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Cone p)Ka HM e cemut a pa el A
H3yyeHne akTUBHO pa3BUBAEMBIX IEPCIIEKTUBHBIX TEXHOJIOTUN CO3AaAHUA
pacnpeaejJieHHbIX HHTerPUPOBAHHBIX HH(POPMAIIMOHHBIX CUCTEM B
COBOKYITHOCTH ¢ HEOOXOAMMBIMHM B TAKHX TEXHOJIOTUAX (GopMaIbHbIMHU
MeTOdaMM

Wnest ceMruHapa: OpueHTAIUs CTYICHTOB Ha 3Ty 00J1acTh KaK BO3MOKHYI0
npodeccuio, BBEICHUE CTYJACHTOB B COCTOSIHUE COOTBETCTBYIOIICH
npo0JIEeMaTUKH B MUPE

[ maBHOE — NOCTHIKEHUE CTYAEHTAMU TAKOT'O YPOBHS, YTOOBI OHU MOTJIH
NPAKTHYECKH YYACTBOBATH B PeaJIbHBIX MPOEKTaX (KOHKPETHBIE
3aJlaHus U YCIIOBUS YYACTHS B IPOEKTAX: B paMKaxX KypPCOBBIX U
JTUTUIOMHBIX pa0OoT, cTaTel, pa3padoToK, TUCCEepTAIUA, U Ap.)

Het cTpemienust orpaHHYMBaTh CEMUHAP YYACTHEM CTYISHTOB
OIPEJICICHHBIX KyPCOB — BazKeH HHTepec K NMpodJjeMaTuKe U
NposiBJsieMasi MHUIMATUBA. BriucbiBanue 3Toi paboThl B yUeOHBIH IJ1aH
— BOIPOC, KOTOPBIN MOMAJICKUAT YTOUHEHHUIO.
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[TpoGeMbl co3AaHNsI HOBBIX METO0OB U MHPPACTPYKTYP Jisl pelieHust
3a/1a4 HA/I MHOKECTBOM HEOJTHOPOAHBIX pacipeae/IeHHbIX
HH(OPMALIMOHHBIX PECYPCOB, IPOOIEMbI (GOPMAJIBHOIO ONpeaeIeHus
Pa3sHOOOpPAa3HBIX NMPEAMETHBIX 00J1aCTel, IPOOJIEMbI CEeMAHTHYECKOM
HHTerpanuy HHPOPMAIMOHHBIX PECYPCOB, ITPOOIEMbl CHHTE3a
KAHOHMYEeCKUX HH(POPMAMOHHBIX Mo/IeJieil Il TAKOW MHTerpauuu, u
np. PaccmMoTpenune 3Tux BOIpPOCOB OYAET COMPOBOKIATHCA N3yUYEeHHUEM
CYLIeCTBYOIIMX U pa3padarbiBaeMbIX (GOpMAJIbHBIX METO0B U
MOAXOJ0B ISl pa3pelIeHUs Ha3BaHHBIX MPOOJIEM.

CeMuHap OCHOBAaH HA 3HAYMTEJIbLHOM ONBITE NIPUMEHEHUSA (POPMAIbHBIX
METO/0B IPU CO3JAHUU HOBBIX MOIAX0JA0B K PCILICHUIO 32124 HAJ
MHOKE€CTBOM HEOJHOPOIHBIX pacnpeaeeHHbIX PeCcypcoB, HAKOTIIIEHHOM
B JIaboparopun MeTo/10B KOMITO3UIIMOHHOTO MPOCKTUPOBAHMS
uH@popmanronubix cucteM MITM PAH u B JTaboparopun OTKPBITHIX
uHpopmannoHHbIX TexHoaoruii BMK MI'Y. C HeKOTOpBIMH NPOEKTAMU
U NyOJUKAIUAMY MOKHO IMO3HAKOMUTHLCS HA calTe
http://synthesis.ipi.ac.ru/synthesis
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Software engineering and formal methods
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Jonathan P. Bowen, Tiziana Margaria

Communications of the ACM.
Volume 51, Number 9 (2008), Pages 72-79

Information integration in the enterprise
Philip A. Bernstein, Laura M. Haas



MHO>keCcTBO pacnpenene
HEeoAHOPOAHbIX pecy|’5*‘“'

I€HHbIX ;3
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IKCIOHEHIUAJIBHBIM POCcT B IHTepHETE 4YMciia HEOAHOPOAHBIX
MH(POPMAIIMOHHBIX pecypcoB (0a3 TaHHBIX, CEPBUCOB, ITPOIIECCOB),
pa3pabOTaHHBIX JIJIS PEIICHUS pa3HOOOPa3HbIX 3a1a4

HGO}IHOpO}IHOCTbI pa3sHOMOACIbHOCTD, pa3JINIHAA CCMAHTHUKA, KOHTCKCT ...

[ToTpeOHOCTH COBMECTHOT0 MCIOJIb30BAHUA (MHTErPALIMM) MOJICIIbHO
HEOHOPOIHBIX HH(POPMALIMOHHBIX PECYPCOB

[TpuMepbl HEOTHOPOAHBIX MH()OPMAIIMOHHBIX MOJICJICH: MoJeJell JaHHbIX
ODMG 2000, SQL 2006, UML, creku XML u RDF moaeneii, Mmoaeieil mOTOKOB
paoot Staffware, COSA, InConcert, Eastman, FLOWer, Domino, Meteor,
Mobile, MQSeries, Forte, Verve, Vis. WF,Changeng, I[Flow, SAP/R3, si3bikoB
npoueccHon komnoszuuuu cepsucos XPDL, BPEL, BPML, XLANG, WSFL,
WSCI, ceMmanTrueckux MojaeiaeH (BKIHOYasi OHTOJOTrHYECKHe MOJAeJIN, MOAdeIn
NnpeAcTABJIEHNA 3HAHUM, MO/IeJIM MEeTAJIaHHBbIX U MHOTHE JIPYTHUE)

NHappacTpyKTyphl, TEXHUYECKHU CIIOCOOCTBYIOIINE OPraHU3AUN PEIICHUS 3a/1a4
B Takux ycioBusax. Cpenu Hux Be0d-cepBucehl, I puabl JaHHBIX,
CemanTuueckuii Bed, uH(ppacTpyKTYpbl MHTErpauuu HHPOPMAIMOHHBIX
pecypcoB, HHTeponepadeJbHblie HHPPACTPYKTYPHI IPOMEKYTOYHOI'O CJI0S, U

ap.



NMpobnembli CEMaHTMKM 'npu pemel-mu
3agau (npumepnbl)

AOCTpaKkTHOeE onpeaeJeHue NpeIMeTHbIX 00/1aCTed U UX IMOHATHUH;

OToOpakenue U HHTEerpanusi KOHTEKCTOB IIPEIMETHBIX 00acTen
HH(POPMAIMOHHBIX PECYPCOB B KOHTEKCT IIPEIMETHOIN 001aCTH 3a4auH;

NaenTudgukanmsa pesieBAaHTHBIX 3a/1a4e¢ HHPOPMANMOHHBIX PECYpPCOB U
(OopMUPOBAaHUM UX KOMITO3UIIMIA;

Jloka3aTreibHO MPAaBUJIbHOE 0TOOpaKeHre HHPOPMALMOHHBIX MOeJIeH
pecypcoB B MHPOPMALMOHHYI0 MO/IeJIb NPeAMETHON 00/1aCTH;

NHTerpanus cxeM pecypcoB B cxeMe NMPeAMeTHON 00J1aCTH 1 YCTPaHCHUE
Pa3HOO0OpPa3HBIX KOH(MIUKTOB;

BroisiBjIeHHE ceMAHTHYECKH MO00HBIX KOMIIOHEHTOB PECYPCOB B IPOIECCe
HHTEIPaLMU CXEM;

AJlekBaTHOE npeodpaszoBanue (popmyJa (3aIpoCOB) MPOrPaMMBbl pellieHUs
3a/1a44, BbIPA’KECHHbIX B TEPMHUHAX NPEIAMETHOM 00J1aCTH 3a/1a4H, B
(hOpMYyJIbI, BEIPAKEHHBIE B CXEMAX PEJIEBAHTHBIX PECYPCOB, U MP.

Jl1s pa3pelienust Takoro poja mpooJieM U peaHa3HAu€HbI ONUPAIOIINECs Ha
MaTEeMATHYeCKYI0 JIOTUKY U aJreopy ¢popmajibHbIe METOAbI,
IPEACTABIISAIONIAE COO0M COBOKYITHOCTD SI3bIKOB, TEXHOJIOTUM 1
MHCTPYMEHTAIBHBIX CPEJICTB CIICIU(PUKALINY U BEpUDUKAITUU
uHTeponepadenbHbiX cucteMm (MC). @opmajibHbIe METOAbI TOCTHIJIN
UHIYCTPHUAIBHON 3PEJIOCTH.
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@opmadbHBIC METOABI M SI3BbIKU clienuuKannm u npoexkruposanus C
(takue kak Hotauust Aoctpaktaeix Mamma, UML B hopMasibHOM
npeacraBieHnu, OObeKTHbIN Z, U Ap.). [IpuMepsl nX npuMeHEHHS.

S3BIKM U CpeACTBA OHTOJOTHYECKOIr0 MOAEJIUPOBAHUS IIPEIMETHBIX
oOJacrei

KonnenryajabHoe MOaeJIMpPOBaHMe MIPEIMETHBIX 001acTei

APXHUTEKTYPBI CPEJICTB CEMAHTUYECKON MHTEIPAIMUA HEOHOPOIHBIX
NH(OPMALUOHHBIX PECYPCOB IS peuieHus 3aaad. [lonstrue u
APXUTEKTYPhI NPEAMETHBIX MOCPETHUKOB.

MeToabl CHHTEe3a KAHOHMYEeCKUX HH(POPMAIMUOHHBIX MOJIeJIeH,
MO3BOJIAIOIIMX YHU(DUIIMPOBATH MHOXKECTBO MHPOPMAILITMOHHBIX MOJEIICH
(I3BIKOB) MPEACTABICHU MHPOPMAIIMOHHBIX pecypcoB. [locTpoeHue
OTOOpaXXEHHH Pa3HOOOPA3HBIX MOJCIEH MHPOPMAILITMOHHBIX PECYPCOB B

KaHOHUYECKYIO C JI0Ka3aTeIbCTBOM IIPABUIIBHOCTH OTOOpaXkKeHUs. S3bIK
CUHTES.

@dopMajibHASI CEMAHTHKA KAHOHUYECKHX MO/IeJIeil.



Npumepbl Tem ana usyqel-wm Ha
cemuHape (2) o |

Metoab! naeHTH(PUKATUYA UHPOPMALUOHHBIX PECYPCOB, MAKCUMAIILHBIE
(bparMeHThI crieu@uKail KOTOPBIX JOKa3aTeIbHO YTOUHSIN Obl
(bparMeHThI KOHLIENTYaIbHOTO OMMCAHUs TPEAMETHON 00acTu. MeTo bl
OCHOBaHBI Ha AJITOPUTMAX cornocTaiieHus (matching) cienudukanuii u
A0KAa3aTebCTBE JOCTHKEeHUSA PaKkTa yTOUHEeHUS

MeToabl HHTErpalMM OHTOJOTHYECKUX (MOHATUHHBIX) KOHTEKCTOB
MpeaIMeTHOU 00/1aCTH U HH(POPMALMOHHBIX pecypcoB. MeTo bl
OCHOBaHBI Ha JI0Ka3aTEIbCTBE MOMMIOLIEHUS (subsumption) OJTHOTO IMTOHSATHS
JIPYTUM, UCIIOJIb3Ys JeCKPUNITUBHbIE JJOTHKH

MeTonbl npuBeIeHUs MPOLECCHBIX MOAeJel (IIHUPOKO UCTIOJIb3YOIINXCS
JUISL YIIPABIICHUS KOPIIOPATUBHOM AEATEIbHOCTHIO) K YHH(D)UIIMPOBAHHOM
Mo e (OHOM U3 MPAKTUYECKUX 1IEJIEH ABIACTCS CO3IaHUE BUPTYAJIbHBIX
opraHu3anuid, oOObEeIMHSAIONINUX JICSITEIbHOCTh HECKOJIBKUX PEeaTbHBIX
OpraHu3aIumn)

MeTtoabl NOCTPOEHUS KOMIIO3UIUA (PpparMeHTOB crieu KA
Pa3HO00pa3HbIX PeCYPCOB, KOTOPHIC YTOUHSIN Obl 3aJIaHHBIC
crienuUKALUU MPEAMETHON 00JIaCTH. DT 3aJja4 TPEOYIOT MPOBEACHUS
JI0Ka3aTeJIbCTB HA OCHOBE JIOTUKU MPEIUKATOB.

MeToabl npeoOpazoBaHus NMPOrpaMM pelleHus 3a1a41, BEIPAKCHHBIX B
TepMHUHAX MPEIMETHOM 00JIaCTH, B MPOrpamMMbl HAJT HH(POPMALIMOHHBI-MHU
pecypcaMH C JI0Ka3aTeJIbCTBOM CBOMCTBA BKIIFOUECHUS TTOJTYYECHHOTO
pe3yJibTaTa BEIYMCIICHUS TAKUX TPOrPaMM B OKMIAEMBbIN PE3YJIbTAT.



BupTtyanbHblie o6cepBaTtopumn (BO):
npuMmep pelwleHvn 3aaau B
apXUTEKType npeaMeTHbIX
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PROBLEM SOLVING APPROACH O
HETEROGENEOUS DISTRIBUTED |
INFORMATION RESOURCES

s Mediation based, application driven approach, mediation
middleware

s Mediator canonical model synthesis and heterogeneous
information model unifier

s Registration of relevant resources in a mediator
s Mediation runtime environment



2

MEDIATION-BASED; AF
DRIVEN APPROACH

m Application-driven subject domain specification approach is emphasized.
Abstract specification of subject domain is provided in terms of concepts,
data structures, functions, processes independently of existing resources
specifications

s Domain specification consolidated by the respective community is treated as a
mediator

s Registration of relevant resources in mediator is based on their semantic
mapping into the mediator

s To reach heterogeneous [Grid-based] information resources convergence
mediators provide a common framework from which to operate

s Mediation challenges: 1) canonical information model construction for unified
definition of heterogeneous ontologies, data, services, processes; 2) mediator
consolidation; 3) relevant heterogeneous resources identification and
semantic integration in mediator; 4) semantic support of the canonical and
mediator models, information resource models; 5) application problems
specification and interpretation
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MEDIATION MIDDLEWARE

The mediation middleware includes:

l.
2.

extensible canonical information model to specify mediators,

heterogeneous information model Unifier for canonical information
models construction,

facilities for relevant resources discovery and their semantic
registration in mediators,

facilities for application domain specifications,

facilities interpreting problem specifications in the mediator
context over the registered resources.



MODEL

Component Models
(like IDL, CDL, BOF)

Canonical Model

Kernel

Extensions —\\

Object
Data Models
(ODL, SQL2003)
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Knowledge Base

Structured data
models

1s_refined

X T 3T S
. Ly - » -
{
& ( ‘,:‘.' e

Semistructured
Data Models
(e.g. XMLSchema)

Service Models

Ontological
Models

A A

W3C Stack of
Models

Workflow Models
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HETEROGENEOUSINFORN

MODEL UNIFIER

s Hybrid semi-structured — object language 1s used as a canonical model
kernel

‘TICN

m The canonical model for the environment is synthesized as the union of
extensions, constructed for models M of the environment.

s The canonical information model synthesis method has been experienced
for various Kinds of resource information models including data models,
service models, ontological models, process models

s Process of information model mappings (quite hard) is now
semi-automatic due to development of the Heterogeneous Information
Model Unifier prototype that assists in construction of mapping of a
specific information model into the canonical one

s We apply Meta Environment facilities providing for declarative
specification of such mappings (compilers) and generating them according
to the meta specifications



REGISTRATION OF RELE
RESOURCES IN THE MEDIATOR |

s Grid-based resource specifications are uniformly represented in the
canonical model applying mapping facilities generated by the Unifier

s Registration of resources in a mediator is a process of decomposition of
mediator specifications into consistent fragments and discovery of
refinement-based matching of resource and mediator specification
fragments

s The main registration result is a set of GLAV — like expressions defining
how a resource class is determined as a composition of the mediator
classes and functions

s Identification and matching of relevant resource and mediator fragments are
based on three models: metadata model, ontological model, canonical
information model

m These techniques are used as a basis for the tool for registration of
information sources in mediator
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STRUCTURE OF THE®RES

REGISTRATION TOOL

Resource Registration Tool

resource / mediator
ontological contexts reconciliation

Mediator’s DBMS (Oracle)

most common fragments identification
(refinement based matching)

construction resource class

classes

specifica-tions as views over mediator

/

OO

wrapper generation
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ARCHITECTURE

—

Portal
Web Application Server Unifier Tool
o _ Browser
Application Client SEE “Serview . >ﬁEJB, i
Page | | JSP__J WS Registration
Client 5
1 |2 I1 I2
6
e Resource _ ———!\
Resoue*—| Adepter |+ {Runime
4 Environment Access S~ A
: 6 Oracle 10
S Resource Supervisor - °
- - 3 Vietainformation
W Adapter Rewriter ;/3' v} Synth20racle v Repository
-
. Servee SOAPWrapper Data

Services

Adapter

\Re pOSitO ry//



o
L

AstroGrid

= Y P g

j ‘ | v

L Astrogrid DSA SDSS Relational

H Service Registry Catalog DataBase

4
Y




INFORMATION PROCESSING STEPS
AT DISTANT GALAXY SEARCH

The first astronomical problem that has been supported by IPI RAS together with
the Special Astrophysical Observatory of RAS (SAO RAS) applying
mediation middleware, AstroGrid and Aladin is a distant galaxy discovery in
the sky strip investigated in the “Cold” deep survey with the RATAN-600

1.  Mediator part - search of distant galaxy candidates
2.  Prepare data for Image Retrieval tool (workflow script)

3.  Get images in a loop (GetImage), download the respective images from FIRST
and SDSS images archives, and provide their superposition.

4. Analyze the result



STEP1: MEDIATOR S€F

(SIMPLIFIEC

-

)

type»
«type» «typ:
CoordEQJ Magnitude
ra real -spatialCoord -magValue : real
-de.: real -magError: real
—raError: real 1 -filter : string
-deError: real
CatalogData ¥ -magnitude
-name : string
+matchCatalog() 1

RadioCatalogData OpticalCatalogData
-spIndex : real +colorindexURG
+deltaColorindexURG

Mediator Schema

PhotoPrimary rcCatalog
-objID : integer | |-catalog_id : integer
-ra : real -name : string

-dec :real
-u : real
-err_u : real
g : real
-err_g : real
- :real
-err_i : real
-r . real
-err_r : real
-z . real
-err_z :real

(@)

-coord_id : integer

firstCatalog

coordEQJ

-ra : real
-raError: real

1 -de : real
-deError: real

-epoch : real

-coord_id : integer

-catalog_id : integer
-FieldName : string
-RA : real

-DE : real

-RAh : integer
-RAm : integer
-RAs : real

-DEh : integer
-DEm : integer
-DEs : real
-Fpeak: real

-Fint : real

-Rms : real

(b)

Schemas of
resources

()
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r(x/[ra, de, name, namel, ral, del])

0 @0 @

: -radioCatalogbata(y/[name, ra:
spatialCoord.ra, de: spatialCoord.de])

opticalCatalogbData(x/[namel: name, ral:
spatialCoord.ra, del: spatialCoord.de,
colorIndexURG, deltaColorIndexURG])

matchCatalog(y, x, 45, 45, b) & b = true

ra >= 120.0 & ra <= 255.0 & de >= 4.39 & de
=5 61

ral >= 120.0 & ral <= 255.0 & del >= 4.39 &
del <= 5.61

colorIndexURG > deltaColorIndexURG
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m Delete all null rows from Xmatch table
s Project Xmatch table (VOTable) into:

Ra coordinates list
Dec coordinates list
s Convert Ra and Dec coordinates from h:m:s format to
format acceptable by Aladin

g e e e T -



STEP3. DOWNLOADING
PROVIDING SUPERPO!
THEM

IMAGES AND

ITION OF
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STEP4. IMAGE ANALYSIS BY A~
SPECIALIST

s Launching Aladin (version 3.030 votech)
s Launching VO Desktop

s Opening Aladin stack, saved in VOSpace on a previous
step

s Viewing, analyzing, probably editing obtained images
using Aladin tools
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Principles of appllcatlan-drlven

mediation-based IS development—

A middleware for application-driven mediation-based IS development over

multiple participating resources has been developed applying the
following main principles:

mediator specification independence of the existing resources;
canonical definitions of the mediator specifications;

semantic integration of participating resources in the canonical
mediator specification;

integrated access to the participating [Grid-based] resources
registered at mediator applying the canonical model and mediator
program rewriting system,;

recursive structure of mediators: each mediator can be registered as a
resource 1n another mediator providing for cross domain
interoperability;

mediator middleware independence of particular [Grid]
infrastructures and can be integrated with any of them.

A synergy of the mediation middleware and AstroGrid has been
experienced for problem solving in the RVO environment.



Ewe pa3 o npobnemaruke
cCeMMHapa




Kpartkas Xa pa KTepyCTuKa

o)
N,

s CemaHTH4Yeckasi MFHTEpPONepadeIbHOCTh HH(ODOPMAIIMOHHBIX PECYPCOB U
UX UHTEpONEpa0EIbHbIE KOMIIO3UIIU U

s HMuTerpamusi MHOXXECTB HEOTHOPOIHBIX HH(DOPMAIMOHHBIX PECYPCOB

s Tunbl, X KOMIIO3UIIUU U ONEPANMH HAJT KOJUICKIIUAMU JIAHHBIX

s  YHUPUKAIUA HEOJHOPOIAHBIX MHPOPMAIIMOHHBIX MOJeJIeH

s Komno3unuu Bed cepBucoB

s Iloroxku padoT M MX KOMIIO3UIUHA

s BupryanabHble oprauu3zanmu v UX CEMaHTHYECKAs] MHTEPONEPAOETbHOCTD
s Cemantuueckuii Be0.

s llocpennuku B MHPOPMAUMOHHBIX CUCTEMAX U UX POJIb IPU UHTETPALIUU
MH(pOpMALINKU U PELICHUH 3a]1a4

s AOCTpakTHOe ONHMCAHME MPEIMETHBIX 00J1acTe
s Cronenuduxanus 3aaa4 HaJ a0CTPAKTHBIM onucanuem 1O



KpaTkas xapakTepucrmka
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npobnematuku (BKAOYAA
cbopManbHble MeToAbl)

s Mogean (A3bIKH) crieU(pUKANMA PEAMETHBIX 00J1acTei,
MH(POPMAIIMOHHBIX PECYPCOB, 3a1a4. CriekTp hopManu3anuu MoaeeH

s Meronbl yHugukanum pa3zHopoIHbIX HH()OPMAIMOHHBIX MOJIETIEH.
Kanonuuyeckue nHpopmMaumoHHbIe MOAEIH

= KoHuenryajabHoe MOAeJUPOBAHUE TIPEIMETHBIX 00J1aCTe 1
HH(POPMAIMOHHBIX PECYPCOB

] OHTOJIOrHYecKoe MOAC/IUPOBAHUC. Pomab JACCKPUIITUBHBIX JIOTUK

= MeToa YTOUHEHHSI M €TO POJIb B pacOpeaeeHHbIX HH(DOPMAIIMOHHBIX
cucreMax. MHCTpyMEHTBI HA OCHOBE JIOTUKHU IIPEAUKATOB

= Meroasl npeodpa3zoBaHuss HHPOPMALMOHHBIX MO/IeJICH B
MHOTOYPOBHEBBIX crielU(pUKaAUAX. MeToabl apxuTekTypsl MDA

= MeToabl nepenucbIBaHUsI MPOrpPaMM IIPpU UHTErPALIMU
MH(POPMAIIMOHHBIX PECYPCOB
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Various forms of compositions are studied, including :

Interoperable compositions of pre-existing components for IS design;

|

s  Compositions of heterogeneous information collections (including integration);
m  Web services and Workflow compositions;

s Type compositions in database operations over object collections;

s Subject mediators development and compositions.

Web site of the group: (only publications page is

updated regularly)

Conferences and groups organized by the laboratory initiative for consolidation of
database and information systems community:

s Moscow ACM SIGMOD Chapter
s East European Conference ADBIS (11" conference is planned in September)

s Russian Conference on Digital Libraries RCDL (9" conference is planned in
October)
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