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Background

— Model Driven Architecture
* An OMG Standard that helps in development of software

—Case Study systems by the use of models.
—Partial Automation ¢ diverts focus from programming-based solutions to design-
2 Conclusion based solutions in which models are used as the major

Conté

Model Transformation Languages

In MDA specifications are captured at PIM level and
implementation at PSM or Code level.

A number of non standard languages are used for writing the
transformations.

There is no standard language available so far for writing
model transformations.

development artifacts.

* In MDA, one model is transformed into another through a set
of rules called Model Transformations.

¢ PIM (Platform Independent Model)
* PSM (Platform Specific Model)

Conté

Model Transformations Testing
Model Transformations are an important artifact in MDA .

Like all impl tations, impl itation of model
transformations has to be tested for its conformance with the
specifications.

Testing transformations is important: Reusability

There is no testing technique available for Specification
based testing of Model Transformations.



Literature Survey of Model Transformation

Languages

— Evaluation Criteria for Analysis of Model
Transformation Languages

— Comparative Analysis of Model Transformation

Languages.

— Conclusion

Properties of a Model Transformation
Language

8 Formal Basis

*  Accepted Standard and Generalized

Y Query Properties

» Generate properties

= Obiject Oriented Features

7 Expressiveness

* Sequence Specification

Mode!
Transformation
Language Compulsary Characteristics of Model Transformation Language
Object.

Formal | Accepted | Query Generate | Oriented Sequence

Basis | Standard | Properties | Properties | features | Expressivty | Specification
ATL No No Yes Yes Yes No No
MOLA No No Yes No No No Yes
Kent No No Yes No No No No
MT language No No Yes No No No No
YALT No No Yes Yes Yes Yes Yes
UMLX Yes No Yes No Yes No Yes
reat Yes No Yes Yes. Yes No Yes
ocL No No Yes No Yes Yes Yes

Evaluation Criteria for Analysis of
Model Transformation Languages

® Executable Features

. Bidirectional Rules

. Support for Language Constructs

& Transformation Specification/Definition Language

$ OCL Dependability
H Tool Availability

Model Transformation

Optional Features.

Other Features.

Language
support for | Transformation Based
Executable | Bidirectional | Language | Specification/definition on Tools
Feature Rules Constructs | language L | Availability
Declarative & | Transformation  Definiton
ATL yes No imperative | language fos Partal
Transformation Specification
MOLA No No Declarative | Language No Partial
Transformation  Definiton
Kent No Yes Declarative | language Yes No
Transformation  Definiton
MT language Yes No Declarative | language No No
Declarative & | Transformation Specification
YALT No No imperative | language Yes. No
Transformation Specification
UMLX Yes. No Declarative | language No Yes.
Declarative & | Transformation  Definiton
Great Yes No imperative | language No Yes
Transformation Specification
ocL No Yes Declarative | language No




Conclusion of Survey of Model
Transformation Languages

The model transformation languages available so far have
no formal basis.

Most of the languages are not generic.

None of the language is standardized yet.

Most of the languages have no or very few available tools.

Evaluation of Object Z as model
Transformation language

Evaluating Object Z on Compulsory Characteristics of
Model Transformation Language

Formal Basis
Formal Languages have formalized basis.
Obiject Z, a formal language have formalized basis.

Accepted Standard

Z is an ISO standard language and Object Z is an extension
of Z

Used in a number of Industrial applications

Evaluation of Object Z as model
Transformation language

Obiject oriented features
Obiject Z is an extension of Z that supports object oriented features.

We can model classes, objects, operations using Object Z.

Expressivity
Obiject Z is expressive supports both Z and Object Z features.

It can be extended to add additional features, for example, RTOZ
incorporating real time features.

Bidirectional Rules

Obiject Z supports the bidirectional representation of Model
Transformations.

Formal Languages as Model
Transformation Language

— Formal Languages provide unambiguous representation of
Model Transformations.

— Formal representation of model transformation symbolize
that the system requirements are accurately specified.

— Model Transformations are reused so the clarity of their
representation is very important.

— We can analyze existing formal languages as model
transformation languages.

Evaluation of Object Z as model
Transformation language

* Query Properties

V has provision to express query section including context operators,
select operator and constraint operators

V' Concepts of object identity and pre conditions help specifying the
query properties.

¢ Generate Properties

V Object Z allows to represent generate section of model
transformations

V It is expressed in the form of post conditions

V Different operations such as create, delete, modify objects
can be expressed in Object Z.

Evaluation of Object Z as model
Transformation language

* Executable Features

V Obiject Z is a specification language

V It can be used to specify the executable features but is not an
executable language.

* Support for Language Constructs

V'  Supports both declarative and imperative constructs.

* Transformation Specification/Definition Language
V Object Z can be called as a transformation specification
Language



Evaluation of Object Z as model
Transformation language

* OCL Dependability
V No

* Tool Availability

V' Yes

Obiject Z Representation of Model
Transformation: Class Diagram to ER
Model Transformations

An Excerpt of ER
Meta Model

Named,

Evaluation of Object Z

Model Compulsory Characteristics of Model Transformation Optional
Transforma Language Features. Other Features
tion
supp
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Representation in [[ame -t

Obiject Z

SQLTable.

Named

Column : P SQLColumn
Phey : SQLEeyType
Fleys | [P SQLKeyTipe

- SQLType

SQLE eyType

name : Name
type : SQL Type
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 UMLioER
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A Comparative Analysis of Testing Techniques for Model

A Class Diagram to ER Model
Transformations

— AddAttributes
71 UMLClass
att? : UMLAttribute
thi? . ERTuble
thil : ERTable

eoll : ERColumn

= enflname = aft?amme . colltype = ati?.type A 11 = AddColtoTable b7, roll )
St = (St thi?) L thil

e.amne # 12 neme = St = St

att? & e attributes = St = St

ool & tabl?.colunns » att?-aome = col weme = St = St

— AddCol To Table.
t? 1 ERTuble
1111 ERTubie
eol? : ERColiwnn

ol? § t7.columns = (llname = (7.name ¢

eol? ¢ 7 columns = 1! = ¢7

Testing of Model Transformations

ame = thi7 name £ att? < o atiributes Jeol € tabl? eolumns o ait? name = col name

Test Data.
Transformed
Formalized | Standard | Testing Test Data 10 Test Testing | Negative | Tool | Case
Techniques |  Basis Basis strategy | Generation Models Criteria | Testing | Support | Study
UM Based
Coverage
Black criteria&
FlueryF BoxPariiion Meta-model
etal No Yes analysis Yes Yes coverage Yes No Yes
Black
BrotterE. et BoxPariiion
al No Yes analysis Yes Yes Notexplained |  Yes Yes Yes
Meta-model
Baudary Black Box. Coweragse
etal No No Testing Yes Yes criteria Yes No No
Setofnew
criteria
Kuster,JM Yes. No No No No defined. No No Yes
Kuster, JM,
and Razk, White Box No Meta-model
Yes No Testing No Cowrage No No No
Yes(some
Syntax criteria are.
Kuster,JM Yes No checking No No discussed) No No Yes
Represente
din
Yuehua Lin No No No framework No No No Paial | No
Maher Black Box. No

A Class Diagram to ER Model

Transformations
_ AddforeignKey
assoc? @ UME Assoeiation
fhey : ERkey Type
t3: ERTable
¥ Cd.Scecatt2a
Yel,c2 € Od.Scecl 2 2= clnome £ 2 name

SH1, 43 € St o ((tlname = assoc?.source A t2.name = assoc. target)
= fhey.name = 11 phey name 1 fley.type = t1.p
13 = Addfliey To Table(12, fhey) A S¢ = (5t — 12
S e St e thnmme =
242 € St e thname = assoct.tayet.name

ocl source. nmne

 Add{key ToTuble
17 : ERTuble
#1l 1 ERTubie
fhey? : ERKeyType
They? & 17 fheys =
(£1l.name = t7.name /
£10.phey = £7.columns /.
H11.fheys = 17, fheys U fley?)
They? € 47 fheys = (11 = 17

Evaluation Criteria for Analysis of Model
Transformations Testing Techniques

Formalized Basis

Standard Basis

Testing Strategy

Test Data Generation

Testing Criteria Used

Negative Testing

Test Data Transformed to Test Model
Case Study

Tool Support

Conclusion: Survey of Model
Transformations Testing Techniques

Lack of Formal Basis for Model Transformations
Lack of well formed Techniques for Testing of Model
Transformations

No Specification based testing technique available for Model
Transformations

Lack of Negative Testing
Lack of Automation for Testing of Model Transformations



Object Z Model

An Approach for Trnsiomatons
pecification Based Testing

. G i f Classification Tre
of Model Transformations

Conversion of Test data into Test Models

Specification Based Testing of Model
Transformations

= Inputs of Testing Approach

* Formalized Model Transformations
* Meta Model of source Model
* Meta Model of Target Model

Identification of input Test Conditions

— Input test conditions reflect test relevant aspects of the
system.

— Conditions are identified by traversing the tree from leaf
node to the root node.

— Conditions at each node are joined by an AND operator

— Combination of different conditions form a number of test
conditions.

inputTestModel

Tasks for the Approach of Specification
based Testing of Model Transformations

~ Generation of Classification Tree

Identification of Input Test Conditions

" Generation of Input Test Data

~ Conversion of Test Data into Models

Generation of Classification Tree

Identification of pre conditions based on variables being used
in them.

Generation of a separate tree for each operation in model
transformations specifications.

Both true and false predicates of variables are catered in the
classification tree.

Generation of Input Test Data

Test data is a set of values that satisfy input test conditions
Test data is generated using the test conditions and meta
model of source and target model.

Test conditions provide information regarding constraints on
the transformation.

The information of what should be the test data is obtained
from input test conditions.

Meta Models provide information regarding the type of test
data.

Random Test data generation technique is used.



Case Study

* Class Diagram to ER Model Transformations are

being used as example to apply the Specification
based testing Approach.

Test Data for Create Table
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7
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Test conditions for Add ColToTable

Test conditions generated from AddCol ToTable classification tree
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Formal Representation of Add Foreign Key
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Evaluation of the proposed Approach

Test
Data
Transfor
Standar Test Data| med to Negativ
Formalized | d Basis | Testing Generation | Test Testing e Tool Case
Basis Strategy Models | Criteria Testing | Support | Study
Yes. Black Box Yes Yes. Not Yes(Partial
Yes (Object-2) Testing Applicable | Yes ) Yes




Compoam for the Tool

Automation b
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Conclusion

— Formal languages can be used as model transformation
languages

— Obiject Z can be used as Model Transformation Languages
= An approach for specification based testing of Model
Transformations is proposed.

— Test data is extracted to be used for testing of Model
transformations.

— The approach is applied on a case study.

— Partial automation of the approach is presented.

Questions!!

Future Work

— More Formal Languages can be analyzed as Model
Transformation Languages.

— Mutation analysis can be performed for the approach.

— White Box testing techniques can be proposed for Model
Transformations.
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