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Motivation

» Goal of this work is to overcome the complexity of service
composition on very large sets of atomic services.

» To achieve this goal we propose an automatic service
composition methodology with three distinguished
knowledge levels:

» user knowledge level
» logical level
» implementation level



Example application domain

» Estonian e-government information system has a
service-oriented architecture.

» Services accessible through this information system are
described in WSDL.
» More than thousands of services are provided by
information systems of different institutions.
» Secure access is provided (over X-Road) to nearly all
public (i.e. governmental) but also some private databases.

» All Estonian residents having the national ID card can
access these services through X-Road within their limits of
authority.

» In this work we refer to the whole system as X-Road.
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Example model

» We have performed experiments on a part of X-road
information system.

» Service model containing about 300 atomic services and
about 600 references to semantic resources has been
created.

» Totally more then thousand of atomic services are
available.



Model of the application domain
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Querying X-Road

» Only predefined queries can be done through X-Road
portals

» Combined queries between information systems of
different institutions are not possible.

» Possible semantic relationships between queries are
ignored.



Example: quering person’s contact addresses

(Without complex queries:)

From the 1th DB: NationalldCode — Address
From the 2nd DB: NationalldCode — Address

From the n-th DB: NationalldCode — Address
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Example complex query

NationalldCode —
AddressString, EstonianAddressString,
OwnerAddressString, ResidencyAddress,

ResponsibleUserAddress
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Service composition tool

» We have created a tool for service composition that
supports the stratified composition methodology and hides
complexity of composition from the end user.

» Tool is created in the software development environment
CoCoVila that supports automatic synthesis of programs
and generates Java code from visual and textual
specifications.
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Knowledge architecture of the composition tool

Knowledge system — module of knowledge architecture.
» knowledge language
» knowledge handling mechanism
» method for associating meanings to knowledge objects

S
M

S — knowledge objects (notations)
M — set of meanings (denotations)
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Connections of knowledge systems

Knowledge systems can be composed into larger knowledge
architecture by using:

» Hierarchical connections (a)

» Semantic connections (b)

» Operational connections
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Knowledge levels

1. User knowledge level
2. Logical level
3. Service implementation level
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Service composition tool
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1. User knowledge level

visual KS

textual KS

schemas

textual specs

unfolded text
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1. User knowledge level
Visual knowledge representation.
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1. User knowledge level
Specifying a complex service on visual representation.
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1. User knowledge level
Visual and textual representation of knowledge.

File Edit View Package Scheme Optio

[ webservices
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Compute gll| 1 Compute all‘ | | !

[ |

[]static

ublic class WebServices extends BPEL {
f*@ specification WebServices super BPEL {
ehis kod oppur ehis_kod oppur;
ehis_kod oppur.name = 'ehis_kod oppur’;
ehis kod oppur.input = {"stx"};
ehis_kod oppur.output =
{"GeneralPersonalbata’, 'ResidencyBddress",
"BaseStudies", "AdvancedStudies'}
select select 591;
select 591.name
select_591.input
. 591, output =

rselect 0 1 1';
"GeneralPersonalbata’ ;
{"NationalIdCode" ,

ResldencyAddress - WebServices , 'BirthbDate", "Gendex',
"LastName', "Citizenship',
", "IsProtege", "IsWaif'};
Object name Residencyhddress  |Gtring) Input  Goal Watch lect_592;
t 592 .name = "select 1 1_2":
fas Stinp. [l a t 502.input = 'ResidencyAddress” :
data_name |ResidencyAddress  |Stringy [ () ] t_592.output = {"CountryHame",

reetHame', "HouseNumber',

ok |[ close |[ anory ||

ler', 'Postalcode’} ;
lect 593;
t_593.name = "select 2 1 3';

Clear all ‘ t_593.input - "BaseStudies’ ;

t_593.output =

{'EducationAtAdmission", "Admission¥ear',

" StudyStartDate’, 'School', 'StudyProgzam',

' StudyLanguage" , 'StudyForm', 'FinancingSource' ,
"Class", "ParallelIndication",

" compoundClassindication', 'SchoolLevel’,
"ClassType", "DistanceFromschool',

4
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2. Logical level

Formal representation of knowledge and automatic composition
of new services.

logical formulas

realizations of formulas

» Knowledge about atomic services, goal => algorithm of
expected service

» Structural synthesis of programs is used to synthesize a
structure of a new complex service
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3. Service implementation level

service algorithm U grounding

Java program

Java program = service generator

service description




3. Service implementation level

Synthesizing a structure of the complex service.

Algorithm Visualizer
[~ WebServices [x]

spec : WationalldCode.data

RR_isikPohiandmetegalsikukood.HationalIdcode =
spec : WationalIdCode.data = RR_isikTaielikIsikukood.NationalIdCode

ehis kod oppur_laps : indata = [HationalIdCode]

TRAFFIC_paring22 : indata = [HationalIdCode]

RR_RRA0isikTaielikIsikukood : indata = [HationalIdCode]

RR_isikPohiandmetegalsikukood : indata = [HationalIdCode]

RR_isikTaielikIsikukood : indata = [Nationalldcode]

ehis kod oppur_laps : text, name, indata, output —> outdata {getWs)

TRAFFIC paring2? : text, name, indata, output —> outdata {getWs}

RR_RRA0isikTaielikIsikukood : text, name, indata, output -> outdata {getWs)
RR_isikPehiandmetegalsikukood : text, name, indata, output —> outdata {getWs)
RR_isikTaielikIsikukeod : text, name, indata, output -> outdata (getWs}

spec : ehis_kod_oppux_laps.Resi Resi .data

spec : TRAFFIC_paring22.VehicleAnswer3 = VehicleAnswer3.data

spec : RR_RRA0isikTaielikIsikukood. Pup\llatlun.lleg].stxym\swezz PopulationRegistryAnswer2.data
spec : RR_isikPohi Isikukood. - 4.data

spec : RR_isikTaielikIsikukood.PopulationRegistryAnswer? = PopulationRegistryAnswez9.data
spec : VehicleAnswer3.data = select_671.indata

spec : PopulationRegistryAnswer2.data = select T18.indata

spec : PersonDatad.data = select_733.indata

spec : PopulationRegistryAnswerd.data = select 765.indata

select_671 : text, name, indata, output -> outdata {getWs}

select_718 : text, name, indata, output -> outdata {getWs}

select_733 : text, name, indata, output -> outdata {getWs}

select_765 : text, name, indata, output -> outdata {getWs}

spec : RelationData.data = select_720.indata

spec : outputBPEL = [ Responsibl -data, ing.data, Estoni ing.data, Residency—|
spec : RelationDataZ?.data = select_739.indata

select_720 : text, name, indata, output -> outdata {getWs}

spec_: process mame, process comment, process outputfile -» process goal {

« Ii I [»




3. Service implementation level

Grounding of services - calling services and performing actual
computations.

WebServices - Specification

WebServices [x] Specification | Program | Run results
spec : HationalTdCode.d =
spec : HationalldCode. | com e&Run\ [ Propagate IE anlSlze:l 145 [v| Bold
ehis kod oppur laps : —
TRAFFIC paring2? : ind{[ 1619 RelationData?.data = (String)alias select 765 select 765 outdata 9430[2]; ||
RR_RRADisikTaielikIsiky| 1620 z
RR_isikPohiandmetegals{| 1621 select_720.indata= RelationData.data;
RR_isikTaiclikIsikukood| 1622 select_739.indata= RelationData?.data;
chis kod oppur_laps : {1623 stringl] alias select 720_select 720 outdata 9184 =
TRAFFIC paring2? : tex select_720.getWs (select 720.text, select 720.name, select 720.indata,
RR_RRADisikTaielikIsiky select_720.output) ;
RR_isikPohiandmetegalsy| 1624 NationalldCode.data - (String)alias select_720_select 720 outdata 9184[0];
RR_isikTaielikIsikukood| 1625 FirstHame.data = (String)alias select 720_select 720 outdata 9184[1];
spec : ehis_kod_oppur_J 1626 LastName.data = (String)alias_select_720_select_720_outdata 9184[2];
spec : TRAFFIC_paring2{| 1627 AddressString.data - (String)alias_select_720_select_720_outdata 9184[3];
spec : RR_RRAOisikTaie]| 1628 Personstatus.data = (String)alias select_720_select_720_outdata 9184[4];
spec : RR_isikPohiandmd| 1620 RelationType.data = (String)alias select_720_select_720_outdata 9184[5];
spec : RR_isikTaielikiy 1630 FatherName.data = (String)alias select_720_select_720_outdata 9184[6];
spec : VehicleBnswer3. | 1631 ;
spec : PopulationRegis{| 1632 stringl] alias_outputBPEL_9985 = new String[5]:
spec : Personpatad.dat{| 1633 alias_outputBPEL_9985[0] = ResponsihleUserAddress.data;
spec : PopulationRegisy| 1634 alias_outputBPEL 9985[1] = Owneraddressstring.data;
select 671 : text, namd 1635 alias outputBPEL 9985[2] = Estonianaddressstring.data;
select 718 : text, namd| 1626 alias . 5985[3] = Resi .data;
select_733 : text, namd| 1627 alias_ _9985[4] = ing.data;
select 765 : text, namd| 1638 process goal = createProcess{alias outputBPEL 9985, process name,
spec : Relationbata.da [precess comment, process mamespace, outputfile);
spec : outputBPEL = [ KL1533;
spec : Relationbata2.d
select 720 : text, nm\@r
prec - pedese R cess comment, process outputfile —> process goal {
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3. Service implementation level

Generating BPEL from Java code.

= = ervice bpel ged ]
WebServices [ x| Specification | Program | Run resul Fle Edit View Search Tools Documents Help
speo : NMationalideoded i e
spec : WationalIdcode.d | Compile & Run| []Propagate L
: ZSequences
chis kod oppur laps o _“ s
TRAFFIC paring2? : ind]| 1616 Relationbata2.dat]| < oCe1Ve Eceet“”s{e"“s yea! names S‘”E_“ i .
Rk RRA0ToikTaielikisiky| 1620 X operation= gz{Cump fosrvlc? partlnﬁrljn = xFoadclientpL.
RE_isikpohiandmeteqals| 1621 select 720.indata p“rﬂz"s wsdl hmskcdls”tp Yo Request! />
RR_isikTaielikIsikukood| 1622 select 739.indatal| SLNVOKE ”agf“ ¢ ‘z—l" ORRUE A0S
ehis kod oppur_laps : || 1622 String[] alias_selP3rtnertink hxmi 3 la”tle .
TRAFFIC paring2? : tex select 720.getis (select 7|OPSration="ehis ko F""":ra 4ps o
RR_RRA0isikTaielikIsiky select_720.output) ; gsﬁe li—du —“""“{— aps )
RR_isikPohiandmetegalIs{| 1624 NationalTdCode.ds] : e, Si5.k0d- 0pPUIT LapsResHOnSe Y
RR_isikTaielikIsikukood| 1625 Fizstiame data = || *11/502 1A TR“ZF{C—W”TQEE P .
pec : ehis kod oppur. J| 1626 Lastifame. data = ( partner\_mbl ¥RoadClientPL’ operation='TRAFFIC paring22
spec : TRAFFIC paring2y 1627 AddressString. dat| LMPULVaria b? getTRAFFIC paring22 .
spec : RR_RRAOisikTaicl| 1628 PersonStatus.datal Wtwt"a”a JR;xzzlC—E:””%ZE?ESE"ESEJ)
spec : RR_isikPohiandmd| 1625 RelationType.datal q”‘é“ ELHSMETXR{dd ]S‘tpjm KRR
spec : RR_isikTaielikI4| 1630 FatherHame.data =||P2MtNert1n gaciien
Ve : operation="FR_RRAGisikTaielikIsikukood"
spec : Vehiclednswer3.q| 1631 :
2 : : : : inputVariable="getRR RAR40isikTaielikIsikukood"
'spec : PopulationRegisd|| 1632 String[] alias oy
outputvariable="RR RR40isikTaielikIsikukoodResponse® />
spec : PersonDatad.datq| 1633 alias outputBPEL | =
% i <invoke name="RR_1sikPohiandmetegalsikukood"
spec : PopulationRegisi| 1634 alias outputBPEL | 4 L k’“XRDidC‘L tpLY =
select 671 : text, namd| 1635 alias_outputBpEL ||P2" ”ir IT;R akp :15” netadarsskulsods
select 718 : text, namd| 1636 alias outpatBpEL ||PEL3t10N=1RA.181kPoni andmatedal st kikoo
~ inputVariable=" getRR_isikPohiandmetegalsikukood®
select 733 : text, namg 1637 alias_outputBPEL | L
= outputVariable="RR 1sikPohiandmetegalsikukoodResponse" />
select 765 : text, namg| 1638 process_goal = off L
s o <invoke name="RR_isikTaielikIsikukood"
spec : RelationData.dat process comment, process | XRDidC‘L LY
spec : outputBPEL - [ Kl 1639/: e e A _ =
spec : RelationDataZ2.d. ' n 28, Col 12 | NS
select 720 : text, n -
spec : Process name, process comment, process outputfile —> process goal {
k] IL




Conclusion

» We have described the architecture of the complex

knowledge-based tool with stratified knowledge levels.

» The main features of the presented architecture are
» user friendly upper level
» precisely defined mappings between levels
» We hope to make the tool usable first of all to the
developers
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Thank you for listening!

Questions?
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