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Motivation

Problem

There are further Software Development Projects:
m e.g. with formal Specifications, C++, Test Cases, Documentation,
Project Management, Build Tools
m Traceability
m — further Consistency issues

General Problem:
m Artifacts are technically separated, but interrelated contentwise
m specific Consistency Rules have to be fulfilled automatically

Ensure Consistency between Artifacts automatically!

= Artifact == Model + Metamodel (structural formalization [CNS12])
= — Model Integration

Johannes Meier, Andreas Winter



Motivation

universitdt(OLDENBURG

Challenges

Johannes Meier, Andreas Winter Metamodel Integration



universitdt(OLDENBURG

Challenges

1. Formalize Consistency Rules

Motivation

[[») Author Text
R1 Andreas Winter

R2 Johannes Meier The student must be enroled at the university.

The student must be able to register for an event.

[# Package Explorer 52 % v=a8
» (2 AsFramework
» (= commons-lang3

university[1] Student

University

students[*] | +Name : String

>
> (Fouaa

¥ [ guava-gwt

> (& guava-testiib

» [ guava-tests

T JavaTestProject
» (2 ProviderdT
v (P Testporject
v @sic
v 8 university
» [J] Lecure java
» ] student java
» (1] Universityjava
P BiyJRE System Library [ava SE & [1.8.0_25])

[J) Lecturejava | ) studentjava 2 | [3] University.java.

1 package university;
H

3 import java.ukil.List;
5 public class Student {
6 private String name;

7 private List<Lectures lectures;

95 public void register(Lecture lecture) {
10 Lectures.add(lecture);
}

Johannes Meier, Andreas Winter




Motivation
moLDEN BURG

Challenges

1. Formalize Consistency Rules

[[») Author Text
R1 Andreas Winter The student must be able to register for an event.
R2 Johannes Meier The student must be enroled at the university.

[# Package Explorer 58 S Y7 0 [iecwrejava | ) Stucencjava 2| [3) University.java
» (2 AsFramework 1 |package university;
» (& commons-lang3 2

3 import java.ukil.List;
4

public class Student { )
private String name;
A private List<Lectures lectures;
quava-tests - qram
S8 Class Diad
and ses,
sourceoodee <ame set of o\a?“ ¢
be | s namme:
ezcr\ ied by theit clas
iden

public void register(Lecture lecture) {
Lectures.add(lecture);

}

1

J

Tecwre java
» ] student java

» (1] Universityjava

P BiyJRE System Library [ava SE & [1.8.0_25])

University | university[1] Student
students[*]L +Name : String

Johannes Meier, Andreas Winter



o
universi OLDENBURG

Challenges

1. Formalize Consistency Rules

Motivation

escr\be

R q
3] Author Text SQuirep,
5 - wh ) tecwresma | D sudencjova % | ) unversitava
Rl  Andreas Winter The student must be able tofregister n eve in 08 N, With o wntversity:
R2  Johannes Meier The student must be enroled X ity. the Text s cOmaln Me[ho A LilList
Java.util.List;
Qui

ic closs Student { )
private String name;
private List<Lecture> lectures;

ecture lecture) {

J

\entified B

T Lecture java
» ] student java
» (1] Universityjava

P BiyJRE System Library [ava SE & [1.8.0_25])

university[1] Student
students[*]L +Name : String

University

Johannes Meier, reas Winter




Motivation

LDENBURG

Challenges

1. Formalize Consistency Rules

2. Create explicit SUM(M)

Johannes Meier, Andreas Winter Metamodel Integration



LDENBURG = reuse Model Techniques
which work only with one Model

Challenges
= used as single Point of Truth

1. Formalize Consistency Rules = Single Underlying Model [ASB09]
2. Create explicit SUM(M) m SUMM and SUM are explicit

Johannes Meier, Andreas Winter



o
universi OLDENBURG

Challenges

1. Formalize Consistency Rules

2. Create explicit SUM(M)

= reuse Model Techniques
which work only with one Model

= used as single Point of Truth
= Single Underlying Model [ASB09]
= SUMM and SUM are explicit

integrator [0..1]

data

containsClassDiagram [+]

ProjectData

integrator [0..1]

integrator [0..1]
containsJavaASG [+] containsRequirementsSpecification [+]

‘ ClassDiagram ‘ ‘
L ] L

diagram [0..1] classes [+]

iuseday ™

Association

class (1]

name : EString [1]
lowerBound : Elnt [0..1]
upperBound : EInt [0..1]

<
‘associations []

JavaASG ‘ RequirementsSpecification
] I |
asg [0.1] container [1]
content [+]
e [‘]l Joesses b calledBy [+] caling [+] Requirement
ClassType class [1] Method fulflledBy [+] rowNumber - Elnt 0.1]

name : EString [1]

methods [+]' | name : EString [1]

tulfiled [+]

id : EString [0..1]
author : EString [0..1]
text : EString [0..1]

conansCassOigranio)

sassoso]

[ iommm ]

‘ ‘narme - EStrng [1] = Sudent

o
methods]

o
I metosso]

M2 Method

“caladey 0]

M1 Method

TutiodByfol

hannes Meier, Andreas Winter

“containsRaquicmentsSpifcasonl]

contnt]

R1: Requirement

R Requirement

aourber £
id-Esvmg 0.1 -
autor - ESting .1 = Ancraas Wi

-

b B0 112
o

author: E8inng [0.1] - oramnes ar
o ESting 0.1 -

ot Esting 0.1 -

-




Motivation

LDENBURG

Challenges

1. Formalize Consistency Rules

2. Create explicit SUM(M)

Johannes Meier, Andreas Winter Metamodel Integration



Motivation

LDENBURG

Challenges

1. Formalize Consistency Rules
2. Create explicit SUM(M)
3. Support initial (Meta)Models:

Johannes Meier, Andreas Winter Metamodel Integration



Motivation

LDENBURG

Challenges m existing Metamodels:
DSLs, Environments, Tools, ...
1. Formalize Consistency Rules = existing Models:
2. Create explicit SUM(M) ongoing projects, legacy data, . ..

3. Support initial (Meta)Models:

a. Reuse initial Models

Johannes Meier, Andreas Winter



: Motivation
lmOLDEN BURG

Challenges m existing Metamodels:
DSLs, Environments, Tools, ...

1. Formalize Consistency Rules = existing Models:

2. Create explicit SUM(M) ongoing projects, legacy data, . ..
3. Support initial (Meta)Models:

a. Reuse initial Models
‘ ClassDiagram ‘ l JavaASG l
[ | 1]

diagram [0..1] asg[0.1] container [1]
content [+
= - ) et o[ Lo i
r type [1 classes [+ calledBy [+] calling [+ Requirement
Association ~ ClassType q
name - EString [1] class 1] Class class [1] Method rowNumber  Elnt [0.1]
ound - - , + EString [1] id : EString [0..1]
lowerBound : Elnt [0..1] |"associations [+] className : EString [1] name
upperBound : Elnt [0..1] author : EString [0..1]

text : ESting [0..1]

methods []

name : EString [1]

+ ClassDiagram JavahSG
 — —J
p— =g =

-
orom ]

GassName - Esting [1] = Usvorsy

casseio
| [ s2:casstee |

ame. ESiing ] - Sudent

comentol contntt)

A1 - Requirement

A2 Requirement

Towtmber Em[0_1] -1
e

rooNumber EM0-1] -2
@ 1 B

auhor Aockoas Wi 0 0.1
dass s e ESung 0.1]+ e ES 0.1+
menacsio) meosso)

M2 Method

M1 - Method

carecty(0] | nama - EStong 1) - g

hannes Meier, Andreas Winter




Motivation

Challenges

1. Formalize Consistency Rules
2. Create explicit SUM(M)
3. Support initial (Meta)Models:

a. Reuse initial Models

b. Fix initial Inconsistencies

Johannes Meier, Andreas Winter Metamodel Integration



Motivation

Challenges

1. Formalize Consistency Rules
2. Create explicit SUM(M)
3. Support initial (Meta)Models:

a. Reuse initial Models
b. Fix initial Inconsistencies

c. Consistent initital Models

Johannes Meier, Andreas Winter Metamodel Integration



Challenges

1. Formalize Consistency Rules

2. Create explicit SUM(M)

3. Support initial (Meta)Models:
a. Reuse initial Models
b. Fix initial Inconsistencies
c. Consistent initital Models

4. Ensure Model Consistency

Johannes Meier, Andreas Winter Metamodel Integration

Motivation



LDENBURG

Motivation

Related Work
. projectional
synthetic | sm | vitruvius | GEMOC
1. Formalize Consistency Rules v v v v
2. Create explicit SUM(M) x v x x
3a. Reuse initial Models v x v v
3b. Fix initial Inconsistencies v - x ?
3c. Consistent initial Models v - v v
4. Ensure Model Consistency v v v v

= |SO Standard 42010:2011 [IEE11]: synthetic vs. projectional
m synthetic: TGGs [SK08], QVT-R [RJV09], explicit correspondences [EECT14]
m OSM: Single Underlying (Meta)Model (SUM(M)) [ASB09]

m Vitruvius [KBL13, BHK*14]
= GEMOC Approach [LDC18]

Johannes Meier, Andreas Winter




Metamodel Integration

1. Formalize Consistency Rules
2. Create explicit SUM(M)
3. Support initial (Meta)Models:

a. Reuse initial Models
b. Fix initial Inconsistencies

c. Consistent initital Models

4. Ensure Model Consistency

Johannes Meier, Andreas Winter

Metamodel Integration



Metamodel Integration

Metamodel Integration

3. Support initial (Meta)Models:

a. Reuse initial Models
b. Fix initial Inconsistencies

c. Consistent initital Models

4. Ensure Model Consistency

Johannes Meier, Andreas Winter Metamodel Integration



Metamodel Integration

LDENBURG

Metamodel Integration

3. Support initial (Meta)Models:

a. Reuse initial Models
b. Fix initial Inconsistencies

c. Consistent initital Models

4. Ensure Model Consistency

ClassDiagram
) 900000
q 4 Add 4 4 Change’ Change’ Merge, Merge 4

Association Multiplicity Multiplicity Classes Attributes

Johannes Meier, Andreas Winter Metamodel Integration



Metamodel Integration

LDENBURG

Metamodel Integration
Challenges
1. Formalize Consistency Rules

2. Create explicit SUM(M) 1. Configuration of Operators

c. Consistent initital Models

4. Ensure Model Consistency

ClassDiagram
) 900000
q 4 Add 4 4 Change’ Change’ Merge, Merge 4

Association Multiplicity Multiplicity Classes Attributes

Johannes Meier, Andreas Winter Metamodel Integration



Metamodel Integration

LDENBURG

Metamodel Integration
Challenges
1. Formalize Consistency Rules

2. Create explicit SUM(M) 1. Configuration of Operators

c. Consistent initital Models

4. Ensure Model Consistency

ClassDiagram
)90 0000
a 4 Add ’ 4 Change’ Change’ Merge, Merge 4

Association Multiplicity Multiplicity Classes Attributes

Johannes Meier, Andreas Winter Metamodel Integration



Metamodel Integration

LDENBURG

Metamodel Integration
Challenges
1. Formalize Consistency Rules

2. Create explicit SUM(M) 1. Configuration of Operators

c. Consistent initital Models

4. Ensure Model Consistency

90— 00:_0--0--0
Delete ‘Change \Change Split Class Split

Association Multiplicity Multiplicity Attribute
Johannes Meier, Andreas Winter Metamodel Integration




LDENBURG

1. Formalize Consistency Rules
2. Create explicit SUM(M)
3. Support initial (Meta)Models:

a. Reuse initial Models

b. Fix initial Inconsistencies

Java

ClassDiagram

Requirements \,b v }9 a 3

Metamodel Integration

Metamodel Integration

1. Configuration of Operators

2. Initialization of SUM

Association
Johannes Meier, Andreas Winter

000
Change Change Merge Merge

Multiplicity

Multiplicity Classes Attributes

Metamodel Integration



universitdt[OLDENBURG
Challenges

1. Formalize Consistency Rules
2. Create explicit SUM(M)
3. Support initial (Meta)Models:

a. Reuse initial Models

b. Fix initial Inconsistencies

c. Consistent initital Models7
4. Ensure Model Consistency

ClassDiagram

Metamodel Integration

1. Configuration of Operators

Metamodel Integration

2. Initialization of SUM

3. Consistency Assurance

Requirements \,b v )e a 3

Association

Johannes Meier, Andreas Winter

000
Change Change Merge Merge

Multiplicity

Multiplicity

Classes

Attributes

1si6ojopoyis |\ X |



Metamodel Integration
aerdd
mo LDENBURG

Metamodel Integration

1. Formalize Consistency Rules
2. Create explicit SUM(M) 1. Configuration of Operators
3. Support initial (Meta)Models:

a. Reuse initial Models 2. Initialization of SUM

b. Fix initial Inconsistencies

c. Consistent initital Models73. Consistency Assurance
4. Ensure Model Consistency

ClassDiagram
)90 0000
q 4 Add 4 4 Change’ Change’ Merge, Merge 4

Association Multiplicity Multiplicity Classes Attributes

Johannes Meier, Andreas Winter

lasn xu




Metamodel Integration

o
universitdt(OLDENBURG

1. Configuration of Operators

ClassDiagram

(Foramens) 00 0 0. 0
q 4 Add 4 4 Change’ Change’ Merge, Merge 4

Association Multiplicity Multiplicity Classes Attributes

Johannes Meier, Andreas Winter Metamodel Integration



Metamodel Integration

1. Configuration of Operators

Metamodel Model
Decisions Decisions

MM MM’
L \ /’ L
| Operator !
I )' \" |
M M’

ClassDiagram

(Fouremens) 00 0 0. 0
q 4 Add 4 4 Change’ Change’ Merge, Merge 4

Association Multiplicity Multiplicity Classes Attributes

Johannes Meier, Andreas Winter



Metamodel Integration

1. Configuration of Operators

s | o)

MM —— AMM"—> MM’
PN

Operator

A >
M Ay M’

-

ClassDiagram
(Fouremens) 0—0-—0 00—
q 4 Add 4 4 Change’ Change’ Merge, Merge 4

Association Multiplicity Multiplicity Classes Attributes

Johannes Meier, Andreas Winter




OLDENBURG

1. Configuration of Operators

s | o)

MM —— AMM"—> MM’
PN

Operator

A >
M Ay M’

L
|
I
|
I
|

ClassDiagram

Metamodel Integration

Chechik, Nejati, Sabetzadeh:
A Relationship-Based Approach
to Model Integration (2012)

— merge, composition, weaving

Herrmannsdoerfer et al.:

An Extensive Catalog of
Operators for the Coupled
Evolution of Metamodels
and Models (2011)

— extended Coupled Operators

(Fouremens) 00 0 0. 0
q 4 Add 4 4 Change’ Change’ Merge, Merge 4

Association Multiplicity Multiplicity

Johannes Meier, Andreas Winter

Classes Attributes



Johannes Meier, Andreas Winter

MM —— A

1. Configuration of Operators

Metamodel Integration

Metamodel
Decisions

Model
Decisions

MM‘—> MM’
o M A
: :
| )’ \" |
M Ay M’
M” Al M’ )
RN Y
| Inverse ',
| Operator \
v )/ = 5 1\ v
MM — Al —— MM’

Metamodel
Decisions Inv

Model
Decisions Inv

Metamodel Integration



Johannes Meier, Andreas Winter

1. Configuration of Operators

Metamodel Integration

Metamodel
Decisions

Model
Decisions

MM —— AMM—> MM’

A
| ){ I
M M
M!!
v _
MM — Al —— MM’

Metamodel
Decisions Inv

Model
Decisions Inv




Johannes Meier, Andreas Winter

1. Configuration of Operators

Metamodel Integration

“s,e;:;"izﬁzﬁ Dzi?;:im
MM —— AMM — MM’
s A a
: :
| ) \ |
M Ay M’
M” M )
v : v
MM — Al —— MM’
oot | ot )




Metamodel Integration

o
universitdt(OLDENBURG

2. Initialization of SUM: Overview
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3. Consistency Assurance: Details
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Metamodel Integration

Operators: Summary

Metamodel Model
Decisions Decisions

MM ——— Ay ——— MW’

e

M Ay M’

m Metamodel Change Ayy:
small Change in the Metamodel
= Model Change A y:
handle Model-Co-Evolution (Coupled Operators [HVW11])

m Configurations by the Methodologist:
» Metamodel Decisions: set Properties for wanted Metamodel Changes

» Model Decisions: describe Model Changes for Consistency Rules
m Bi-Directionality only for MM: combine with inverse Operator

m currently 20 Operators implemented
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Conclusion

Summary

Operator-based bottom-up SUM-Approach for Model Consistency:

m Methodologist configures arbitrary, but stable Chain of configured
Operators (once)

m User applies Changes and Model Consistency is ensured automatically
by executing the Operator Chain

m — separated Models are migrated to projectional Views on the SUM

ClassDiagram
900000
q 4 Add 4 4 Change’ Change’ Merge, Merge 4

Association Multiplicity Multiplicity Classes Attributes
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