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1 ABSTRACT

To solve different kinds of complicated problemsiahharise in context of intensive development ofdemm
cities a great number of various applications asastantly being developed. The most part of these
applications are based on processing big volumdsetdrogeneous data gathered from different types o
available sources in real time. In the report arhigectural framework oriented on building applioas for
smart cities in shortest time and with minimum gpefrresources is suggested. The framework is based
intelligent geo information technologies and in@adarchitectural and technological solutions aluutp
many different computational libraries for buildimgelligent adaptive applications. Special attemtis paid

to information and knowledge organization. Diffarexspects of use of ontologies in the framework is
discussed. Main directions of further developmdmiroposed approach are defined.

2 INTRODUCTION

Software applications build for needs of cities dnamost always been one of the main consumerswf n
solutions developed in the sphere of informatiatht®logies (IT). Moreover they often define direatifor
development of technologies and force the IT toushrcontinuously to meet constantly increasing
requirements.

Unfortunately, the current state of IT as a whelenuich more poor than it was several years agtoviohg
negative tendencies are observed in the IT splevadays.

(1) The sphere of IT gradually loses the statuthefsphere in which business is ready to make gaken
long-term investments without taking into accoumrs term expenses. Today for the majority of gurises

the IT is one of many services which should benestied in the terms of ROl and moreover, a number of
investors want to return earlier invested funds.

(2) Complexity of the developed information systampermanently increases. One can say that thedkoo
law can be applied to information systems.

(3) The level of qualification of IT specialists ggadually decreasing. During last years populaoty
technical education significantly decreased. Thaats|to reduction of the number of highly qualified
specialists. IT companies mostly prefer to emphliher cheap foreign programmers.

Along with negative tendencies there are seversitige trends caused by two main factors. The fastor

is that during the period of information technokmiactive development many architectural and
technological solutions were proposed, implemendedi approved. The second factor is that high
performance tools, including tools that use aitifiéntelligence technologies, were build and theyve
become an essential part of the advanced informatistems. The bright example of such systems is
intelligent geoinformation systems (IGIS) [1]. Meaand tools integrated in IGIS include inferencgiess,
expert systems, libraries of various intelligergoathms, instruments for data, information and Wealge
management.

As a response to this situation industrial apprdacoftware application development and suppasthieen
worked out. The main features of the developedaagmtr are following.

(1) Wide use of best practices that are represéntda form of the frameworks.
(2) Use knowledge-oriented technologies for sofendavelopment.
(3) Assembling information systems using large-sgabgram modules.

(4) Use various agile decisions and practicesAgjle decisions are decisions that can be easyteddp
the specific conditions (contexts). Agility can fir@sented in different forms, in particular:

(4a) agile software development — the process fbivace development that allows working with consfian
changing requirements;
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(4b) agile architecture — architecture of softwtrat allows develop architecture of systems oririe
solving specific problems of the subject domains;

(4c) agile algorithms — algorithms that are congextsitive and self adjustable.

Nowadays the industrial approach is already subdgssapplied for building applications in differen
subject domains [3]. It has become quite obvioust tiechnologies for constructing, developing and
supporting agile applications will be further denmdd. So it is time for specialists in informatiand
communication technologies for smart cities to lemkards the industrial approach for building apgtions
and to adapt the proposed solutions to their needs.

Information and communication technologies in modanart cities are of primary importance as theynfo
the backbone for all integration processes thae tplace inside and between such spheres as social,
economic, industrial, environmental and etc.

The following consequences of integration processigence directly on requirements imposed to IT
solutions:

(1) many software applications were integrated giswarious technologies and formed a net of
interconnected applications that are poorly managetlsupported,;

(2) in the integrated domains dynamics and complefiboth internal and external processes expaalgnt
increases, furthermore processes as a rule caerfotmalized and are unpredictable;

(3) established interbranch relations provide filétsi to solve multidisciplinary problems that aneuch
more complicated; besides, experts in one subjectath are forced to solve specialized tasks froen th
subject domains that are not in the area of tlempetence.

To meet the requirements of software applicatiassfnart cities, that are capable to support iatégmn
processes, IT solutions for smart applications rhasieveloped according to the principles defingldw.

(1) Smart applications must be knowledge-centrigliagtions in order to provide possibility for aeugo
work effectively with them.

(2) Construction of applications must be orientadragegration of technologies.

(3) It is necessary to use a unified high levelebalatform that can be adapted to concrete submoiain.
Using base platform for building applications pa®s a unified information space, mechanisms ofqtat
adaptation will allow to develop applications imddions of limited resources.

Taking into account the current state of IT sphamd smart cities, the developed framework must be a
knowledge-centric agile framework. Also an unifiadproach for creation and support domain-oriented
applications using the framework and the base@iatinust be worked out.

In the paper the knowledge based domain-orientekitactural framework for smart cities applicatidas
proposed. In the following section existing framekgand possibilities of their application are disged. In
the fourth section an architectural approach forstwcting domain-oriented applications with théphef

the developed framework and the base platform msidered. In the fifths section questions of knalgke
management and usage in the framework and the gplitations are discussed. Implementation of the
framework is described in the last section.

3 ARCHITECTURAL FRAMEWORKS — COMMON SOLUTIONS

In terms of an architectural framework an appraactievelopment software applications is considé4é¢d
Architectural frameworks are used, first of allr foreation architectural descriptions of end sofewva
products, families and lines of products and foredigping architectural modeling tools both for arefor
groups of organizations. The architectural desompis an artifact or set of artifacts that deseribhe
architecture of the developed application. An aeatiure is an abstraction, that includes concepts a
properties of an application.

By today many architectural frameworks have beemldped. The most well known and widely applied are
the following frameworks: Zachman Information Sys$e Architecture Framework [5], UK Ministry of
Defense Architecture Framework [6], The Open Greujrchitecture Framework (TOGAF) [7], Kruchten'’s
“4+1” view model [8], Siemens’ 4 views method [Reference Model for Open Distributed Processing
(RM-ODP) [10] and Generalized Enterprise Referehahitecture (GERA) [11].
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The term architectural framework is closely conadatith such terms as platform, paradigm and patier
paradigm describes the concept, basic states amd tesed for developing applications. A platformais
implementation of the framework that provides bingd blocks for end applications and tools for
applications development. Following types of platis are usually considered: technological, integnat
and domain-oriented platforms [3]. Domain-orienpdatforms are platforms aimed for creating applarat
for one or several related subject domains or @dvisg a certain group of tasks. Patterns are cetapl
fragments of program code that can be used mamstiithout modifications and improvements.

Along with typical frameworks listed above a widenge of specialized platforms have been developed.
From the point of view of problems that are solirthodern cities it is interesting to consider tefdhem.

The first framework is an intelligent geo infornmati (IGIS) framework described in [1]. This framewor
provides scientific and technological solutionsdowide range of highly demanded tasks such astororg

and decision making support at the levels of objectd situations as well as tools and means dicati
intelligence. Along with that IGIS framework allows organize a convenient workspace for end u3érs.
second essential framework is a framework for gateessing and analyses (DPA) [12]. This framework
allows processing various types of data includimgnglicated time series of measurements. Results of
measurements are continuously gathered using eliffddinds of specialized instruments that are by no
installed almost everywhere both in urban and owinental areas. For the IGIS and the DPA frameworks
corresponding platforms have been build. Belowief lolescription of each platform is given.

IGIS platform. The IGIS platform incorporates tledidwing list of basic components: an inference hiae

and expert system, a knowledge base system (omdolegual environment for developing classes and
objects of subject domain, visual environment feveloping models (script) of the objects behawioGiS,
system for scenario implementation in real timeawd/ user-defined arbitrary scale with visual digpbé
symbols or images on the background of electrorapana decision making support system that provides
recommendations during the scenarios playing.

In the IGIS platform an expert system and ontolegiee considered as a system of artificial intehige.
Expert systems are used for solving two main tasksisting a decision-makers and managing various
processes working under control of a scenario. @nado is the selfsame algorithm with a capacity fo
parallel execution of some of its branches, it basological representation and can be interpreted b
inference machine.

DPA platform. The DPA platform contains followingdic components: an ontology of measurements and
ontology of methods and means of data processidgaanlysis, means and tools for knowledge extractio
from historical data, means and tools for workinghwbusiness processes, mathematical and empirical
methods and algorithms for processing and anabyfslarge volumes of data, methods and algorithms of
preliminary data processing, algorithms of prospgotiata analysis, a set of visual tools that canded for
graphical representation and modification of ihitdata streams, as well as time series and single
measurements and the results of their processing.

Special attention in the DPA platform is paid tootmoments. The first moment is development of agile
algorithms for multidimensional measurements prsiogsreceived from natural and technical objecteail
time and in the delayed mode. The second momemidis usage of implemented intelligent data processi
and analysis technologies, based on both origimdlcammonly used algorithms and patterns.

The IGIS and DPA frameworks are considered to lee dbre elements of the framework for building
applications for smart cities. The specialized #ararks developed for applied domains, for exampidte
industrial domain [3], can be considered as extarssand included into the described framework foars
cities.

4 DOMAIN-ORIENTED ARCHITECTURAL FRAMEWORK FOR SMART C ITIES

The proposed architectural approach is focused ewveldpment of a framework for the domain of
management and planning of modern cities econongnted on solving applied problems in various
spheres that are a part of cities economy. Thedwairk is described according to the internatiotehdard
ISO/IEC/IEEE 42010:2011 [13].

The framework is developed using the following basilutions for constructing software applicatig8s,)
for smart cities:
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(1) for constructing architecture of the SA for str@ties Model-Driven Engineering (MDE) methodojog
[14], based on hierarchy (stack) of architecturaldeis is used. Models are containers for architattu
descriptions. The stack contains models of foufeddht levels of architectural descriptions;

(2) SA for smart cities must be implemented aceaydo their architectural description using bassgpam
platform that contains program components, modai@smon means and tools;

(3) in the process of SA construction availablehdectural knowledge, including knowledge abouttbes
practices is to be obligatory used;

(4) constructing SA includes development of thevdedlge base required for solving end user problkemnas
for supporting applications.

To make the first two moments of the listed sohsigealizable it is necessary to develop a basgramo
platform and a stack of architectural models, agthfor subject domain of cities economy. The aedhitral
models are build according to the object orien@@) models. Thus, it is supposed, that before sgstem
is constructed, an OO model for the applicatioroediog to [16] is created.

The two last points make the developed applicatimmd the processes of their constructing knowledge
oriented. For dealing with knowledge a system dlmgies and solutions for their transformation ever
developed. The description of the proposed sysfemntologies is presented in the corresponding@ect

The framework allows to create architectural desicnms for the end applications on the base of thigject-

oriented descriptions, that can be implementedguie base program platform. The relations betvieen
framework, the object oriented model of an appicatthe architectural model and the base platfaren
shown in Fig. 1.

Architectural model UML, OWL Architectural UML, OWL Object oriented model of
sponds framework application
Architectural descriptions of the Domain (general) meta Base (general) model for the applications
domain-oriented applications framework of the subject domain
(Level M3) T detailing T

A Models, adapted for the sphere of use of

the application
detailing T

Models oriented on supporting context-
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Fig. 1: Main elements used for constructing apgitices with the help of the domain-oriented architeal framework

Object-oriented model of an application. An objegented model of an application includes the dpton

of the subject domain, where the application isxgdo be applied, the tasks that are supposed $oloed
and the requirements to the application. The modatains descriptions at different levels of aludtom.
The description, that corresponds to the loweselleis the description of the end application. The
description of the highest level is the generatdpton of all applications for the defined sulijomain or
subdomain. At the middle levels peculiar featurethe application that are defined by the possiipleeres
and contexts of its usage are described.

Architectural model. The stack of the architecturaldels that are described in a general form inMBd
methodology are adapted for constructing softwamglieations for smart cities. The lowest level bét
models hierarchy (level MO) corresponds to the iggctural descriptions of the constructed applaradi
The descriptions reflect requirements imposed ¢gafbplications taking into account the groups efsisind
their specific needs. The level M1 is the levemwdtich descriptions of the applications architectare
defined according to different contexts in whick #pplications are supposed to be applied. Atebel M2
descriptions of the applications adapted for aagerggroup of tasks or one of the spheres of thgestub
domain, where the application will be used are tanged. The level M3 is the level, at which thexgel
descriptions of the applications for the subjechdm of cities economy or its subdomains are predid
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All models used, at levels M1, M2 and M3, are axttmodels. The result architectural descriptict th
created using the proposed hierarchy of modelsagmta complete architectural description of the
developed application including the descriptiontloé stakeholders and their concerns, all architeltu
viewpoints, types of models for each of the viewpmiand architectural rationales [13]. The modeksy
define the language and main notions such as nmgdedchniques that are to be used for describiag vi
points.

For the stack of the architectural models operatitor models transformation based on the developed
technique are provided [14]. Application of transhation operations allows to create a new modethen
base of one or several existing models. A transédrmodel and a result model can belong to the sare
different levels. In the first case horizontal sBormations are executed and in the second — seértic
transformations. Results of horizontal transforomadi are models of a higher level of abstractiom tiee
transformed models.

Links between different models at one level care®tablished with the help of binding operationgndst
all elements of models including classes, objentstheir properties as well as relations betweemtican
be linked.

To support both transformation and binding opereticorresponding set of transformation and binding
models according to [14] were developed. The moalesepresented in a form of patterns and rules.

Architectural framework. The architectural frametWw@ developed according to [13] and adapted toeciir
needs of modern cities. The framework is organiagd hierarchy of frameworks that has the following
structure. At the highest level a general domaiarted framework (DF) is located. The DF is a peail
oriented meta framework that does not apply anyiciens on the architectural solutions of the eleped
software applications. The domain framework is usedbuilding sphere-oriented meta frameworks (SF)
that are aimed to solve problems of one or sevefated subdomains. The SF form the base for dpecia
frameworks. Two types of special frameworks aradus¢he frameworks for constructing lines of praduc
(LF) and for constructing end software applicatiqig. The architecture of each end application can
correspond only to one F-framework. LF-frameworkd &-frameworks can be build on the base of several
SF-frameworks inheriting different concerns, viewp® and etc. In case a product line is developed F
frameworks are always based on LF-frameworks. Hdeframework can be used to build multiple F-
frameworks, but one F-framework corresponds onlyrte FL-framework.

The distinguishing features of the DF-frameworkthat the constructed architectural descriptionsvall
building knowledge-centric software applicationsendthe applied problems of cities economy areesblv
using data fusion technologies along with the comignased technologies implemented in earlier dgwedo
applications for the considered subject domain. & fusion technologies are based on JDL modg! [1
Two implementation of JDL model are supported —lengentation, oriented on extraction of information
and knowledge from initial data that is gatheraarfrmeasurement instruments or received from datizise
developed for the DPA platform, and implementatiomented on solving complicated applied tasks
including decision making support provided by t6¢S platform.

Main advantage of the proposed DF-framework is thatits base software applications that provide
principally new quality of data processing, infotina and knowledge about cities economy on the lbése
existing solutions implemented in IGIS and DPA fdans can be easily constructed.

The subdomain meta frameworks provide means ants tfiww defining following elements of an
architectural description:

« main types of stakeholders, including end-usersyraiprs, acquirers, owners, developers, builders,
maintainers and software architects;

* the system of typical interests, including serviity, cost, maintainability, stability, analyzaiy,
changeability, testability, dependability, modutgridistribution and concurrency;

e viewpoints, including general, algorithmic, cap#pil system viewpoints, data, information and
knowledge viewpoint, object, services, project atahdards viewpoints.

Between the enumerated elements main relations asgctelations between interests and stakeholders,
stakeholders and architectural viewpoints, typemadels for each of the viewpoints are considered.
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The LF-frameworks are aimed for building a limiteet of the architectural descriptions elements dnat
formed using the information about the supposedsusiehe produced software products.

At the level of F-frameworks architectural styldsatt are supposed to be used for constructing end
applications are defined. The following common &ettural styles and corresponding architectures ar
considered: object (component) oriented architestll6], service-oriented architectures [17], nagiént
architectures [18], combined (mixed) architectutesaddition service-agent-service (SAS) architextuas
developed that refers to combined architectures. IAS architecture fits best in most cases fodingl end
applications for smart cities.

Base program platform. The base program platforangsftware application, that is used for impleratah

of the developed architectural descriptions. Thatfpim provides core elements, that are required fo
building end applications and a wide range of wasimathematical libraries, as well as extended mead
tools of artificial intelligence inherited from ISland DPA platforms and from other integrated ptats.

5 A SYSTEM OF ONTOLOGIES FOR THE ARCHITECTURAL FRAMEW ORK FOR SMART
CITIES

Ontologies in the SA developed for smart citieswidely used at all stages of the applicationsdifele: at
stages of SA construction, development, functiorang support. At the stage of application consiact
experience acquired during the previous developsnerdctively used. Experience is representedaridim
of knowledge using standard formats, in particutae, OWL format [19].

Knowledge-based descriptions of the developed Spplsment the architectural descriptions, build
according to the MDE methodology. Thus, the reauthitectural descriptions of the end applicatians
sets of descriptions in UML and OWL formats. The DWéscriptions provide information about the main
tasks and the developed architectural solutiongedlsas the descriptions of possible ways of thgliagtion
further development and modification. The UML d@sions contain detailed information about the
solutions of the tasks, in particular the struciupé the SA. It is important to note that the twamsidered
descriptions can be transformed one to the othee.pfoblems of the direct and indirect transforovaiof
the descriptions have been worked at for a long.tiéxs a result such means as Metadata Interchxigg, (
Ontology Definition Metamodel (ODM), UML Profile (@P), that allow to create ontologies using UML
descriptions, are available now [20].

The structure of the developed system of ontologiatefined by the hierarchy of the architecturaldels
and frameworks discussed in the section 4. Theagitss provide descriptions of the applications kifycles
at the domain level, at the subdomain level anthatlevel of applied tasks, that are used for dleiscy
architecture at the third, the second and theléxstls of the architectural model correspondingly.

Along with the main task of building knowledge basechitectural descriptions, one can use ontoofgie
solving following tasks:

(1) ontologies that describe the subject domain wmed by analysts for defining problems of the SA
construction;

(2) a data base structure can be created fronrnttodogical descriptions of the subject domain;

(3) an architectural descriptions of the user fam¥s can be created by converting the informatia
contains in the ontologies;

(4) in multiple cases architectural descriptiongtef constructed applications or their separatepcorants
can be build by converting information from ontdksy

(5) using ontological descriptions a system ofsulan be defined, that describes behavior of thectshof
the subject domain and can be interpreted and tegasing standard tools;

(6) ontologies are used as a dictionary that pesidescriptions of the main definitions of the eabj
domain to all stakeholders.

When SA are constructed, a set of ontologies angsved their usage at the stage of the applications
functioning is defined. The ontologies are buildtiyaat the stage of SA construction and partlyhat stage
of SA development.
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At the stage of applications functioning ontologéee used for solving two main groups of probleftsthe
first group refer problems of data, information dabwledge transformation, to the second — problefns
management of the transformation operations.

For SA support and modification special ontologies developed, that are a kind of slices of oniekg
build at the stage of the SA construction. Thegdelogies contain limited amount of information tladtows

understand in short time the general architectdirdhe applications, estimate their current staté arake

well-founded decisions about the further changab®fipplications structure and/or business logic.

At all stages of the SA lifecycles the followinglmiques for working with knowledge presented ia fitrm

of ontologies are used: i) acquiring knowledge frdata (data mining); ii) acquiring knowledge froogl
files about executed business processes (proceasgyiiii) enlarging ontologies by adding new krledge
provided by experts; iv) performing logical dedoativ) transformation of knowledge presented inftren

of ontologies (aligning, merging, building profi)esvi) representation of knowledge in the form of
production rules; vii) building UML and ER descigats from ontologies.

In the architectural framework the process of boddsystems of ontologies for end applicationsrgaaized
on the base of the developed ontological model. [€hels of the model and the artifacts of the Is\aaie
shown in Table 1.

Level of the ontological model Main artifacts of tke level

Domain / subdomain level Domain / subdomain onti@eg

Level of product line Ontologies that contain infation about the solved tasks

Level of the end applications Ontologies requiredthe applications functioning, support and
modification

Table 1: Artifacts of the ontological model at difént levels of application construction.

An ontological model has three levels, that comespto the SA construction at the domain / subdomai
levels, at the level of products line and at thelef end applications. At the third level ontales) for the
subject domain or its subdomains are developedol@yies for product lines are domain ontologied tha
additionally contain information about the problentisat are supposed to be solved using developed
applications. The main goal of the first levelashuild ontologies that are to be used during thgesof the

SA functioning as well for the needs of SA supod modification.

Ontologies of the domain and subdomain levels awvenngonly developed by the experts of the
corresponding subject domains. In the processélseobntologies development in most cases analysts a
knowledge engineers are involved as well. Ontofie product lines and ontologies, used for tHenswe
application support and modification, are build &yalysts and IT specialists on the base of domain
ontologies.

The list of ontologies, applied at the stage of 8% functioning, includes ontologies for solvingtio
specialized and common tasks. Ontologies, orieatedolving specialized tasks, are build by exp&hs
ontologies for solving common tasks are constructedhe base of the higher level ontologies, that a
provided by the corresponding domains. For exaniptehe domain of data processing and analyses af s
developed ontologies contains general formalizestrijgions of data of different types and resultst®
processing, of available algorithms, methods, meams tools for data processing and rules for their
application, of the processes that can be usesioloing various problems, of the program moduled tan

be included in the applications, possible proviadrdie modules and etc.

6 IMPLEMENTATION OF THE ARCHITECTURAL FRAMEWORK FOR S MART CITIES
Proposed solutions for implementing end SA usirggatchitectural framework are agile solutions {@jt
are developed within the industrial approach. Tdlat®ns are based on the following main principles
(1) multiple use of knowledge is preferable in camigon with multiple use of program code;

(2) the developed applications have to be basedhenintegrated set of the existing ready to use
technological solutions. Much less desirable billtasimissible is to integrate existing solutiorigtze level
of program components and modules. New moduledeareloped only if there are no other alternatives;
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(3) the implementation of the new program modulesstnibe organized from the point of view of possible
subsequent use of the modules. The resources gperthe modules that can be multiply used are
significantly more justified than the resourcesrdpm the development of the unreusable modules;

(4) solutions for application implementation hageptovide opportunities to modify developed applmas
structures and business logic on the fly by bothspEcialist and applications themselves. For thés t
description of the applications must be representsidg standard interpretable formats. For desuibi
applications in most cases ontologies are usedprasyne hand, they can be considered as means of
standardization, and, on the other hand, as megrabte to deal with knowledge.

Implementation of SA based on the agile solutidreg fare supported by the architectural framewoek ar
based on the following notions: A - system (agystem), A - process (agile process) and A- appboat
(agile application). A — system is a set of intégdaA - applications. A - process is the knowletgsed
process of constructing A - applications. A - apglion is a self-adjustable application that corgah
knowledge base and means of artificial intelligerib@o types of A-applications are allocated: statiad
dynamic A-applications. Both static and dynamic gplications are constructed using A-processes. Main
difference between these types of applicatioribas static applications don't use ontologies atsfage of
their functioning meanwhile in the dynamic applioas ontologies are often considered as a coreegiem
Agile applications have a hierarchical structure.tldeir top level two subsystems are located, Hrat
represented in the form of containers for moduléke first container (B - container) provides
implementation of business functions which defimectionality of the applications. The second corgaiA

- container) implements functions of management @matrol of the B - container architecture. A and B
containers in separate cases can be considereddagas.

Five types of modules are used in A — applicatidamodules, B-modules, AB-modules, R-modules and V-
modules. A-modules are modules with the dynamiditgcture that support A-interfaces which provide
access to the functions that assure module agilingese modules are executed under control of the A-
container. B-modules support B-interfaces and defigstem functionality. These modules have static
architecture and are managed by a B-container. 8dies are able to provide information about th&ites

AB - modules support both types of the interfaces iateract with the A and the B containers. Thgetof
modules is used most frequently in the applicatiGimodules are aimed for working with various tyoé
repositories were initial data as well as meta daistored. The V-modules contain the implementatd
visualization functions and support interactioranfapplication with an end user.

The considered agile solutions don't impose anyricéens on implementation of interfaces, or on
implementation of the containers. Interfaces argcidleed in terms of applied technologies. The dosta
implement functions of modules integration, theiamagement and control during their life cycle, and,
respectively, the containers have to support tles@h technologies.

The concrete technologies for each end SA are tedlagithin F-framework used for constructing end
applications.

Usage of the object-oriented approach [17] fordind applications supposes that B-containers asebss
objects (B-objects) described using the high léasguage or represented in the form of componenét, (
CORBA, EJB). A-containers are sets of A-objectd #ra responsible for managing B-objects and gaiter
data about the applications functioning. Data pssirgy and analyses is organized in a special stevsysf
an A-container or a separate external subsystem.

Service-oriented approach (SOA) [18] can be useihfplementation both static and dynamic architextu
Implementation of static SOA implies that a setsefvice modules (S-modules), which include business
services corresponding to B-objects, and agile isesvcorresponding to A-objects are developed. For
implementation of SA, business logic on the basdyofamic SOA services can be organized with thp hel
of semantic web services.

Usage of agent technologies in end applicationsnass that A-subsystem is a set of agents, thaidesl
personal assistances, business agents, agent m@mnagents for agility support, agents for access t
metadata and data, agents for support of B2B ictieres [19].

Implementation of the enumerated technologiesppaued by the base program platform.

=
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7 CONCLUSION

The paper aims to find an approach for buildingdi&nted on solving different problems in variopbeares
of modern cities economy. The approach must be @bieal with challenges of modern smart cities in
conditions of the quite poor state of informatienhinologies.

In the paper the architectural framework for buigiSA for smart cities is proposed. Distinguishiegtures
of the framework can be summarized in the followpognts:

a) the framework is knowledge-based. It means khatvledge is used at all stages of the SA lifecycle
(construction, functioning, support and modificaio

b) the framework allows to construct SA by meanstidgration of existing solutions at technologilealel
and at the level of program modules;

¢) solutions provided by the framework are agile:
e architectural description of a SA is built on thesé of object oriented descriptions;

< architectural descriptions built with the help b&tframework can be implemented using the base
program platform;

d) the framework is developed according to theadtchitectural and technological standards.

The proposed architectural framework describediwithe paper was developed as a generalizatioheof t
developed architectural, technological and progsaations, that were implemented as product lines$ a
separate products and have been successfully asedrfumber of years already. The following softvar
products defined the structure of the framework igstunctions:

- the Ontomap series developed in the Researchalaivg of object-oriented geo-information systerh&o
Petersburg Institute for Informatics and Automatidithe Russian Academy of Sciences. The Ontomagps a
used in Russian Navy for more than five years asirtfformation base of Navy control systems. They ar
operated in Russian Navy fleet command centersalnaases and combat information center of Coast
Surveillance System;

« the series of software applications for telemeiritormation processing from space rockets
developed in the Research Center of Saint-Petaydblectrotechnical University. The total number
of developed application is more than fifty. Theplagations are widely used for processing and
analyses of initial data, calculation of flight llsic and navigation characteristics;

e a set of separate applications oriented on pratgssivironmental parameters. For example, the
Decision Making Support System for Arctic Exploostj Monitoring and Governance [21] was
developed. The main goal of the system is to swmbeocean/ice/atmosphere observations and
model-based products for the purpose of fast actteshe available information on the Arctic
environment.

Future work needs to be carried out in the directbfurther adaptation of the framework for therdon of
cities economy. Adaptation assumes building onie@n the base of available knowledge provided by
existing software products and integration into ttemework the earlier developed specialized sohgi
represented in the form of technologies, programpmnents or modules. It is also reasonable to aedhe
possibilities of adaptation and usage of new teldyies developed for the spheres not related tcities
economy for processing, analyzes and managemeaitaf information and knowledge of modern smart
cities.
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