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Abstract - Nowadays the generation of the reliable and verified database model is considered a challenge
in the software engineering field, so Using the formal method " Event-B" as a validation tool for the
database becomes an effective and objective concept to evaluate any database model. Event-B isaformal
method which the usage of for modeling and verifying the softwar e program construction. The functional
properties of the Database require particular descriptionsand also, the valid operations of many essential
databases are established. Therefore, a verifiable database design system is incredibly desirable. This
research pursuit to present database in the formal method and acquire demonstrated and automatic
Event-B code that guided by the Student enrolment case study, using the validation in UML-B and
verification approach with the RODIN platform tool. UML-B is a graphical plug-in of the RODIN
framework and the Event-B formal method language helpsthe modeler in modeling and Validation of the
generated database model.
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1. Introduction

Database frameworks hold huge resources whereupon basic choices depend. These resources and choices can be
a piece of wellbeing or business basic spaces like wellbeing and patient frameworks or endeavor smart
frameworks. This accentuates the way that database frameworks are a significant field in software engineering
[1] and along these lines require an evident and thorough structure and execution.

This research attempts to address the topic of how to validate structure databases so the database will be valid by
construction. To address this, we propose an approach for a model-based database plan in the formal method
utilizing UML-like documentation that supports the design and validation of framework models. We use Event-
B which is a formal method for thorough particular and check of computerized frameworks [2]. It has been
upheld in an open instrument stage called Rodin [3]. We model our framework utilizing UML-like
documentation in the Rodin apparatus called UML-B [4] which supports demonstrating in class outlines and
state machine charts. The UML-B instrument makes an interpretation of UML-B models to Event-B models and
the Rodin device is utilized to confirm their consistency. As class charts are normally used to demonstrate
database frameworks, utilizing UML-B class outlines will be clearer for database creators than displaying
databases straightforwardly in Event-B. This paper is organized as pursues: In Section 2, we give foundation
about the themes that are connected to this research "main concepts". Section 3 portrays how to model and
validate the database through Event-B. In Section 4, we plot the most related work. Finally, the Conclusion is
presented and displayed in Section 5.
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2. Main Concepts
2.1. Event-B Modeling language

Event-B is one of the formal methods used for modeling and verification methods. Event-B model has two
structures: First; the static part "context" that defines the "types", "constants" and "axioms"; Second; the
dynamic part "machine" with "variables", "invariants" and "events" occur before the event execution. Event
results "actions" change the variable state. Every event that constructs the "machine" must preserve all defined
of its "invariant". Event-B refinement makes a modeler to gradually build the model with among abstract levels
(2].

The refinement technique is the main concept in the Event-B which enables a modeler to gradually build the
system so it becomes more precise and closer to reality [5].

To apply the Event-B refinement to a "context" in Event-B can be achieved using new sets, constants, and
axioms adding. To apply the Event-B refinement to a "machine" may include adding new "variables", invariants
and new "events" or refining existing events [2].

Compared to different formal methods Like VDM [6], Z [7] and B method [8], Event-B consider more flexible
modeling language with validation that is executed by proof Obligation. This feature is important in our research
as verified databases containing many valid operations and associations.

22.UML-B

UML-B is a graphical framework for the Event-B formal modeling language that is based on UML diagrams
"Unified Modeling Language" [4]. The model is converted or translated into Event-B for automatic Event-B
code also considers as a verification method. UML-B supports modeling with "class diagrams" which are used
to describe the data structure and the behavioral part of the database [4].

UML-B enables the modeler to design one of three different types when adding an event to a class. These kinds
are "normal", "constructor" or "destructor" events.

UML-B class diagram also must be refined by adding new "attributes" or new "associations". [9].
3. Modeling and Validation database through Event-B

This section presents how to establish a database model in UML-B. We will use an example for the student
enrolment database. Modeling databases gradually are building by abstraction and refinement in Event-B and
UML-B. This method assists the modeler to decrease the complexity of a model. Since the Event-B proofs are
automatically generated when using refinement in Event-B, the modeler can make sure that the database is valid
by construction.

3.1. UML-B Class Validation

Assume we have two classes in the Student database enrolment system called X and Y with no attributes
definition. In UML-B we create them also with AddY,RemoveY and UpdateR events for Y class; AddX and
RemoveX events for X class as shown below.

0 X oY
Events Events
% AddX % Addy
% RemoveX #* RemoveY
# UpdateR

Fig. 1. Example of UML-B class diagram (Abstract model)

In this phase, we apply the automatic generation of UML-B to the Event-B model but we get the following
result as shown in figure?2.

UML-B model failed validation tests and was not translated to Event-B

UMLBAttribute Attribute2 : The required feature 'typeProvider’ must be set
UMLBAttribute Attribute2 : The required feature 'type’ must be set
UMLBAttribute Attribute3 : The required feature 'typeProvider' must be set
UMLBAttribute Attribute3 : The required feature 'type’ must be set
UMLBAttribute Attributel : The required feature "typeProvider’ must be set
UMLBAttribute Attributel : The required feature 'type’ must be set

Fig. 2. UML-B Validation
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Attributel, Attribute2, and Attribute3 need a type declaration like in database application creation. So, we
solved this issue then try again to translate UML-B to Event-B.

After assigning the attributes to classes the translation from UML-B to Event-B will success then we get the
following Event-B model or code.

MACHINE
ml
SEES

m1l implicitContext

VARIABLES

Y /I classinstances
X /I classinstances

INVARIANTS
Y.type :
X.type :

EVENTS

Y € (1 (Y_SET)
X € [1 (X_SET)

INITIALISATION 2

STATUS
ordinary
BEGIN
Y .init
X.init :
END
AddX =2
STATUS
ordinary
ANY
self
WHERE

self.type :

THEN
skip
END
RemoveX
STATUS
ordinary
ANY
self
WHERE

self.type :

THEN
skip
END
Addy =2
STATUS
ordinary
ANY
self
WHERE

cY:=0

X::@

/I contextual instance of class'Y

self eY

1>

/I contextual instance of class'Y

self eY

/I contextual instance of class X
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self.type
THEN
skip
END
RemoveY
STATUS
ordinary
ANY
self
WHERE
self.type
THEN
skip
END
UpdateR
STATUS
ordinary
ANY
self
WHERE

self.type

THEN
skip

END

END

1>

>

I

Enas E. El-Sharawy et al. / Indian Journal of Computer Science and Engineering (IJCSE)

self € X

contextual instance of class X

self € X

contextual instance of class X

self € X

3.2. UML-B Class Association Validation

In this step, we create a general class in our example with two subclasses staff and students. After we design the
classes we add the class association between classes. When we save our design in UML-B so the UML-B
validation for our design will produce if the design is correct or not. Figure 3 shows that something is not
correct. All red font in the classes points to UML-B validation.

© Person
Attributes
Events
Invariants
o Student
o Staff
Attributes
Attributes
o 2
© SFName St-Name
Events Events
# addStaff # addstudent

# removeStaff
# updateWork

Invariants

# removeStudent
# update Enrollment

Invariants

Fig. 3. UML Validation for classes association
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UML-B properties window indicates the validation according to class "Staff" with attribute "SFName" as shown
in figure 4.

Class : Staff

Overview Name Type Initialvalue Comment

obutes SENae ] [engll T el el
Events

Fig. 4. Class "Staff" attributes validation

UML-B properties window indicates the validation according to class Staff with attribute "STName" as shown
in figure 5.

Class: Student

Overview | Name Type Initialvalue Comment
[ | P T [ | S
Events i

Fig. 5. Class "Student" attributes validation
3.3. Automatic generation from UML-B to Event-B

In this phase, we apply Event-B validation when UML-B translation. Figure 6 shows that attribute 1, attribute2,
St-Name, and SFName have required feature "type provider" and "type" must be set. When this window appear
that mean the UML-B translation failed and some manual editing is required.

[ K Warning @‘

UML-B model failed validation tests and was not translated to Event-B

2N
UMLBAttribute Attributel : The required feature 'typeProvider' must be set
UMLBAttribute Attributel : The required feature 'type' must be set
UMLBAttribute St-Name : The required feature 'typeProvider' must be set
UMLBAttribute St-Name : The required feature 'type’ must be set
UMLBAttribute SFName : The required feature 'typeProvider' must be set
UMLBAttribute SFName : The required feature 'type' must be set

————————

Fig. 6. Event-B validation

After the Event-B validation detection is done; we correct the required types to attributes. Now the translation of
UML-B class to Event-B model success as shown in the following code:

MACHINE
Machinel
SEES
Machinel_implicitContext
VARIABLES
Person /I classinstances
Student /I classinstances
Staff /I classinstances
St-Name /I attribute of Sudent
SFName /I attribute of Staff
INVARIANTS
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Person.type :
Student.type :

Staff.type :

St-Name.type :

SFName.type
Invariant|
Invariant3
Invariant2
EVENTS

INITIALISATION 2

STATUS
ordinary
BEGIN

Person.init

Staff.init :

St-Name.init :
SFName.init :

END
Eventl 2
STATUS
ordinary
ANY

Enas E. El-Sharawy et al. / Indian Journal of Computer Science and Engineering (IJCSE)

Person € [] (Person_SET)
Student € [J (Person)
Staff € [ (Person)
St—Name € Student — Person
SFName € Staff — Person
T
-

. Person:=0
Student.init :

Student := @
Staff :== @
St—Name := @
SFName := 0

self /I contextual instance of class Person

WHERE
self.type :
THEN
skip
END
addstudent
STATUS
ordinary
ANY

self € Person

self /I contextual instance of class Sudent

WHERE
self.type :
THEN
skip
END

removeStudent

STATUS
ordinary
ANY

self € Student

A

self /I contextual instance of class Sudent

WHERE
self.type :
THEN

self € Student
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skip
END
update Enrollment 2
STATUS
ordinary
ANY
self /I contextual instance of class Student
WHERE
self.type : self € Student
THEN
skip
END
addstaff 2
STATUS
ordinary
ANY
self /I contextual instance of class Saff
WHERE
self.type : self € Staft
THEN
skip
END
removeStaff
STATUS
ordinary
ANY

1>

self /I contextual instance of class Saff
WHERE
self.type : self € Staft
THEN
skip
END
updateWork
STATUS
ordinary
ANY

1>

self /I contextual instance of class Saff
WHERE
self.type : self € Staft
THEN
skip
END
END
3.4. Event-B Validation " Proof Obligations:

After all the previous steps of validation beginning from UML-B validation to Event-B validation through
translation from UML-B to Event-B model, we get Event-B model that verified by the asset of proof obligation
as shown in figure 7.
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Machinel_implicitContext

Machinel

@ Proof Obligations
£3" INITIALISATION/SFName.type/INV
437 INITIALISATION/Staff type/INV
43" INITIALISATION/Student.type/INV

% Events

<~ Invariants

© Variables

Fig. 7. Proof Obligation for generated Event-B model

3.5 Summary of approach
Thefollowing diagram that called figure 8 present the phases of our approach.

By using our approach to model a database in Event-B Also, this approach can help the modelers to model
verified and a complex system using UML_B. The approach can be summarized in the following steps shown in
figure8 :

Fig. 8. Our approach gradually phases

Modeling UML-B class.

UML-B validation.

Converting UML-B to Event-B model.
Event-B Validation.

4, Related Work

Schlatter and Aicherig introduce a database development of an industrial project using VDM-SL that considers
one of the formal methods [10].

Enas and et al. [11] studied nine UML class diagrams, which they uploaded as UML templates to be used as
patterns then detect an anti-pattern get an important result UML-B consider as anti-pattern detection and
validation tool.

The authors in [12] and [13] formalize relational databases in "Z" specifications; Z also considers as one
popular language of formal methods.
In [12] Barros introduce a different student database functions as well as "transactions", "sorting",

"aggregations" and other different database elements. There is no tool provided in which modelers can use to
automatically generate a database for the formal methods tools.

In [14] Davies et al. present how to formalize a database using UML and OCL "Object Constraint Language"
[15] using the notation called Booster [16].

Mammar and Laleau in [17] have also shown the database by the formal method using UML graphic notation.
Their research helps modelers in designing databases using a UML diagram and then translates that model to a
B specification and on to Java and SQL code.
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Wang and Wabhls in [18] developed a new plug-in in the framework called Rodin that can generate Java and
JDBC code to build database and design database queries.

None of these related works can give a strong assurance for modeling and validating database in the formal
methods so we can get database model correct and valid by construction. Moreover, they do not cover the
validation of the UML-B or Event-B model. The approach of modeling and validation database by formal
methods modeling steps is an important contribution of this work.

Modeling in Event-B is dependent on layered refinement and mathematical proof as stated in [19] and [2], our
contribution in this research is modeling and validating database through multiple phases beginning by UML-B
class diagram until to get Event-B model "code". We present different validation areas like UML-B validation,
Event-B generation, and Event-B validation.

5. Conclusion

Formal methods languages help the modeler for modeling database is a strong issue which has been considering
as validation by construction in software engineering. The related work to our research does not address how to
design the model in different validation phases with validation assurance where each phase the modeler presents
the specification of the database and methods for validation. Our research provides an approach for modeling
and validating the databases with different overviews through steps of our approach.
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