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1 ABSTRACT

Nowadays huge volume of information, data and kedgé, that directly or indirectly relates to modern
cities, their state and problems is gathered aockdt Effectiveness of its use significantly infices on
effectiveness of city development. Due to consyaimtreasing amount of information and knowledgw, f

its best use special tools for knowledge manageniediuding tools for knowledge systematization and
building formalized descriptions as well as newoallpms for knowledge processing and applicatiom ar
required. In the paper a set of technological smistfocused on knowledge retrieval from multidirsienal
measurements provided by different sources of médion is suggested. Use of developed technologies
allow to organize operative processing of new mesasants, taking into account all available knowkdg
Dealing with measurements at the level of knowledigeut measurements provides solutions of end user
problems in terms of subject domain objects orasitis but not separate measurements. Severalcsubje
domains and their tasks, that can be solved ubm@roposed set of technological solutions, armedf

2 INTRODUCTION

Time, when tasks of departments of city economylccbe solved locally and independently have passed.
Nowadays almost all tasks are supposed to be sgbietlly; moreover in many cases it is reasonable t
consider the set of the solved tasks as a unigoglex task that is oriented on providing stabilitythe
economic and social spheres of a city. Many extdatwdors influence on the process of forming sohs
such as state of the interconnected departmertkeafity management, state of the neighbouringideies,
state of the environment and etc.

In the sphere of the city’s economy hundreds oiousrdomain specific business processes are createy
day. Business processes specify how operationiaitees have to be executed in order to providesingd

set of services [1]. The number and the compleaitghe executed processes are constantly increasing
Results of their execution significantly depend amount and quality of available information.
Consequently, the state of the development of nmodéy economy as a whole can be characterized as
highly information dependent. Under informationeanantic interpretation of data is considered [ZteDis

a product of observations or facts used to calepbatalyze, or plan something. After data is preegsnto a
usable form, information is received [3]. The digtiishing feature of information is that it hasserEntire
amount of information available about the consideseibject domain as well as about related subject
domains forms information space. An information cggrovides an environment for allocation of
information flows. Information flows transfer infmation from a provider to a consumer in the infdiora
space. All tasks of information processing andysed as well as tasks of information space andrrdton

flow support and management require knowledge tidding solutions. Knowledge is typically defineditkv
reference to information. Most frequently knowledgielefined as a fluid mix of framed experiencdugs,
contextual information, expert insight and ground#dition, that provides an environment and fraragw

for evaluating and incorporating new experienceg enfiormation [4]. The terms data, information and
knowledge are linked together in Ackoff's hierarawescribed in [5].

The key problem of data and information processing analyses is to select knowledge, which is saces

or useful for solving the defined task or the ssktitom the huge amount of knowledge, that is awdel
nowadays and to apply knowledge correctly. Thik tagers to the tasks of knowledge management (KM)
and as well as all other tasks of this type reguoensiderable amount of time, financial resour@ed
assumes involvement of experts of the subject dmndio reduce amount of resources, that are sgent o
supporting the infrastructure required for solveryl tasks of the city’s economy, it is importanti&velop
software applications that are capable to solvhalhigomplicated tasks of data, information and kleage
processing, analyses and management for the sulgjgain of the smart cities.

For solving the enumerated tasks applications met following requirements:
» applications must gather actual data about the sfathe controlled objects;
» applications must be able to assimilate gatherémlafad to use it for solving end tasks;
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« applications in the case of available computatiamsiources have to estimate the state of the
information space, to create and manage procedsssare oriented on the improvement of the
information space;

- applications must be able to acquire knowledge ifferént types, to interpret and to integrate
knowledge, in order to obtain new knowledge onlthge of existing knowledge.

Software applications that have features, necedsargolving considered tasks, are known as knogded
based or knowledge centric applications. A knowtedgsed software application in the narrow sensmme
an application for extending and/or querying a kieolge base. In extended sense the term is percas/ad
synonym of the term expert system, but normallyeeixpystems refer to more domain-specific systesesl u
for a specialized purpose such as medical diagf@lsit the broad sense knowledge based applicatioe
applications, that use artificial intelligence ompert system techniques in problem solving procesEkey
incorporate a store (database) of expert knowletigie couplings and linkages designed to facilitase
retrieval in response to specific queries, or &msfer expertise from one domain of knowledge totlear
[7]. Knowledge centric applications are applicaipthat use knowledge at all stages of their ljele
including construction, development, usage and cpp

For solving tasks of KM the following set of techogical solutions are highly required: harmonizatio
integration and fusion technologies [8], intelligelata processing technologies, technologies dinpreary

and exploration data analyses. Implementation efethumerated technologies is commonly based oreusag
of various means and tools that include tools dificial intelligence, in particular, expert systenand
inference engines, modelling tools, tools for bass processes management and libraries of int&lige
methods and algorithms.

In the paper the technological solutions for KMt applications developed for smart cities andvibgs

for their implementation are considered. The prepotechnological solutions are focused on solving a
limited group of tasks based on measurement primgedaput data for the considered group of taskga&@n

by the most part measurements of the parametdystbfnatural and technical objects and paramefeteo
environment. Measurements can be represented ifiothe of time series or sets of separate measured
values.

The paper is organized in the following way. In tiext section common approaches for KM are consitler
In the fourth section the proposed basic technolimgyKM is described. In the subsequent sectiors th
proposed technology is detailed. In the last seatjoestions of application of the technology folvism
several tasks of the city’s economy are discussed.

3 COMMON APPROACHES FOR KNOWLEDGE MANAGMENT

KM is defined as a process of getting correct kmulge to the proper consumer, that can be eithersop
or a system at the right time [9]. KM also allowsdving tasks of new knowledge creation, acquirimgl a
retrieving, the tasks focused on knowledge shaimdjstorage and the tasks of knowledge refinement.

Considerable experience in KM is gained in the sph&f corporate information systems (CIS). The
developed solutions for KM in CIS implies a strdrgyto corporate strategy, understanding of whekia
what forms corporative knowledge exists, creatingcpsses, that span organizational functions, and
ensuring that initiatives are accepted and sup@duie organizational members. KM in CIS is aimed to
improve and refine the organization's competenoeskaowledge assets to meet organizational goals an
targets. The main aspects of organizations that@isidered in implementation of KM include [9]:

» organizational strategy. KM strategy is dependentarporate strategy and is aimed to meet tactical
and strategic requirements;

e organizational culture. The organizational cultdefines the context within which knowledge is
created and shared in an organization;

e organizational processes. The organizational psasesdefine processes, environments, and
software, that can be used for implementation of kNN organization.

« management and leadership. The structure of mareageand leadership of the organization defines
a set of possible KM-related roles and definesged in each of them;
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» technology. The technology aspect defines systéoads, and technologies, that can be used for
implementation of KM and fit organization's requirents;

« politics. The politic aspect describes politicslué organization from the point of view of longster
perspective initiatives and investments, that nexpuilevelopment of the existing solutions for KM.

The best practices of KM are described in manyipatbns, for example, [10-13].

Scientific and technological solutions for KM, déyged for an organizations cannot be directly agapfior
solving tasks of smart cities. The main reasons$hfar are following:

* business processes, that are required for soleskgtat the city level, are much more complicated
and unlike the processes, implemented in organizatiare undetermined and hardly predictable;

« almost all of the considered aspects, that defieebackbone of KM at the level of organizations,
cannot be defined at the level of cities.

To overcome the difficulties, that are caused by ¢cbmplexity of the business processes of citiess i
proposed to develop a system of patterns, thatidesousiness processes in the general form anddsss
rules for the processes adaptation to the spher¢gharcontext of their application.

The possibility of development of patterns is defirby distinctive features of the subject domairitfs
economy, that are considered below.

Feature 1. The subject domain of the city’'s econaay be considered as a set of interconnectededppli
subject domains, that are integrated in a com@itaingle subject domain, that has its own goaiistasks.
For example, a model of the subject domain of seisyteconomy contains models of the subdomaire, th
define the structure of the city’'s economy, in pafar, the model of the subdomain of the social
organizations, of the natural resources and etc.eBoh of the subdomains the formal models have bee
developed or can be built. The models of the sulailosrare oriented on solving applied tasks.

Feature 2. Tasks solved in the subject domainetitly’'s economy form two groups. To the first goaefer
the specialized tasks, that can be solved usingitbeefined set of business processes. The secong g
contains tasks, that are context dependent. The tasthe first group can be solved using approsdbe
KM implemented in CIS. For solving the tasks, thatong to the second group, solution-oriented siibje
domain models are used. The example of the sohatiemted subject domain is the subject domainata d
processing and analyses. Integration of problemnrted and solution-oriented domains allows solve
complicated undetermined tasks of the applied stidiemains using basic solutions.

Feature 3. Software applications, developed forouardepartments of cities economy, have been alway
based on the most advanced information technolo@es to that technologies of data and information
gathering and storage have been used for many ywd@ady and now amount of available data and
information is enough for building extended knovgedases. Knowledge provided by knowledge bases is
sufficient for defining rules, that can be used &olaptation of the process patterns to the sphetetiee
context of their application. The high level of tfieation of the specialist, working in the depagnts of

city economy, allows them to estimate and to vahiy defined business rules.

Using the proposed solutions, based on the featoirebe subject domain of city’s economy, a basic
technology for KM for smart cities has been worked. The proposed technology is described in the ne
section.

4 BASIC TECHNOLOGY FOR KM

The basic technology for KM requires three main ponents: a base set of subject domains models,ch se
patterns for data processing and analyses andad agpropriate mathematical libraries. The mogetsride
actual information, required for solving end usasks. The base set of models contains the modileof
subject domain of city economy that provides infation and knowledge about the objects of the domain
their characteristics and relations between ohjélcsesmodel of the domain of data processing ardlyaes
that is used to describe initial data and resudlissgrocessing and optionally models of the edasubject
domains (Fig. 1). Problem-oriented models of thgextt domain and models of the applied subject dasna
(subdomains of the domain of city economy) are @nmntations of the defined base set of the mod@hks.
set of patterns for data processing and analysg&/és in Fig.2. The overwhelming majority of patte
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were developed for processing measurements repeglsienthe form of time series or in the form ofssef
separate values. The set of developed patternginertvo groups of patterns. To the first grougerehe
typical patterns, that are oriented on executingicdb@perations of data processing, aimed to extract
knowledge from analyzed data. The second groupagmtpatterns for solving data processing tasks,
specialized for the considered subject domain. pédmterns of the first group describe processesatd d
harmonization, integration and fusion as well as processes of data prospecting analyses and data
exploration analyses. The main goal of data prdspganalyses is to retrieve additional informatadrout
analyzed data before processes are started anijdbeir execution. Exploration data analyses [mees
allow solving tasks of mining knowledge both fronpeoational and historical data. The set of the
mathematical libraries may significantly differ, pgnding on the subject domain and available
implementations of algorithms.

==implementation==
Models ofthe applied subject domain

FA)

. I
==realize==
1

==implementation==
Froblem-otientad models of the swibect domain

T T

==metaclass=» ==metaclasse»
Mociei of the subject domain Modiel of the domain of data processing and anai/ses

==implementation==
Z _ {dodels of the related subject domains

Fig. 1. The set of information models requiredKdu
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1
Fatterns for data processing and analisses

Fig. 2. Set of patterns for data processing antyses
The proposed technology assumes execution of tleviog main steps.

1. Using information and knowledge about the appbeibject domain and the set of patterns for data
processing the subset of the patterns, that artereejfor solving the tasks of the considered stthjemain
is formed.

2. Patterns of the defined subset are detailedrdicgpto available knowledge about the subject doraad
rules for patterns detailing [14]. The detailed c¢fepatterns defines the range of processes, thaassumed
to be used for data processing in the considergi@studomain. The patterns, defined for the sulijeatain,
may be represented in the form of processes, #mabe executed or in the form of patterns, thatl fiesther
detailing directly before or during their execution

3. Structure of knowledge required for data proogsat each of the steps of the process, builcherbase
of the detailed patterns, is inherited from the eisdof the domain of data processing and analyses.
Knowledge according to the inherited structurexisaeted from the model of the applied subject doma
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4. Amount of used knowledge can be extended usnglts of analyses of the historical data or it ban
enlarged with expert knowledge. Knowledge can ffieed using knowledge, provided by the model of the
subject domain and means and tools of data, infiomand knowledge processing and analyses.

Below each of the key technologies, used for dedagssing, is considered and knowledge requireaett
of their stages is defined. Theoretical backgrouwfdbe technologies and examples of their impleatéon
are considered in [9,15].

5 USAGE OF KNOWLEDGE FOR SOLVING HARMONIZATION PROBLE MS

For solving problems of data harmonization two goaf patterns are developed. The first group tepas

is oriented on processing initial data, that isrespnted in the form of structured data streams. SEtond
group of patterns is used for processing measusbees. The list of the patterns of the first graopmtains
the patterns for interaction with external datarses, for revealing the structures of the streafos,
estimating the main parameters of the streams @andefining the format of the streams. The secandiy
contains patterns for gathering metadata aboutattwuired data, for restoring missing values in the
measurements, for building formal descriptions lué tmeasurements and for the transformation of the
measurements formats. For each group of patteises fatterns are developed. The base pattern dirshe
group is a pattern for harmonization of the dataash, the base pattern for the second group ipdtiern

for harmonization of measured values. Both pattaneshigh level patterns, that are based on thergkn
pattern of data harmonization.

Patterns are linked with the relations of the asgion type. Existence of the association relati@tween
two patterns means, that the processes build obdbke of associated pattern are supposed to batedec
before the processes build using the associabkerpatThe set of the defined associations reflaet t
sequence of the patterns execution. All of theesgmted associations are binary association. Tiherma
and the relations between the patterns are shoWwigi in the form of the class diagram.

Patterns for interactin (H2.1) Gather of metadata Patterns far gathering
with data sources g (H1.A) Interaction with ciata souces | |metadata about
- measured values
AN
T | _
Fatterns for the data : (H1.2) Data stream structure analyass (H2.2) Restoration of measured vaives | ] Fattens for restaring
- dval
stream structure analyses - -4 measured values

==realize==

(H2.3) Formal discription

. (H1.3) Estimation of the data stream
Patterns for estimation
ofthe data stream quality [ -"¢v~>%17 (]~
iy
T \

S
{>

of measured values in the terms

==realize -
Fatterns for formal description T

] [ N I L Py S of subject domain model
1 | 1
1 | [ 1
" ==realize==
<<realizes= | | | | | #erhalize== Patterns far transforming
Patterns far defining Lo (H1.4) Definition of the data format (H2.4) Fornats transformation | LV 1| measuremnent to the formats,
the format of the data i B e | 1 1 desired by the end users
1 | 1 | 1 1
1 | 1 | 1 1
==realizes== 1 | 1 & évl | 1 1
Lo <crealize> | <<reaizer> | Lo
==implementation== ==implementation==
(H1) Pattarns for harmonization of the data binany streams (H2) Patterns for harmonization of measured vaiues

T T

==metaclass=»
(H) Palterns for data havmonization

Fig. 3. Patterns for implementation of the datarfwanrization technology

In the table 1 for each low level pattern its dgdimm, the required and the produced knowledgegaven.

No. Pattern Description Required knowledge Produce#tnowledge
H1.1 Interaction with| Patterns for receiving data from providerd.ist of formats supported b
data sources and patterns for providing data to possibl@roviders / consumers and-
consumers descriptions of the formats
H1.2 Data stream Patterns for defining or for improving the Knowledge about the structure
structure description of the structure of the inppt of data streams
analyses data represented in the form of structured
streams
H1.3 Estimation  of| Patterns for estimating quality of the data Knowledge about quality o
data stream streams; if quality of a stream is different data streams
at different intervals then intervals afe-
defined and the quality at the intervals are
estimated
Proceeding®REAL CORP 2014 Tagungsband ISBN: 978-3-9503110-6-8 (CD-ROM); ISBN: 978-3-950817-5 (Print) ﬁ
21-23 May 2014,Vienna, Austria. http://www.corp.aEditors: Manfred SCHRENK, Vasily V. POPOVICH, Pef&EILE, Pietro ELISEI



Technological Solutions for Knowledge Managemerimart Cities

o Y-

H1.4 Definition  of | Patterns for defining formats of the inpltKnowledge about formats used_
the data format | data by different providers
H1.5 Gather of| Patterns for gathering information aboufThe vocabulary for interpreting Additional knowledge abou
metadata input data. Meta information can Khemetadata data. The structure of the
received from the model of the subjgct knowledge is preliminary no
domain and from data providers determined
H1.6 Restoration of Patterns for restoring measured valyeKnowledge about the structure of
measured from the data streams according to théhe streams and the quality of the
values description of the streams structures gndata streams )
their quality
H1.7 Formal Pattern for building formal descriptions ¢fModel of the subject domain; Model of the subject domai
description the restored measurements knowledge about data sourcgghat contains information an
and measured values; theknowledge about the receivg
descriptions of the terms in which measurements.
knowledge is expressed
H1.8 Format transfor{ Patterns for transforming measurements tinowledge about the supported
mation different formats required by theformats, formalized descriptions
consumers of the formats and rules for the
formats transformation

Table 1. Description of harmonization patterns.

6 USAGE OF KNOWLEDGE FOR SOLVING INTEGRATION PROBLEMS

Problems of data integration are proposed to beedalsing two groups of patterns. The first groaptains
patterns oriented on solving problems of measuré&nietegration, the second contains patterns, dhat
supposed to be applied for solving end users diaproblems. Composition and relations betwéen t
patterns in the considered groups are shown id Fig.
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T

==metaclass=»
(N} Patterna for data integration

Fig. 4. Patterns for implementation of the datagnation technology

Description of the integration patterns, knowledgguired for the application of the patterns anovikdedge
produced at different steps of data integratiohnetogy is given in the table 2.

No. Pattern Description Required knowledge Produce#inowledge
11.1 Measure-ments| Patterns for estimation of the quality ofKnowledge about quality of the Knowledge about quality of the
estimation measurements, represented in the forn] afata streams, knowledge abdutneasurements
separate measurements or time series | the data sources, additiongl
knowledge about measurementg
11.2 Cleansing dirty| Patterns for removing noise, outliensKnowledge about the quality of Knowledge about probable true
measure-ments | trends, identifying and  removing the measurements values of measured parametefs
duplicated values
11.3 Restoring Patterns for filling gaps in measurements Knowledgabout = measured Knowledge about probable true
measure-ments parameters behavior, behavior pfvalues of measured parameters
the observed objects, conditionsat all required time points
in which measurements werle
performed
11.4 Primary Patterns for primary data processing us|ngnowledge about the statistical Complex statistical primary
processing statistical procedures characteristics that are significaptdescription of measurements
for the processed data that reflect the key features of
the data
2.1 Data estimation| Estimation of input data reedi for | Knowledge about composition af Knowledge about the level df
solving end user tasks estimations required for solving adequacy and compliance with

G
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tasks and the border values fpithe requirements to the data
the estimations
12.2 Computa-tional | Patterns  for  solving end  userKnowledge about the Knowledge produced as the
tasks computational tasks requirements to input data arndresult of executed calculations
means, necessary for executing
the tasks
12.3 Solutions Patterns for validation and estimation pfSubject domain model, Knowledge about the formed
validation the formed solutions knowledge about solved tasks,solutions and expediency of
knowledge about the their further application
requirements imposed to results
12.4 Formal Patterns for building formal descriptionsSubject domain model, Model of the subject domain
descriptions of the results of the end user task&nowledge about the results ofthat contains additionall
calculations the executed calculations knowledge acquired as the
result of solving tasks

Table 2. Description of integration patterns

7 USAGE OF KNOWLEDGE FOR SOLVING FUSION PROBLEMS

The set of patterns, developed for solving dat@fuproblems contains patterns oriented on soltypical
problems and patterns oriented on solving speeilizomplicated end user problems (Fig.5). To the
patterns, oriented on solving typical problemserdhe following groups of patterns: patterns fvealing

the structure of measurements, patterns for rewvgatiependencies in measurements, patterns for
measurements exploration, patterns for buildingssteal models, patterns for building fields. Téteucture

of the listed groups of patterns and relations betwthe patterns inside the groups and betweegrtups

are shown in Fig. 6. The descriptions of the pattemd knowledge, required and provided by theepadt

are given in table 3 and table 4.
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Fig. 5. Groups of patterns for implementation & tfata fusion technology
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Fig. 6 (a). Patterns for implementation of the dation technology
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Fig. 6 (c). Patterns for implementation of the dation technology

No Pattern Description Required knowledge Produce#tnowledge

F1.1.1 Primary Patterns for defining types of thePrimary statistical description gf Knowledge about the types ¢

classifi-cation | measurements. The types can be defingtle data, knowledge-based rulesneasurements
according to calculated statisticalfor types identification, sets of
characteristics, specialized rules for typetests and the sequence of their
identification, results of execution of theexecution for identification of the
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specialized tests

measurements of the defined {

ype

F1.1.2 Segmen- Patterns for representation of time serjeKnowledge about behavior of the Knowledge about the structure
tation of measurements in the form of theparameters, the states of theofthe time series

sequence of intervals, on which the timebserved objects, conditions iIn

series have stationary behavior and thehich measurements were made;

patterns for describing each interval withknowledge about characteristi¢s

the separate vector of characteristics that can be used for describing
time series

F1.1.3 Segments Patterns for identifying the types of theKnowledge about the possibleKnowledge about the types of
identifica-tion | distinguished segments types of the segments and theithe segments

descriptions

F1.1.4 Formalized Patterns  for  building  formalized Model of the subject domain, Model of the subject domain,
description descriptions of the time series structufeknowledge about the structures ptthat contains additionall

on the base of the identified segments | the time series information about the timg
series structures

F1.2.1 Logical Patterns for detection logical dependencienowledge about the structuresknowledge about the logical
depen-dencieg in behavior of the time series ofof the time series dependencies in the parameters

parameters measurements, that pgre behavior
represented in the form of a sequence| of
the identified segments

F1.2.2 Temporal Patterns for detection of temporalKnowledge about the structuresknowledge about the temporal

dependen-cieg dependencies in the behavior of the timef the time series dependencies in the parameter
series of parameters measurements, that behavior
are represented in the form of a sequence
of the identified segments

F1.2.3 Dependen- Patterns for identification and validation pfknowledge about logical and Knowledge about physicgl
cies logical and temporal dependencies of theemporal dependencies in thesense of identified
validation parameters behavior behavior of parameters dependencies, knowledge abqut

probable true dependencies

F1.2.4 Formalized Patterns for building formal descriptionsknowledge about probable trueModel of the subject domain
description of the dependencies in the parameteisgical and temporal that contains additionall

behavior dependencies in the behavior pfinformation about the
the parameters dependencies in the behavior pf
the parameters

F1.3.1 Dimension Patterns for reducing dimensions of th&nowledge about the structuresknowledge about the structures
reduction feature spaces used for describing timef the time series of the time series represented|in

series compact forms

F1.3.2 Building Patterns for building compact groups pKnowledge about the structure pfKnowledge  about  simila
groups the measured parameters described in|tilee time series represented (irparameters according to the

reduced feature spaces compact forms defined set of parameters
features

F1.3.3 Identifying Patterns for identifying classes for theKnowledge about the classes pfKnowledge about the classes pf
classes formed groups of the parameters. The¢he parameters and the features ahe formed groups of the

classes can be identified using expgfthe classes, knowledge about theparameters
knowledge, classifiers or procedures foformed groups of the parameterg
finding similar earlier identified groups

F1.3.4 Defining Patterns for defining dependencies for th&nowledge about the formed Knowledge about the

dependen-cieg groups of the parameters. On the base gfoups of the parameters bofhdependencies of the formed
the groups hierarchical trees are build gnitientified and not identified groups of the parameters
logical dependencies between separate
groups are defined

F1.4.1 Time series Patterns for building the hierarchy of theKnowledge about the describedSystematized knowledge abolt
models formal descriptions of time series. Thetime series the time series

levels are defined according to the amount
of available knowledge [16, 17]

F1.4.2 Models  for| Patterns for building the hierarchy of theKnowledge about the describedSystematized knowledge abopt
separate formal descriptions of the sets of separatsets of measurements sets of measured values of the
measure- measured values. The levels are defined parameters
ments according to amount of available

knowledge [17]

F1.4.3 Complex Patterns for building complex formalizgdKnowledge about the describedSystematized knowledge abolt

models descriptions of the data sets, that contpigets of data that contain differeptthe described sets of data, that
data of different types using thetypes of data contain different types of data
formalized descriptions of time series and
sets of separate measured values

Fl1.4.4 Merging Patterns for merging models, that descr|b8ystematized knowledge aboutExtended systematized

models time series, patterns for merging modelshe time series, about the sets |oknowledge about the time
that describe the sets of separatmeasured values and about theeries, the sets of measurgd
measurements, patterns for mergipgets of data that contain data ppfvalues, the sets of data that
complex models different types contain data of different types

F1.5.1 Estimation of| Patterns for estimation of time and spdce Knowledge about variability o
data variability of data, patterns for defining data
variability regions with low variability, patterns for ~

idetifying dynamic of changes in regions
F1.5.2 Building Patterns for building regular grids Knowledge about behavior of the Knowledge aboutobpble
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regular fields analyzed parameters in thevalues of the parameters in the
defined regions nodes of the regular grids
F1.5.3 Building Patterns for building hierarchical irregularKnowledge about behavior of theKnowledge about probable
irregular grids analyzed parameters in thevalues of parameters in the
fields defined regions; knowledge abolitnodes of the hierarchical
measurements quality irregular grids
F1.5.4 Fields Patterns for improving regular andKnowledge about behavior of theExtended knowledge abouyt
improve-ment| hierarchical irregular grids analyzed parameters in theprobable values of the
defined regions parameters in the nodes of the

regular and hierarchicgl
irregular grids

Table 3. Description of fusion patterns for measwet processing

No. Pattern Description Required knowledge Produce#tnowledge
F2.1 Estimation of| Patterns for estimation of adequacy of th&nowledge about features of Knowledge about
data available data, information and knowledgenput data, important for solving correspondence of available
for solving defined set of the end usethe end user tasks, knowledgedata, information and
tasks about the solved tasks knowledge to the solved tasks
F2.2 Calcula-tion | Patterns for calculation of the complicatedrhe model of the subject domainh,Knowledge acquired as the
tasks end user tasks based on application| dnowledge about correspondengeesult of the tasks calculation
knowledge of available data, information and

knowledge to the solved taskp,
knowledge about the solved tasks
F2.3 Results Patterns for validation of the results of theKknowledge of the subject Knowledge about possibility o
validation end user tasks calculation domain, in particular knowledge usage of the formed solutior|s
about the features of the objedtwf the end user tasks
and their behavior, knowledge
about the similar earlier solved

tasks
F2.4 Formalized Patterns for building formal descriptionsSubject domain model, Model of the subject domain,
descriptions | of the formed solutions for the end ugeknowledge about solutions of thethat contains additionall
tasks end user tasks knowledge acquired as the
result of solving the end user
tasks

Table 4. Description of fusion patterns for solvownplicated user tasks

8 USAGE OF TECHNOLOGICAL SOLUTIONS

Proposed technological solutions can be used fitldlibg applications almost for all spheres of snwities
economy for solving various tasks. As an exampl¢hefspheres, where KM in data processing is of the
primary need, three spheres can be consideredptiere of cities industry, the cities transport tredcities
natural environment. The distinguishing featureghaf spheres is that in all of them telemetric systare
widely used and consequently the tasks of telemetformation processing are solved. In the enutadra
spheres extraction of knowledge from data is stsomgquired for solving three key tasks: the task o
monitoring, the tasks of the short term and theyltarm prediction of the sphere state and the taske
planning of the sphere future development.

The task of monitoring is based on gathering dataiithe state of the analyzed objects. Two typeata

is usually available: separate measurements atek safr measurements. Measurements are received from
various measurement instruments, that are instadledobjects. Complexity of a monitoring task is
conditioned with the necessity of processing hug@unts of data in real time or with minimum delay.
Additional difficulties, that arise during data pessing, are defined by complexity and bad qualitgiata.
Besides the features of data as well as methodsalmdithms applied for data processing signifibant
depend on conditions, in which data was acquiretreas to be processed. Application of the predefeet

of methods and algorithms can lead to essentiat®em calculated estimations of the objects stdde® to
that experts are almost always involved in the gsses of monitoring. They analyze received dataraaic
decisions about the controlled objects state. Theldped technological solutions allow to use kreulge
during data processing and extract knowledge frbenanalyzed data. Calculation of estimations of the
controlled objects states based on using knowledgexpectedly of higher precision and reliabilBpme
experimental results of solving monitoring taskingsknowledge are described in [18]. In separatesa
knowledge based solutions allow to automate presesEmonitoring, in other cases — to improve dqualf
information provided to experts and consequentlsittaplify their work.

Short term and long term predictions of the stafebe considered spheres are commonly based ehdd s
formal mathematical models, that describe sepatgtets, their behavior, the rules of their intéi@ag their
life cycle as well as many other parameters ofbtijects and the environment in which they are fionatg.
This approach has been used for a long time almoall spheres. During this period experts of agpli
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subject domains in close collaboration with mathticians have developed plenty of models, that Heaen
successfully used. The high speed of developmemtcanstant changes, that are observed in all sphere
nowadays cause three problems. The first problethassome models because of occurred changes don't
completely reflect the corresponding objects. Téeoad problem is concerned with necessity of avaatf
new models. The third problem is conditioned by amgntially increasing amount of data that must be
processed in real time. Increasing amount of daqaires additional computing resources for proogsand
analyses. The developed mathematical models amo#t part highly complicated from the computational
point of view. Complexity of the models aggravatbs problem of lack of the computing resources.
Application of the solutions for KM at all stage§ @ata processing allows to extract knowledge from
historical data and to build knowledge-orientedhfal descriptions. These descriptions can be coresidzes
statistical models. Main advantages of the statistnodels are the following. The models can bephim
built and updated using historical data, availdbfermation and knowledge of the subject domairtseyl
are easily interpretable by both experts and coerpw@nd are actual, as they can be updated eaehvtien
new data is received. The statistical models camslkd separately or together with mathematical fsoda
example of statistical models build for ocean data be found in [19].

The most complicated task from the list of the adm®d tasks is the task of planning of the sphirese
development. There are many approaches that casdeefor planning. The most part of them are domain
oriented and task-oriented. Usually these appr@aare quite simple and assume application of the
predefined technologies or sets of methods andritigts. They can be used for planning activities of
separate small and middle organizations. The thpkaaning at the level of the city because ofeitsremly
high complexity refers to creative tasks rathemtia technological tasks. The only way to form mop
solutions of the creative tasks is to use imitatiodeling tools along with means and tools of iar&f
intelligence. To solve the planning task it is pye@d to decompose it into the five subtasks: twlarmal
descriptions of the subject domain or its sepaglments, to define models that can be used faligiieg

the subject domain state, to define imitation megdel execute several modeling cycles and to estitha
results of the modeling. Each of the consideredasiis assumes application of knowledge. Solutionghe
first two subtasks are considered above. To builidation models and to model different plans scenar
approach [20] is suggested to be used. Scenamoalgorithms represented as a sequences of stades a
decisions. Execution of the scenarios requirest afsartificial intelligence tools, including exgesystem
and inference engine [21]. The results of the modednd their estimations form the base for malkiredj
founded decisions about the plans of the citiegldgvnent created by the experts.

9 CONCLUSION

In the paper technological solutions for KM for geject domain of the smart cities economy arggsed.
Main attention is paid to the problem of using ktexwge for data processing and to the problem of
knowledge extraction from data. The described s¢he technological solutions includes base teatpol
for KM that assumes building high level patterngd aheir detailing. In the framework of the base
technology three main technologies for data prosgssnd analyses are considered: the technologiataf
harmonization, integration and data fusion as aglthe technologies of data prospecting analyst slata
exploration. The developed solutions can be useddiving various applied tasks, based on datagssing

in different spheres of the city’s economy. Maivaatage of the proposed solutions is that theylexéle
and easy in use and support. The technologiegpresented in the form of the class diagrams tieateady
for implementation. Further development of the ®gggd solutions for KM assumes enlargement thefset
the technologies with the technologies orientedpmtessing symbolic information, in particular, tted
information.
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