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A New Approach for Bidirectional Model Transformation
Based on the Epsilon Framework and Traceability Techniques
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Abstract: Model-driven development is a new paradigm in software development in which the implementation code is
automatically\semi-automatically generated from the model, using a set of techniques named model transformations. All activities in
model-driven approaches are performed via the application of transformations. One of such activities is model-to-model
transformation, which defines an unidirectional relation between the source and target models in the simplest case studies. In this
case, the only possibility is to produce the target model from the source model. However, in general, the source and target models are
evolved independently. Therefore, a more advanced transformation called bidirectional transformation (Bx) is required to restore
consistency. Bx approaches have several challanges such as ambiguities in transformation language, special notation, and expensive
formalization. In order to cope with such challenges, in this paper, a new Bx approach is proposed based on the Epsilon model-driven
framework and traceability techniques. In this approach, the relation between the source and target models is formalized, and then is
implemented on a well-known benchmark. The proposed Bx approach is compared with three bidirectional approaches based on ten
criteria. The result of comparison demonstrates the superiority of the proposed approach in terms of portability, preservation,
reconciliation, and operation support.

Keywords: Model-driven development, bidirectional transformation (Bx), traceability, Epsilon framework.
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source trace target
f1: Family t1: OneToMany
& lastName = “Smith” fl | Smith | FamilyPerson | pl |p2 | p3 pl: Male
fullName = “Tom Smith”
. t2: OneToOne
father ml: Member -
2: Female
firstN = “Tom” ml | Tom | MemberPerson | pl R
irsttame om | | | fullName = “Sue Smith”
m2: Member t3: OneToOne
mother *
4 firstName= “Sue” m2 I Sue | MemberPerson | p2 p3: Male
fullName = “Jim Smith”
sons ml: Member t4: OneToOne
firstName= “Jim” m3 | Jim | MemberPerson | p3

Families2Persons Sxo (sla Jowo 3 (gldigos :A JSCi

1 constraint PersonfirstNameModification

a2:{

s check: self.eqField = self.target.getfirstName ()

4 message: "Modification: The firstName of Person "+
self.eqField+" has been modified to "

[ +self.target.getfirstName ()

T fix

e

9 title:"Modify the firstName of Member "+self.eqField+" "+

10 self .source.getlastName ()+" to "+

1 self.target.getfirstName ()

12 do

13 {

i var member = Families!Member.all.select

15 (m| m.id() = self.source.id()).first;
16 member.firstName = self.target.getfirstName();

17 self.eqField = self.target.getfirstName();

18 }

19 ¥

20 }

Person s & 3l fullName Jgl (is jo i oS axad i Coud
Ll 00 05)5] Vo S8 50 Y candd izl 5l glaiges

;o (Person L, Member o Lo, s sles) oSy Lailg, (g5lws, 90
ol o 03ls ensgi oS b [A]
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Wiils golaws polie (pl S Sy90,0 () e ;o check Jilie
gac b ,Blie ¢ b ¢ 00,5 oo Jitie FiX Coond a0 7S olSST

D9 20 59,4 b b, W eqField lade (pizen

@ Javadoc € Declaration B Console | [ Validation 2 | Properties £ 7= 8

@ Modification: The firstName of Person John has been modified to Jonathan.|
‘ @ Moadify the firstName of Member John Smith to Jonathan

¥ o 05 axkid gl digas Ve S5
g 3l et S SolplEpls )0yt 4 Lo e pg >
b Gl waedl ol 50 () o 3 Y cdle) el Family
¢ o L bl (Person) elil s fullName pgo isw (o,5 500
0S5 aabd aigd oo )b abgrye (2L, Wigs eqField g atdly s
Vo jo ladoe i )55k (b3l 9 st (l oy 0 Lo

| O~XAT

1 constraint FamilyModification
2
3 check: self.eqField = self.source.lastName
+ message: "Modification: The lastName of Family "+self.eqField+
" has been modified to "+self.source.lastName
fix

6
L ¢

s title:"Modify all corresponding Persons with lastName "+
9 self.eqField+" to "+self.source.lastName

10 do

1 (

12 for(target in self.target)

13 {

1 var person = Persons!Person.all.select

15 (plp.id() = target.id()).first;
16 person.fullName = person.getfirstName ()+

17 ? ’+ self.source.lastName;

18 }

19 self.eqField = self.source.lastName;
20 }

7n }

2 }

Family ¢ & lastName ;o puds oS axad ;¥ Cowd

oold Lilad VY S 0 ¥ cnnd oS ashad gl 2 5l slaiges

RO PR

onstraint MemberModification

1€

2

3 check: self.eqField = self.source.firstName

4 message: "Modification: The firstName of Member "+self.eqField
+" has been modified to "+ self.source.firstName

6 fix

7 {

5 title:"Modify the firstName of Person "+self.eqField+" "+

0 self.target.getlastName ()+" to "+self.source.firstName

10 do

n {

12 var person = Persons!Person.all.select

18 (pl p.id() = self.target.id()).first;

14 person.fullName = self.source.firstName + * ’

15 +person.getlastName ();

16 self.eqField = self.source.firstName;

7

s}

1}
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@ Javadoc [ Declaration B Console | |2 Validation & [ Properties 4 =8

@ Modification: The firstName of Member Tom has been modified to Thcmas}
| # Maodify the firstName of Person Tom Smith to Thomas
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1 constraint FemaleAddition
2 {

3 guard : self.isFemale()

4 check: self.hasEquivalentFemalePerson()

message :"Addition: Member "+self.getfullName()+

6 " has no equivalent Person"

7 fix

s

0 title:"Create an equivalent Female for "+self.getfullName ()
10 do

1 {

12 var female: new Persons!Female;

13 female.fullName = self.getfullName();
1" Persons!Female.all.add(female);

16 self.createMemberPersonTrace (female);
17 female.addToFamilyPersonTrace();

w 3
20 }

bl sLll olxs| g Member wyus g5 (ow )y o5 dxlad if Cowd

gac S gyl JBlas ool adlsl wyax edlgls e a5 Sl
S5 RURCD. JN W W Y. SV TIRU IV RP S PRV g
e bl oty a8lal )5 Lawgs Towe Jawe ,o Family

doae el il o bgs e (0,5 adlal Gllae 31 Ko CJl>
SO ST aS 058 o (o lal >l jo il o daie Jos o
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aS dxdad () Jgaz 5IVY ) 09l adlsl oolgils Q] Wbl 3429
el 03] Y Cnd 53 yal ool G2l g o 4 by e

J¥e b s as sbles wolgls slacl o S aslsl gl -
29l 1zl (A cenrd) MemberAddition a8 ol s oo V S

1 context Persons!Person

8 4

3 guard: self.isNew()

4 constraint FamilyAddition {

5 check {

6 if (not self.hasEquivalentFamily()) return false;
7 else {

8 self .satisfies ("MemberAddition");

9 return true;

10 3}

1 message: "Addition: New Person "+self.fullName +
12 " has no equivalent families"

13 fix{

14 title:"Create new family for "+self.fullName+
15 " if has not been created in before fixes"
16 do{

17 if (not self.hasEquivalentFamily ()){

18 var collection = self.getNewlastNames();
19 for(name in collection){

20 var family new Families!Family;

21 family.lastName = name;

2 Families!Family.all.add(family);

23 var trace new EVLTrace!OneToMany;
24 trace.name = name;

25 trace.category = "FamilyPersonTrace";
26 trace.eqField = name;

27 trace.source = family;

28 EVLTrace!OneToMany.all.add(trace);

20 }}

30 self.satisfies ("MemberAddition");

31 }33}}

i..\.,a Jowo j0 Wwus 00lgils ol a by o oS axkad Y Candd
4SS yoblen toul o s aibg Female g4 ol,m A o]
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@ Javadoc [ Declaration & Console | M validation % | Properties £ 7= 8
@ Modification: The lastName of Family Smith has been modified to Smiths!
[ Modify the lastName of all corresponding Persons with lastName Smith to Smiths |

Y Comad &S dxhad ol >l digod 1Y) IS0
e o S fullName pgo ise 10 s 4 by cll> o 5]
o=l e () Jeaz 51 Y ) cl wais Jow ;o Person g 5l
Jaw Jue 3l jblos colgils Solgils el osb EVL+race «oJl>
eqField ¢ o—aio Joas ;o colgils ol 8l as fullName pgo sy
e ol glwooly F ot oS axdad wiS g, as ],y oo, wig

.JJEQLSA g)LiJ L
1 constraint PersonlastNameModification
2 {
3 check: self.target.select(pl
‘ not (p.getlastName()= self.eqField)).size()=0
message: "Modification: One of the Persons with lastName "+
6 self.eqField+ " has been modified"
7 fix
s 1
9 title: "Modify the lastName of Family "+self.eqField+
10 " and all corresponding Persons"
1 do
12 {
13 var target = self.target.select(pl
14 not (p.getlastName()= self.eqField)).first;
15 var family = Families!Family.all.select(fl
16 f.id() = self.source.id()).first;
17 family.lastName = target.getlastName();
18 for (target2 in self.target)
19
20 var person = Persons!Person.all.select(pl
N p-id() = target2.id()).first;
2 person.fullName = person.getfirstName ()+
23 ’ '+ target.getlastName();
u }
25 self.eqField = target.getlastName();
26 }
w )}
2 }

Person s & 3l fullName pgo (gidty 30 yuudi oS dxlad :f Cancd
ol 0als oole HLaS VY S 0 b cined oS dahad (gl ] diges

@ Javadoc [€ Declaration B Console | R Validation 52 | [ Properties &7 =0

\0 iModification: One of the Persons with lastName Smith has been modmed!
‘ @ Modify the lastName of Family Smith and all corresponding Persons |

F Camd 05 azkad gl ol digod Y S

OOy adlol -Y-Y-¥

WS ddlol eolgils G 1) Member goi 5l ayos ¢ 5 S IS 3
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U g gy p al ol 8,55 18 elr )l 0)50 (b, slavisy
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Ao o las |y

t operation Families!Member isNew () Boolean

2
3 var seq = EVLTrace!OneToOne.all.select(t]

1 t.source.isKindOf (Families!Member));

5 for (s in seq)

6 if (s.source.id ()= self.id()) return false;
T return true;

8
9

}

Member &g gl isNew() sl bgs po oS dakad :0 Cond
Sl FEMale Coiz 4 bgy o £ o 05 azhad a5 0SS 4> g5
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xt Persons!Female{
guard: self.isNew()
3 @lazy
' constraint MemberAddition{
self.hasEquivalentMember ()
ge: "Addition: A new Female "+self.fullName+
" has been added"
fix{
title:"Add a corresponding Member for "+ self.fullName+

10 " as Mother"
1 do{
12 var family =self.getEquivalentFamily ();
13 if (family.mother.isUndefined ()){

1 con

1" var member: new Families!Member;
15 member.familyMother = family;
16 member.firstName = self.getfirstName();

17 Families!Member.all.add (member);
! member . createMemberPersonTrace (self);
19 self.addToFamilyPersonTrace ();}
! else{
2n System.user.inform("Cannot add because the family "
+self.getlastName ()+" has another mother");
23 delete self;}
2 1}
5 fix{
title:"Add a corresponding Member for "+ self.fullName+
" as Daughter"
do{
20 var family =self.getEquivalentFamily();
30 var member: new Families!Member;
3 member . familyDaughter = family;
32 member .firstName = self.getfirstName();
33 Families!Member.all.add (member);
71 member .createMemberPersonTrace(self);
35 self.addToFamilyPersonTrace();
6 1313}
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