIUTEIHHOTO Mpoliecca, IPUBEICH Ha
puc. 3. [IporpamMmma Ha BXOJ] MIPUHUMAET HJICHTHU-
(hUKaIMOHHBIN HOMEp TIpoIecca, KOTOPBIA Hallo
3aBepmuTh. BTopas ctpouka daiina (puc. 3)
OTIHMCHIBAET HA3BAHHME BHIYMCIUTEILHOTO MOIYIIS
U MyTb, T/I€ PacHojaraeTcsl UCHOTHICMbIN (ailn
Moxynsi. B mamem cimyuae kill — ato xomanma
OKpykeHus bash, mosToMy yka3aHWE TOIHOTO
myTH He TpeOyercs. Ceknus output (ctpoxu 7—14)
OTIMCHIBAET BBIXOJHBIC (DAWITBI, B 3TOM MpUMEpe
OIMCHIBAIOTCS JiBa (aiiyia ¢ uaeHTUuPUKATOpaMHU
stdout u stderr, KOTOpble Mbl B JaJibHEHIIIEM
MIPOACCOLMUPYEM CO CTAHAAPTHBIMH MOTOKAMHU
BbIBOJA | M 2 COOTBETCTBEHHO. AHAJIOTUYHBIM
00pa3oM ONMHICHIBACTCS CEKITHS input I BXOTHBIX
(baitnoB. B HamreM npuMepe BXOJHBIX (aifioB HET,

OnuncaHus BblYUCIIUTENbHbIX MO,CI.yJ'IeI?I

Program 1 Program 2

Program 3 Program 4

"

| MeHemxep 3agay BioInfoWF]

Puc. 2. Onucanue j1000ro KOHBeHepa BKIFOUACT OMUCAHKIE BEIUUCIUTEIBHBIX MOIYJICH, BOBJICUCHHBIX B KOHBEHED,

U CBsI3EH MEXKIY 3TUMU MOOYJISIMU.
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MOATOMY CEKITUsl OTCYTCTBYeT. B cekiuu options
OTIMCHIBACTCS €MHCTBEHHAS OMIUs, KOTOpas
Oymet mepenaBarh uaeHTHHUKaTOp id mporecca
xomamne kill. Ommwst umeeT TuT int v IpecTaBIe-
HUeE fext, KoTopoe Oy/IeT COOTBETCTBOBATh <input
type=«texty /> nipu renepanun Web-unrepdeiica.
3HaueHUE 0 YMOIYAHUIO IS OIIIUU HE 3aJ]aHO.
Cexnus cmdline onuchIBaeT MpaBuiia reHePaIim
KOMaHJHOHU cTpoku. Ha Bxoae Mbl umeeMm JiBe
xem-Tadnuiibl, Soptions u $files. Kimouamu B 37X
xem-Tadnuiax ciyxar id u3 cexuui input, output
u cmdline. Ha Bbixone HEOOXoauMO CHOPMHPO-
BaTh IEpEMEHHYI0 $cmd, KoTopast cogepxkaina Obl
TOTOBYHO KOMAH/IHYIO CTPOKY ISl BBIYUCTUTEIb-
HOTO MOJTYJIS.

TI'enepanus
MoJib30BaTe/1bckoro Web-unrepdeiica

[Tonmp3oBarenbckuii HHTEPGhENHC reHepupyercs
aBTOMAaTH4eCKH Ha OcHOBe XML onrcanuii Bbrauc-
JIUTENIbHBIX MOJYJIEH U cXeMbl KoHBeMepa. [Tonb30-
BaTeJIO MpeJyIaraeTcsi paboTaTh ¢ YK€ TOTOBBIMU
cxeMaMHd. B Tekyiuel Bepcuu KIIMEHTCKOM 4acTH
BO3MOKHa paboTa TOJNBKO € MOCIEe0BATEIbHBIMU
KOHBEHEpaMH.

Cxema reneparin Web-cTpaHuIl IpeicTaBIeHa
Ha puc. 4. Menemxkep 3arycka 3anad BiolnfoWF
MOJTy4aeT Ha BXOJ OMHMCAaHNE CXeMbl KOHBeWepa

<programs>
<description>
kill - terminate a process

</description>

<output>

0 J oy U W

= o
o

</output>

[
N

<options>

[
N

</options>

[
o »

<cmdline>
Scmd = “ $options{PID} ™
“1>\"$files{stdout}\” ™.
“2>\"sfiles{stderr}\””;
</cmdline>

NN
N = O w o

</program>
</programs>

\S)
w

BBIYHCITUTENBHBIX MOALyIIeH B popmare XML u ¢ mc-
nonbk3oBanueM oubmmoreku Perl HTML:: Template
rerepupyeT ¢aitr B popmare html. ABTomaruzarus
JOCTHUTAETCS 33 CUET TOTO, UTO B OMTUCAHNH KaYKI0TO
BXOJIHOTO TIapaMeTpa yKa3bIBaeTCs THIT 3JIEMEHTa
HTML nns ero Bu3yaiabHOTO MpecTaBiIeHNs (BbI-
MaJa0lIee MEHIO, PAUOKHOIKA, TEKCTOBOE MOJIE
u T. 11.). [Tonp30Baresns MOXKET ynpasisiTh HOBEe-
HUEM KOHBEHepa, H3MEHSSA €T0 CXEMY U BXOIHBIE
TTAHHBIE JUTs BRIYHCINTEIbHBIX MOTyIe. J{iis Bu3ya-
JIU3AIMN U PEAAKTUPOBAHUS BXOJHBIX U BBIXOIHBIX
JAHHBIX MUMEIOTCA BO3MOYKHOCTU TMOAKIIOUEHHS
BHEIIHMX POTpaMM, peaIn30BaHHbIX, KaK IpaBHU-
10, B BUzIe Java Applet npuoxeHuni.

Peaxrmust uaTepdetica Ha IeHCTBIE TIOJTH30BATEIIS
ipu ero pabote ¢ HTML-cTpanuiamu 1ocTuraercst
3a CYeT BHEAPEHMS B ONMHCAHME KaXJI0TO MOIYJIS
MIpaBUJI MOBEJCHNS, PEATU30BaHHBIX C MOMOIIIBIO
oubmorexu jQuery. luHamuyeckoe U3MEHEHNE HH-
Tepdeiica ynoOHO HCTIONB30BATh, KOT/A CYLIECTBYIOT
3aBHCUMOCTH MKy ITapaMeTPaMHU HCIOTHIEMBIX
moxayinei. Hanpumep, B Mojylie, ONKUCHIBAIOIIEM
3a71auy MHOYXECTBEHHOTO BEIPAaBHUBAHHS OCITKOBBIX
nocieaoBaTebHoCTel porpammMoii Mafft, BeiGop
MaTpUIbl CPaBHEHHUSI AMHHOKHUCIIOT 00y CIIOBIIUBACT
P DOTIOJTHUTENBHBIX OMINHN, KOTOPBIE 3aBUCST OT
ee trma. [1pu BeIOope MarpuIlsl Ha Web-cTpaHutie
0TOOpaKaroOTCs TOJIBKO OIIIMH, CBSI3aHHBIE THIIOM
BBIOPAHHOW MaTPHIIBI.

<program name="Kill” exe="kill” cluster="off”>

<file id="stdout” type="text” name="”STDOUT” description=”Standard output” />
<file id="stderr” type="text” name="”STDERR” description=”Standard error” />

<option i1d="”PID” name="PID” description="PID” view="text” type="int"“ default="" />

Puc. 3. [Tpumep XML onucanusi BBIYUCIUTETLHOTO MOTYJISL.
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Puc. 4. Cxema nponiecca reHeparim Web-untepdeiica B cucreme BiolnfoWF.

ITpennoeHHbIH MOAXO0A MO3BOJISIET ABTOMATH-
YECKH co31aBaTh Web-uHTepeichl st TFOOBIX BBI-
YUCIUTEIbHBIX MO/YJICH, OITMCAHHBIX B CUCTEME.

B Texymieii Bepcun uHTEpdeiica JOCTyIHBI
cienytomue 0a30BbIe ONIMHM YNPABICHHUS KOH-
BeliepoM.

— YcraHOBKa BXOJHBIX (paliIoB, TapaMeTpoB U
OMLUI U1 KaXKI0T0 BBIYUCIUTEIILHOIO MOIYJIS B
KOHBelepe.

— CrapT ¢ mpoM3BOJILHOIO y3J1a U OCTAHOBKA Ha
MIPOM3BOJIEHOM Y3JI€ B KOHBElEpe.

— OtcnexuBaHye CTaTyca BBIIOIHEHHS KaXI0-
IO BBIYMCIINTEILHOTO MOJYJISl B KOHBEHepe.

— [IpocMOTp BXOMHBIX/BBIXOAHBIX (aiiIoB s
Ka)X/IOTO dTara pacyeTa B KOHBEWepe.

[MpuBsizka GopmMaTOB BXOAHBIX/BBIXOJIHBIX
(haiiyioB K pa3TUUHBIM MPUIOKEHUIM JUIS UX BHU-
3yalu3aluu.

I'enepauus Web-cepBucoB

TI'enepartiist Web-cepBHCOB IPOM3BOATCS aBTOMa-
THYECKH NPIIOKEHHEM Java, MOTylieM TeHepariy
Web-cepsucos (puc. 5). aTepdeiic reaepupyercs
ABTOMATHYECKN Ha OCHOBE METAOIMCAHMS BBIYHC-
JINTENTBHBIX MOMYIIEH, COZEPIKaIIEro BCIO HEOOXOIH-
MYIO IS 3TOr0 HH(pOpMaImio. J{jist reHepaiyu He-
00x0/TIMMO 3arTycTUTh MOy Th WebServicesGen B KoH-
COJIBHOM PEKHME, [Iepe/IaB B mapameTpax (aiin ¢ me-
TAONMCAHUEM BBIYHCIIUTEIILHBIX MOTYJICH 1 Ha3Ba-
HHE BEMUCITHTEITLHOTO MOYIIS, TTocuie uero Web-cep-
BHC OyJIeT CreHEepHPOBaH U pa3MeIeH Ha cepBepe.
Takum o0pazom, B cucteme BiolnfoWF peammsosa-
Ha ObICTpasi aBTOMaTH4eCcKasi reHepaius Web-cep-
BHCOB Ul HOBBIX BBIYMCIIUTEIILHBIX MOJYJICH.

BiolnfoWF cepsep

[ XNL onucaHue ]

\4
‘ [eHepatop ’

Web-cepBucos

'

[ Web-cepsuc ]

[ CTOpoOHHSIA cuctema ]

Puc. 5. Cxema reneparun Web-cepBHCOB 1 B3aUMOIeH-
CTBHSI UX CO CTOPOHHEN CHCTEMOH.

3anaga creHepupoBaHHBIX Web-cepBHCOB —
IIPEIOCTABIICHHE IOCTYIIA K BBIYUCIUTEIBHBIM MO-
nyisM cuctembl BiolnfoWF. Ipu aTom Mmomyns re-
Heparu Web-CepBHCOB MPOU3BOIUT Java-CepBIIeT,
aHaJIOT KJIMEHTCKOTO aIllIeTa, HCIOIHSIOIErocs
Ha cepBepe. Ha kax bl BBIYNCINTENBHBIN MOTYIIb
TeHEpUPYETCSl OTAEIbHBIH CEpBIET, KOTOPHIH B
CBOIO ouepens peansyeT kKak REST, tak 1 WSDL/
SOAP Web-cepBuc kak CHHXPOHHOTO, TaK ¥ aCHH-
XPOHHOTO THIIa Ha 0CHOBe npotokoaa HTTP.

REST — monxon k apXWTEKType MOCTPOECHHUS
Web-npuinoxeHui — MO3BOJSAET HCIOIB30BAThH
npocteie HTTP 3anpocsl, conepxariyie napaMmeTphl
B 3arojIOBKax, a IepeaaBaeMble JaHHbIC — B TEJE
HTTP 3anpoca. Takum o0Opa3om, mpocroit REST
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Web-cepBrc BO3MOXXHO HCIIOJIB30BaTh B CHCTEMAX,
He ToiIep kuBaromux oosee cinokabiii SOAP mpo-
tokon. Jlns mcnonp3oBanus REST Web-cepsuca
BBIYUCIHUTECIBHOTO MOIYJIA HCO6X0)II/IMO I10CJIaTh
HTTP 3anpoc PUT Ha ampec http.//BiolnfoWF.
server/ServiceName/ (tne BiolnfoWF.server — an-
pec cepsepa BiolnfoWF B cetn, a ServiceName
— Ha3BaHHE COOTBETCTBYIOIIETO BHIYUCITUTEIIEHOTO
monyns cuctemsl BiolnfoWF), B 3aromoske xoto-
poro conepkarcs napamerpbl BEIYUCIUTEIHHOIO
MOJYJIs, a B Telie — aHHble. OTBET Ha 3TOT 3a1poc
6yI[CT COACPKATh MOCHYUTAHHBIC BBIYHCIUTCIIb-
HBIM MOJYJIEeM JaHHbIe. J[JIs momydeHus! KpaTKoi
CIIPaBOYHON MH(OpPMAIUHA O BBEIYHCIHTEIHHOM
Mmoxyine Heooxoaumo nocnars GET 3anpoc Ha ToT
*Ke ajpec.

S3bik onucanus Web-cepsucoB WSDL BmecTe
C MMPOTOKOJIOM OOMEHA CTPYKTYpUPOBaHHBIMH CO-
OOIICHUSIMU B paCTIPE/ICTICHHON BEIYUCIIUTEIILHOM
cpene SOAP no3BoISIIOT BBITONHATE O0Jiee THOKHE
3arpockl U MPEIOCTaBIATh (hopMabHYI0 HHPOP-
Marnto o Web-cepsuce. Cucteme, B KOTOpOit pea-
nu3oBaHa noanepxkka SOAP/WSDL Web-cepsu-
COB, AocTaTto4yHoO npenoctaButh WSDL onucanue,
ykazaB URI, o koTopoMy OHO HaxomWTCs, TIOCTIE
Yero 3Ta CUCTeMa MOXET B3aMMOJICHCTBOBATh C
Web-cepBucom.

Acunxponnslii Tun Web-cepBuca molie3eH
NpU BBIYUCIEHUSIX, TPEOYIOMUX BPEMEHHBIX
3arpar, korga noxaaepxkanue nocrosaHoro HTTP
COCIMHEHMSI Ha 3alpOC—OTBET MPOOIEMaTHYHO.
B atoMm citydae 1S 3arpy3Ku BXOIHBIX JaHHBIX
TP HHUITUAIA3AIAY BEIYUCIICHNUS, NX BBITPY3KE H
ITPOBEPKE COCTOAHUSA BEIYUCIICHUSA UCTTIOJIB3YIOTCA
otnenbHbie HTTP 3anpocsl U OTBETHI.

Java-cepaiiet, peanusyroruii 3t Web-cepBHCHI
COBMECTHO, YIIAKOBBIBACTCS B War-(aiin (jar apXxuB
JUTSL CEPBIIETOB), KOTOPBIH MOXKET OBITh Pa3BEPHYT
Ha JTI000M KOHTEHHEpe cepBIeTOB. J[71s1 KOHTElHe-
pa cepineroB Catalina makera Tomcat qocTato4HO
MOMECTHUTh 3TOT (haiiy B manky Webapps/.

PE3YJIBTATBI U OBCYXJIEHUE

Cucrema BiolnfoWF pacnpocrpansercs nox
cBoOonoi unensueit GNU GPL. AuctpubyTus
U MOJIL30BATCIIbCKasA JOKYMCHTaWA CUCTEMBI 10-
CTyHHbI Ha ouranbHOM caiite http://bioinfowf.
bionet.nsc.ru. [IpuBeneM npuMep MCIOIH30BAHMS

cucrembl BiolnfoWF st permenus 3amay Moexy-
JISPHOH 3BOITIOIIMY TEHOB M OEITKOB.

Pemenne 510t 3a/1a41 OOBIYHO 3aKITIOYAETCS B
MOCIIe/IOBAaTeIbHOM BBITIOIHEHHH Habopa onepa-
U ¢ HyKJICOTUJHBIMU WM aMHHOKHCIOTHBIMH
MOCIIeIOBATEILHOCTSAMH (HU3BJICYCHHUE TOMOJIOTOB
13 0aHKa JTAHHBIX, BBIPABHUBAHUE, PEKOHCTPYKITHSI
(moreHnu, oleHKa peXrMa dBOIONWH). Panee
OBLTH CO3/TaHBl HECKOJIbKO BApPUAHTOB CIICIIHAIIH-
3MPOBAHHBIX KOHBEHEPHBIX CHCTEM ISl pEIICHHS
3a7a4 MOJICKYJSPHON 3BOIIONUUA U (DHUIOTCHUHU
(Dereeper et al., 2008; Sonchez et al., 2011).
[Ipu nmomomu cuctemsl BioInfoWF mamm Opun
CO3JIaH TIAKEeT aHaJIN3a MOJIEKYJISIPHOM 3BOFOIHH
SAMEM (I'yabun u mp., 2011; Gunbin et al.,
2012). SAMEM cocTouT 13 ABYX OCHOBHBIX KOH-
BeliepoB, aHaM3a ABONTIOINH reHoB (1) 1 ananmmza
sBosronnu OenkoB (II) ¥ ABYX JOMOTHUTENBHBIX
KOHBelepoB, COOMparoIuX BEIOOPKU T'€HOB 1 OelI-
xoB (I11) 1 mpon3BOAAIINX UX TEPBUYHBIN aHAIH3
(IV). YHuKanpHONW 0COOCHHOCTHIO KOHBeiepa I
SIBIISIETCS BOBMOXKHOCTD MCCIICIOBAHUS JaHHBIX
paHee NMpeAJIoKEHHBIMU METOJAMHU OLIEHKH K R/KC
(Zhang, 2000; Smith, 2003), a Takxe OpUTHHAIb-
HBIM, BIIEPBbIC MPEIIOKCHHBIM, METO/IOM OLICHKH
K /K- (Gunbin et al., 2012). [Ipu ananuse naHHbIX
rxoHBeiiepoM Il cymecTBeHHO 0COOEHHOCTHIO SIB-
JISIETCST OPUTHHAIBHBIA METOJT aHAJIN3a CKOPOCTEH
(duKcany pa3iIMYHBIX THIIOB aMHUHOKHCIOTHBIX
3aMEeH Ha BETBSAX (DHIOTCHETHUYECKOTO JiepeBa
(I'yuOus u 1p., 2011; Gunbin et al., 2012). MeTon
OCHOBaH Ha MapKOBCKOM MOJICITHPOBAHUH IBOJTFO-
uuu (Pupko et al., 2002) u HemapaMeTpHUIEeCKOM
nepectanoBouHoM Tecte (Gunbin et al., 2011),
OCYILECTBIISIOIIEM CPABHEHNE YHCIIA 0XKHIAeMbIX
1 HaOJIIOJaeMbIX aMUHOKHCIIOTHBIX 3aMEH, 03~
BOJISIET aHAIIM3UPOBATh PEKUMBI MOJCKYISIPHON
ABOITIOIIMHU Ha NITyOOKUX BETBSIX (PUIIOTEHETHYEC-
Koro aepesa. [loaxon, pea30BaHHBIN B CUCTEME
SAMEM, Taxke mo3BosieT 1) UCIOIb30BaTh BCE
M3BECTHBIE CBOMCTBA aMUHOKHUCIIOT U 2) TPOBOAUTD
CTaTHCTUYECKOE COOTHECEHUE M3MEHEHHS ITHX
CBOHCTB ¢ IpU3HaKaMu (EHOTHUIIA.

Brruncnurensubie monynu nakera SAMEM
MOTYT OBITH TOCTYITHBI KaK B Ka4e€CTBE ITOJIh30Ba-
Tenbckoro Web-untepdetica, Tak 1 B kauectBe Web-
cepsucos. [Tpumepst Web-untepdeiica SAMEM u
ucrnons3oBanue moxayieit SAMEM B Bune Web-cep-
BHUCOB B crcTeMe Taverna npuBesieHsl Ha puc. 6.
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Puc. 6. Mntepdeiic nonp3osarens cucrembl SAMEM, peanuzoBannoii Ha mmardopme BiolnfoWF.

a— peanuzanus KoHBeiepa B Buie Web-unrepdeiica; 6 — peanmzanus 3Toro koHBeiepa B cucteMe Taverna ¢ HCIIONB30BaHHEM

Web-cepBucoB.

3AK/IIOYEHUE

B macrosmieit pabore mpemiokeHa cucTeMa
BiolnfoWF, koropas 1mo3BoJisieT reHepupoBaTh
Web-cepBuce 1is pemenus OnonHPOpPMAaTH-
YECKUX 3a]ady, OPraHM30BBIBATh UX PabOTy B
BHJIC KOHBElepa, aBTOMAaTHYECKH T€HEPHPOBAThH
nosib3oBaTenbckuii Web-unrepdeiic. YnodcTBo
CHCTEMBI 3aKJTF0UAeTCs B OBICTPOM TOKITIOYEHIH
BBIYUCINTCIIBHBIX MOZIy.]'IefI Ha OCHOBEC HCIIOJIHSA-
eMbIX mpuioxkeHuit 1 Web-cepsucon. Hcmonb3o-
BaHHE CHUCTEMbI ObLIO MPOAEMOHCTPUPOBAHO HA
MpUMepe CO3/IaHUs KOHBEHEPOB pEIlCHUs 3a/1ad
M0 aHAJU3y MOJEKYISIPHOH IBOIIONHUH T€HOB H
6emxoB — SAMEM.

Pabora noanepkana rpantoMm MuHHCTEpCTBA
oOpazoBanusi 1 Hayku PD B pamkax OLIT «c-
CJIeI0BaHMS M Pa3padOTKU MO MPUOPHUTETHBIM
HalpaBICHUSAM Pa3BUTHS HAYYHO-TEXHOJIOTH-
yeckoro komiuiekca Poccun na 2007-2013 rry»
(07.514.11.4023).
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BioInfoWF — WEB SERVICES AND WEB INTERFACES GENERATOR
FOR BIOINFORMATICS ANALYSIS
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Summary

The BioinfoWF (Bioinformatics WorkFlow) system for automated generation of Web interface and Web
services for bioinformatics programs. Each program module used in the system has metadescription in
XML. The metadescriptions are used for automated generation of Web interface and Web services that can
be used further in bioinformatics workflows. Computational modules can be organized in workflows. The
tool we have developed significantly simplify the design and publication of modules for bioinformatics
data analysis via the internet and their availability for scientific communities. The developed system
makes is distributed under GNU GPL. The Source codes and documentation for BioinfoWF are available
at http://bioinfowf.bionet.nsc.ru.

Key words: bioinformatics, data integration, workflow data processing, data metadescription, Web interface,
Web service.



