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A bottom-up ontological approach for integrating heterogeneous web services and their
incremental usage semantics representation is described. The results of comparative analysis of
our proposed ASTRA approach with other related ones in appropriate research fields, are pro-
vided. Formal model of proactive information system corresponding to this ASTRA approach, al-
lowing creation of a smart intermediate layer between a set of heterogeneous web services and
end-user applications based on them, is presented. This proactive information system is being im-
plemented as middleware, and its multilayer architecture is also decribed. This ASTRA sofiware
allows solving the following issues in mobiquitous information systems: services usage situation
analysis, detection of useful services patterns (heuristics for solving typical user tasks), and also
services search and generation for any given situation. Thus it helps fo provide users with services
which are more appropriate to concrete usage situations. Finally conclusion and outcome of our
ASTRA project along with future research directions are given.
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Onucan oHmMON02UYeCKILil NOOX00 K 0CX00Uleli 2emePO2eHHBIX UHMeZPayulL 6e0-Cepeucos
U UHKDPEMEHMHOMY NPeOCMABIeHUI0 CeMAHMUKU UX UCNOb308anus. IIpugedenvl pe3yibmamoi
CPABHUMENBHO20 AHANU3A N00X00d, npediazaemozo 8 npoexme ASTRA, ¢ opyeumu pabomamu 6
ucciredyemoti obnacmu. Ilpedcmaenena opmanvhas mooeiv NPOAKMUGHON UHDOPMAYUOHHOT
cucmeMbl 83aUMOOeHCMBUS, peanudyoweti OaHHBIX NOOX00 U NO360AAI0Uel CO30aMb UHMELIeK-
MYANbHBIT NPOMENHCYMOUHDIT CIIOT MeHCOY MHONCECBOM PA3POIHEHHBIX 6e0-Cepeuco8 U npuio-
JHCEHUAMU HA UX OCHOBE Oid KOHEHYHbIX Noab3oeameeil. JJaHHas NPOaKMUGHAS UHQPOPMAYUOHHAS
cucmema 63auUMOOTCMBUs 8 HACMOsWee 6peMs pednu3yemcs 6 6uoe NPOMeNCYMOYHO20 Npo-
CPAMMHO20 0OecnedeHss, MHO2OYPOBHEGA APXUMEKMYPA KOMOPO20 MAKIHCe ONUCAHA 8 CIAMmbe.
Jannoe npoepammnoe obecneuenue peutdem ciedyroujue 3a0a4u. aHAIU3 CUMYAYUTl UCNOTb306A-
HUS CepeUCO8, OOHAPYIHCEHIUE YCIMOTHUBHIX KOMNOZUYUL CEPEUCO8 (I8PUCUK Ol PeULeHUs MUniuy-
HBIX 300a4), a MAxxHce NOUCK U 2eHepayuro cepeucos o 3a0annoti cumyayuu. Taxum obpaszom,
MO NO3601Aem NPeOOCABIAMb NONB30GAMENIM CePUCHI, Hauboee nooxoosauue Ol KOHKpem-
HOti cumyayuy ucnonv3oeanus. M Haxouey, coenanvl 6vieo0vi 00 0biacmu NpUMEHEHUS NOLYYeH-
HbIX Pe3YTbMAamos 1 0 NIAHUPYeMbIX HANPAGIeHUAX OANbHEUUUX UCCTeO08AHU.
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Karouesnie crosa: CePBUCHDLE BbIYUCTEHUSA, NPOMENCYIOUHOE NPOSPAMMHOE O6€CH€W€HM€,
KOMRO3uyus cepeucos, MHmefl]lek‘myaJleblﬁ AHAIU3 OGHHblx, CUMYAYUOHHO-3d6UCUMbBIE CUCHIEMDBL,
KOHMEKCMHO-3ABUCUMDIE CUCMEMDBL.

1. INTRODUCTION

ASTRA project is being developed in Astrakhan State University since 2010 and its global
functional architecture was presented in [1]. We focus here on the multilayered architecture of the
middleware allowing a bottom-up ontological integration of heterogeneous web services which is
being developed in the framework of our ASTRA project. ASTRA goal is to improve user interac-
tions with mobiquitous information systems in areas of tourism, education, university management
using adaptive service-oriented approach. Mobiquity refers to mobility of the cell phone becoming
a computer (smartphone) and ubiguity of Internet becoming broadband in the pocket and 2.0 [3].

Basic rationale of ASTRA project is that it is necessary to collect knowledge about usage
in distributed heterogencous mobiquitous systems. This knowledge should represent strategies of
goals achievement in particular situations. Users no longer want to get isolated information; they
look for complex services. Current systems are becoming task-aware: their goal is to match high-
level user task in a transparent manner. Services could then be recombined for producing new ones
with the possibility to evaluate important characteristics of service composition and its usefulness
in particular situations.

The remainder of this paper is organized as follows. In section 2 we present a brief survey
of related work and the position of proposed ASTRA approach. Then in section 3 we give the for-
mal definition of a proactive interaction system implementing the bottom-up services integration
approach and we describe layers of the middleware implementing proactive interaction system for
mobiquitous information systems. And, finally, we give some research directions to enhance and
validate our proposal.

2. RELATED WORK

As result of analysis of related work we consider three main groups of approaches for intel-
ligent service composition: approaches for context-aware service composition; approaches for goal-
driven service composition; approaches for pattern-driven service composition. Description of
some projects in each group is given in [1].

Approaches for context-aware and goal-driven composition are often clearly separate;
however there exist some mixed approaches [4]. The majority of approaches for pattern-driven
composition are not context-aware. Patterns represent result of an attempt to find context-free ser-
vice sequences.

In [5] two approaches for service composition are defined: top-down approach when composi-
tion of existing web services is driven by specific search criteria, and bottom-up approach when inter-
esting and useful compositions of existing web services are discovered with no such criteria.

Semantic web services are only related to context-aware and goal-driven approaches and
they are always built in a top-down way. In the proposed proactive interaction system the bottom-
up approach consists in service mining correlated with services dependencies mining, and in in-
cremental services integration on operational, compositional and situational levels [6].

3. PROACTIVE INTERACTION SYSTEM ARCHITECTURE
An interaction system [2] is a system which is able: to collect data about situations of ser-
vices usage by end users, to deduce knowledge about usual services usage situations based on
analysis of user interaction with an information system; this knowledge represents multidimen-
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sional metadata: static/dynamic user profile parameters, “external” context information (space,
time, environment, etc.) and user goals, to select appropriate services for the given usage situation.

Formally an interaction system can be defined as a multi set {5 ,C, LA F; F-Fg }, where:

— & is a set of all available services which could be “internal” mobiquitous information
system services or external ones;

— € is a set of available sources of situational information (hereinafter referred to as sen-
sors) allowing to get situational constraints for user sessions. These sensors can be defined at inter-

action system level (subset C r & ), at user environment level (subset CL » £ (), and they also
can be external independent sensors (subset CE = 0);
— L is a set of interaction logs, i.¢. logs of services calls along with concerned sensors data;
— A is a set of services annotations by situational constraints;
— I'z 1s a function of producing new situational service annotations or refining existing

ones by analysis of interaction logs (L). Thus A =F L E:.!'-L L) is an updated set of services anno-
tations by situational constraints;

— ¢ 1s a function of producing high-level situation description on the base of initial sen-
sors data;

— Fr is a function for obtaining appropriate services (5, set) from the set of available ones
(5 using their situational annotations and situation description for the given user session (£). Thus
S, = Fo(S, 4,¢).

Proactive interaction system [3] is an interaction system aiming at the collective service in-
telligence management, mining new useful service compositions corresponding to high-level user

tasks and generating for the specific usage situation a unique service from available fragments
Formally a proactive interaction system (fig. 1) can be defined as a multi set

(5, C,LAF;, Fe,Fp, Fs}, where:
F ¢ 1s a function of producing new stable service compositions on the base of the set of

available services (5) by analysing interaction logs (L). Thus 5 = F Py (5 i Lj is an updated set of
available services.
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Fig. 1. Proactive information system
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3.1. Integration layer

In fig. 2 the functional scheme of this layer is presented.

WSML (Web Service Modeling Language) [10] was selected for representing the unified
service metamodel [6]. It is due to the fact that its expressiveness meets the requirements defined in
[6] and there exist tools for editing WSML services descriptions and an environment for invoking
the described services. WSDL 2.0 [8] was selected for representing services operational syntax re-
quired for automatic services invoking. It allows representing syntax of SOAP services as well as
of RESTHul services which are not provided with any description initially.

The developed software prototype allows integrating SOAP and RESTful services, these
are non-semantic web services. The possibility to integrate semantic web services is also demon-
strated on the example of SAWSDL services. The next step is to realize special mediators for inte-
grating other semantic web services: SA-REST, OWL-S, WSMO, etc.
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Fig. 2. Integration layer

Each service which is to be integrated in the service warchouse should be annotated by the
basic semantic profile including description of its goal and also of its functional and optionally
non-functional parameters. This profile is represented in WSML language based on WSMO service
ontology which uses the common goal ontology and domain ontology. The last one allows describ-
ing service parameters semantics.

When integrating semantic web services using external ontologies terms the correspon-
dence between internal and external ontologies terms should be established. It is implemented us-
ing mediation units. This process is partly automated but it needs ontology engineer intervention.

3.2. Interaction analysis layer

In fig. 3 the functional scheme of this layer is presented.

Situation recognition unit is implemented using multiagent approach. Collecting situation
parameters is realized using the set of formally described logical and physical sensors. Procedure of
retrieving data from sensors can depend from the data coming from other sensors. Each sensor is
considered as a function returning a scalar, a nominal or character value, or a vector of values of
one of these types. For each sensor a finite or infinite set of its possible values is defined.

Sensors are used to obtain situation parameters based on context and user ontologies. Data
harmonization and queries parallelization are needed, and it is naturally implemented in the multi-
agent approach in which each sensor is provided with a corresponding agent.
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An application programming interface (API) is implemented for connecting middleware
with end-user applications. Multiple applications can use the same middleware and thus the same
warchouse of services and context-aware patterns (heuristics). Each application can define its own
set of situational sensors. Using this API an application can store information about user activity
(interaction log), query for services which are the most appropriate for the given situation and in-
voke services.
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Fig. 3. Interaction analysis layer

3.3. Service warehouse management layer
In fig. 3 the functional scheme of this layer is presented.
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Fig. 4. Service warchouse management layer

An extension of WSML language called WSML+ was developed for representing situ-
ational annotations of service compositions.

This layer interacts with the interaction analysis layer. Descriptions of detected heuristics
(service compositions) and service annotations are converted into WSML+.
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This layer also processes search queries for appropriate services. Queries are formulated using
goal, domain, user and context ontologies. SPARQL [7] endpoint is used for queries processing.

3.4. Situational service generation layer
In fig. 5 the functional scheme of this layer is presented.
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the given soals set clustering reduction
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Fig. 5. Situational service generation layer

The result of situational service generation is its simplified description in WSML without
WSML+ features because the generated service represents just a services sequence without situ-
ational annotations.

The end user receives a list of services recommended for his situation order by descending
of their relevance.

3.5. Service invocation layer

This layer is build on the top of service integration layer. Service invoking and communi-
cation with end-user applications is implemented using WSMX (Web Services Execution Envi-
ronment) [9].

4. CONCLUSION

In this paper we presented a bottom-up ontological approach for heterogencous web ser-
vices integration representing the base of a proactive interaction system within our ASTRA Project.
We outlined salient features of our ASTRA architecture with a focus on its middleware implement-
ing this proactive approach.

Our future research within ASTRA concerns optimization of the ontology reasoning algo-
rithms for service mining and automatic composition of services fragments into a final service.

The proposed ASTRA approach is being implemented and validated for mobiquitous tour-
istic cultural paths in the City of Astrakhan (Russia) using tags in the real world which could be
scanned (QR Code) or touched (NFC tags) to get multimedia information on the cell phone becom-
ing a guide in the pocket.
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B cmamue paccmampusaemes 3a0a4a onmuMansHO20 nepepacnpeoeneHiis UHQPOPMAYUOH-
HBIX NOMOKOG 8 PACHpeOeieHHOTl cucmeme 00pabomxu pasHoOpPOOHOT UHGOpMayuL 8 YCI08UIX He-
NpeocKasyemMo20 UsMeHeHUs 00bemMo8 8X00IUUX UHPOPMAYUOHHBIX nomokos. Tlokazano, umo on-
MUMATLHOCMb NepepacnpeoesieHis UHPOPMAYUOHHBIX NOMOKO8 PA3HOPOOHOTN UHPOpMAayul onpe-
Oeislemcesl 3a2PYHCEHHOCMbIO OOCMYNHBIX Y3106 U KA4eCmBOM KAHAN08 ¢e:a3u ¢ Humu. [Ipednoxcero
6b100p Y3108 015 nepepacnpeoesieHus U3NUULKO8 HACPY3KU Oeldmb HA OCHOGE 8eCO8, PAGHBIX ONl-
HOULeHUI0 OOCMYNHOTI eMKOCHIL Y3/1A K CKOPOCHU nepedayiis OGHHBIX N0 KAHALY céa3u. Boibupaiom-
€S Y37Ibl C HAUMEHBULUMU BECAMU, CYMMAPHAS eMKOCHb KOMOPLIX He MEHblULE Nepepacnpeoeiiemo-
20 usnumra. Jlanoneiiuee nepepacnpeodeierue nPou3BOOUmcs 6 ciyuae Hanuuus OONOIHUMETbHBIX
O0CMYNHBIX Y3106 UNL HeNOJIHO20 UCNONb306AHUS eMKOCIU Y31 C HAUDOIbULULM 8eCOM CPeOU Gbl-
opannvix. Tlpueooumes aneopumm nepeHanpagieHus uH@OOPMAYUOHHBIX NOMOKOG.

Knrwuessie cinosa: obpabomra ungpopmayuu, cucmema obpabomxu unpopmayuls, Maio-
MUGREHMHAS CUCMeMd, PACnpeOesieHHAs CUCMEMd, a2eHM, KOHMPALeHM, UHMEIeKmMYalbHble
azenm, KOHKYpupyloujue azenmol, UHQOPMAYUOHHBII NOMOK, NePeHanpagieHie, pasHOPOOHds UH-
Gdopmayua, onmumuzayus, y3ei, pasHopoOHas UHPOPMAYUA.
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