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Abstract—This paper focuses on testing database of existing The

information system. At the beginning we descrite lasic problems
of implemented databases, such as data redundpooy,design of
database logical structure or inappropriate dgpegyin columns of
database tables. These problems are often thet resuhcorrect

understanding of the primary requirements for aalae of an
information system. Then we propose an algorithncdmpare the
conceptual model created from vague requirementsa fdatabase
with a conceptual model reconstructed from impleiegrdatabase.
An algorithm also suggests steps leading to opétion of

implemented database. The proposed algorithm ifiecerby an

implemented prototype. The paper also describeszayfsystem
which works with the vague requirements for a dasab of an
information system, procedure for creating concajpftrom vague
requirements and an algorithm for reconstructingrceptual model
from implemented database.

requirements from the customer are very often
formulated vaguely and in uncertain manner. Thig tead to
misunderstanding of the requirements or even terpnéting
them in different meaning and this misunderstandargl
misinterpretation is implemented into the final ISor this
reason it is advisable to check whether the final
implementation and functionality of the IS are itieal to the
original customer’s requirements for the IS. In sotypes of
IS the database and its structure are two mairs partvhich
the subsequent implementation is targeted [5],efoee it is
appropriate to test the logical database struageenst the IS
requirements for its creation.

Database testing is particularly important becaude
possible data redundancy, which is caused by pesigd of
database logical structure and also by selectingpropriate
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I. INTRODUCTION
ODAY, in the area of information systems developtign

increase of size of the database. It is also irapbrto check
that the proper relationships between databasessahte
established as well, because well designed rekdtipa are
helping to maintain the consistency of data indatabase [4].

The first part of this article shows one of the gibke forms

very important to understand correctly customer’%f representation of requirements, which can them b

requirements, which are put on information systéumtter in
text referred as IS), and afterwards to implemdmmt
correctly to ensure that created IS meets theseireggents
and brings the desired added value to the custoifias
emphasis is also based on today's iterative appréacthe
design and development of the IS [1].

During the IS design and its subsequent implemiemntats
well, there are a lot of changes and adjustmentshvban
significantly affect the final quality of the dewgled IS. For
this reason it is advisable to test the IS anéhidementation
against the original requirements for its creation.

An IS is normally connected to the database, sds it
appropriate to focus on testing the IS databaseitaridgical
structure to the original requirements which are bsults of
analysis of the IS. This article is a continuatafrarticles [2]
and [3].

Il. PROBLEM FORMULATION

As it was mentioned in the introduction, during tbarly
analysis of the IS it is essential to understand Key
customer’s needs and requirements for the IS ieldpment.
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visualized using a conceptual model. Furthermoralgorithm
will be proposed to compare the original requiretaevith the
current implementation of the database. With thép hef
metadata (which are implemented in database)pibssible to
reconstruct retroactively the conceptual model ttatains
entities, attributes, and relationships betweeritieat(which
correspond to the tables, columns and relationships
implemented in the database), the output will bmgarison of
the two conceptual models. The conceptual modethasn
the requirements of database of the IS will be cmex to the
conceptual model of already implemented databasethtr
outcome will be a list of steps which are necessagptimize
the database. As the above description has shoveational
database will be used and tested [4], [13].

I1l. PROBLEM SOLUTION

In some simple information systems a database nsia
part of such IS [5], therefore customer's requineisdor IS
are in fact requirements for the IS database. Apgsed
solution will be introduced on this type of infortizm
systems, but it can be used in complex informatgstems
environment as well.

First one of the possible forms of the represemaif
vaguely defined customer requirements will be itrced.
This form will then be a help to design a logicatabase
structure and also to display an appropriate vifrah.

471



International Journal of Information, Control and Computer Sciences

ISSN: 2517-9942
Vol:6, No:4, 2012

The proposed form of the representation of cust@mer

requirements consists of these basic parts [3]; [6]

1. The list of entities, where for each entity ague name

and description (which defines the meaning and gaemof

the entity) exist.

2. For each entity, a list of attributes and theague

description of type and size of data that are stevi¢hin the

attribute is constructed.

3. Linking the entities together is defined usingpecial

column that stores the link to linked entities.

From a definition of the proposed form of repreatan of
requirements, an obvious similarity to the concapmodel
that is suitable for visualization can be derived.

The conceptual model is a general model of a syshen
does not describe its implementation or its teabgichl
specifics, but defines the content of the futurorimation
system [7], [12].

Conceptual model works with these basic compor{&ihts
[12]:

1. Entity — it is an abstraction from the compl@stof some
domain. It represents some aspect or the objechefreal
world. Examples of entitiestudentsubject teacher

2. Relationship — identifies how two or more eattiare
related to one another. Relationships can be repted by
verbs, linking two or more nouns (entities). Exaesplof
relationshipsiteaches(between entitieseacherand subjec],
studies(between entitiestudentandsubjec].

3. Attribute — represents the properties of emtitExamples
of attributes:name surname age email, phone(attributes of
entity teachey.

The proposed form of representation can be easil

converted into a conceptual model, therefore, feanto a
conceptual model is used only for a better visagilin of
results and for better understanding of
requirements for future information system. Anotreaxson for
the appropriateness of the conceptual model @hility to be
relatively easily transformed into a logical datadal and then
into the physical model of the future database.

The following table shows part of the requiremefds
creating a database information system for the uagg
school. The purpose of the IS is to record dataiabmdents
and their attendance at the courses, teachershaimdccourses,
and payment for the courses. The requirements dtemvin
the proposed form [3]:

TABLE |
REPRESENTATION OF REQUIREMENTS OF THE DATABASE ORNGUAGE
SCHOOL INFORMATION SYSTEM

Name of Description of Name of Description of
entity entity attribute stored data
Student Information name Short text
about studel
surnam Short tex
age Low number
address Short text
phone Low number
courst Link to cours
Courst Information name Short tex

about cours

location Medium-length
text
start date Date
end date Date
descriptiol Long tex
teache Link to teache
Attendance Information date Date
about courses
attendance
teaching plan Long text
course Link to course
. studen Link to studer
Payment Information amount Low number
about courses
payment
date Date
payment Short text
methot
studen Link to studer
Teacher Information name Short text
about teacher
surname Short text
address Short text
phon Low numbe
login Short tex
passwor Short tex

The table shows the different entities that werg p&the
requirements. Each entity contains a list of attels, whose
vague description of the data type and its lengtehiown in
the last column of the table. Individual links tther entities
are given together with attributes describing théties and
labeled with the name of the linked entities. Tlmaeptual
model containing entities and attributes in theeadbove is

)i/sually displayed in the following figure:

date teaching plan

customer”

Attendance

records
_participation_-
AN
< associated >
S with

location description

| course

(start date name

< attends >

Student <_pays >

name | (sumame age address phone
end date .
< teaches >

password

login

payment
method

Payment | ——{ amount

date

Teacher
phone

name sumame

Fig. 1 Conceptual model of language school infoiomasystem

Now a general model for supporting the decisioncpss
will be presented [8] [11]. This model is used e falgorithm
for testing the database. The model is used to suithble
candidates for the data types of columns of dawmbabkles
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based on vague descriptions in the proposed form of

representation of the requirements and the expewledge

[3].

The model consists of 4 main phases (M1, M2, M3, M4
In — inputs into the process (uncertain informatidooue
attributes in entities).
Ou - the process outputs (a list of suitable canegldor
data types of proposed columns in database tables).
M1 - The completion process and selection of reledatd.
This process includes completion of user

of relevant data from the user’s input requirements

M2 - Creating a set of acceptable solutions basedhen

application of rules P and important informatiorctsias
supplement the result of interference to input data
elimination of non-compliant data. The main goaltlis
phase is to create a set of all acceptable camrdidat data
types of the proposed columns in the databasestable

M3 - The process of modeling effects of admissible

solutions. In this phase the relevance and the edegf
suitability of candidates for data types of the pgmsed
columns in the database tables are evaluated.
M4 - Selecting the most appropriate solution. In kst
phase specific candidates for data types of theqsed
columns in the database tables are selected.

This general model was already published and discliby
the scientific community [3] [6] [9].

IV. DATABASE TESTINGALGORITHM

Now the proposed algorithm for database testing el
described. The proposed algorithm goes throughbke taf
requirements and is looking for individual entitiand their
attributes (along with the attributes that représieks to other
entities). If a vague description of the data tgigibute is
found, then the algorithm uses fuzzy expert system
searches for suitable candidates for the data aypksize of
the attribute. The output of the algorithm is tloempared to
the actual data type found in the appropriate colwhthe
database table from the implemented database.

Formally, the algorithm can be written as followiigj [6]:

Forall (entity_name in
db_requirements_table) Do

Forall (attributes in
entity(entity_name)) Do

If(is_relation_to_another_entity(
attribute, entity) Then
{
write_req_relation(attribute,
entity_name,entity_name?2);

write_req_attribute(attribute,
entity_name);

vagu
requirements with expert domain knowledge and $elec

candidates_data_types =
find_candidates_data_types(
attribute);

write_attribute_founded_candidates(
attribute, candidates_data_types);

}
}

Forall (db_table_name in database) Do

Forall (attributes in
db_table(db_table_name)) Do

If(is_foreign_key(attribute,
db_table) Then

write_db_relation(attribute,
db_table,db_table?2);

write_db_attribute(attribute,
db_table_name);

atribute_type =
get_attribute_type(attribute);

write_db_attribute_type(
attribute_type,attribute,
db_table_name);

}
}

Forall (attributes in db_attributes) Do
{

compare_data_types(founded_candidates(
attribute), attribute);

}

Forall (relations in db_relations) Do

compare_relations(req_relations(
attribute), db_relation);

At this stage there is a table of requirements be t
database; this is visually displayed using a cotzdpnodel.
Also an expert system for the proposition of appiaip data
types and algorithm for testing the implementedabase is
suggested. Now a procedure for reconstruction of th
conceptual model from metadata of the implementadlzhse
will be proposed.

This procedure can be written down into severghste
1. Connecting to the existing database and loadisg
metadata.
2. Browsing all database tables along with idecdiion of
individual columns, their names and data types.
3. Finding all relationships between database $able
4. Transformation of all outputs into XML file witkuitable
form.
5. Visualization of the resulting XML file into aboceptual
model.

473



International Journal of Information, Control and Computer Sciences
ISSN: 2517-9942
Vol:6, No:4, 2012

The proposed algorithm shows that steps 2 and 8racéal
for the final form of a conceptual model and angoein the
implementation of these steps will have major intpat the
resulting conceptual model.

The final step of testing the database is then ewispn of
the conceptual model created on the basis of rexpaints on
database to the conceptual model reconstructed fitetadata
of the implemented database. One part of this istgtso the
creation of the list of necessary steps for possiiptimization.

V.RESULTS

Now, the realization of approach proposed for ngstif the
database on the grounds of already described eraofighe
information system for the language school willdescribed.
First the complete table containing the requiremdnt the
database of this IS will be shown:

TABLE Il
TABLE OF REQUIREMENTS FOR THE DATABASE OF LANGUAGEGHOOL
INFORMATION SYSTEM

Name of Description of Name of Description of
entity entity attribute stored data
Student Information name Short text
about studel
surnam Short tex
age Low number
address Short text
phone Low number
courst Link to cours:
Course Information name Short text
about course
location Medium-length
text
start date Date
end dat Date
descriptiol Long tex
teacher Link to teacher
Attendance Information date Date
about courses
attendance
teaching pla Long tex
courst Link to cours:
. student Link to student
Payment Information amount Low number
about courses
payment
date Date
payment Short text
methoc
student Link to student
Teacher Information name Short text
about teacher
surnam Short tex
addres Short tex
phon Low numbe
login Short text
password Short text

The conceptual model based on this table of remars
will be displayed at the end of this chapter fomparison to
the conceptual model implemented in database.

Now, the algorithm for finding the appropriate dgtpes on
the basis of vague description stored in tableeqtirements
will be validated.

Expert system for realization of this step was enpénted
in the LFLC tool, which is described in [10].

TABLE Il
CANDIDATES FOR DATATYPES

Proposed data type

Vague description

of attribute
VARCHAR CHAR TEXT
Short tex 0.¢ 0.8 0.06:
Mediun-length tex 0.2€ 0.2€ 0.1%7
Long text 0.043 0.043 0.93

In the table above we can see vague descriptions of

attributes in the left column. On the right sidetloé table we
can see proposed data types for each attributduddian of
suitability degree of candidates for data typeattfibutes is
represented by the value from the interval [0,1}iteility

degree 0 means that proposed data type is completel

unsuitable for the attribute. On the other sideitability
degree 1 means that proposed data type is perfadthble for
the attribute. From the table we conclude that dtiribute
described ashort textproposed data types VARCHAR and
CHAR are very suitable, data type TEXT is unsuialfor
attribute described adong text proposed data types
VARCHAR and CHAR are very unsuitable, but data type
TEXT is very suitable.

In the following table the data types of tfieachertable
columns (from the database of language school I8) a
compared to found suitable candidates for the dgpes
according to the vague attribute description fréw table of
demands:

TABLE IV
COMPARING SUITABLE CANDIDATES FOR DATA TYPES WITH ACUAL DATA
TYPES
Attribute Vague Suitable Actual Actual
of entity attribute candidates  column from data type
Student  description for data Teacher
types table
name Short text VARCHAR, name VARCHAR
CHAR
surname Short text VARCHAR, surname CHAR
CHAR
address Short text VARCHAR, address TEXT
CHAR

From this table it can be concluded that the dgped of
columnsname and surnamecorrespond to the candidates of
the data types proposed by a decision making pspdas
column address does not correspond to the proposed
candidates.

Now the steps for the reconstruction of a concéphael
from the implemented database will be described.

1. First it is necessary to connect to an existiatabase.
This can be implemented in Java programing languaiyey

JDBC driver.

2. In this step it is necessary to find all databiables along
with a description of the columns and data typdss Tan
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be realized using DatabaseMetaData getMetadata() TABLE V
method. Process of collecting metadata from  the— "OG'?ZISTRUCTURE OF TH(E:AICTUAL DATABASE —
. . . . . able name able purpose olumn name eatures
implemented database is shown in the followingrigu Student Information about studentD Primary key
student
Database name
tables \\\ surnami
— age
\\ — street
N city
Columns = Da;zl:;s;;ﬂ;:al)oa iz connection Database pﬁ:)pn(
/ 8 ) Course Information about courselD Primary key
4 e course
Dat '/ name
ata types locatior
start_date
. . . end_date
Fig. 2 Collecting metadata from the implementecdase description
X . . . teacher_id Foreign key
3. It is also necessary to find and identify prépeall (table
relationships in database. This can be done using Teache)
getCrossReferencefhethod. We can call this method for_Attendance attendancelD
. e . . date
all database tables that was identified in the ipres/step. teaching pla
As the output of this step we get collection ofralations in course_id Foreign key
the implemented database. An example of findingtiaah (table Course)
between database tabBsidenandPayment student_id Foreign key
(table Student)
ResultSet rs cross = Payment Information about paymentID Primary key
— - course payme
meta.getCrossReference(null, null, amoun
"Student", null, null, "Payment"); date
) payment_method
while (rs_cross.next()) course_id Foreign key
{ (table Courst
String pk_table = student_id Foreign key
rs_cross.getString("PKTABLE_NAME"); (table Student)
String pk_col = Teacher Information about teacherlD Primary key
rs_cross.getString("PKCOLUMN_NAME"); teacher
String fk_table = name
rs_cross.getString("FKTABLE_NAME"); S”c;gam
String fk_col = a hc:r?ss
rs_cross.getString("FKCOLUMN_NAME"); Fl’ogine
} passwor

The output is the relation, shown in the followiigures:

Primary table: Student
Primary colunt: studentID
Foreign table: Payment
Foreign column: student_id
Fig. 3 Relation between tables Student and Payment

Student Payment
studentIiD student_id
(PK) (FK)

Fig. 4 Relation between tables Student and Paymesigual form

In the following table there is a logical structuoé the
actual database of the language school informatistem:

4. Next it is necessary to transform the acquinédrmation
into an appropriate XML file with suitable formatis The
resulting XML file contains metadata that are inmpénted
in database. The content of the part of XML fileke as the
following:

<?xml version="1.0" encoding="UTF-8" ?>

<table name="Teacher” columns="7">
<teacherID>1</teacherlD>
<name>John</name>
<surname>Smith</surname>
<address>Bolzanova 12, Praha
11000</address>
<phone>+420 111 222 333</phone>
<login>john</login>
<password>smith</password>

</table>

<table name="Course” columns="7">
<courselD>1</courselD>

475



International Journal of Information, Control and Computer Sciences
ISSN: 2517-9942
Vol:6, No:4, 2012

<name>English for beginners</name>
<location>Praha</location>
<start_date>1.1.2012</start_date>
<end_date>31.12.2012</end_date>
<description>This course is for
beginners</description>
<teacher_id>1</teacher_id>

</table>

<relationship>
<primary_table>Teacher</primary_table>
<primary_column>teacherID</primary_colum
n>

<foreign_table>Course</foreign_table>

<foreign_column>teacher_id</foreign_colu
mn>

</relationship>

5. The last step is to visualize the XML that cae b
in the Ja

implemented using appropriate methods
programming language or using visualization tools.

The following figure shows a conceptual model cedadbn

the basis of vaguely defined requirements:

date teaching plan

Attendance

" records
~_participation_~
s
Zassociated >
with -

location description

Course < attends > Student < pays > Payment - amount

payment
method

start date name date

name | (sumame age address phone

end date .
teaches

password

login

Teacher

phone

name sumame address

Fig. 5 Conceptual model based on a table of remgrgs

Next picture shows the conceptual model that

date teaching plan

Attendance

Aftendance-16~_
Student
Attendance>
to-Course

location description amount

_~Payment-To-~__
Student

Student Payment date

payment
method

start date name

name | (sumame age address phone

end date
Course-To-
_Teacher

password

login

Teacher
phone

name surname address

Fig. 6 Conceptual model reconstructed from the émpnted
database

These two conceptual models can be easily compandd
the optimization proposals can be identified:

TABLE VI
OPTIMIZATION PROPOSALS FOR THE ACTUAL DATABASE
Table of demands Existing database Optimization prposal
Useless relationship  Remove this relationship
through secondary and the foreign key
(foreign) key course_id  course_id from table
of Payment table with Payment
primary key courselD
of table Course

There is only one
attribute address for
storing information

about adress of
student in entity
Student

Student table contains Add attribute address to
three attributes street, table Student
city, zip Delete attributes street,
city and zip from table
Student

There is Link to
entiy Course in
entity Student

Missing relationship
between tables Course
and Student

Add foreign key
course_id to table
Student and add
relationship to table
Courst

VI. CONCLUSION
In this paper, an algorithm to testing databasexqusi

conceptual model created on the basis of the rewnaints for
lthe database of the IS and a conceptual model seceted

reconstructed from the implemented database, diffe&s t0 o the database implemented in IS was desigrieel part of

previous conceptual model are marked, relationshgigeen

the algorithm is a fuzzy expert system that all@sgposition

entities are generated from third step of the psepo f the appropriate data types, attributes, basethervague

procedure for the reconstruction of a conceptuadlehdrom
the implemented database:

descriptions of the form of data stored in theseibates.
Based on the outputs in the form of conceptual nsodes
possible to propose steps to optimize the dataliase is
implemented. This procedure can be used both &inte of
existing 1S, and in teaching exercises in subjéatetational
database for easy verification of the correct labgstructure of
the database.
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