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In general most existing Business Intédence (BI) and

Abstractd The article presents thapproach to develop the Executive Information  Systesn (EIS) provide the
economic and financial knowledge usddr the Intelligent functionality of dataaggregation and visualization. Many
Dashboard for Manager$he content of the knowledge is focusedreports and papers in this domain underline tretisibn
on essential concepts relataml the management ofnicro, small  makers expect neVCT solutionsto interactivelyprovide not
and meium enterpses Knowledgebased functions not only relevant and upto-date information on the financial
previously availablén commercial systemsncreasethe quality, situationof their companigsbut also explanatigtaking into
effectiveness, and efficiency of the decision making procEss. accounthe contextuakelationships
Intelligent Dashboard for Managers contains six ontologies The aim of this article is to presetite approach to
describing area®f Cash Flow at Risk,ComprehensiveRisk develoging the economic and financial knowledge usethe
MeasurementEarly Warning Models, Credit Scoringinancial |ntelligent Dashboard for Managefsalled further InKoM).
Market and General Financial Knowledge. The ontology desigrhe InKkoM system has beendeveloped by aonsortium
process and examples of topic maps and usage in financial dé%sisting of théwroclaw University of Economic8VUE),

analysis ardlustrated andliscussed which is the leader, and a compaushiIT4 TETA BI Center
Ltd. (TETA BIC).
. INTRODUCTION Figure 1 preents the main components of the InKoM

Decision makers odmall and medium enterprises (SMEs)comprehensive description dfie TETA BI system with
using Business Intelligence systems frequently neakamples of its application is available on the webgz8}
appropriate knowledgaboutthe economic situation of (see alsod], [31]). It can be seen that thekloM uses TETA
the enterprise and its environmeitnowledge aboutkey Bl mechanisms for extracting source data from transactional
dependences tweeen variousfinancial ratios is essential systems (ETL), its data warehoussd analytical database.
because they can indicate important treadd alert one to However, the available solutiofisin particularthe standard
anomalies and dangei23 p. 85]. Decision makers iSMEs  analyses, reports and analytical statements generatece by th
in comparison to manageod big companigsmay haveno systemi are complemented by economic and financial
access to mch essential strategidnformation Usually — knowledgei most importantly ontologies and topic maps
financial expertise is either not availabletoo expensiveFor and financial data mining algorithmiscluding mechanisms
financial and personnel reasons most SMEsataafford for extracting business knowledge from the deep \étis
thesetypes of facilities. Furthermore SMEs operatein a enables a dynamic, dime, interactive analysis of key
definitely more uncertain and risky environment thag b economic and financial indicator
enterprises, becausd a complex and dynamic markétat The transactional data obtained from external sources,
has much moreimportant impact on SMES financial supplemented with planning data.g., budgets, form
situation than on big compani@sTolerance of mistakes is multidimensional data structures, or cubes, which are stored
narrower gee amongothers 2, p. 74-91)). In these in a TETA Bl AnalysisServices database and providbasis
conditions SMESs decision makersften act intuitively and as for the online, interactive creation of standard analytical
a result, the rationality of their decisions is decidedly smaller queries and/or report¥he InKoM system complements and
Moreover, the statistics show tha&8 ME& s d e c i s extemds thase preaessddy providing
of t en dasnlidkhowlbdgesfeconomisand finane.

" The work is supportedy the National Research and Development
Centre within the Innotech program (track-Tach), grant agreement 1 The InKoM architecture and functionalities halkeen presented in
INNOTECH-K1/IN1/34/153437/NCBR/12 [18]; [19].
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Fig. 1. Components of the Intelligé Dashboard for Managers and their locatioth®TETA Bl system

economic and financial knowledge stored in ontologies and
presented in the form of topic mapse facilitate the I ONTOLOGICAL APPROACH TOKNOWLEDGE DESIGN

perception of concepténkoM can make thenalysismore The main goal of any Bl systemis to accesghe right data
comprehensivandsimpler This is particularly important for 4¢ the right time to allow proactive decisionmaking (see
users who are not specialists in the analysis and interpre'[atéﬁﬂongothers[g], [26], [30]). Theusersof BI systemsxpect
of economis and finane. . accessto useful information through an interfaceeasyto

Over a dozen methods of building ontologies/e been ngerstandand use However, existing Bl solutions are
developed. Amongnethoddlisted in literature the following designedprimarily for userswho are able taunderstandhe
are wath noting (morewidely characterized inter alia il B]; businesslatamodels(see[25]). Bl systemsprovide simple,

[22])): METHAONTOLOGIA (based on the standard IEEEyersonahnalyticaltools which supportthe explorationof data
10741995), themethod of Noy andMcGuinness,On-To-  goyrces, retrieval of information based on predefined

Knowledge, SENSUS,TOVE (TOronto Virtual Enterprise), economic and financiaklatiors, and do not requite a priori
UPON (Unified Process for ONtology buildj and the  nowledge about data structures and methods of data
method of Ushold and King. Noy andMcGuinness accessingseeamongothers[21], [25], [26]).
emphasized that the b_est mo<_je.I of qntology ?s the one thatToday he developmentof new Bl systemsis oriented
best ~cooperates with existing information  systeMowards BI 2.0 (using semanticsearch)and 3.0, Service
accompllshe'sa set of goals, is |ntumve.and easy to maintaityriented Architecture (SOA) and Software as a Service
[Noy, McGumness 2005]_Sofar there is no single Standa}rd(SaaS)(see [21], [25], [26]). The typicalfeaturesof the
of design because creatimg ontology is dependent on its systems  include proactive alerts and notifications, event
application andthe needs of specific users (se€2)). griven (real time) accessto information, advancedand
However during last yearshe standardization activitie® predictive analytics,mobile and ubiguitousaccessjmproved
terms of information have been undertaken atopean \isyalization,andsemanticsearchinformation(seealso[21]).
level, an example is the SMEST project (see One of the main part of modern Bl systemis the
http:/fwww.cencenelec.eu/sme/SMEST/ ontology (see[21]). Ontology in information technology
The structure of the paper is the followirlg the next  means/an explicit specification of eonceptualizatiof
section theontological approach to knowledge design 15 p. 907].In general, he ontolog is usedto createthe
described The third sectiorpresentsthe ontology $ructure necessarknowledgemodelsfor defining functionalitiesin
The fourth sectiorcharacteizesthe mtology design pocess  gpayyticaltools. In the developmenbf InKoM, many new
in the InKoM. To illustrate the usef the INKoM, a case  featuresare integratedsuch aslomainontolog/ covering
study of ontology for credit scorings described.The last key concepts ofcorporate finance and economics
section summarizes the work already carried out and pomtﬁmowledge discovery  algorithms, semantic ~ search
out the furher research and development tasks mechanisms explanation facilities and tools for visual
navigation indomain knowledge



In the InNKoM project six ontologies were built. Choosing
scopes of created ontologies was a difficult task, beaaiuse

economicratios constituting knowledge still unknown in
thisarea,

domain complexity andhe necessity to develop numerous- canimprove the processof dataanalysisand reportingby
links between the theory of finance and the contents of Bl facilitating theobtainingof datafrom differentdatabasein

system database$he task neededooperabn in pragmatic

way with experts onthe analysis offinance, economics and _

business informaticsExperience ofour industrial partner,
UNIT 4 TETA BI Center, gained from implementirtge

TETA BI system in enterprise wasalsoessential in choosing

these areas he result of this work is si@ntologiescovering
economic and financialareas Cash Flow at Risk
ComprehensiveRisk MeasurementEarly Warning Models
Credit Soring, the Financial Market and General kharcial

Knowledge The ontologies will be detailed in the next .

section.
Integraton of these ontologiemito the Bl systemsassures
- supportfor the definition of businessulesin orderto get
proactiveinformationandadvicein decisionma k i n g ;

- a semantic layer describing relationships between the
conceptandindicators;

- relevantinformation accordingto the different kinds of
userghatcanbefoundin anorganization;

- effective usage of existing data sources and data

warehousetructure

The knowledge representationlayer is the most critical
aspectof a Bl system, since it broadly shapesthe core
understandingf the information displayedon their screen
[30]. In InKoM design the basic assumptionof navigation
was that managershouldbe able to view focusand context
areasat the sametime to presentthe relevant knowledge
structure[ 27].

Visual explorationin InKoM is based ora standardTopic
Map (TM T ISO/IEC 13250:2003 TM enables the
representatiorof complexstructuresof knowledgebased4]
and the delivery of a useful model of knowledge
representatior{see[20, p. 174]), where multiple contextual
indexing can be used.TM is a relatively new form of the
presentationof knowledge, which puts emphasison data
semanticsand the easeof finding desired information (see
also[1]; [24, p. 30]). Theapplication oftopic mays permitted
usto separat the data ofthe enterprisé mformationsystem
from operationabusinessactivities (seeamongothers[17]).
Developedtopic mapsfor analysisof econonic indicators
(see amongthers[7], [8], [17]) have demonstrated thtite
system{6]:

- can be easily used for the representationof economic
knowledgeabouteconomicandfinancialmeasures,

- canexpresgheorganizationastructure,
- canbeadaptedo newapplicationsandmanager@needs,

- can be supportiveof the managerialstaff by facilitating
acces$o awide rangeof relevantdataresources,

- canassurea semantianformationsearchandinterpretation
for nonttechnicallymindedusers,

- canvisualize diff erentconnectiondetweenindicatorsthat
make possiblethe discovey of new relations between

anenterpriseand finaly

canbe eady exterded by userswho arenot IT specialists,
e.g. by experts in economic analysis (using tools for
creatinga topic mapapplicatior).

The preliminary evaluation of ontologiesis very
enmuraging The knowledge of corporate finance is very
useful inthe interpretation and explanation of data presented
in financial reports of Bl systems.

ONTOLOGY STRUCTURE

The essential element of the InKoM systeimowledgeis
apart containing topic mapfor six created ontologies for
selected areasalled Cash Flow at RiskComprehensivRisk
Measurement Early Warning Models, Credit Scoring,
Financial Marketand General Financial Knowledge

CFaR is considered to be one of the best adjusted ratios for
the needs of complex risk measurement in enterprise
According tothe newest trends in enterprise management and
on compani esb ,iewasdetermined thghe a c t
appropriateratio for complex risk management in enterprises
is Cash Flow at Ris{CFaR)usingthe RiskMetrics Group
rules. The doice of Cash Flow at Riskne et s man a ¢
needs in the scope of creating single risk ratio illustrating risk
level connected wittne nt er pri sebds oper ¢
course, the prerequisite ftire mana@r being able to use this
information istheappropriate knowledge level on CFaR ratio.

The ontology of ComprehensiveRisk Measurement
involves various variants ahe model used to estimatae
Cash Flow at Riskatio. The developed ontology concerns
the way of understanding and defining inter alia: risk
variables, risk models, risk management process.

The ontology ofthe Early Warning System contains
models of cautionary forecasting in supportmghranager 6
decision. The developed concept usesgroup of tools for
early warningmodel creation in which mainly data from
financial reports are used. By using this data objective
view of companyods situation
obtained, whi ch i s essentia
accurate decisiomaking.

The ontology ofCredit Scoring describes the model tifie
credit procedure carried out by bank. Credit scoring
evaluation isanintegral part of bank credit procedures (credit
processes) andt is an essential stagén conditioning the
granting of credit. It is realized bmpbankds or gan
units and supporting infrastructwsistem solutions, antthe
company trying to get credit (potential borrower) is the
subject of analysis (quantitative and qualitativié)e nternal
logic and detailof credit procedurem a specific bank is its
unique knowhow and inot usually made public.

In literature many approachde credit scoring can be
found, such as stochastic models (e.g. Bayesian models,



regression, Markov chain), artificial intelligem techniques 2.Conceptualization ofthe ontology. This is the most
(e.g. expert systems, neural network models, genetiémportant sage in the procedure of ontolodgvelopmerit
algorithms), data mining methods]{ [10]; [11]; [16]; [32] It includes the identification of all notions, defition of
The approach implemented in the InKalystemis based on  classes and their hierarchic structuréSuperclass i
the rules of thumb generally accepted tive practice of  Subclasy modeling relations, identificatiomf instances
financial ingitutions. Of course there are still open questions specification ofaxioms and rule of inference.

which might be considered: which methodology to chooseR? Vverification of theont ol ogy 6 s correctn
what models might work? should one look at the profit onthis stagethe constructed ontology is verifiedy experts
each product in isolation or the total profit over all possible who didnot participate in the process of creating it
products? In general theieno overall best method of credit4, Coding the ontology in the format compatible with the
scoring. The InKoMsystemis open to include more advanced topic map stadard. During this stagehe developed
models and rules, specific tbe particular type of company ontology is described irthe formal language or chosen

or financial institution. software. The result of this stage shouldthe encoded
The Financial Marketontologyinvolves information about  ontology.

the financial maket and financial instrument&nowledge on 5. Validation and evaluation othe built ontology. It is the
this topic isan essential element capable of aid manager instageduring which evaluation dahe created ontology meets
making investment decisions and securing from market riskthe needs of the managers.
Financial marketmay be used by managers to regulate The important stagim thedescribed procedure of creating
liquidity by using money market instruamts. an ontology isthe conceptualization othe ontology. The

The ontology ofGeneral Financial Knowledgeoncerns process of conceptualization af ontology isan intellectual
essential economiinancial knowledge which is required to activity organizing kowledge froma given field carried out
analyze issues of listed ontologies. This ontology inclidesby the person, eithean expert or collaborating wittan
set of supplementary topics to other ontologies and will xpert, responsible for creatintpe model of knowledge
used in calculing the value of Cash Flow at Risk (the without the support of automated tools (see inter aligo[
ontology of Cash Flow at Risk), basic economatios (the 2036]). In this scopethere are few conpés of identification
ontology of Early WarningSystem) and indicators used byof topics and relations between them within the process of
banks in the process of credit scor(tfie ontology of Credit conceptualization. These are the following approaches to
Scoring). carrying out analysistop-down bottomup and middleout

To sum up;the domain knoledge about relations betweenwe usedmiddleout, because it enablass bestto maintain
economic and financial ratios will make the analysis anghe level of detail control othe created ontology and reduce
interpretation of contextual connections easier. This is Vefyprecisions which translates into reducing iterative work
important in the case of SMEs, where a company doés (see P9, p 21]; see also2 p. 2036]). Baed on literature
employ experts in economfmancial analysis andsing outer  studies (inter alial[3], [22]), as well agesearcltarried out

consulting is too costly. Reproducing knowledge with the usge following procedure in conceptualization of the ontology
of a topic map contributes inter alia to better understanding @ economic knowledge was used:

economic concepts andhe interpretation of specific 1. |dentification anddefinition of all topics.

economic and financial indicators. A topic, representing any concept,fisa synt act i c
To navigate in the financialnowledge of INKoM, a  that corresponds to the expression of a-weald in a

semantic search will be applied to avoid difficulties related tocompu e r s j14 tp.e60]oln the InNKoM project a

decision makerso interpr et fopidsHshwastdtermméd DyeRpdts ereatitdofitolodies fora r

information This gives the opportunity to search data sourceshe given field of economic knowledgeThese topics

taking into account not only structural depenagsndut also  include, beside their names, also their synonyms and

semantic context. descriptions (table 1)The example bel illustrates a
description of topics related to the case study: Credit
IV.  ONTOLOGY DESIGNPROCESS Scoring that il be detailed in Section VI.
In the design ofthe InKoM systemfive basic stages of TABLE 1.
creatingthe ontology were defined. These are: THE EXAMPLE OF TOPICELIST
1. Definition of the goals, scope and constraifishe created Name Synonym Description
ontology. While creatingan ontology assumptionsabout [ Returnon | ROA ROA indicator isa synthetic measure that

the created model of knowledge that will apply during its
building have to be provided. That requires an answer to thez |ngependently of the field that is to be modeled by uaingntological

questionwhat will the created ontology be used for? approach it is the most important stage in creatingmodel based on
ontology (see inter alig2[ p. 2036]).

3 In the InKoM project at first, in omr to quickly test developed
ontology, it wasenteredin the program OntopiaUltimately it will be
realized with the use of software for topic maps developed by the company
UNIT 4 TETA BI Center.




Assets determines ompanyds asse Thento Message? : Lowi value of RO ;
create proflt: It showme_percenta_ge net - If 5% < ROA< 10%,
profit per unit of capital invested in the N
company. Thento Message3: fiAveragevalue of ROA ;
- If ROA> 10%,
2. Creatinga taxonomy oftopics. Then to Messge4:  High value of ROA ;
Specification of taxonomic relations between distinguished —Description/formula:
topics and defining classes and dasses(table 2). This ROA =NF/ TA

relationshipdescribes théopicsgeneralizationThis approach

to creatinga taxonomyis proposed iMETHAONTOLOGIA 6. Description ofL!sagescenarios. _ _
(seeie.13). Usage scenarios, also callasse case viewdescribe

demonstration analyses of economic topics occurring in this
ontology. For exampleif a manager is interésd in the
opportunity of applying for a bank loan:

TABLE 2.
THE EXAMPLE OF TOPIC®TAXONOMY

Superclass Subclass ]
Indicators T Debiindicators 1. Th_e manager analyzesthe_semantlc network, _from
- Liquidity indicators which it follows thatthe credit score assessment is based
- Profitability evaluation indicators on the analysis of indicators belonging to four groups:

- Efficiency assessment indicator:

debt indicators, liquidity indicators, rgqfitability

Profitability evaluation - Net Return of Sale . .
indicators - Return m Assets evaluation and efficiency assessment.
- _Return @ Equity 2. From the TETA BI systemthe manager receivethe
o _ _ values of financial indicators that make the credit
3. Definition of all Othertypes of relations between t0p|CS. score assessment. According to thm company has
In the InKoM project the basic relaticship aggregate of bad parameters concernitige profitability evaluation,
(Aggregate I Membe) occurring  In ¢’_=1" six created especiallythe value of ROA indicator.
additional relations werdefined for exampleengagement to the data fromthe TETA BI system on account of
(Engagingi Accessiop o semantic connections dfie ROA indicator with other
4.The list of all the individualrelationshipsexistingin the indicators. The aim othe action undegken by the
ontology. o . manager is to identify causes of unfavorable vafies
The listincludes the name of the relatiship, source topic theROA indicator.
and target topi¢table 3). 4. Basing on conclusions frorhe analysisconducted of
TABLE 3. economic indicators the manager can undertake
THE EXAMPLE OF DESCRRTION OF THE RELATIONSHIPS corrective actions which may potentially result in
:\l?_me %f_ Source topic Target topic improving the cAo mp a ny fios. Inpwerdent of
relationsnip ___ : companyods par athescoeerassessnent n t
Engagement Profitability evaluation | Net Return a Sale : .
Engagement Profitability evaluation | Return m Assets can _a_'"OW actionsto be undertaka concened with
Engagement Profitability evaluation | Return m Equity receiving bank loan.
That work has requirednulti-domain expert knowledge,
5. Description of functions and rules. both theoretical and practicalh economis, finance, and
The following function descriptiorspecifiesthe example of informatics
the indicator Returnon Assets (ROA) implementedn the In InKoM, a semantic searchis provided to avoid
InKoM system difficulties related todeci si on maker so
economic and financial information This gives the
Name: opportunity to search data sourceaking into account not
Indicator Return oAssets (ROA) only structural depadences, but aldghe semantic context.
Input:
- Result oiNet profit(NP) V.  CASESTUDY i ONTOLOGY FORCREDIT SCORING

type number value withbalance sheet
- Total AssetqTA)
type: number, value withalance sheet
Output:
- Return m Assés
Initial conditions:
- available datafrom balance sheet
Final conditions:
- Messagdl:AiVal ue ofROARdi cat or
- If ROA<5%,

The case studypresentedillustrates onlya fragment of
analysis ofthe company $§inancial situationwith the use of
the ontology of the credit scoring and the databases of



TETA Business Intelligence systerbet us assume thdhe evaluation indicators and efficiency assessmernihdicators

manager is interested ithe ROA indicator. The ontology (Figure 2).0On the Figure 2solid lines denote taxonomic
shows that the quantitative financial analysis consists afelations (relatiorSuperclass Subclassgs whereas broken
indicators debt indicators, liquidity indicators, profitability lines denotell other types of relations between topics
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Figure 2. Exanple of topic mapricludingthe quantitative financialndicators
Returning to the ROAit is known thathe moreeffectively
a company manages its assets, the higher the Value of f ——
indicator. It is assumed that its value shobdd greater than |s:= @ & & 2
5%. The ROA indicator is elculated on data fronthe |-« kre Bl @ s ms iz

balancereport that isNet profit(NP) and Total Asset§TA) v [y [y [ ety
(Figure 3)
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invested in the is equalto 7%, and in 2012 is equtd 4%. This means that
company.

thecompanyds condition in 201Z¢
this situationthe manager needs identifythe cause of these
values. Therefordollowing the topic map, the manager notes

On figure 4is presente@n examplef abalanceeportfor  that the value oNet Profitin 2012 was higher than in 2011,
theyears 2011 and 2012 extracted from the ABT system.  so the disadvantageous ROA indicator results from value of
For the analyzed companthe value of Net Profitin year Total AssetsTo identify the sources ofhe ensuing situation
2011 is equal to1290800, and in the year 2012quals the manager has to examine the semantic relations between
1416900, whereashe value of Total Assetsin the year Total Assets and other financial topics. Exemplary
2011 equals 18400,00 and irthe year 2012 35400,00. decomposition ofhe chosentopic is presented on the Figure
Based on this da the ROA indicator in 2011 5. The screenshot showlse expansion othe selected topic:

Total Assets On the diagram it ishe areaencircled bya

Figure 3. Topic definitioni ROA



dashed linewith new topics bein@ subclasf topic Total
Assets

Figure5. Exampleof topic mapincludingTotal Assets

In the InKoM system theamanager can uste topic map
application wiich allows relations between analyzed topics
be shown.This approacican be veryuseful formanagers 1]
because its difficult a priori to identify causes thahowby
using only the balance sheetother financial reports.

To interpreffinancialrepors correctly, many measures and
ratios need to be examined that either directly or indirectly
infuence the final result. Visualizing the relationship
explicitly not only it makesthe interpretation of indicators
easiey but also contributes to firty out explanations othe
current values of indicators. Thepic mapprovidesa user
friendly interface which allows managers niavigate easily
from topic to topic in an interactive manner. Thereforé]
various types of associations are visualized in differexytsw
For examplethe lines which have the same relation have the

(2]

same color. This enables an easy overview of concepfs,

visualisationsand navigation of hierarchical structuregilst

also providing short definitions on each topicThe
visualization is kghly interactive: interesting nodes can be put
in the foreground with zooms, translatiord rotations.
Managers can deleteon relevantoranches of thgraphor
expand interesting ones.

VI. SUMMARY AND FUTURE WORK

In this paper, th@pproach to develamg the ontology of
InKoM was presentedThe created ontologies are currentlys]
integrated inthe TETA BI system and will be soon available
in beta version. In the next step of the projette
effectivenessof the final system will be examined and
assesselly SME managerd-urther studies will be conducted
on, among othersrepresentation and interpretation ofjg
financial indicators such as NPV and IRR, and methods
specific to IT investment, such as TCO.
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