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Abstract—This article deals with the conceptual modelingaemd

uncertainty. First, the division of information $g®s with their

definition will be described, focusing on those whthe construction
of a conceptual model is suitable for the desigfubfre information

system database. Furthermore, the disadvantagésediraditional

approach in creating a conceptual model and datatesign will be
analyzed. A comprehensive methodology for the wmeabf a

conceptual model based on analysis of client requénts and the
selection of a suitable domain model is propose®.hEhis article
presents the expert system used for the construofi@ conceptual
model and is a suitable tool for database desighersreate a
conceptual model.
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|. INTRODUCTION

HE most important activity that is taking placetle early

stages of creating any information system is theeco
understanding of the requirements for informatigstam.
Appropriate analysis of the requirements for thystem is
fundamental as well. For a proper understandingheke
requirements a form of visualization is the begtrapch. In
some information systems analysis of requiremergs
consistent with the analysis of requirements faaddructure
and data storage in this system [3]. As a consemgjén these
cases an analysis of requirements is in fact arlysina
conducted for creation the database itself andldtgcal
structure. In this case the appropriate tool foalgsis of
requirements and their visualization is conceptualel that
determines the contents of future database.

For completion of context, it is stated that in ttese of
client-server architecture of the information systethree
basic layers are distinguished:

1. presentation layer
2. application layer
3. data layer
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Based on the complexity of the information systerd the
way how various layers of above stated architectwesused
and handled, the information systems can be divithkad
following types:

1. Complex IS- presentation, application and data layers are
logically separated and the information system sedufor
effective and comprehensive support of all processethe
organization.

2. Simple IS— application and presentation layer can
penetrate each other; information system suppodsuaually
resolves only a few simple tasks (or processes).

3. Database IS- all three layers are interconnected and are
parts of a database; information system perfornmplei tasks
and supports simple processes.

Moreover, in the case of the first type of the mifation
system, the emphasis is on the correct design plicagion
logic and implementation of crucial processes amtttions.
On the basis of these activities, the data modal ih the
foundation for future database can be relativebilgareated.

In the case of the second or third type of infoiorat
system, which implements generally simple processese
emphasis is put on the design of the data lay¢hefystem.
After the design of the data layer is completeds fbcus
moves on creation of application and presentatiayerl
altogether because these two layers are often elesely
linked to the data layer or are even created dyrent the
proposed database system. Therefore, during thigsaf
requirements it is appropriate to establish a cotuzg model
that can afterwards be transformed into a logicatleh and
from it the physical model can be easily generated.

This distribution implies that the creation of anceptual
model as a basis for analysis of requirementsitalde for the
second and third type of information systems. Iy ieerefore
seem that for the first type of information systeime
conceptual model is not an appropriate visualiratiool.
Olivé however states that for any development of
information system it is necessary to define itmosptual
scheme [8]. Conceptual diagram of an informatiostem
determines its domain and functionality that thestsm
covers. Each conceptual scheme can then be debariiieg
logical language, such as UML, which can be used fo
modeling the basic Use—case of the system or etw@n i
analytical model. Since the conceptual model isad pf the
conceptual scheme, it is possible to use it fonaligation of
basic entities, attributes and relationships that @ccur within
the targeted system. This conceptual model camvadtds be
transformed into an analytical or object modeh# system.

an
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The article focuses primarily on the informatiorstgyns
whose analysis of requirements is essentially aalyais
conducted for the creation of database and iteé&giructure.

Il. PROBLEM FORMULATION

The traditional approach to the creation of theadase
consists of the following steps:
e Analysis of requirements
»  Creation of a logical model of the database
» Transformation into physical database model

In this approach the main role and responsibilitfes
creation of logical and physical model of the réegl
database on the basis of user requirements ligiseodatabase
designer. This approach assumes a lot of expewledge on
the side of the designer and the final form of theulting
database depends largely on this knowledge, which he
disadvantageous. Another disadvantage is the faat the
designer often does not have the expert knowledlges field
of given problem domain, which can lead to an iredr
database design.

It should also be emphasized that the conceptudemaill
be used further in the text in the context of das&band its
implementation, not in the context of the entiréoimation
system. The terms conceptual model
of requirements will be used for database desigd &s
transformation into a logical model and afterwartse
physical model that is implemented in a specifitatienal
database system.

Currently, one of the main tasks during the analysi
requirements for the proposed database is to uadershe
requirements of the customer properly. In case

and analysiscomprehensive methodology
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domain conceptual model that describes the proldlemain
can be used. How to create a conceptual domain Inzoe
select one model from the already prepared setoofiath
models will be described below.

Next, there is a need to design the resulting quioed
model based on input information and correct theblem
domain. This activity is traditionally done by datse
designer, whose abilities and knowledge influere duality
of the resulting model. The article proposes treaiton of an
expert system that will handle the inputs and adiogrto the
selected domain model will use the correct knowtetigse
resulting in a conceptual model containing the most
appropriate entities, attributes, and relationshipsong those
entities. The expert system then may partially ampletely
replace a database designer or may become a todhfabase
designers, who will be able to automate some af theks.

Ill.  PROBLEM SOLUTION

As was already stated in the text above, it is eypate to
propose a methodology solution for the creatiosedection of
a correct conceptual model based on analysis aefinegents.
The solution that consists of partial steps wadirmd in the
previous chapter. The goal of the article is to ppse
that will describe
conceptual modeling process starting with the aislyf
requirements and resulting into construction arsliafization
of the final conceptual model.

Before the methodology definition itself, this chepwill
cover the basic terms which will be further usethia text.

A conceptual model is a general model of a systieat t
sfoes not describe its implementation or its teabgickl

the

misunderstanding, the risk of a bad database deisign specifications, but defines the content of therith$ [1], [2].

imminent and can cause problems in data handlinigodimer
operations. It also happens that seemingly
understanding of customer requirements is impleatkerty
the designer in a different way because the remgrgs were
defined rather vaguely and indefinitely, which sl several
methods of their interpretation. The customer, hareoften
fails to specify requirements in a way to make thearfectly
understandable for designers, which is necessamrfor-free
database design. Therefore it is important to jpmidr and
process the vague requirements properly.

In this article, the conceptual model is used todehathe

corredftabase of information system.

Conceptual model works with these basic concepts[#],
[7]:

1. Entity — is an abstraction from the complexities of a
domain. It represents an aspect or an object ofghkeworld.
Examples of entities: student, subject, teacher.

2. Relationship— identifies how two or more entities are
related to one another. Relationships can be repred by
verbs, linking two or more nouns (entities). Exaesplof

Another problem which can arise in the process hef t felationships: teaches (between entities teachersabject),
database design is to identify the problem domaistudies (between entities student and subject).

appropriately, especially to understand and usecejs,
vocabulary and dependencies that are valid fordiemain
correctly. An analyst and a database designer areoften
experts in the domain in which they design the psep
database and information system, therefore thegt teedéearn
how to orientate in the problem domain properly.eQGmay
how to conduct this learning process is to inviteeapert for
the domain who is well suited in it and togethettwvthe client
they are able to pass important information appleao a
given problem domain. Another way is the creatidnao
conceptual domain which includes entities and iatahips
relevant to that domain. Or even already existingable

3. Attribute— represents the properties of entities. Examples
of attributes: name, surname, age, email, phongb{aes of
entity teacher).

Conceptual domain model describes the problem domai
using the concepts from conceptual model (entigésibutes
and relationships) [1].

Creation of methodology started from these basipsst
which will be described in detail in next chapters:

1. Processing of the requirements along with theetain

information

2. ldentification of the problem domain and theestibn of

appropriate conceptual domain model or design obwa

domain model
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3. Creation and impletion of the knowledge base for
purposes of the expert system

4. Selection of the most appropriate entities and
relationships

5. Construction of the resulting conceptua model

The steps of the methodology are visualized in the following
figure:

Problem domain 1
CDM 1 CDM 2 CDM 3

Searching and
Keywords  ——laaing —
Problem domain 2

CDM 4 CDM 5 CDM 6
Compleling
ol CDM

Selecting of
the most suitable COM

-——» CDM2

Greating and fullfiment of
knowledge base

I E—

Knowledge Uncertain
—
base requirements

-— |

Expert system

Evalusting of entites

Suitable entities
for the resulting
conceptual
model

Construction of the
conceptual model

Resulting
conceptual
model

Fig. 1 Methodology for creating a conceptual model

A. Processing of the reguirements along with the uncertain

information

At the beginning the requirements of the customer need to

be analyzed properly to create a correct conceptua model of
the future database. These requirements are often specified in
afairly vague and unclear manner, thereis an essential need to
know the answers to the foll owing questions:

a) What will the structure of the database be like and what
datawill be stored in it?

b) What is needed to be stored for the individual entities
(e.g. if the entity will include a customer, what data
will be stored? Only their basic contact information or
even the data about residence of a customer)?

c) What are the reationships and interactions among
different entities?

If communication between the customer and the database
designer is going the right way, at the end of this step the
designer will have a complete picture of the future database.

The step of processing the requirements for the database is
conducted before identifying the problem domain in which is
being operated and before the identification of conceptual
domain mode! that will be used. The reason for this decision is
that from some reguirements it is possible to obtain the
necessary information to determine the problem domain and
select the most appropriate conceptual domain model. To
obtain information about the problem domain, a list of
keywords that characterize the requirements of the customer is
created. Then the tool will gradualy go through the
conceptual domain models and search for the entities and
attributes that correspond to those keywords. The result is an
evaluated list of conceptua domain models that have been
identified as suitable for further work. Problem domain is then
automatically assigned, based on the conceptual domain
model that will be selected in the next step.

Formally the algorithm that evaluates conceptua domain
models on the grounds of keywords can be described as
follows:

CDM - conceptua domain model

CDM_base = the set of al conceptual domain models

IMP[ entity] = degree of importance of entity

IMP[attribute] = degree of importance of attribute

Rate] CDM] = the evaluation of conceptual domain modd (its
rate)

keywords —the list of keywords

write_rate —the method for saving the evaluation of CDM
Forall CDMin CDM base

Rate[ CDM = O;
Forall entity in CDM do

Foral | (keyword in keywords)

{

If(entity(nanme) = keyword)
Rate[CDM = Rate[CDM +
| MP[entity];

}

}

Forall att in entity do
Foral | (keyword in keywords)

If(att = search_keywords(keyword))
{ Rate[CDM = Rate[CDM +
I MP[attribute];
}}
}EAﬁite_rate(Rate[ODM,Rates[CDI\/])
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Formally the definition of calculation of the ratef The sample questionnaire Q1 for entities indergtfan can
conceptual domain model looks as follows: look like this:
E — set of all entities that are corresponding skbayword
A - set of all attributes that are correspondingthe TABLE |
keywords . SAMPLE-QUESTION!\IAI-REQI .
IMP(e) - degree of importance of entiy from setE, Entity name Entity description Attributes
IMP(e)e {0,10} Entity 1 Description 1 Attr!bute 1-1
IMP(a) - degree of importance of attribute a from det Attribute 1-2
IMP(G.)E {0’5} Attr!bute 1-3
The conceptual domain evaluated is then calculatsag Attribute 1-4
the following formula: Attribute 1-5
Entity 2 Description 2 Attribute 2-1
Rate[CDM] = (e; x IMP(e)) + (a; * IMP(a,)) + (e, * Attr?bute 2-2
IMP(e,)) + (az *IMP(a))) + ..+ (ey *IMP(e,))) + (a, * _ Attr!bute 2-3
IMP(a,)) Entity 3 Description 3 Attribute 3-1
Attribute 3-2
The resulting list of evaluation for every concegtdomain Attribute 3-3
model is then simple set of numbers that repregbptsate of
conceptual domain model: This questionnaire can be also used for completiothe
Rates[CDM1] = 89 conceptual domain model that will be used for the
Rates[CDM2] = 53 construction of the final conceptual model. If themes of the
Rates[CDM3] = 26 entities in questionnaire and the entities in donmabdel are
The searching of keywords can be described simpiygu the same, their attributes will be processed amdcthrelation
the following picture: will be used for extension of the entities in domaiodel and

the conceptual model.
Formally the algorithm can be described as follows:
Forall entity in questionnaire
{
If(entity==search_entity_in_domain_mod
el(entity))

att1 att2 att3 [ a4

Entity1

Forall attributes in entity

< relation1 >

If(attribute !=
(o ) search_attributes_in_domain_entity(
‘ \\- Entity2 N r)ela.t:onz‘ — Entity3 ) entlty)
| at2 T N ~ P A {

— / P N insert_att_to_domain_entity(entity);
LAt ) /,’ / ar ) a2 ) ats }

[ atta ._ L }

- . atts | }

Fig. 2 Searching keywords in CDM }

The second questionnaire consists of further requénts

Various options of choosing the most suitable cphed that do not lead to clear identification of all ites or
domain model will be described in the next step. attributes but are essential for the future datkstaucture.

As mentioned, during the analysis of requirement®i@ue This questionnaire contains the answers on questtbat
description of these requirements encounters wéll iery specify what exactly the customer wants to storetha
frequent. Therefore, two types of questionnairescviwill  database. On the basis of the questionnaire matitesn
contain all the requirements of the customer arated. attributes and relationships will be later idewetfi
Questionnaires are documents for representationstordge Questionnaire Q2 with additional requirements caoklas
of requirements in a suitable form both for thetooser and following:
for the proposed tool that processes these questi@s.

The first questionnaire Q1 will include identifiga of TABLE Il
entities that are part of the generated conceptoalel. Along _ SAMPLE QUESTIONNAIREQ?2
with entities their attribute names are also cleadfined as ___Question Answer
well as links to other entities (if there is aniati®n to another ___Question 1 Yes|Rather yes|Rather no|No
entity) by this questionnaire. Question 2 Yes|Rather yes|Rather no|No
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Question 3 Small|Medium|Big conceptual domain model the problem domain is

Question 4 Few|Medium|Many automatically identified — the main reason is tleatery

domain model is a part of corresponding problem @om

o ) . 3. Alternatively new conceptual domain model can be
B. Identification of the problem domain and the stbecof created fo"owing a set of three rules:

appropriate conceptual domain model or design néw + Identification of entities and attributes and their
domain model appropriate labeling

In the second step the most suitable conceptualatiom « Retrieval of the relationships between entities and
model will be chosen. their appropriate labeling

Firstly we present the formal definition of conaggt « Retrieval of cardinal numbers for individual
domain model: ) ) relationships and correct assigning of these

Conceptual domain model IS a set, numbers to corresponding relationships
D=(E, A Ac R, e, er, car(es, Ra), car(ef, Ra)), where: Example of creation of conceptual domain model is

E —finite set of entities presented in the following picture

A —finite set of attributes

A, — finite subset of the set A belonging to the edabe of Problem

the setf cemain

R — set of relationships among entities
e, — element of the sé&t entering relationshig,, /\

er — element of the sét leaving relationshi®,

Entity1 Entity2
car(eg, R,) — number of instances of the entity that are III T~ A
part of relationshiR, (ot ) (e ] [ e ) (ot ) (a2 )

car(eg, R,) number of instances of the entigthat are part
of relationshipr,,
. Entity1 (re.\;m;ﬂ > Entity2
As an example of conceptual domain model we casepite R ~
this sample model with three entities: II' (o) (a2 (o) Cawt ) (a2 )

§ att1 ) 4 att2 , attd ' attd \
NS Entity1 N < '\?ela;iur;;l Entity2
4 att1 ": a2 ) ats | att1 :l [ attz )
/ Fig. 4 Creation of conceptual domain model
fsif}'ewanoni:j:\r C.Creation and impletion of the knowledge base for
purposes of the expert system
Next step is the creation and impletion of the klenlge

atti

NVAN e <, base of the expert system that will be used forstiection of

) IS - th itable entities for resutt el Th

e ) att e most suitable entities for resulting conceptaabel. The
e / g knowledge base consists of set of IF-THEN rulesjcivh
(a7 / w ) awe [ an contain the information about target domain andbased on
o v ) ) vague input information that was gathered usingoséc
- s ) questionnaire and is defining the suitability oé thntities for

Fig. 3 Sample conceptual domain model resulting model.

The knowledge base contains rules for the evalnaifdhe
Database designer has three options for choosiegnilost conceptual domain model entities, specific rulesapplied to
suitable conceptual domain model: the input information that is obtained from the sfiznnaire
1. Manual selection based on expert knowledge armdtogether with uncertain requirements.
subjective experiences of database designer. inctse the  Formally the IF-THEN rules created on the grounds o
evaluated list of models (created in the first step vague requirements collected from questionnaire ban
methodology) peforms assistant role in the finatigien. described as follows:
Problem domain is selected along with conceptuahaln
model. IF X;is A; AND X,is A, AND ... AND X,isA4,, THEN Y isB
2. The selection of the “most suitable” concepti@nain
model is made on the grounds of evaluated list oflels that where:
was created during the previous step. After thecsiein of X = {X,, X, ..., X,,}, where element,, X,, ..., X,, represent
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guestions of the questionnaire Q2 andis the number of
guestions of the questionnaire Q2

A={A, A, ..., A}, where elements A4,,4,, .., 4,
represent answers of the questionnaire Q2naiscthe number
of the questionnaire Q2 responses (answers)

Y — represents evaluated entity

B - represents linqual evaluation of the evaluatditye

The knowledge base for specific entity consistsetf of IF-

THEN rules that are defined as the Cartesian prtoduc
Z=QxAxS

where,

Q - finite set of questions of the questionnaire Q2
A - finite set of answers to the questionnaire Q2

S - finite set of IF-THEN rules

A part of knowledge base for creation of conceptuatel
for hotel information system can look as following:

IF (LOCATION is CITY) and (AREA is
MEDIUM) and (FAMILIES are MANY) and
(YOUNG PEOPLE are FEW) and (SENIORS are
FEW) THEN (RATE OF AQUAPARK is BIG)

IF (LOCATION is CITY) and (AREA is
MEDIUM) and (FAMILIES are MANY) and
(YOUNG PEOPLE are FEW) and (SENIORS are
FEW) THEN (RATE OF EXTREME SPORTS is VERY
SMALL)

D.Selection of the most appropriate entities and
relationships

All entities from the conceptual domain model dr@sed on
uncertain information obtained from questionnaired a
application of the appropriate IF-THEN rule setalenated
using the expert system. Expert system evaluaeeiiities
witch elements of the fuzzy sét and universe/ and this
evaluation can be describe as a function:

AU - [0,1]

where values A(x) € [0,1]
membership of element € U to fuzzy setd [4].

In this case, the valuesi(x) € [0,1] determine the
suitability of the occurrence of the entities irethesulting
conceptual model. The higher valu(x), the more the
occurrence of the entities in the final model isoramended.

Final decision about model suitability is in thentia of
database designer who evaluates the rate of dititafur
every individual entities and selects all the appeie ones
for creation of final conceptual model.

E. Construction of the resulting conceptual model

Resulting conceptual model is afterwards createdthan
basis of information collected in the first questiaire and
evaluated entities which are the outputs from expgstem.
These entities along with attributes and relatigrsh
(attributes and relationships both originate in captual

domain model) form the final conceptual model. itiog,
their attributes and their relationships can thergénerated in
the general form which can be stored and furtheenosed for
visualization. XML file is used for storing all othe
information that describes the final conceptual elod

The proposed structure of the XML file is based tha
following elements and attributes:

<entity> - element representing the  entity

name - attribute representing the name of an entity

attributes - the number of attributes in the entity
<attribute_name> - element representing the entity
attribute

<relationship> - element representing the relationship
between two entities
<startentity> - name of the entity entering into relationship
<relation> - name of the relationship
<endentity>- name of the entity entering into relationship
<car_start> - cardinality of the entities entering into
relationship

<car_end> - cardinality of the entities leaving from the
relationship

An example of XML document representing the conaalpt
model of the university information system is shob&liow

[5]:

<?xml version="1.0" encoding="UTF-8" ?>
<entity name="student” attributes="3">
<name>John</name>
<surname>Smith</surname>
<age>18</age>
</entity>
<entity name="subject” attributes="2">
<name>Biology</name>
<content>anatomy</content>
</entity>
<relationship>
<startentity>student</startentity>
<relation>studies</relation>
<endentity>subject</endentity>
<car_start>1</car_start>
<car_end>N</car_end>
</relationship>

For this example a simple way of representing iestit

represent the degree ofattributes, relationships and in conceptual model tve found.

Conceptual model in this format can be visualized a
relatively easily transformed into another XML faamthat
can be imported into any of the tools that are dpaised
for data modeling. One of these tools is Toad Ddtaleler
[6], which allows creating a logical model and theephysical
model of the future database a conceptual modet. tDuhis
fact the real application of the methodology and #xpert
system that proposes the resulting conceptual mecakelbe
ensured.

IV. CONCLUSION

This article analyzed different types of informatisystems
and the suitability of usage of conceptual model fo
visualization of requirements for database of infation
system and for future creation of such databaset,Nbe
disadvantages of traditional approach were defin€de
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general methodology for creation of conceptual rhddeed
on basic analysis of customer requirements anctiaheof
appropriate conceptual domain model was createdeer,
the method of representation of clearly defined waduely
described inputs for the expert system was propo3ee
expert system proposes suitable entties for riegult
conceptual model. The resulting conceptual modes v&ML
form and therefore can be easily visualized anth&more
used by Toad Data Modeler tool.
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