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Evolution

Definition

= Evolution in the broader sense taken from
http://www.merriam-webster.com/dictionary/evolution
= A process of change in a certain direction

= A process of continuous change from a lower, simpler, or worse to a
higher, more complex, or better state

= Software Evolution

= The process of changing a software system from its creation until its
shutdown.
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Software Evolution aka Software Aging

Programs, like people, get old. We can’t prevent
aging, but we can understand its causes, take steps to
limits its effects, temporarily reverse some of the
damage it has caused, and prepare for the day when
the software is no longer viable. A sign that the
Software Engineering profession has matured will be
that we lose our preoccupation with the first release
and focus on the long term health of our products.
Researchers and practitioners must change their
perception of the problems of software development.
Only then will Software Engineering deserve to be
called Engineering.

David Lorge Parnas: Software aging. In Proc. of the International Conference on Software
Engineering (ICSE’94), pages 279-287. IEEE Computer Society Press, 1994.
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Software Evolution aka Software Maintenance

Specification
3%

Requirements Analysis

30, Design

5%

Implementation
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Modul Test
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Integration Test

0
Maintenance %

67%

Cost Distribution in the Software-Life-Cycle

Source: Principles of Software Engineering and
Design, Zelkovits, Shaw, Gannon 1979




Evolution

|s Software resistant to change? Of course, not!

Reasons for evolution
= Technology Switch
= Restructuring
= Bug Fixing
= Functionality Extension
=  Optimization

Bad news: A computer program that is used
will be modified, thus its entropy increases.

Silver Bullet?: Model-driven Software Engineering
= Platform independent models
= (Generate code automatically
= Are models resistant to change?




Everything changes...

Evolution in Model-driven Software Engineering

Requirements
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Evolution in Model-driven Software Engineering

Modeling Languages evolve too!

Requirements
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Modeling Language Evolution

Metamodels are the central artefacts!
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Co-Evolution

Consequence of Metamodel Evolution

= Term “Co-Evolution” borrowed from Biology

= Biological co-evolution is the change of a biological entity triggered by
the change of a related entity

= One-to-one Relationships: Predator/Prey, Host/Symbiont, Host/Parasite, ...

= Diffuse Relationships: An entity evolves in response to a number of other
entities, each of which is also evolving in response to a set of entities

= Co-Evolution in MDE

= Co-evolution is the change of a model triggered by the change of a
related model

= Current View

A
= Relationship: r(a,b)
"a—>a 1
- b b |r@.b)

A
= Challenge: Relationship Reconciliation

= Current research focus is on one-to-one relationships
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Metamodel Evolution

Mainly models, i.e., instances of metamodels, are currently co-evolved!
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Evolution in Model-driven Software Engineering

Platforms (Software and Hardware) evolve rapidly!

Requirements
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Platforms evolve rapidly!

Plaforms are represented by metamodels

Modeling | Target Metamodel e { Platform
Language tl e
"""""""""" MMa MMb
t, ... Forward Transformation



Metamodel/Transformation (Co-)Evolution

Platform evolution is reflected by target metamodel evolution

Platform
Evolution
Source Metamodel Target Metamodel
tl
MMa MMb VlO
t2
MMb’ v2.0
t3
v3.0
MMb*
BIG t, ... Forward Transformation i
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Metamodel/Transformation (Co-)Evolution

Transformation chains for tackling platform evolution

Platform
Evolution
Source Metamodel Target Metamodel
tl
MMa MMb VlO
t2
&
R
$ R MMb" v2.0
S
&
e t3
v3.0
MMb*
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Evolution in Model-driven Software Engineering

Is modeling a one woman-show?

Requirements
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Evolution in Model-driven Software Engineering

No, support for team-based development is needed!

Requirements

Metamodel
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Support for Team-based Development of Models is Needed!

= Recall some definitions of Software Engineering (SE)

= SE is defined as the multi-person construction of multi-version software
— David Lorge Parnas, 1975

= SE deals with the building of software systems that are so large or so complex that
they are built by teams of engineers
— Carlo Ghezzi, Mehdi Jazayeri, and Dino Mandrioli , 2002

= Assume we have four modelers (a, b, c, d)

@ Initial Model
AV ; /\ /\ ’
@ @ @ @ Revised Models

Consolidated Model

ml:=m,®&m,®m,®m,

pre := parallelindependent(Ay, A., Ay, A,) 188



Evolution Scenarios at a Glance

= Evolution
= a—>a
= Challenge: Realization & Understanding

= Co-Evolution

= Consistency Relationship: c(a, b)

" a—a

= b—>Db'|c(a,b)

= Challenge: Consistency Reconciliation

= Parallel Evolution
= a—>al,a— a2
= al®a2— a

= Challenge: Conflict Detection & Resolution

=7
==
=3)
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Versioning

= Software Configuration Management (SCM)
= Qriginated from aerospace industries in the 1950s
= |nitiated by issues coming from inadequately documented engineering changes
= Managing and controlling
= Corrections
= Extensions
= Adaptations
* Traceability throughout the system lifecycle
= Complex software systems pose similar challenges as other systems
- Configuration Management for software in late 1970s
- Software Configuration Management was born (with SCCS)

= Versioning

= “Maintaining a historical archive of a set of artifacts as they undergo
a series of changes”

» Fundamental building block of SCM

Estublier, J., Leblang, D., van der Hoek, A., Conradi, R., Clemm, G., Tichy, W., & Wiborg-Weber, D. (2005).
B,!ﬁ Impact of Software Engineering Research on the Practice of Software Configuration Management. ACM
] | g Re 21
X Transactions on Software Engineering and Methodology, 14(4), 383-430.




History of Versioning Systems

1972 1982 1990 1992 1994 1995 2000 2005 2010

discourage branching ...

—
everything is a branch ...

central to distributed ...

BIG . - el 2 |
K})’(\RX Based on http://codicesoftware.blogspot.com/2010/11/version-control-timeline.html



http://codicesoftware.blogspot.com/2010/11/version-control-timeline.html

Versioning Paradigms

= Pessimistic Versioning
= Central repository for storing shared artifacts
= No concurrent write access allowed (file locking)

= Optimistic Versioning
= Concurrent teamwork allowed

= Version Merging necessary

= Conflicts might occur when same unit of comparison is changed in different ways
-~ Update-update, Delete-update

= Conflicts have to be resolved manually

M 23 )



Model Versioning

Overview on Optimistic Model Versioning
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Model Versioning

Is getting more and more important

= Empirical study on versioning habits in practice
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Wieland, K., Fitzpatrick, G., Kappel, G., Seidl, M., and Wimmer, M. (2012). Towards an Understanding of
Requirements for Model Versioning Support. To appear in the International Journal of People-Oriented
Programming, IGI Global.




The Model Versioning Process Revised
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Why not SVN with Unix diff?

example_l.uml : example_2.uml - Meld

atei Be

ellungen Hilfe

L5 9 @ | & & | O

Neu Speichern  GiCEEERaEasEd EfiBIEn Runter Haoch SLOR

_lexample_1.uml : example_2.uml &

|IhumefpetrajBIGfamcr,Mlenftrunk}publlcatlunsflCSE_DSOgjslldesfexamp\e_1.uml ‘ ~ ‘ |Auswéh\en |

|IhumefpetrafEleamun’\menftrunkf'pub\|cat|unsj\CSE_DSOQ[sIldesfexamp\e_2.uml | ~ ‘ |Auswéh|en

<?xml version="1.0" encoding="LTF-8"?= ~
<uml:Package xmi:version="2.1" xmlns:xmi="http://schema.omg.org/spec/XMI/2.1" xmlns:uml="http:/ /www.e
<elementImport xmi:id="_IARSgDPNEdGaVP-WZS0hxw" >
<importedElement xmi:type="uml:PrimitiveType" href="pathmap://UM_LIBRARIES/UMLPrimitiveTypes.lik
=/elementImport=
<zelementImport xmi:id="_IAbqkDPNEdGaVP-WZS0hxw" =

<?xml version="1.0" encoding="LTF-8"?= ~
<uml:Package xmi:version="2.1" xmlns:xmi="http://schema.omg.org/spec/XMI/2.1" xmlns:uml="http:/ /www.e
<elementImport xmi:id="_IARSgDPNEdGaVP-WZS0hxw" =
<importedElement xmi:type="uml:PrimitiveType" href="pathmap://UML_LIBRARIES/UMLPrimitiveTypes.lik
=/elementImport=

<elementImport xmi:id="_IAbgkDPNEdGaVP-WZS0hxw" =

<1mportedElement xmi:type="uml:PrimitiveType" href="pathmap://UM__LIBRARIES/UMLPrimitiveTypes. L1k

=/elementImport>
<elementImport xmi:id="_IAbgkTPNEdGaVP-WZE0hxw" >

<importedElement xmi:type="uml:PrimitiveType" href="pathmap://UML_LIBRARIES/UMLPrimitiveTypes.lik
</elementImports>

<elementImport xmi:

<importedElement

1d="_1abgk jPNEdGaVP-WZB0hxw" =
xmi:type="uml:PrimitiveType" href="pathmap://UM__LIBRARIES/UMLPrimitiveTypes. ik

=1mportedElement xmi

=/elementImport>
<elementImport xmi
<importedElement
</elementImport>
<elementImport xmi

ttype="uml:PrimitiveType" href="pathmap://UML_LIBRARIES/UMLPrimi t1veTypes. L1k

11d="_IAbgkTPNEdGaVP-WZS0hxw" =
xmi:type="uml:PrimitiveType" href="pathmap://UML_LIBRARIES/UMLPrimitiveTypes. ik

:1d="_IabgkjPNEdGaVP-WZS0hxw" =

=/elementImport=
_ =packagedElement xmi:type="uml:Class" xmi:id="_TYELwDPNEdGaVP-WZ80hxw' name="PdfGenerator"=
<generalization xmi:id="__ OvUIDPPEdGSaVP-WZE80hxw" general="_Wx4awDPPEdSaVP- WZS0hxw" /=
<ownedOperation xmi:id="_sz08pDPQEd6aVP-WZB0hxw" name="output" redefinedOperation="_ePT1oDPPEdGa\
=/packagedElement=
__ =packagedElement xmi:type="uml:Class" xmi:id="_lela4DPNEdGaVP-WZS0hxw" name="XHTMLGenerator"s=
<generalization xmi:id="__ TeaIDPPEdGaVP-WZE80hxw" general="_Wx4awDPPEdEaVP- WZS0hxw" />

<ownedOperation xmi:ild="_30HQIDPQEdGaVP-WZ80hxw" name="output" redefinedOperation="_ePTloDPPEdGal
=/packagedElement>
<packagedElement xmi:type="uml:Class" xmi:id="_Wx4awDPPEdGaVP-WZ80hxw" name="Generator" i1sAbstract=
<ownedOperation xmi:id="_ePT1oDPPEdGaVP-WZB0hxw" name="output" isAbstract="true" /=
<ownedOperation xmi:ild="_1iABUMDPPEdSaVP-WZ80hxw" name="cleanup" visibility="protected" /=
=/packagedElement=
=/uml :Package=

<importedelement xmi:type="uml:PrimitiveType" href="pathmap://UML_LIBRARIES/UM_Primi tiveTypes.lik
=/elementImport=
<packagedElement xmi:type="uml:Class" xmi:1d="_TY&LwDPNEdGaVP-WZ80hxw" name="PdfGenerator" clientDe
<interfaceRealization xmi:id="_BRDLADPZEdSaVP-WZ80hxw" supplier="_rSgUQDPREdSaVP-WZ80hxw" client=
<ownedOperation xmi:id="_nMdBsDPNEdGaVP-WZ80hxw" name="output" redefinedOperation="_ug470DPREdGaL
<ownedOperation xmi:id="_pB3rMOPNEdEaVP-WZE80hxw" name="cleanup" visibility="private"/=
=/packagedElement=

4 <packagedElement xmi:type="uml:Class" xmi:id="_lel a4DPNEdGaVP-WZ80hxw" name="XHTM_Generator" client

<interfaceRealization xmi:id="_DPTncDPZEdGaVP-WZ80hxw" supplier="_rSgUQDPREdSaVRP-WZ80hxw" client=

<ownedOperation xmi:id="_1lel adTPNEdGaVP-WZB0hxw" name="output" redefinedOperation="_ug47C0PREdGa\

<ownedOperation xmi:id="_lela4]PNEd6aVP-WZEChxw" name="cleanup" visibility="private"/=
=/packagedElement=

€ <packagedElement xmi:type="uml:Interface" xmi:id="_rSgUQDPREdBaVP-WZ8Chxw" name="Generator"=

<ownedOperation xmi:id="_ug470DPREdGaVP-WZ80hxw" name="output"/=
=/packagedElement=
</uml:Package=

¢ I AAAAAASS— >

EIN : Zeile 17, Spalte ...

A

L e Zake 17 Spake - 4
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Design Dimensions of Versioning Systems

g = Graph-based Graph-based
-% % artifact representation artifact representation
- 2 :
c < State-based Operation-based
8 © delta identification delta identification
o O
Q
v Text-based Text-based
X o : : : :
- 0 artifact representation artifact representation
O «
S 2 State-based Operation-based
+ |E_§ delta identification delta identification
<

State-based Operation-based

Delta Identification

28



Text-based Merging

Example

uolrejussaaday paseq-1xa)L

Version 0 |

: class Human {
' string[1l..1] name

1

2

3: }

4: class Vehicle {
5: integer[0..1] carNo
6

D}
Grammar |
Class:= "'class" name=ID "{"

(references+=Reference)*
(attribute+=Attribute)*
B
Reference:= target=[Class] "["" lower=BOUND

' upper=BOUND "] name=ID;
Attribute:= type=ID "[" lower=BOUND

* upper=CARD "] name=ID;
terminal ID:= (Ffa".."z"|"A"_."Z"|"_")+;
terminal BOUND:= (("0".."99)Y|(C*™);

BIG

| Version 1
1: class Person {
2: string[1l..1] name
3: Vehicle[O0..*] owns
4: %}
5: class Vehicle {
6: integer[1l..1] carNo
7>}
| Version 2

1: class Human {

2: string[1l..1] name
3: }

4: class Car {

5: integer[0..1] regld
6: }

29



Text-based and State-based Merging

| \ersion 1

: class Person {
string[1l..1] name
Vehicle[0..*] owns

class Vehicle {
integer[1l..1] carNo
:}

~NOoO U~ WNE

Version 0 | /

: class Human {

. string[1l..1] name
D}

integer[0..1] carNo

1
2
3
4: class Vehicle {
5: -
6: 3 [ Version 2

1: class Human {
2: string[1l..1] name
3:
4: class Car {
5: integer[0..1] regld
6: }
I
1: class Person { | Version 3
2: string[1l..1] name
3: Vehicle[0..*] owns
4: }
5: class Car { a: integer[1..1] carNo
6: <<UP/UP>> b: integer[0..1] regld
7: } c: integer[1l..1] regld
|

BIG



Text-based and Operation-based Merging

| \ersion 1

class Person {
string[1l..1] name
Vehicle[0..*] owns

class Vehicle {
integer[1l..1] carNo
:}

~NOoO U~ WNE

Version 0 | /

: class Human {
: string[1l..1] name
D}

1
2
3
4: class Vehicle {
5-
6

: integer[0..1] carNo -
- [ Version 2

1: class Human {

2: string[1l..1] name

3:

4: class Car {

5: integer[0..1] regld

6: }

I
1: class Person { | Version 3 Rename-Op:
2: string[1..1] name change Class.name;
3: Car[0..*] owns date P tvi
4} update Property.type
5: class Car { a: integer[1..1] carNo pre@Class.name with
6: <<UP/UP>> b: integer[0..1] regld post@Class.name;
7: } c: integer[1l..1] regld
|

BIG
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Graph-based Merging

Example

| Version 1

uonejussaiday paseq-ydeao

name : Attribute

Person : Class |‘ ‘

name : Attribute

| Human : Class |¢—>type=str|ng

lower =1
upper=1

type = string
v lower =1
owns : Reference upper=1
lower =0
upper = carNo : Attribute

\4
Vehicle : Class  [*®

type = integer
lower =1
upper =1

carNo : Attribute

[ Vehicle : Class Jo—sy P = 17 #0°1

lower =0
upper=1

Legend

<NodeName> : <Type>

<attributeName> = <value>

—»Containment Edge
—>Edge

Human : Class |0—>

BIG

Car : Class |0—>

| \ersion 2
name : Attribute
type = string
lower =1
upper =1

regld : Attribute

type = integer
lower =0

upper=1

32



Graph-based and State-based Merging

Heuristic-based Matching

| Version 1
Person : Class |
p name : Attribute
type = string
Version 0| v lower = 1
name : Attribute owns : Reference upper = 1
; type = string lower =0
Human : Class |0—> _

[ Human : Class lower = 1 upper = carNo : Attribute

upper=1

type = integer

Vehi I" o |,_I—’Iower=1
Vehicle : Class _
carNo : Attribute upper =1

Vehicle : Class _Jo—»{YP® = INteger | Version 2

lower =0 -
upper = 1 name : Attribute
) type = string
| Human : Class |0—> lower = 1
upper =1
regld : Attribute
| Car : Class e——»i{type = integer
lower =0
upper=1
| | Version 3
Person : Class
name : Attribute <<DEL/UP>>
- carNo : Attribute
type = string :
A 4 lower =1 type = integer
owns : Reference upper = 1 lower =1
lower =0 upper =1
tppet =" regld : Attribute
B IG l Car : Class ——»1type = integer

lower =0
upper=1




Graph-based and State-based Merging

Match Model based on Heuristic (Name + Structure Equivalence)

P
-

-

“~~~.| Version1
4

-

name : Attribute

Person : Class |’_‘
*

\ 4

owns : Reference

type = string
lower =1
upper=1

lower =0
upper =*

Version 0/” | Vv

1

A"

name : Attribute <4 -~

carNo : Attribute

. ,>| Human : Class

\ 4
Vehicle : Class |‘_'_>

. type = string ~o
lower =1 -

type = integer
lower =1
upper =1

P carNo : Attribute

upper =1

-
-
-

[ vehicle : Class Jo—»y ¥ = I77¢0°"

lower =0 <1
upper =1

-

BIG

| Version 2

name : Attribute

~~
-
-~
-
-

>l

Human : Class

type = string
lower =1
upper =1

regld : Attribute

—>|

Car : Class

type = integer
lower =0
upper =1
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Graph-based and State-based Merging

Match Model + Diff Model

-

_ - ,
- e
- /7
_- - Vs
- - /
- /
-’ - /
P - /7
e II
// 1
/,/ l’
Version 0/” | Vv
N name : Attribute <
A\ B
type = string
L Human : Class |0—>
g >| —— lower =1
Pl upper = 1
v’ - carNo : Attribute
n =in r
| Vehicle : Class k—bge\zr . gege ]
N upper = 1

~~
-
-~
-
-~

e ———
- -
- -~

Person : Class

“=~~.| Version1
v

p

A\ 4

name : Attribute

owns : Reference

type = string
lower =1
upper=1

lower
upper

=0

=*

A 4

carNo : Attribute

Vehicle : Class

-

type = integer
lower =1
upper =1

-
-
-

-

| Version 2

~-)

name : Attribute

>l

Human : Class

—>

type = string
lower =1
upper =1

regld : Attribute

Car : Class

—>

type = integer
lower =0
upper =1

remove(Vehicle:Class, carNo:Attribute)

35



Graph-based and State-based Merging
ID-based Matching

(;P | | Version 1
Person : Class
b g ‘ @ name : Attribute
type = string
Version 0| v lower = 1
@ name : Attribute owns : Reference upper = 1
1 type = string lower =0 5
Q Humen : Class lower =1 upper =% Q 4) carNo : Attribute
upper =1 type = integer
<3P VehicI;" Class |,_I—’Iower =1
@ carNo : Attribute ' upper =1
@ Vehicle : Class k—»}é’s\fe::'“éeger @ | Version 2
_ £ name : Attribute
upper=1 1 .
Q Human : Class k—»:gs\fer_:sqmg
upper =1
@ regld : Attribute
@ Car : Class e——»i{type = integer
lower =0
upper=1
I

name : Attribute
type = string

lower =1

upper=1

1 | Version 3
Q Person : Class |‘_|—'®

\ 4
owns : Reference
lower =0

upper == @ regld : Attribute
B IG type = integer

3 Y lower =1
Car : Class

upper=1




State-based Merge Algorithm (agnostic of representation &
match and diff realization)

Design Decisions

= Matching (hasmatch)
= By Equivalence
= By ID
= By Heuristics
= Comparison (diff)
= Element granularity
= Feature granularity
= Consolidation (remove/add)

= Take element from
either V1 or V2

= Evolve original element (VO)
—> towards operation-based
merging

for each nO € VO
nl := match(nO in V1)
n2 = match(nO 1In V2)
it hasMatch(nO in V1) && hasMatch(nO in V2)
it diff(n0, nl) && not diff(n0, n2) -> use nl
not diff(n0, nl) && diff(n0, n2) -> use n2
diff(n0, nl) && diff(n0, n2)
-> raise update/update conflict
if not diff(n0, nl) && not diff(n0, n2) -> use nO
end 1f
1T hasMatch(nO 1n V1) && not hasMatch(nO in V2)
iIT diff(n0, nl) -> raise delete/update conflict
1T not diff(n0O, nl1) -> remove nO
end If
1T not hasMatch(nO in V1) && hasMatch(nO in V2)
it diff(n0, n2) -> raise delete/update conflict
1T not diff(n0, n2) -> remove nO
end 1f
iIT not hasMatch(nO 1n V1) && not hasMatch(nO in V2)
-> remove nO

if
it

end for

for each ml € V1 | not hasMatch(ml, VO)
-> add ml1 to merged version

for each m2 € V2 | not hasMatch(m2, VO)
-> add m2 to merged version
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Conflict Examples
Contradicting Change

Person
Person Person
| getName()




Conflict Examples

Equivalent Change

Person

Person

Employev




Conflict Examples

Equivalent Change

UML Metamodel V1

UML Metamodel V2

X

[}
2 SCl_ass
0..* name:Strin
= Class R ]
ac _ superClasses superClass | 1..1 1..* | subClasses
D name:String
=
01, 02 | ol.id = 02.id Generalization
0l € Class, 02 € Class | ol.name = 02.name
cl:Class cl:Class cl:Class cl.Class
/U-)\ name="Person” name="Person” name="Person” name="Person”
<
= gl:Generalization|| |g2:Generalization
ge]
O
= c2:Class c3:Class c2.Class c3.Class
name="Employee* name="Employee* name="Employee" € name="Employee*
Sally [Harry Sally[Harry
n Person Person
: T T
e
o | I
ge]
O
= i Employee/ Employee y




Conflict Examples

Syntactic Inconsistency

Car nas Engine

Car “ngine

Car o =1 Engine




Conflict Categorization

= What is the reason for a conflict?

= Contradicting operations
= One operation cannot be applied after the other

= The order in which the operations are applied
affect the merge result

—>Operation-based conflicts

—>The set of applied operations and a specification
of the characteristics of the operations is required,
but no language specific knowledge

* |nconsistent resulting state
= |nconsistent regarding abstract syntax rules
= |nconsistent regarding the semantics
—> State-based conflicts
— A merged state and consistency rules are required

/ Contradicting \

Operations

[ |
Parallel Non-

Dependence Commutativity

/\ 7\

Vrl r2 Vrl Vr2

N o

K \V/™ Vi <=V
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Conflict Categorization

Which information/knowledge is required for detection?

Generic information
on operations
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Contradicting Operations: Update/Update

Vo
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Equivalent Operations: Add/Add
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60
Language Knowledge Domain Knowledge
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Equivalent Operations: Delete/Delete
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Employee -
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Redundancy: Language Knowledge

Vo
o ¢ C — -
ontradictin Equivalent
Developer Manager =5 icting quiva o
2.9 Operations Operations -
©
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BIG 48 N

—



Redundancy: Language Knowledge

Vo
* 1 2 @ [ | Contradictin Equivalent
Employee Company =5 icting quiva o
2.2 Operations Operations =
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Redundancy: Domain Knowledge

Vo
2 @ [ | Contradicting Equivalent
Person s : : )
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Metamodel Violation

A ‘B
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1 . . .
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Operation Contract Violation

Researcher
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Common Knowledge Violation

Vo Shape
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User-defined Knowledge Violation
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Context of Model Versioning
Foundations of Model Versioning
Conflict Categorization
Adaptable Model Versioning

Future Challenges
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AMOR: Adaptable Model Versioning

Overview

= FFG FIT-IT Semantic Systems Project \ A M O R
= 2009 — 2011
Adaptable Model Versioning

= Collaborating parties

= Vienna University of Technology www.modelversioning.org
= Johannes Kepler University, Linz

= SparxSystems, the vendor of Enterprise Architect

ENTERPRISE
ARCHITECT

= Three resulting dissertations

= Petra Brosch, ,Conflict Resolution in Model VVersioning “, TU Wien, 2012.

= Philip Langer, ,Adaptable Model Versioning using Model Transformation
By Demonstration”, TU Wien, 2011.

= Konrad Wieland, ,Conflict-tolerant Model VVersioning“, TU Wien, 2011.
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http://www.big.tuwien.ac.at/teaching/theses/69
http://www.big.tuwien.ac.at/teaching/theses/70
http://www.big.tuwien.ac.at/teaching/theses/70
http://www.big.tuwien.ac.at/teaching/theses/75

Adaptable Model Versioning

Overview
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Adaptable Model Versioning

Versioning Process
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Adaptable Model Versioning

Versioning Process

\/

uolnnjosay

>

uol9918Q 191|juo)
paseg-alels

>

abla
1URI9|01-121|JU0D

>

uol9918Q 191Ju0)
paseg-uoneiado

\/

uono9l1aQ
uolyeladQ

>

VooVi2

DVO OVrZ Vr2

M
VooVl

V,, D
I’l VO.Vr].

8



Adaptable Model Versioning
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Adaptable Model Versioning

Versioning Process
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Adaptable Model Versioning
Versioning Process: Step by step
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Operation Detection

Two approaches for obtaining applied operations

sed

Operation
Detection
Conflict Detection
Conflict-tolerant
Merg

Operation-ba

State-based
Conflict Detection

Resolution

= Model Differencing

Comparison of states of an artifact

Match function to find correspondence of two elements in
compared artifacts necessary

Differences are converted in atomic operations
Editor and language independent
Composite operation detection difficult, but possible in many cases

= Operation Recording

Records operation sequences

Recording of atomic operations (add, update, delete)

Recording of composite operations possible if available in the editor
Cleansing to remove obsolete operations for more efficient merging
Strong editor dependence

65 |
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Operation Detection

Overview

Operation
Detection
Conflict Detection

Operation-bas

Conflict-tolerant

Merge

State-based

Conflict Detection
Resolution

= Two-phase process

= Phase 1: Matching for finding correspondences between objects
= Phase 2: Fine-grained comparison of corresponding objects
= Phase 3: Detection of composite operation applications

Phase 1 V, MVo‘Vri V,
\ J
!
Phase 2 DV0°Vr1
Phase 3 Dijz,vrl
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Operation Detection: Phase 1 — Matching
Goal

Operatiol
Detection
Conflict Detection
Conflict-tolerant
Merg
State-based
Conflict Detection
Resolution

Operation-bas

= Match function is needed
1. Universally Unique ID (UUID)
2. Heuristics to compute similarity measures based on features of objects

= Quality of operation detection depends on quality of the match

‘MatchModel
:Unmgﬂathﬁw atch
side=0riginal side=Revised
o
V, V,,
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Operation Detection: Phase 1 — Matching AVEREID ERE
88/58 (g% /58 / &
Metamodel and Example Model 88/ S [ 78
: Match Metamodel
= Correspondences are described r
by a match model (weaving model) MatchModel g3  Match S |
. . revised EObject
= Links corresponding elements — ' | 2l (from chore)
= Marks unmatched elements Side 7 _Unmatch e L
- Original side:Side
- Revised
- A
,' State Machine Model V, Y .', State Machine Model V, Lo
| 1
! 11 : 1
| 1 1
| 4 Active ) - ( Active ) L
| 11 1
| s ) I . o
: s T Heating j : : Heating : !
: : : switch switch P
' ( Idle x] X . Lo
I R Cooling I
: 1! Lo
: ( Cooling j g f ) : : . ) : i
: ! | I
\ .~ e U
A \ E
: - Unmatch | . Match || . Match || . Match || . Match || . Match | - Unmatch : .
I side = Original side = Revised I :
| A A I
| |
B/Ir : : MatchModel :
I I
[ I

Match Model
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side = Original

side = Revised

. . . cc '%g E g"g =
Operation Detection: Phase 1 — Matching AVEREID ERE
Metamodel and Example Model 88/ S [ 78

: Match Metamodel
= Correspondences are described r N
. * iginal
by a match model (weaving model) MatchModel |g 3  Match m—1
. Link di | revised EObject
Links corresponding elements ——— ' | 2| (rom Ecore)
= Marks unmatched elements Side - _Unmatch Objecfl
- Original side:Side
- Revised
. y,
———————————————————————— - o e — ——————————————— AI\

! State Machine Model V, v State Machine Model V, Lo
' 0 I r 1
| 1
: 4| . StateMachine I . StateMachine l— : '
| states - states Lo
states L
: : SingleState : CompositeS}age : : : SizﬁIeState slates : CompositeState o
: name = "Cooling" name = "Active" nglﬁe = "Cooling" Transiions /> name = "Active" : :
I target st ‘ﬂ,s e :: target A H,m | E
: : Transition . SingleState ; SilmﬁeState : : Transition ] Fransition target rosme] E
: name = "switch" H e:"Heéf{ng" = "ldle” I : name:"sw\m{h" ryéme = "switch" ———>| name = "Heating" : !
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\ ! S
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Operation Detection: Phase 2 — Comparison

sed

Operation
Detection
Conflict Detection
Conflict-tolerant
Merg

Operation-ba

State-based
Conflict Detection

Resolution

= Deleted and inserted objects are explicitly marked by match model

= But what is with structural feature changes?
= Fine-grained operation types depend on the metamodeling features

= E.g., Ecore offers ordered features, etc.
= Supported operations

Insert Object

Delete Object

Feature Update

Insert Feature Value

Delete Feature Value

Insert Ordered Feature Value
Delete Ordered Feature Value
Feature Order Change

Move

ENamedElement

name : String

ZF

EClass

type

1.1

0..*
H‘ EStructuralFeature

ordered : boolean
‘IowerBound s nt
upperBound : int

| EReference

EAttribute

\containment : booelan

type : EDataType
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Operation Detection: Phase 2 — Comparison T3 )55 )2f )i )3
83/58 €= /38 &
. e/ 6 nc
Difference Metamodel 83/ 6 [ 8
1 | EObject DifferenceModel u Change
chapged (from Ecore) EObject
Object 11 value (from Ecore)
N 1
FeatureChange L ,f EStructuralFeature [ 1__ ObjectChange .
Y A changed (from Ecore) containment object
1 target Feature Feature T
1 source
| | _ _
FeatureUpdate ValueOrderChange InsertObject DeleteObject
index : Elnteger
Move InsertFeatureValue || DeleteFeatureValue
self.changedFeature self.changedFeature self.changedFeature.upperBound > 1
.upperBound = 1 .upperBound > 1 and self.changedFeature.ordered = true
InsertOrderedFeatureValue | | DeleteOrderedFeatureValue
index : Elnteger index : EInteger
self.changedFeature.ordered = trueJ
J
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x \ H)‘( 71



Operation Detection: Phase 2 — Comparison

Difference Model Example

Operation
Detection
Conflict Detection

Operation-based

State-based
Resolution

Conflict Detection
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" 11
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|
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: I
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featureOperation source g featureOperation
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Operation Detection: Phase 3

Composite operation detection process

RIG

: o  Occurrence

Operation
Specifications

/ ®. [ Diff Model J \
! i Preprocessing : i [DerivePrecondition |

/ \ Binding
_Input Operation ! v
Signature S|gnature 5 | Precondition

[ Preselection J i [Evaluate Bmdng

[no diff match] \L[diff matches] | g”"a"d]

Potential

Operation !

Precondition
Blndmg

38\ £\ o8
§5\58\8,\28)\ §
§I)5c )if)ic )3
8§/ © 8
“«foreach» Dﬁ:ﬂ ) o
Derive Postcondition |
Binding P
Postcondition Do
Binding o
[ Evaluate Binding } P
[invalid] \L[valid] Lo
Operation P
Occurrence = |
Operation cop
Occurrence —
Voo Vii2
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Composite operation detection process 83/ 8 |78
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|
oeration Where do operation specifications come from?
Voo Vy1/2 Specifications
\lefMOdeif """ ] /I,’?{ﬂ)_r_e_a_éﬁ;>_[|ﬁ:|] """" /,xz{f'o}};;;c}};"ujﬁ]] """" “:
| [ Preprocessing Derive Precondition | : Derive Postcondition | |
Lo / \ ! i Binding . Binding Do
.1 Input Operation i v v L
}  Signature Signature 5 i Precondition ; ! Postcondition Do
E ; Cp— i Binding ; i Binding Lo
N | | y .
[ Preselection J [ Evaluate Bmdmg J [ Evaluate Binding }
[no diff match] \L[diff matches] - [tinvatia) [Va“d] [invalid] i["a“dl
L | ; Valid L] E—— L
A Potential : i Precondition = | | : 0 peration |
o Operation i Bmdmg i i ccurrence -
| o  Occurrence ; Pl
Operation cop
Occurrence —
: Voo V12
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Operation Specifications

How to specify operation specifications

Operation Specifications
= Define composite operations
Composite operations
= Set of cohesive atomic operations
= Applied in a transaction
= To fulfill a common goal
—> Common goal should be respected during merge
- Thus, they should be detected

Operation specifications are language-specific
= A plethora of modeling languages exists
= Each has its own composite operations
» [nfeasable for language engineers to pre-specify all of them
- Allow modelers themselves to specify them
Operation specifications are model transformations
= |n particular, endogeneous in-place transformations

BIG
A

=a)
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Operation Specifications

How to specify operation specifications

= Prerequisites for model transformation development
= Experience in model transformation languages

= Deep understanding of the involved metamodels
= Common modelers are only aware of the concrete syntax
= Model transformation languages are based on the abstract syntax

Professor|d examines  *| Student

’\

name examiner examinee | name

name:Property name:Property
— —
Professor:Class Student:Class
E examines:Assoc _|
AT examinee:Property J I— examiner:Property
Syntax . -




Model Transformation by Demonstration (MTBD)

= Goal of MTBD
= Easing the specification of model transformations
= Specification using the concrete syntax

—> Derive the general transformation automatically from
a demonstration of these changes applied to an example model

: Operation Specification h

1 1 ]

7\ N
Can also be used Can also be used for
as selectors. computing target values.




MTBD Example: Introduce Composite State

hang_up
lift -
H Idle DialTone
dial
hang_up -
= Dialing

dial

" N lift

Introduce Active

Change target of lift

Introduce new initial state

Introduce transition initial to DialTone
Change source of one hang_up transition
Remove all other hang_up transtitions
Move states into Active

/ Active \

E‘ DialTone
— dl

Dialing

hang_up

dial

- J




MTBD Process

Overview

Modeling

(]
vﬁreate initial mode%

Initial
model

Working
model

ﬁﬁopy initial modeﬂ—%

Revised

model Perform updatesT

Configuration & Generation

BIG

Z
.
.
.
/2

v

Conditions
[implied]

L

P Edit conditions 7

- State-based
Imply conditions :
comparison

)

v
Diff
model

C d\!/t' p v Operation
onditions =ratio
[revised] L Generate OSM $—> Spel\c/:zccjae?on
Legend Ee— !
#automaﬁc €tactoring Generate specific

e Wizard 7577 artifacts

@ manual
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MTBD Process

Step 1: Create Initial Model

BIG

Modeling

mn
‘—>ﬁreate initial modemé

Royjsed
‘el

Model elements, which are...

Configuration & Generation

Initial o Working
model Copy initial model model

Perform

updatesT

Required for execution

Handled differently

start

toFold

%[ IntoStart ] [ Justinto ]

Legend
# automatic

m
@ manual

[Tevioty]

|
_1

| Outside ', ot
>

toFold / CompositeState \
toFold
-
‘ .« OSM \ /
_ v
el |- Generate specific
leardr | artifacts

20t
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MTBD Process
Step 2: Copy Initial Model

‘—>ﬁreate initial mode]?%

Modeling

Initial
model

Working
model

%ﬁopy initial modeﬂ—é

Daviioaadl

Unique IDs preserve relationship

P &
flmply conditions

—F

State-based

)

Legend
# automatic

m
@ manual

BIG

c comparison

.0 ¢ !

S !

S Conditions \%

o [implied] Diff

8 ¢ model

o 2 !

S F Edit conditions 7 i

s v v Operati
eration

S Conditions ﬁ S epcification

D [revised] Generate OSM P

&= L Model

S

O

v

RefaFtoring i Generate specific
Wiza rql | artifacts

dates
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MTBD Process
Step 3: Perform updates

- - Initial 2 o Working
g Create initial modemé model Copy initial model model
E ,’, ‘\\
‘c \
§ Revised
-7 model Perform updatesT
) |
|
I lllustrate composite operation
-
2
.S
Outside
o Cu °C T start
c
U
O 4 CompositeState N
o
H
*s toFold 0 i
s S
> \_ Y, _. Specification
'.";\ Model
o
O |Legend \|/f
. neracioris « Generate specific
#automatlc - <-e-
o Wizard 7 T artifacts O
BIG @ manual
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MTBD Process
Step 4. State-based Comparison

BIG

Modeling

‘—>ﬁreate initial modemé

Initial
model

Working
Copy initial model model

Revised
model

Perform updatesT

Configuration & Generation

P &
flmply conditions

:'T"

Conditions
[implied]
F Edit conditions
Vv
Conditions
[revised]
Legend
# automatic
m
@ manual

State-based ﬂ
comparison

v
Diff
model

State-based Comparison

= |nputs: Initial and Revised Model
= No editor-specific change tracking
= Any editor applicable

wieaTa T artifacts )
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MTBD Process

Step 5: Imply Conditions

Modeling

‘—>ﬁreate initial mod

>

emél

Configuration & Generation

Z
.
.
.
/2

flmply conditions

v

Conditions
[implied]

v

' ]

P Edit conditions 7

v

Conditions
[revised]

Legend
# automatic

m
@ manual

Generic Condition Generation
= |nitial model - preconditions
= Revised model - postconditions
= Act as a basis for the next step

start toFold toFold
%[ IntoStart ] [ Justinto ]

= Qutside : SingleState O
* name = “Outside”
= incoming->includes(#{Transition_1})
» IntoStart : SingleState 1
= toFold : Transition_ 1
= event = “toFold”
» target = #{SingleState 0}
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MTBD Process

Step 5: Imply Conditions

Modeling

‘—>ﬁreate initial mod

>

emél

Configuration & Generation

Z
.
.
.
/2

flmply conditions

v

Conditions
[implied]

v

' ]

P Edit conditions 7

v

Conditions
[revised]

Legend
# automatic

m
@ manual

Generic Condition Generation
= |nitial model - preconditions
= Revised model - postconditions
= Act as a basis for the next step

%[ IntoStart ] [ Justinto ]

*IntoStart : SingleState 1
= toFold : Transition_ 1
= event = “toFold”
» target = #{SingleState 0O}
»Justinto : StingleState 2
» toFold : Transition 2
» levent = #{Transition 1}.name
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MTBD Process

Step 6: Edit Conditions

BIG

Modeling

‘—>ﬁreate initial modemé

Initial Working
model Copy initial model model

Revised
model
|

Perform updatesT

Configuration & Generation

Z
.
.
.
/2

e

Flmply conditions % Configuration

v

Conditions
[implied]

v

' |

F Edit conditions .
)

v

Conditions
[revised]

Legend
# automatic

m
@ manual

= Relax (deactivate conditions)

= Enforce (activate conditions)

= Modify (change conditions)

= Augment iterations and user inputs

Default configuration: Relaxing
= String features and
= Values which are empty and null

wieaTa T artifacts @
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MTBD Process
Step 7 and Step 8

‘—>ﬁreate initial mode%

Modeling

Initial
mode

Working
| Copy initial model model
Revised 2
model Perform updatesT

v

Conditions
[implied]

I

F Edit conditions 7

4 Pr N
. State-based
Imply conditions )
comparison

Configuration & Generation

Vv
Conditions
[revised]
Legend
# automatic
Blﬁ .‘ manual

)

v
Diff
model

Operation

Generate OSM . Specification
Model

RefaFtor|ng | Generate speC|f|c @
Wizard 7 artifacts
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MTBD: Tooling

= Eclipse Modeling Operations (EMO)
http://www.modelversioning.org/index.php?option=com content&view=arti

i Advanced Configuration

cle&id=68&Itemid=89

Diff Model &
Annotations

Differances
[rhe: differences between the orginal model and the revised model.

— & 2 changels) in Class2
B Superclass has been added to reference eSuperTypes  EClass in Class2
& superclass has been andad

Iterations
Define Merations here,

r Classes FOR_ALL Auid
Operation to be removed  FOR_SOME

T new-model-operation initial ecorediag & ! new-model-operation.revised ecorediag £ =0
4 i Palette
[N : El Superciass
& Objects & I
H Classl H Class2 L ["® operation)
® EPackage p———ic
O eClass I : r O EClass T L
# EDataType @ operation() @ operation() 8
@ EEnum * EEnUM B Classl | | H Class2 |
il PArmotation i EAnnotat | : i
% EQperation 4 '\_ & ECperation 4 >
o EAttribute w BAttribute
- EEnumLiteral = EEnumUiteral

& Details Entry

Initial Model

5 Detalls Entry

Revised Model

&0 &
= ERelerence = EReference
"% Inheritance %, Inheritance

= EANNotation link

Preconditions

User Inputs
Configure Wser inputs here if necessary.
: i . el
Name of Superciass  Superciass : ECIass  name
Defete
| General | Configuration
£} Model Bperations 12 x> v =o

& hetpiwww.eclipse.orgiemfrZ002Ecore
+ B Extract Class
— B2 Extract Supenciass
[ Package
= [ Main Class
[ Operation to be moved
T other Classes
[E0pemtion.to be removed

== EAnnotation link

Postconditions

L] Preconditions of Extract Superclass £ % M & =0 7 Postconditions of Extract Superclass 1 + % 4 =B
LD e . TS -3inEmgRyl) =
eAllContainments “=ISEMpL()

W eallDperations

eAllStructuralFeatures ~=isEm)
edllsuperTypes =isEm|
eiDAttribute = ndll
eAllGenerciuperTypes  ~>isEm|
= & EOperation_1 Operat
& name =#ig
ordered = true
unigue = frue
lowerBound =0
upperBaund =1
many = falsq
required = falsy
eType = null
W eContainingClass = #[E
eExceptions sk

=includesi 8 (ED

eAllConainments

~>isEmpty()
ies{# (EOperation_01)

Base Template Name: |Transitiun_2

ltion

Base Type:

| Transition -» NamedElement [state.Transition] | feration}name

self.name = #{Transition_1}.name|

Result:

‘ Cancel g]
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Operation-based Conflict Detection

Overview

Operation
%
Conflict-tolerant
State-based
Resolution

Conflict Detection

Operation-based

Step 1: Atomic operation conflict detection
= Does not regard composite operation

Step 2: Composite operation conflict detection
= Checks for violated preconditions of applied composite operations

= Input: Two difference models p* Dk
] VooVl Voo Vi
= Qutput: Conflict model .
CVl'VrZ
YoM 90 X



Atomic Operation-based Conflict Detection
Atomic Conflict Metamodel

ed

Merge
Resolution

State-bas
Conflict Detection

Operation
Detection
Operation-based
Conflict Detection
Conflict-tolerant

= Operation-based conflicts are described by a metamodel
= Each conflict type is represented by a dedicated metaclass
= Conflict patterns for detecting operation-based conflicts
= Each concrete conflict type has conflict patterns attached

*

ConflictModel - Conflict
conflicts A

DeleteUse UpdateUpdate DeleteUpdate

1 1

DeleteMove MoveMove

move| 2
move | 1

y

FeatureChange |<—

update |1

use 1

1 : 1.1
delete | DeleteObject | Jolete




Atomic Operation-based Conflict Detection
Conflict Pattern 1: Delete/Use Conflict

Operation

sed

Operation-based
Conflict Detection
Conflict-tolerant
Merge

State-ba
Conflict Detection
Resolution

Detection

= Delete/Use conflict occurs if
= Modeler A deletes object o
= Modeler B uses object o in a featureChange operation as value

Example
|
Pattern
do: DeleteObiject . 0: Object fc : FeatureChange
object_ value
RO




Atomic Operation-based Conflict Detection
Conflict Pattern 2: Delete/Update Conflict

Operation
Detection
Operation-based
Conflict Detection
Conflict-tolerant
Merge
State-based
Conflict Detection

Resolution

= Delete/Update conflict occurs if Example
= Modeler A deletes object o >1

= Modeler B updates a feature f of object o l \
[ G

Pattern

: - AR fc : FeatureChange
do: DeleteObject . 0: Object | changed
object | _ Object

There are several more patterns!

G. Taentzer, C. Ermel, P. Langer, M. Wimmer: Conflict Detection for Model Versioning Based on Graph
Modifications; in: “Software and Systems Modeling (SoSym)", Springer, to appear in 2012.

B!ﬁ P. Langer: Adaptable Model Versioning based on Model Transformation By Demonstration; 93
XK)XHX Reviewer: G. Kappel, J. Gray; E188 Institut fir Softwaretechnik und Interaktive Systeme, 2011.




: : : : 8888 [£= 58/ &
Composite Operation Conflict Detection 83/ 3 | 3

= For each composite operation application,
= check whether it is applicable at the opposite side

(o) 0]
______ o ! A
........... V.oV
0 rl N VO [ J Vr2
/.-” \\\ ‘
Vi | \\i Vi \ | ) Vi




Composite Operation Conflict Detection 83/ 3 | 3

= Example
vV, Introduce
. Composite
lift
| dle | State
DialTone
hangup
dial
hangup Dialing
Rename Vio
hangu _
gup [T lift
DialTone
abort dial
dial

Bfl&h? hangup Dialing



Composite Operation Conflict Detection

Operation
Detection
Operation-based
Conflict Detection
Conflict-tolerant
Merge
State-based
Conflict Detection
Resolution

= Example

cop
D
VO.Vrl
Original
match

SingleState_0

Idle

_—> lift

Transition_0

SingleState 1

Transition_1

SingleState 2

Transition_2

>

DialTone

__—>hangup

N\ S

Dialing

Transition_l_.name = Transition_2._name

7‘(&%‘1

=a)

Introduce
Composite
State

Rename

hangup

SingleState 0

Transition_0

SingleState 1

Transition_1

SingleState 2

Transition_2

Vr 1

hangup

Vr2

N\
/ Active \

DialTone

dial

S

N

_—>lift

L

s

_——>abort

hangup

dial

dial

A
Dialing

Precondition of
composite
operation is
violated!

8



Conflict-tolerant Merge

How to support developers when merging different versions?

Operation
Detection
Operation-based
Conflict Detection
Conflict-tolerant
Merge
State-based
Conflict Detection
Resolution

= Motivation

= Only one modeler is responsible for conflict resolution
- Final version does not reflect all intentions of the modelers
= Conflicts are considered harmful
- They should be subject of discussion

= Merging conflicts is rejecting one of the conflicting operations
- However, a merged model is helpful for deciding how to resolve conflicts

= Goal

= Conflict-tolerant model versioning system supporting a
collaborative conflict resolution process

= Challenge
= Merge is not possible in case of conflicts!
= How can a merge be accomplished in case of conflicts?
= How can the conflicts be visualized for any modeling language?

=a)

BIC

K 97 |



Conflict-tolerant Merge

Solution

Operation
Detection
Operation-based
Conflict Detection
Conflict-tolerant
Merge
State-based
Conflict Detection
Resolution

= General Approach

1. Conflict-tolerant merge rules
= To avoid conflict resolution during check-in
= To find a merge result irrespectively of conflicts

2. Conflict annotations
= To avoid information loss

= To enable distributing the responsibility of conflict resolution
= To provide a basis for discussion

3. Conflict resolution model
= To control the lifecycle of a conflict
= To manage conflicts and resolutions




Conflict-tolerant Merge Rules

Prioritize one change or omit both changes

==

oo

t

Conflict-toleran

State-based
Conflict Detection

solution

= To enable a merge irrespectively of conflicts

= Omit both conflicting changes in case of ...
= Update-update: Use original value
= Move-move: Use original container

= Omit deletions out of two conflicting changes
= Delete-update: Prioritize Update
» Delete-use: Prioritize Use
= Delete-move: Prioritize Move




Conflict-tolerant Merge Rules
Example: Update-update Conflict

Operation

Detection
Operation-based
Conflict Detection
Conflict-tolerant
Merge

State-based
Conflict Detection
Resolution

= Update-update Conflict

Origin Version created by USER_A
01:0Object
fl=x

Update by USER_B i Update by USER_C
1

01:0bject i 01:0bject
i fl=z

Merged Version

01:0bject b- - --| <<UpdateUpdate>>
--Involved Elements
Upd_feature= {f1}

Upd_value ={<USER_B :y>,
<USER_C:z>}

--User-related Metadata
User_upd= {USER_B, USER_C}

Owner= USER_A

fl=x

--Time related Metadata

Employee

bday

V1

Employee

birthday

Vla

Employee

doB

Vib

Employee

V2

bday O---

<<UpdateUpdate>% p




S\ E S
- cc g ] g B B c
Conflict-tolerant Merge Rules
0o [Sw [0 [Sw ]
; a8 /8T [E2/ &
Example: Delete-update Conflict 88/ 8 | 7%
_ V1
= Delete-update Conflict
Car
Origin Version created by USER_A
01:0bject
fl=x
"""" Update by USER_B |  Delete by USER_.C
1
ol1:Object i Vla Vib
________ f _1_=_y__________i__________________________ Car
Merged Version color
01:0bject 5 ----- <<DeleteUpdate>>
--Involved Elements
fl=y Upd_feature = {f1}
Upd_value = {y}
Old_value ={x}
--User-related Metadata
User_del = USER_C
User_upd = USER_B
Owner = USER_A
--Time related Metadata V2
Car d - - <<De|eteUpdate>>)
7 color
> <
\./
YK Y 101 )




Conflict Annotations
Using Annotations in the Merged Model for Marking Conflicts

Operation
Detection
Operation-based

Conflict Detection

Conflict-tolerant

Merge

State-based
Conflict Detection

Resolution

= Annotate conflicts in the merged model
= For visualizing conflicts
= For providing a basis for resolution
- On top of the concrete syntax of the merged model

= Annotations can be stored across revisions
= Allows to tolerate conflicts for a while
= Enables distributing them among team members

= Lightweight annotations using profiles (cf. UML Profiles)
= Model elements are annotated by stereotypes in concrete syntax
= Tagged values comprise additional conflict information




Conflict Annotations

Profile for Merge Conflicts

Operation
Detection
Operation-based
Conflict Detection
Conflict-tolerant
Merge

State-based
Conflict Detection
Resolution

Model

annotations

1

rootElement

children

0..1

ModelElement

container

*

metalnfo

? 1 | affectedElement

|

Annotation

é}

Warning

AN

Conflict

* | changedBy

Change

Metainfo

*

DeleteUpdate

UpdateUpdate

DeleteMove

DeleteUse

Violation

l —;_ﬁ;_—

MoveMove

J
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Conflict Annotations

Example

Operation
Detection
Operation-based
Conflict Detection
Conflict-tolerant
Merge
State-based
Conflict Detection

Resolution

o Em E— mm Em mm mm Ew mm

rad

Y

-y, g -

. K R T  FE N  E N N N N W W e

Statechart Model V

usingFeature : contains

delete

= 30 : State
r-.“_ name - A contains
W
cource target
S1:State j€— 10 : Transition—>| $2: State
name : B name - C
i SOUrce
contains | T2 - Transition
contains
—» S53:5State
name - 0 <
deletedObject | |scurceContainer
farget
Container - DeleteloveConflict

-

}1 " | _DeleteObject |

__.._|.___Conflict Model _
aE TR
| - DeleteFeatureValue :i H
| - InsertFeature’/alue | E:
...... v .wl"r:l - —— z“\

B s mm am mm am Em Em em o mm s

T o e e e e s e

Apply conflict-tolerant
merge rules

Annotate conflicts
(i.e., apply conflict profile)




Conflict Annotations

Applied Conflict Profile

Operation

Detection

Operation-based

Conflict Detection

Conflict-tolerant

Merge

State-based
Conflict Detection

Resolution

Java - Profile-DemoCamp/model/sample_state/test.state_diagram - Eclipse SDK

File Edit

Civ H @

‘ Ubuntu 9

Run Sample

|#|s-0-a|we @e o | @

—v Biv ofv fav

fe=1J

—+, »
H> -~

E |8 Java

[& Package Explorer &2 =8

S ¥

» = ConflictDetectionBenchmark
» = ConflictDetectionTest
> &4 demo
» =2 EMFProfileTest
» =Zm2mtest
* = MDE-Meeting-Demo
» & ME_UE2_EMFMO
> & ME_UE2_EMFMO_ML
* = ME_WS10_EMFMO_Demo
> 724 OOPSLA_Demo
» = OperationDetectionBenchmark
¥ = Profile-DemoCamp
¥ = model
¥ (= profiles
conflict.emfprofile_diagra
> = sample_ecore
¥ = sample_state
& conflict.emfprofile.xmi
[¢! default.state
default.state_diagram
[¢! default2.state
[¢ application2.emFfprofile.xmi
@ conflict-application.emFfprof

& eib-application.emfprofile.xi

o
® _/B

*test.state_diagram

= 0O 2 Profile Applications &2

Composite State A

aToB

cToD

H &Y
& <<DeleteUpdate>>

[ Proble (@ Javado (@5 Declara ( Modelin (@ Error L (EI Proper & @ Preconw @ NAC: NW

= = |
S

Property
Applied To
Profile Application

rofile Application

ke
u
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Conflict Annotations

Applied Conflict Profile

Operation

Detection

Operation-based

Conflict Detection

Conflict-tolerant

Merge

State-based
Conflict Detection

Resolution

= How can profiles be applied to non-UML models?
2> EMF Profiles

J Ubuntu 9

|® % 0-a & e

[ =]

—v

| &

2 »
B~ 3~

[2 Package Explorer % =a

B % h

* = ConflictDetectionBenchmark
¥ = ConflictDetectionTest
» 2l demo
» 2 EMFProfileTest
» = m2mtest
> = MDE-Meeting-Demo
» 2 ME_UE2_EMFMO
» & ME_UE2_EMFMO_ML
» = ME_WS10_EMFMO_Demo
> 521 OOPSLA_Demo
* = OperationDetectionBenchmark
¥ & Profile-DemoCamp
¥ & model
¥ & profiles
conflict.emfprofile_diagra
» = sample_ecore
¥ = sample_state
& conflict.emfprofile.xmi
& default.state
default.state_diagram
@ default2.state
& application2.emfprofile.xmi
& conflict-application.emfprof
1! ejb-app! n.emfprofile.x

*test.state_diagram 2

©

= O | & Profile Applications 2 =B

Composite State A

2ToB

cToD

i H® ~

Property
Applied To
Profile Application

Value
= Single State B
= Profile Application

e
O

106



Overall Goal of EMF Profiles

“Adopt the notion of UML Profiles to DSMLs residing in EMF”

= UML Profiles: A Short Reminder
= Lightweight Language Extension Mechanism of the UML
= A Profile consists of Stereotypes

= Stereotypes extend base classes
= And may introduce “tagged values”

= Profiles are applied to UML models
= By applying stereotypes to instances of their base classes
= Specifying concrete values for their defined “tagged values”

-
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UML Profiles: A Short Introduction

Profile specification >

Profile application \)

BIG
Wi

«profile» EJB

«metaclass»

Component

«stereotype»

Bean

1

«enumeration»

StateKind «stereotype» «stereotype»
stateless EntityBean SessionBean
stateful state: StateKind

A
«apply» i
UserModel |

«SessionBean»
Customer

state:statelessw
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Motivation

= Qverall goal
= “Adopt the notion of UML Profiles to DSMLs residing in EMF”

= |s combination of profiles with DSMLs a contradiction?
= Many debates on Pros and Cons of adopting UML Profiles or DSMLs

UML Profiles vs DSMLs

2
D

xn
— "]

U
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UML Profiles vs DSMLSs

Reuse UML’s language concepts Create a lean language that is
amd existing UML editors! straight to the point!

UML Profiles vs DSMLs

Ny

You’(( have to create the whole || You'll end up with an overloaded
infrastructure by yourself! and imprecise language!

WY wf



UML Profiles vs DSMLSs

These debates concern adopting either
UML Profiles or DSMLs
for creating new languages.

What about
extending existing languages?

[t’s your language...
just extend your metamodel.

B¢
TORM



Motivating Scenario

.. generates Ruby on Rails.

l want to additionally specify
“Finder SQL” statements!

Delie, peelling _slgiuzge .. generates JavaServer Faces.

[,ﬁ’“ Meta || Concrete . < (usey
SR Editor
| model Syntax

\_

l want to additionally specify
the bean scope!

W’(/&@
)
J .. generates DB Schema.

\

Leave it as it is!

If you introduce every
imaginable feature that |
don’t need, | could have used
UML in the first place. )

Ry 2



Motivating Scenario

[ can’t address all your - generates Ruby on Rails.

r equir ements! ) I want to additionally specify
) 8 “Finder SQL” statements!

Data Modeling Language

[,ﬁ’“ Meta || Concrete . < (usey
SR Editor
| model Syntax

\_

.. generates JavaServer Faces.

l want to additionally specify
the bean scope!

W’(/&@
)
J .. generates DB Schema.

\

Leave it as it is!

If you introduce every
imaginable feature that |
don’t need, | could have used
UML in the first place. )

You need a lightweight
extension mechanism: Profiles!

Other scenarios
- No influence on the metamodel

- “Concern-specific’ annotations

75(?%)"( ‘ 13 Jf




Benefits of Profiles for DSMLs

Lightweight language extension
= [ntroduce additional features
= No need for changing the metamodel and the modeling infrastructure
Dynamic model extension
= Existing models can be extended; even by multiple profiles and stereotypes
= Profile applications are separated from the models (= no model pollution)
Preventing metamodel pollution
= Metamodels represent only information coming from the modeling domain
= Concern-specific information is defined in a profile
Model-based representation
* Profile applications are well-defined (- they can be validated)

= Profile applications are just additional models (= reuse existing
frameworks)

-
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The Challenge

(Okag, so let’s use profiles!

N

M2

M1

But wait, that’s not so easy with EMF! }

Core i Profiles
«Import»
< ____________
3 ¢
| «i nstanceOf» «instanceOf» |
! |
UML aProfile
«extend»
A A
:«instanceOf» «instanceOf» :
aUML «extends aProfile
Model €------------ Application

EMF

Ecore

4\« instanceOf»

Profile MM

1 -
; «instanceOf»
1
1
1
1

aProfile

N
1
I

1«instanceOf»
1

.

aProfile
Application
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Solution: Metalevel Lifting by Inheritance

M2 M3

M1

Profile Definition

Metalevel Lifting
by Inheritance

Ecore

AN

I «instanceOf »
1
1
1

Profile MM

N\

«instanceOf »

aProfile

116



Solution: Metalevel Lifting by Inheritance

Profile Definition

Metalevel Lifting
by Inheritance

020 Ecore
N
: «instanceOf »
1
1

% Profile MM [-----
N\
| «instanceOf »
:
1

—i

> aProfile

«inheritsFrom»

117



Solution*: Metalevel Lifting by Inheritance

Metalevel Lifting

Profile Definition by Inheritance

020 Ecore =T
. :

: «instanceOf » !

! :

I 1
N v :
= Profile MM «inheritsFrom»

A\

| «instanceOf »

:

1
—] . «instanceOf » aProfile
> aProfile > i ity icati

Application

* There is an alternative solution as well
ﬁlﬁ (i.e., transformation to a model at M2).
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EMF Profile Metamodel

f## Standard EMF Profile

# Ecore

H EClass

abstract: EBoolean
eSuperTypes : EClass

base

B Profile

£ Stereotype

iconPath : EString

£ EPackage

nsURI : EString
eClassifiers : EClassifier

base

A
I
I
1

«import»

B Profile

BIG

119




EMF Profile Metamodel and its Instantiation

name="Entity”

base
: EClass < |

name="“SessionBean”

#i# Standard EMF Profile
## Ecore
E] EClass £l EPackage
abstract: EBoolean base |NSURI _:I_EString 3 base
eSuperTypes : EClass eClassifiers : EClassifier
A
B Profile :«|mport»
£ Stereotype
iconPath : EString H Profile
A Profile Specification
: eClassifiers
: Profile ]
|$ eAttributes :
: Stereotype : EAttribute

name="isStateful”

120




EMF Profile Metamodel and its Instantiation

base

name="Entity”

: EClass < |

name="“SessionBean”

## Standard EMF Profile
## Ecore ## ProfileApplication
H EClass H EPackage H ProfileApplication
abstract: EBoolean base |NSURI : I_EString 3 base
eSuperTypes : EClass eClassifiers : EClassifier
0. * 1 stereotype
" Applications |, *
A .
# Profile | «import» H StereotypeApplication
L appliedTo : EObject
£ Stereotype A
iconPath : EString B Profile
A Profile Specification «onSave» | eSuperTypes
: eClassifiers
. Profile .
|$ eAttributes :
: Stereotype : EAttribute

name="isStateful”
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## Standard EMF Profile
i Ecore ## ProfileApplication
> El EClass El EPackage E ProfileApplication
abstract: EBoolean base nsURI I_EString 3 base
eSuperTypes : EClass eClassifiers : EClassifier
* stereotype
0.. 1 Applicati *
7~ pplications | 0..
: A E StereotypeApplication
i kinstangeOf» I <import»
'l # Profile q' : appliedTo : EObject
| B Stereotype |
1 \
:l iconPath: EString < --___ B Profile !
\\ \‘\\\ ‘I
\ ~ 1
\ «instanceOf» «instanceOf» \, «instanceOf» |
\ 1 I
\ . P . 1
. | A Profile Specification ' | eSuperTypes ;
' ) eClassifiers ' !
' . Profile | b |
N eAttributes : !
N base . Stereotype . EAttribute !
bk : EClass Q name="SessionBean” name="isStateful”
1 st} . A
name="Entity <‘\\i<|nstance0f» \\ginstanceOf»

=~

A Profile Application

~
N\

\
1

: SessionBean

: ProfileApplication

stereotype

appliedTo

isStateful=true

Applications




## Standard EMF Profile
i Ecore ## ProfileApplication
M3 M3 M2
4> El EClass El EPackage — [ ProfileApplication  |e .
/ abstract: EBoolean base nsURI : EString base h
eSuperTypes : EClass eClassifiers : EClassifier
/ 0.* 1 stereotype .
. . Applications | Q. .* \
1
,l : A M2 - - - \\
, & Profile instanceOf» ' <import» | StereotypeApplication y
! ! ! appliedTo : EObject :
I
| B Stereotype _ \
\
:l iconPath: EString < --___ B Profile !
\\ \‘\\\ ‘I
\ ~ 1
\ «instanceOf» «instanceOf» \, «instanceOf» |
\ 1 1
\ . P . 1
. | A Profile Specification ' | eSuperTypes ;
' ) eClassifiers ' !
' . Profile | b |
N eAttributes : !
N M2 : Stereotype : EAttribute !
~. _ base | _ !
: EClass name="SessionBean” name="isStateful” N
1 ] . A
name="Entity <‘\\i<|nstance0f» \\ginstanceOf» /
. . . \\ \\\ //
A Profile Application i - M1 , . V)
: . Entity appliedTo . SessionBean Stereotype | - ProfileApplication |
isStateful=true Applications

123



## Standard EMF Profile
i Ecore ## ProfileApplication
M3 M3
e El EClass El EPackage MIZ H ProfileApplication <.
/ abstract: EBoolean base |MSURI I_EString B base \\
’ eSuperTypes : EClass eClassifiers : EClassifier \
/ 0. * 1 stereotype '
/ ~~ Applications | Q. *
| A M2 |- —
, & Profile kinstancdeOf» F<import> | StereotypeApplication
| ! appliedTo : EObject
- B Stereotype
iconPath: EString < --___ B Profile
\ «instanceOf» «instanceOf» Y, «instanceOf»
\ 1
\ . e .
. | A Profile Specification " | eSuperTypes
' ) eClassifiers '
s . Profile A 5
. eAttributes :
M2 base . Stereotype . EAttribute
N : EClass Q name="SessionBean” name="isStateful”
1 ] . A
name="Entity <‘\\i<|nstance0f» \\ginstanceOf»
. . . \\ \\\
A Profile Application i - M1 , . V)
: . Entity appliedTo . SessionBean Stereotype | - ProfileApplication |
isStateful=true Applications
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Example: EJB Profile Specification

- = o
gjbProfile.emfprofile_diagram 3 B
T * | =% Palette [
d:3 o
IE ':i'{. L=
7 * [-= EMFprofile &
»
Sterectype
= = Stereotype= = Ef oP
Ef} Bean o Tagged Value
— Extension
& , << enumeration= = (= Ecore P
< < Stereotype> » << Stereotypes > ® EntityBeanMgmt
Ef’ SessionBean Ef:’ EntityBean — LUSER E EClass
= isStateful o managedBy = COMTAIMNER H Generalization

= Reference

8 Package

L
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Example: EJB Profile Application

%) *sample &2 ~ B 2 Profile Applications &2 =
4 ¥ Palette B & ~
YT 4
heeD H Person Er__HmE | 2 <<EntityBean>> g“
l:_ﬁ)':)bjed:s o = name : EString
B EPackage uses g *
H EClass A .EE J
& EDakaType /o
€ EEnum e i E Developer
= EAnnotation o
on. T ' - 0.3
(= Connections @ /
manages
=+ EReference H Manager
“&. Inheritance
== EAnnotation link
o H = - = = E
& Properties @] Error Log | ¢ EClass Hierarchy| = ECI3 e ™" Apply Stereotype
’ v

M

Property Value
Applied To LE EClass Developer
Is Stateful e LE true
Profile Application LE Profile Application
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From UML Profiles to EMF Profiles and Beyond

UML Profiles can be specified for UML only
- No need for further reuse of profiles for other languages

EMF Profiles can be specified for every Ecore-based language
- Reuse a profile for more than one language

Generic Profiles
= Reuse a profile for several “user-selected” DSMLs

Meta Profiles
= Reuse a profile for all DSMLs

e
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Generic Profiles

Reuse a profile for several “user-selected” DSMLs

BIG

<<profile>> EJB

= Extend generic types instead of concrete types
= Bind generic types to concrete types to apply a profile
= Use OCL to further restrict valid bindings

———————————————————

/'

«generictype»
Container

«generictype»

AN

Property
name : EString

A

«stereotype»
SessionBean

«stereotype»
EntityBean

«stereotype»
IDAttribute

isStateful : EBoolean

isUserManaged : EBoolean

A

I
| «<bind» <Container->Entity, Property->Attribute>

ER

*
Entity bﬁo Attribute

name : String

name : String
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Meta Profiles

= Reuse a profile for all DSMLs (at once)
= Each “Meta Stereotype” may be applied to every base type

= Useful for general annotations
= E.g., Conflict Profile

*test.state_diagram &= = B & Profile Applications 2 =8
4 HE& Y
Composite State A g <<DeleteUpdate>>
<<meta-profile>> Conflict Profile | |®7 R
. 178 aToB ¢
<<meta-metaclass>> <<meta-stereotype>> |
EClass ¢ Conflict R ToD
[ | b
<<meta-stereotype>> <<meta-stereotype>>

DeleteUpdate

[l Proble (@ Javado (@ Declara ( Modelin (@ Error L (EI Proper % @ Preconw El NAC: NW =g

= (&)

Property Value
Applied To HE Single State B
Profile Application HE Profile Application
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Implementation

= Based on the Eclipse Modeling Framework
= Supports extending every Ecore-based DSML
= Uses the Decoration Service to show icons in GMF editors

= Open Source (EPL 1.0)
= http://code.google.com/a/eclipselabs.org/p/emf-profiles/
= Try EMF Profiles!

= Eclipse Update Site
http://www.modelversioning.org/emf-profiles-updatesite/

= Contact us and get involved!
= http://groups.qgoogqgle.com/qgroup/emf-profiles

U
130


http://code.google.com/a/eclipselabs.org/p/emf-profiles/
http://www.modelversioning.org/emf-profiles-updatesite/
http://groups.google.com/group/emf-profiles

State-based Conflict Detection

Validate of the Result from Conflict-tolerant Merging

Operation
Detection
Operation-based
Conflict Detection

Conflict-tolerant
Merge
State-based
Conflict Detection
Resolution

General well-formedness rules are covered by conflict patterns already
= Unique container
= No cyclic containments

= But, language-specific validation rules need to be checked
= Lower/upper bound of multi-valued features
= Additional OCL Constraints

= Therefore, after conflict-tolerant merging,
the resulting state is validated

- If a ConStraint iS invalid anonstraintVioLation»
- New state-based conflict annotation “ Inheritance Cycle

= Reuse EMF validation framework
= Annotate context elements of reported errors/warnings




Operation
Detection
Merge
State-based
Conflict Detection
Resolution

Resolution

Operation-based
Conflict Detection
Conflict-tolerant

= Dedicated conflict resolution view

= Based on the conflict-tolerant merge result and the conflicts annotations
= Allows to...

= ... resolve conflicts manually (e.g., use this change or that change)
= ... resolve conflicts by predefined resolution rules

= Resolutions can be attached to a conflict annotation

= Lifecycle of a conflict

= Conflicts have a state (e.g., open or resolved)
= Cf. next slide
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S\ £\ L8
= cc 23 = B c
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Q S = o0 =
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. . . . . c wnec
Conflict Resolution Model: The Lifecycle of Conflicts 83/ 8 [ 8
children | *
0..1 | container
1
Model ModelElement *
rootElement Metalnfo
metalnfo
' ? 1|affectedE|ement
. annotations N |changedBy
| conflictingChange *
Annotation S Change
% ; 0.1 prioritizedChange
assignedTo 0..* - S
User Conflict  o——> Resolution XOR
0% Tate - ConflictState | o e -
state : ConflictState ;
Resolution proposed | 7 x 0.1}, customResolution
. Resolution
1 Diff
1
1
1
1
1
1
1
1
Conflict Lifecycle / Reject resolution
reopen
Accept
Modeler takes Modeler elaborates resolution
possession ( resolution :
@ assigned ﬂutlon resolved O
) \ proposed
Modeler elaborates
Ownership is changed > .
resolution
%‘ deferred '
‘B,‘Iﬁ Modeler deferes working :
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Example: Conflict-tolerant Merging Improves the Result \s2)iz \sg)iz )=
85 /%8 /2= 28/ &
— : °CleE /B [aE) =
Issues of Current Versioning/Resolution Protocol sg/ & /8
Car as part of
i Via one
Employee 1 Car Employee
Dame {/c;rTyp\e\
—>{¢ bty Tl Delete/Update
) V2 Conflict!
Employee
Harry 3 name
— | | birthday
71 | carType
Vi color
i—l  — | L. Vib
Employee Car Employee | ¢-- JF' i Sally&
name type - name :_ __________ E T
bday 2] | bday _ ! i
(e " oot
~-- oy & One class for
Alice 3 efficient
— querying
Vic
* 1
Employee Car
N name typg One
doB engine car for several
employees
Joe &
J
\KBKi!‘HG Model stored in the 134 X
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Example: Conflict-tolerant Merging Improves the Result |s2)iz \sg)iz )=
25 /58 /8= /&5 | 2
. . . [e)=] ;E £ BE I
Issues of Current Versioning/Resolution Protocol sg/ & /8
i Via Delete/Update
Employee ‘—l Car COI’]ﬂICt'
name carType
| | birthday color Update/ Update
N — Conflict!
Employee -—’--i i
Harry i
- | name . !
> [Poirthday_ X Y |
V1 carType )
V1b F“’”r' i V3
Employee Car Employee $all &
) s | Employee Car
name type J | name
bday “1 | bday name engine
type — —>{ | doB_
~Color ~ «
Sally & 4 carType 1
Alice 3 ——
- Joe &
Vic
1 &
Employee |H&—— Car
<] || name dype— o
“] |@doB ‘\ engine /\

Model stored in the

Repository
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Example: Conflict-tolerant Merging Improves the Result |s2)iz \sg)iz )=
25 /58 /8= /&5 | 2
. °C/sE /5 [8E/ =
Result of Conflict-tolerant Merge sg/ & /8
i Vla Delete/Update
1
Employee Car Delete/Update
name carType
> birthday color |
]
Harry 3 Employee ‘\
—>{ | hame color
Vi birthday Violation
V1b carType
Employee Car Employee __.__;F' _________ i
name type <J | name I ! L i
bday 21 | bday ! N
& Move/Update Employee Car
3 Sally Warning
Alice nam color
P | > bda engine
carTy| EE
Vic
*
Employee Car
N name type
doB engine Delete/Update
Update/Update

Model stored in the

Repository
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Example: Conflict-tolerant Merging Improves the Result

Collaborative Resolution based on Conflict-tolerant Merge

Operation
Detection
Operation-based
Conflict Detection

Conflict-tolerant
Merge
State-based
Conflict Detection
Resolution

Alice 3
Violation
3 Delete/Update
Harry

Sally&
Employee

Joe 3 name colqr
birthday engine
carType

Update/Update

Move/Update

Delete/Update

Delete/Update

Warning
Result of Standard V3
Versioning Process *
Employee Car
name engine
doB
color

B
X

=a)

Yot

|
KA

3
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Semi-Automated Resolution

Operation

Detection

Operation-based

Conflict Detection

Conflict-tolerant
Merge
State-based
Conflict Detection
Resolution

Conflict Resolution Recommender
= For increasing efficiency and avoiding errors

Conflict Resolution Patterns
= Preconditions defined for
= the merged model
= the applied changes
= the annotated conflicts

= Actions
= QOperations to be applied to resolve the conflict
= Formally defined using graph transformation systems




Example: Resolution Recommender

Operation
Detection
Operation-based
Conflict Detection
Conflict-tolerant
Merge
State-based
Conflict Detection
Resolution

fThe preconditions 0

of the refactoring
“Pull Up Field”
are violated!
AddForbid(SoccerM)
) \
Event
artist
| \V
Concert Exhibition SoccerM

Pull U Event
u. P artist
Field [F
i | |
- Concert Exhibition
Event
| |
Concert Exhibition
artist artist
Event
N\
| |
Add Concert Exhibition SoccerM
class “ SoccerM artist artist
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Example: Resolution Recommender

Operation
Detection

Operation-based
Conflict Detection

Conflict-tolerant
Merge

State-based
Conflict Detection
Resolution

K

T

A

\_

he preconditions 0

of the refactoring
“Pull Up Field”
are violated!

ddForbid(SoccerM)

Event

artist

Concert

Exhibition

\
\

SoccerM

Conflict
Resolution

Patterns

Resolve
AddForbid(SoccerM)
by introducing
intermediate class?

Event

&

#UserInput SoccerM
artist
Concert Exhibition
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Qutline

Context of Model Versioning

Foundations of Model Versioning

Conflict Categorization

Adaptable Model Versioning

Future Challenges

e
Q)

U
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Future Challenges

Consistency-aware Versioning

VO

= Consistency rules, e.qg. A B
= Metamodel t\
= OCL Constraints i —
= Requirement documents v1 """"""""""""""""""""""
= Additional models A B
H ‘
= Merged model violates consistency rules ' o
even if both versions are consistent BV
A B
—> Trace back to the relevant changes causing t \i_ o
the violation
V3 — — =

Lopez-Herrejon, R.E., & Egyed, A. (2010). Detecting Inconsistencies in Multi-View Models with Variability.
Proc. of the European Conference on Modelling Foundations and Applications (ECMFA), Springer, 217-232.
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Future Challenges

Intention-aware Versioning

= Merged version should incorporate all Vo A——
iIntentions of each modeler -
— Treat composite operations such as Assistent | | Professor
. . .o getLectures() getLectures()
model refactorings as first-class entities
V1
—> Going beyond composite operations: Researcher
. tLectures
E.g., a set of operations has been ” ejﬁre !
applied in order to fix a bug... is the bug | |
still fixed after merging? Assistent | | Professor
— Other ways to capture and respect the v
intention? Researcher
I |
Assistent Professor ProjectAss
getLectures() | | getLectures()
Blf Dig, D., Manzoor, K., Johnson, R., & Nguyen, T.N. (2007). Refactoring-aware Configuration Management for \

Computer Society, 427-436.

Object-oriented Programs. Proc. of the 29™ International Conference on Software Engineering (ICSE), IEEE

o/
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Future Challenges

Semantics-aware Versioning

= Model differencing only on syntactic level Vo -
=
- Formal definition of the modeling language’s
semantics T

- Mapping between modeling language and v
semantic domain

-2 Including intra-model dependencies

Different syntax, | Al
equal semantics [:
A2

Nejati, S., Sabetzadeh, M., Chechik, M., Easterbrook, S., & Zave, P. (2007). Matching and Merging of Statecharts
Specifications. Proc. of the 29th International Conference on Software Engineering (ICSE), IEEE, 54-64.

—=

X )
/N 144
K)XHX Maoz, S., Ringert, J.0., & Rumpe, B. (2010). A Manifesto for Semantic Model Differencing. Proc. of the International
Workshop on Models and Evolution (ME2010) @ MoDELS’10.




Future Challenges

Conflict Dependencies

= Dependencies between a sequence of changes
= Leading to dependencies between conflicts

— Efficient detection between more
complex changes like refactorings
or violations

— Optimal order for resolving conflicts

Delete(z) ——> Add(x) ——> Move(y —x)

| Z. I

Update(z) Delete(y)

d...dependent
i...independent
c...conflicting

Koegel M, Herrmannsdoerfer M, Wesendonk O., & Helming J. (2010). Operation-based Conflict Detection on
Models. Proc. of the International Workshop on Model Comparison in Practice (IWMCP) @ TOOLS’10.

X |
HX Kuster, J., Gerth, C., & Engels, G. (2009). Dependent and Conflicting Change Operations of Process Models. Proceeding of
the Conference on Model Driven Architecture - Foundations and Applications, vol. 5562 of LNCS, Springer, 158-173.
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Future Challenges

Diagram Versioning

= Co-evolution of diagram layout information with the model
= EXisting approaches neglect the nature of 2D diagram layout

- Which concurrently performed layout change is in fact a contradicting
change of the layout (more fuzziness required than for models)?

- Respect the preservation of mental map when merging diagram
changes!

Ohst, D., Welle, M. & Kelter, U. (2003). Differences Between Versions of UML Diagrams. Proc. of the 9th g
European Software Engineering Conference, ACM, 227-236. ;fg

Mehra, A., Grundy J.C., & Hosking, J.G. (2005). A Generic Approach to Supporting Diagram Differencing and Merging [
for Collaborative Design. Proc. of the 20th International Conference on Automated Software Engineering, ACM, 204-213.




Future Challenges
Avoiding Conflicts

= Pessimistic versioning and Synchronous modeling not always desirable

— Avoid conflicts through awareness
- Notification when modelers work on the same model fragment(!)
- Model partitioning
- How to separate a model?
—> Find appropriate mechanisms for separation of concerns techniques

B!ﬁ \e/
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Future Challenges
Model/Code Versioning

= Roundtrip Engineering
= Synchronizing models and code
= Problem of inconsistencies when changing models and code in parallel
= Especially when changes are not on the same granularity level
= Using models for versioning large code repositories
= |n case several conflicts between different versions occur

Estublier, J., Leveque, T., & Vega, G. (2010). Evolution Control in MDE Projects: Controlling Model and Code
Co-evolution. Proc. of the Conference on Fundamentals of Software Engineering (FASE), Springer, 431-438.
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