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Tracts

A Tract defines

a set of constraints on the source and target
metamodels,

a set of source-target constraints, and

a tract test suite (a collection of source models
satisfying the source constraints)
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Tracts

Principles
Reuse existing languages and techniques of MDE
Contract specification
Test model generation
Light-weight, black-box testing approach
Partial specification
Transformation language & implementation independent
Support for various transformation kinds
Model-to-model
Model-to-text
Text-to-model
Open design
Several testing scenarios
Integration with different transformation tools

On the Realization of TractsTool VOLT 2013 4



TractsTool’s Ecosystem

EMF (Eclipse Modeling Framework)
Metamodeling (Ecore-based) & modeling support

USE Tool (UML-based Specification Environment)
Analyzes model structure (with respect to its metamodel & OCL
constraints)

OCL (Object Constraint Language)
Allows to define model constraints

ASSL (A Snapshot Sequence Language)
Imperative programming language with features for randomly choosing
attribute values or association ends

Allows to automatically generate models
ASSL supports backtracking for finding models with particular properties

ATL (ATLAS Transformation Language)
Hybrid language to define model transformations
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Tracts for the Familiesz2Persons MT

Source Metamodel: Family
Target Metamodel: Person

FamilyMM Al
+famFather  Fatherhood +father
Family o1 ] Member
+lastName : String +firstName : String
+famMother  Motherhood +mother|  age : int meration
0..1 1 +gender : Gender enumeratio
- Gender
+famSon Sonhood +son female
01 0~ male
+famDaughter Daughterhood  , qaughter
0..1 0.*
PersonMM A
Parenthood
+parent|0..2
Person |, chilg
+name : String [,
+age : int
| husband wif I
Male |F1YsSba *WIC [ Female
0..1 0..1

On the Realization of TractsTool VOLT 2013 6



Example of Tract: “Members only”

Tract: Members only
Interested in families consisting only of members

Precondition FamilyMM Al
inv SCR_MembersOnIy: Family +famFather  Fatherhood +father Tombor
0..1 1
SrC_Member.aIIInstances -> forAll (m | +lastName : String +firstName : String
m.famFather->size() + +famMother Motherhood +mother|, age : int enumerationn
. 0..1 1 +gender : Gender
m.famMother->size() + Gender
m famSon->size() + +famSon Sonhoed +son ferrltale
- n male
m.famDaughter->size() = 0) 0.1 0
+famDaughter Daughterhood , qaughter
0..1 0.*
Test Source Model
MembersOnly A
m1 : Member m2 : Member m3 : Member m4 : Member
firstName = "Brigita” firstName = "Martin" firstName = "Carmen" firstName = "Antonio"
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Example of Tract: “Mother2Female”

Tract: Mother2Female — a female has to be created from
each mother

Constraint on the source-target relationship

iInv SRC_TRG_Mother2Female:
src_Family.allinstances -> forAll (fam|trg_Female.allInstances-> exists(m|

fam.mother.firstName.concat(' ’).concat(fam.lastName) = m.name))

FamilyMM al PersonMM A|
- +famFather  Fatherhood +fathefF Parenthood
Family 01 ] Member +parent|0..2
+lastName : String +firstName : String
+famMother  Motherhood +mother|,age : int , Person il
o «enumeration» - +child

0..1 1 |+gender : Gender Gender +name : String
+age : int

+famSon Sonhood +soh female

0.1 0 ] male ﬁ}'

. . I - |
+famDaughter Daughterhood  qaughter Male | -husband +Wif6 [Female
0.1 0.% | 0.1 0.1
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Internal Model Transformation Chain (M2M transformations)

Input Models
Intensional
72 ASSL program

Extensional
2 EMF models
7 Text artefacts

Transformation
Intensional
7 ATL transformation
Extensional

2 EMF models
7 Text artefacts
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EMF target model

' Generate inputA ‘ ( how is
— ASSL program | USE model A__transformation
Transform = from ASSL ‘ specified? s
source MM and code ’ _ SIS QTS
target MM — ATL transformation sfourceursnEotdel
from EMF to ¥ ‘ ronl'EMF e
USE \/ how is source
i st i’ ATL transformation 3 __,1{
.
ﬁerge éource ( how is .
MM and target _ 4 transformation Apply ATL
MM in the | EMF source model specified? Transformation
same USE file | - : /
EMF target model oo 43
I Fork or Join Node 3 <o
Fork: a flow is split in several flows T"“’“": :
.- Lo source mode! Transf:
Join: alldlnp:t ftl;::ws htavettf(? arr:.'e in from EMF to tarrga:t "(‘);:’!LI
order for the output flow to USE from EMF to
continue USE

<_> Decision or Merge Node
Decision: one flow as input and only
an output flow is chosen,
depending on the condition
Merge: several flows as input. As soon
as a flow arrives, the output
flow is launched

Action ‘
Node ‘

Merge source
model and
target model in
the same USE
file

Check Tracts L—:..@
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TractsTool
e N il r=pE—) i

[ M2M testing | T2Minjector |

Source metamodel (.ecore or URI) Result:
Target metamodel (.ecore or URI) —_ In put and Output
Metamodels
Tracts file —> OCL Constraints
ASSL or src model file (.xmi or .ecore) N
N

\ Input (or ASSL code) and
Signature of the invocation to ASSL file: OUtDUt (Or ATL tranS)

/7 Models

Temporal and
= o
auxiliary folder

ATL transfo (.atl) or trog model file {.xmi or .eoore}/

Temporal folder

Check |

http://atenea.lcc.uma.es/index.php/Main_Page/Resources/Tracts
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TractsTool

|£| TractsTool

=@ %

|"|

[ M2M testing | T2M injector |

Source metamodel (.ecore or URI)

Result:

CATractsTool_v5.0vorg tracts tool\F2P\WFamilies.ecore

Target metamodel (.ecore ar URI)

CATractsTool_vB.0vorg tracts tool\F2P\Persons. ecore

Tracts file

|t=Tool_vs.0arg tracts tool\F2P\FamiliesToPersons.ocl

ASSL or src model file (.xmi or .ecore)

CATractsTool_v5.0org.tracts toohF2PfamilyModel xmi

Signature of the invocation to ASSL file:

ATL transfo (.atl) or trg model file {.xmi or .ecore}

dsTool_va.0arg.tracts toollF2PWFamiliesToPersons. atl

Temporal folder

CATractsTool _vB.0org.tracts toollF2Ptemp

Check |

checking structure...

checking invariants...

checking invariant (1) “src_Family:SRC_TRG_FatherSonZMale’; OkK.

checking invariant (2) “src_Family:SRC_TRG_FemaleZMotherDaughter: Ok
checking invariant (3) “src_Family SRC_TRG_Member3ize_ECQ_Person3ize” OK.
checking invariant (4) “src_Family:SRC_TRG_MatherDaughter2Female’ QK.
checking invariant (5) “src_Family:SRC_TRG_MaotherDaughter2Femalez’ QK.
checking invariant (6) “trg_Male::3RC_TRG_MaleZFatherSon” FAILED.

-=false : Boolean

Instances of trg_Male violating the invariant:

-= Seti@Male_13,@Male_14 @Male_17 @Male_18 @Male_19} : Set(trg_Male)
checked 6 invariants in 0.030s, 1 failure.

http://atenea.lcc.uma.es/index.php/Main_Page/Resources/Tracts

On the Realization of TractsTool

VOLT 2013

11



TractsTool

|£| TractsTool

=@ %

|"|

[ M2M testing | T2M injector |

Source metamodel (.ecore or URI)

Result:

CATractsTool_v5.0vorg tracts tool\F2P\WFamilies.ecore

Target metamodel (.ecore ar URI)

CATractsTool_vB.0vorg tracts tool\F2P\Persons. ecore

Tracts file

|t=Tool_vs.0arg tracts tool\F2P\FamiliesToPersons.ocl

ASSL or src model file (.xmi or .ecore)

checking structure...
checking invariants...
checking invariant (1) “src_Family:SRC_TRG_FatherSon2iale” OK.
checking invariant (2) “src_Family:SRC_TRG_Female2MotherDaughter: OK.
checking invariant (3) "src_Family: 3RC_TRG_MemberSize_EC_PersonSize” OK.
checking invariant (4) "src_Family:3RC_TRG_MotherDaughter2Female” OK.
checking invariant (5) “src_Family:3RC_TRG_MotherDaughter2Female2: QK.
checking invariant (6) “trg_Male::3RC_TRG_MaleZFatherSon’ FAILED.
-=false : Boolean
|ﬁn5tances of trg_Male violating the invariant:

== Jeti@Male 13 @Male 14 @Male 17 @kale 18 @hale 19}

Set(trg_Male)

CATractsTool_v5.0org.tracts toohF2PfamilyModel xmi

Signature of the invocation to ASSL file:

ATL transfo (.atl) or trg model file {.xmi or .ecore}

dsTool_va.0arg.tracts toollF2PWFamiliesToPersons. atl

Temporal folder

CATractsTool _vB.0org.tracts toollF2Ptemp

Check |

checked 6 invariants in 0.030s, 1 failure.

http://atenea.lcc.uma.es/index.php/Main_Page/Resources/Tracts
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context trg_Male inv SRC_TRG_Male2FatherSon:
trg_Male.allinstances->forAll(m|src_Family.allinstances->exists(fam |
—— fam.father.firstName.concat(’-').concat(fam.lastName)=m.name

PaATYSL NS Enininemds) Cenr s Wl urly

CATractsTool_vB.0vorg tracts tool\F2P\Persons. ecore

Tracts file

|t=Tool_vs.0arg tracts tool\F2P\FamiliesToPersons.ocl

ASSL or src model file (.xmi or .ecore)

= or fam.sons->any(true).firstName.concat(‘-’).
| ¥ concat(fam.lastName)=m.name))

c« For all trg_Male, it has to exists (at least) a father or a son whose first name
~ concatenated with - and with his family name is like the name of the male

-=false : Boolean

Iﬁnstances of trg_Male violating the invariant:
== Jeti@Male 13 @Male 14 @Male 17 @kale 18 @hale 19}

CATractsTool_v5.0org.tracts toohF2PfamilyModel xmi

Signature of the invocation to ASSL file:

ATL transfo (.atl) or trg model file {.xmi or .ecore}

dsTool_va.0arg.tracts toollF2PWFamiliesToPersons. atl

Temporal folder

CATractsTool _vB.0org.tracts toollF2Ptemp

Check

checked 6 invariants in 0.030s, 1 failure.

actsTool

=

=

ZZ

checking invariant (2) “src_Family:SRONTRG_Female2MotherDaughter: OK.
checking invariant (3) “src_Family: 3RC_TRG_MemberSize_EC_PersonSize” OK.
checking invariant (4) “src_Family:SRC_T@RG_MotherDaughter2Female” OK.
checking invariant (5) “src_Family:2RC_TRG_MotherDaughter2Female2: QK.
checking invariant (6) “trg_Male::3RC_TRG_MaleZFatherSon’ FAILED.

Set(trg_Male)

-

http://atenea.lcc.uma.es/index.php/Main_Page/Resources/Tracts
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context trg_Male inv SRC_TRG_Male2FatherSon:
trg_Male.allinstances->forAll(m|src_Family.allinstances->exists(fam | a CtSTO O I
—— fam.father.firstName.concat(’-').concat(fam.lastName)=m.name x

i - = IE' X
=/ or fam.sons->any(true).firstName.concat(*-’).
| ¥ concat(fam.lastName)=m.name))

c« For all trg_Male, it has to exists (at least) a father or a son whose first name
~ concatenated with - and with his family name is like the name of the male

PaATYSL NS Enininemds) Cenr s Wl urly

checking invariant (2) “src_Family:SRONTRG_Female2MotherDaughter: OK.
CATractsTool_v5.0\org.tracts tool\F2P\Persons.ecore | |checking invariant (3) "src_Family:SRC_VRG_MemberSize_EQ_PersonSize OK.
checking invariant (4) “src_Family:SRC_T@RG_MotherDaughter2Female” OK.
Tracts file checking invariant (5) “src_Family:2RC_TRG_MotherDaughter2Female2: QK.
checking invariant (6) “trg_Male::3RC_TRG_MaleZFatherSon’ FAILED.

-=false : Boolean

I"Instances of trg_Male violating the invariant:
ASSL or src model file (.xmi or .ecore) -= Jeti@Male 13 @Male 14 @Male 17 @Male 18 @Male 191 Setitrg_Male)

Cd @ platform:/resource/Families2Persons/familyModelxmi ed G invariants in 0.030s, 1 failure.

|t=Tool_vs.0arg tracts tool\F2P\FamiliesToPersons.ocl

4 < Family Model
Si a4 < Family March
1 4 Member Jim -> father @I\/Iale_lS.fuIIName = "'Jim March'
4 Member Cindy : mother @Male_14.fullName := 'Peter Sailor*
4 Member Brandon -> SON e— 1~ 1
4 4 Member Brends -> daughter @Female_15.fullName := 'C|ndy Mar_ch'
e 4 4 Family Sailor @Female_16.fullName :='Jackie Sailor
4 Member Peter -> father @Male_17.fullName :='Brandon March'
o 4 MemberJackie -> mother @Male_18.fullName := 'David Sailor’
il 4 Member David -> sSoOn et . 1
+ Member Dylan - s0n @Male_19.fullName :="'Dylan Sailor

4 MemberKelly _> dauﬂhter

http://atenea.lcc.uma.es/index.php/Main_Page/Resources/Tracts
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Dealing with M2T and T2M Transformations

Testing problem is transformed to M2M testing problem
Text artefacts are represented as models
Then TractsTool can be simply reused

B Repository root H Entity
! g T /absoluteName : EString
= . - content
public class CalculateArrayAverageExample { 1 hame: EStrlng (} "
public static void main(String[] args) { N
/ldefine an array
int[] numbers = new int[{10,20,15,25,16,60,100}; O,, 1 Contain er
Jlcalculate sum of all array elements | nJ ect
intsum = 0; . * g F||e Q FOlder
Line 0.
for(inti=0; i < numbers.length ; i++) E - I - ) S .
sum = sum + numbersi]; I? text - EStnng i 7 extension : E trlng
Ilcalculate average value 77 Ines ? J/content : EStrlng
double average = sum / numbers.length;
} ]
! 1
= Derived attribute content
Ed selflines -> iterate(line, String ¢ = " | c.concat(line.text))
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Next steps

Generate ASSL code automatically
Metamodel Coverage/Transformation Coverage

Enhance output of TractsTool
Text report - diagnostic model

Allow transformation written in other languages to be
tested

On the Realization of TractsTool VOLT 2013 16



Thanks!

The Tracts Team:
Loli Burgueno, Lars Hamann, Martin Gogolla,
Antonio Vallecillo, Manuel Wimmer, and Javier Troya
Universidad de Malaga/Universitat Bremen/Technische Universitat Wien

The TractsTool:
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