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Model driven engineering in a nutshell

e The 3 A’s: Abstraction, Analysis, <”"’“"”S”"“ )
Automation

e Features: Mapping, Reduction and
Pragmatic

e Ingredients: Models, Metamodels
and Model transformations

e Slogans: «everything is a model»,
«to model or to code, itis not a
question» FigRR2 Technicsl sparescamplis arlicaversgs.

Solution Space

—> Development automation
-----» Reverse engineering
(> Injector
Extractor







What is a model?

What mathematicians call “specification”
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Levels of

Multilevel modeling with “MultEcore”
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Model Management

Version control

Global management (Multi-models)
Persistence

Interchange

Comparison

Co-evolution

Quality

Collaborative modeling
Repair/restoration

Composition



A OODN--

. Define correspondence

. «Put them together»/global model

. Define consistency rules/constraints
. Check the rules/constraints

. After each local/global update, go to 4
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Data-exchange Model/scheme exchange



Interoperability

Different systems operate «together»




Behaviour

Architecture

Requirements

ArchiMate® ﬁ
Invoicing

Business Rules

Fields

Multi-modelling: multiple Database © Reference
systems (parts exist fir Schema  Implementation
Multi-viewpoint modelling: viewing a system from

different perspectives (hole exist first)

Multi-paradigm modelling: languages of the parts belong
to different paradigms (often continous systems,
CPSs, real-time systems, robotics)



Methods

Composition: mostly languages and models (create whole)
Coordination: mostly wrt. behavior
Collaboration: often data and message/event exchange

Synchronization: independent systems with notification
Co-simulation: often for CPSs
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Fig. 4.7: Trace-based Commonality Representation




Example: commonality leading to comprehensive system
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General Scheme: Consistency management
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Feature model

Organising concepts in the steps
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Ph.D. Patrick Stunkel
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Fig. 4.1: Feature Model Overview
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Explicit

Implicit
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’ Conformance ‘
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Correspondence and commonality
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Define consistency
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In case of behavior

System
System relationship model Global behavior System
relationship model & Interactions specification configuration
® '7 *e. “e. . D D
Vi BN R
[&ﬂD:ﬁ:tere &a Specify efme model enerate a Check
rela}tl|onsh| consistency interactions global behavior behavioral
model P requirements (3.3) specification consistency
(3.1) (3-2) (3.4) (3.5)
A\ 7 3
R\ I
Behavioral Global behavioral Violations
models properties

Ph.D. Tim Krauter




What are cross-organisational workflows

Multiple workflows

Recall Violet's
CroFlow cases




Phase 1 (P1)

TJunction controller

Controller
started

Phase 1

Phase 1 over
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(Phase 2)
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Switch to P1

Phase 2

Phase 2 over
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Controller
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Figure 3 Model for a TJunction controller
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TJunction

approaching

O_{ E 1yA 1yB 1yC
; TrafficLight

startState: TrafficLightState

* | direction: BusDirection

<enumeration>
BusDirection

ow>

<enumeration>

TrafficLightState :

Red,
Red-amber,
Green,

Amber

:approaching B1:Bus
direction = A
1:TJunction :approaching 52:Bus
direction =B
v A ‘B ':C
1:TrafficLight 2:TrafficLight 3:TrafficLight

startState = Green startState = Red startState = Green

Figure 5 System relationship model of the traffic manage-

ment system

Figure 6 Test system configuration

((Agreen Vv Aamber) A (Bgreen Vv Bamber)) (1)
My (Cgreen \% Camber) A (Bgreen \% Bamber)) 2)

(Ared \% Ared—amber)) (3)
(Bred \ Bred—amber)) (4)

0 O

—

(
—(B1 passing
(B 2passm g

SRM and global rules/constraints
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System
System relationship model Global behavior System
relationship model & Interactions specification configuration
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System
System relationship model Global behavior System
relationship model & Interactions specification configuration
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5
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Figure 13 System relationship metamodel
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Formalization/Foundations

Structure: Categorty theory

Behavior: Coalgebra
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When things go wrong: repair
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PARMOREL: o

Personalized and automatic
repair of models using
reinforcement learning

General approach:
Multi-models or not, this should work!

Ph.D.: Angela B. Rodriguez




PARMOREL: a framework for customizable model repair

E‘,.Video A_videos_main E]t o
& play) videos[*] main[1] | ¥ connect()
& stream() & disconnect()
Q stop() A_videos_mirror
& loop( videos[*] mirror[*]

videos[*]

E],., User

A_users_videos

users[*]

Rule 1: Message-operation correspondence
Rule 2: Public operation without message

5 User : User [1] =l

1 Server : main:

2 Server : mirror:

Video [1] Server [1] Server [1]
|
@ play
» ,
play L3 connect o
--stream connect
( ------------------- L L LR LT
!b connect
L connect
2 stop
»
stop
@ disconnect || !
 — I
disconnect I

Fig.8 Running example for inconsistencies between UML class and sequence diagrams
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Each issue = multiple solutions.

Solutions are domain and user-dependant.
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Person

name:String
q_
Employee Client
name:String name:String
id:Integer
id:String
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Each issue = multiple solutions.
Solutions are domain and user-dependant.
Different types of issues and models.

Statechart )\ Class ) Statechart | Sequence Diagram for instances of
Diagram for Diagram || Diagram for Class classes Display and Streamer
Class Streamer| % Display =N
CEO Q ) d:Display | [s:Streamer|
Manages . Assigns 7N /i
Login 5‘d 9 4 1: select
o Password: String
\ Display
$ \\ play \select 2: stream
||| seteety )
\ sstream()| 3: stream
Confrols. ) \\ “stop()
ait [\ B stop 4: stop
Project Report Employee stream | streamer stream
o Io:Number o Time: Number o 1D: Nurber sstream() S:valt
o Tasksi: Numberl > Date:pate o Lognstng { S { ’
¢ r
o Access: Numberl] o Task:String o Password: String \ I\ I\
© Name: String © Project: String
Login Screen Validate User Database

useriD: found

Validate User
password: Matched

Click on login button.

loginSuccessful Usar;Looln
ClasstList (grades)
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THE MODEL REPAIRR T [ELD
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THE MAIN TYPES OF MACHINE LEARNING

Simple data When quality is \Compticated data
Clear features a real problem Unclear features
/ Belief in a miracle
ENSEMBLES
CLASSICAL
ML
- NEURAL NETWORKS
but we howet AND
n nvirgn n
£ sftjraoctmswth DEEP LEARNING
REINFORCEMENT
LEARNING
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THE MAIN TYPES OF MACHINE LEARNING

Simple data When quality is \Complicated data
Clear features a real problem Unclear features
I/ Belief in a miracle
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/7. N

g Acton e
e '3

Reinforcement
Learning

’_| Agent |

state reward action
s | |z A dR L1
= Rt+1 (
< Environment ]4— 8
4 A

Machine Learning for Humans ® &



How can we apply
RL algorithms in
model repair?
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state

reward
R,

El Agent II

fa

\

Environment ]}—

\

action
A

Agent: The RL algorithm.

Environment: The model to repair.
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State space: The state space is defined by
the set of issues present in the model.
>| Agent ||
state ] reward
S, IR

—

action
A
P, Rt+1 (
| Environment]
\

Action space: The set of editing actions able
to repair a model.
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em ]C Issuez

ECLIPSE MODELING FRAMEWORK

Person

issuel

name:String

|

Employee

name:String
. id:Integer
Issue3 | id:String

Initial state: {issuel, issue2, issue3}

Client

name:String

Final state: {}
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issuel

Person
issue2 name:String
Employee Client
name:String name:String
. id:Integer
Issue3 | id:String

Action space: deleteReference | Class

Attribute,

setName(name), addReference | Class | Attribute
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state

'_l Agent |

R,

reward]
Rt+l

)

s

Sz+1

Environment ]4—

action
A

Reward: Rewards can be adapted to align
with user preferences to personalize the
repair result.

—

® QY

-

PREFERENCE
3
REWARD

<

@
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MAINTAINABILITY
ATUSABILITY
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"

B

I DIFFERENT
$ PREFERENCES

" MODEL DISTANCE
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Maintainability

issue3

issuel

—

Person
issue2 name:String
Employee Client
name:String name:String
id:Integer
id:String

Q-table

Entries
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Maintainability

issue3

issuel

—

Person
issue2 name:String
Employee Client
name:String name:String
id:Integer
id:String

Entries

entryl: issuel, deleteReference

entry2: issuel, addClass

65



Maintainability

issue3

issuel

—

Person
issue2 name:String
Employee Client
name:String name:String
id:Integer
id:String

Entries

Q-value

entryl: issuel, deleteReference

entry2: issuel, addClass
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Maintainability

issue3

issuel

—

Person
issue2 name:String
Employee Client
name:String name:String
id:Integer
id:String

Entries Q-value
entryl: issuel, deleteReference -500
entry2: issuel, addClass -500
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issue3

SuperPerson

T

Maintainability

Entries Q-value
entryl: issuel, deleteReference -500
entry2: issuel, addClass 0

Person
issue2 | name:String
Employee Client
name:String name:String
id:Integer
id:String
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issue3

SuperPerson

T

Maintainability

Entries Q-value
entryl: issuel, deleteReference -500
entry2: issuel, addClass 0
entry3: issue2, deleteAttribute(superClass) -500
entry4: issue2, deleteAttribute(children) -500

Person
issue2 | name:String
Employee Client
name:String name:String
id:Integer
id:String
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issue3

SuperPerson

Person

Employee

name:String
id:Integer
id:String

Maintainability

Entries Q-value
entryl: issuel, deleteReference -500
entry2: issuel, addClass 0
entry3: issue2, deleteAttribute(superClass) 0
entry4: issue2, deleteAttribute(children) -500

Client

name:String
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issue3

SuperPerson

Person

Employee

name:String
id:Integer
id:String

Maintainability

Entries Q-value
entryl: issuel, deleteReference -500
entry2: issuel, addClass 0
entry3: issue2, deleteAttribute(superClass) 0
entry4: issue2, deleteAttribute(children) -500
entry5: issue3, setName -500
entry6: issue3, deleteAttribute -500

Client

name:String
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SuperPerson

Person

Employee

name:String
id:Integer
address:String

Maintainability

Entries Q-value
entryl: issuel, deleteReference -500
entry2: issuel, addClass 0
entry3: issue2, deleteAttribute(superClass) 0
entry4: issue2, deleteAttribute(children) -500
entry5: issue3, setName 13.2
entry6: issue3, deleteAttribute -500

Client

name:String

Quality Evaluation Engine

Quality
__Calculator
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SuperPerson

Person

Employee

name:String
id:Integer
address:String

Repaired model #1

Maintainability

Entries Q-value
entryl: issuel, deleteReference -500
" entry2: issuel, addClass 0
" entry3: issue2, deleteAttribute(superClass) 0
entry4: issue2, deleteAttribute(children) -500
r entry5: issue3, setName 13.2
entry6: issue3, deleteAttribute -500

Client

name:String

Sequence #1:

{[issuel, addClass],[issue2,
deleteAttribute(superClass)],
[issue3, setName]}




Maintainability

issue3

issuel

—

Person
issue2 name:String
Employee Client
name:String name:String
id:Integer
id:String

Entries Q-value
entryl: issuel, deleteReference -500
entry2: issuel, addClass 0
entry3: issue2, deleteAttribute(superClass) 0
entry4: issue2, deleteAttribute(children) -500
entry5: issue3, setName 13.2
entry6: issue3, deleteAttribute -500
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issue3

issue2

SuperPerson

Person

Employee

name:String
id:Integer
address:String

issuel
Entries Q-value
entryl: issuel, deleteReference -500
‘ * entry2: issuel, addClass 7.8
* entry3: issue2, deleteAttribute(superClass) 8.4
entry4: issue2, deleteAttribute(children) -500
entry5: issue3, setName 26.4
entry6: issue3, deleteAttribute -500
Client
name:String
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Maintainability

issue3

Entries Q-value
entryl: issuel, deleteReference 18.9
entry2: issuel, addClass 7.8
entry3: issue2, deleteAttribute(superClass) 8.4
entry4: issue2, deleteAttribute(children) -500
entry5: issue3, setName 26.4
entry6: issue3, deleteAttribute -500

Person
issue2 name:String
Employee Client
name:String name:String
id:Integer
id:String
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Maintainability

Person
Entries Q-value
ik’ entryl: issuel, deleteReference 18.9
‘ entry2: issuel, addClass 7.8
T ik' entry3: issue2, deleteAttribute(superClass) 12.5
entry4: issue2, deleteAttribute(children) -500
r entry5: issue3, setName 39.6
entry6: issue3, deleteAttribute -500
Employee Client
name:String name:String
id:Integer Sequence #2:
address:String

{[issuel, deleteReference], [issue2,

Repaired model #2 deleteAttribute(superClass)],

[issue3, setName]}
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Maintainability

issue3

issuel

—

Person
issue2 name:String
Employee Client
name:String name:String
id:Integer
id:String

Entries Q-value
entryl: issuel, deleteReference 18.9
entry2: issuel, addClass 7.8
entry3: issue2, deleteAttribute(superClass) 12.5
entry4: issue2, deleteAttribute(children) -500
entry5: issue3, setName 39.6
entry6: issue3, deleteAttribute -500
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Maintainability

Person

name:String

|

Employee

id:Integer

Client

Repaired model #3

Entries Q-value

gentryl: issuel, deleteReference 37.8
entry2: issuel, addClass 7.8
entry3: issue2, deleteAttribute(superClass) 12.5

?entry4: issue2, deleteAttribute(children) 23.4

entry5: issue3, setName 39.6

45.7

entry6: issue3, deleteAttribute

Sequence #3:

{[issuel, deleteReference], [issue2,
deleteAttribute(children)], [issue3,

deleteAttribute]}
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Best model w.r.t. maintainability

SuperPerson

T

Person

Employee

name:String
id:Integer
address:String

Person

Employee

name:String
id:Integer
address:String

Client

name:String

Client

Person

name:String

i

name:String

Employee

id:Integer

Client
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Model distance

issue3

issuel

—

Person
issue2 name:String
Employee Client
name:String name:String
id:Integer
id:String

Entries Q-value
entryl: issuel, deleteReference -500
entry2: issuel, addClass -500
entry3: issue2, deleteAttribute(superClass) -500
entry4: issue2, deleteAttribute(children) -500
entry5: issue3, setName -500
entry6: issue3, deleteAttribute -500
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Model distance

Person

Employee

name:String
id:Integer
address:String

Entries Q-value
ik’ entryl: issuel, deleteReference 53.8
‘ entry2: issuel, addClass 10.2
ik' entry3: issue2, deleteAttribute(superClass) 36.5
entry4: issue2, deleteAttribute(children) 15.6
r entry5: issue3, setName 68.6
entry6: issue3, deleteAttribute 18.6
Client
name:String
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Model distance

Person

Employee

name:String
id:Integer
address:String

Client

Maintanibility

Person

name:String

|

name:String

Employee

id:Integer

Client
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Too personalized..
learning and
automation?
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Is the Q-table reusable?

It depends...
Preferences
Same Different
Same v X
Models Different v X
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Maintainability AND Model distance

Entries

f{entryl: issuel, deleteReference

entry2:issuel, addClass

entry3: issue2, deleteAttribute(superClass)

ﬂfentry4: issue2, deleteAttribute(children)

entry5: issue3, setName

entry6: issue3, deleteAttribute

In isolation vs together

Q-value Entries Q-value

37.8 ﬂ(entryl: issuel, deleteReference 53.8

7.8 entry2: issuel, addClass 10.2

12.5 ﬂ(entry& issue2, deleteAttribute(superClass) 36.5

23.4 entry4: issue2, deleteAttribute(children) 15.6

39.6 ﬂ(entryS: issue3, setName 68.6

45.7 entry6: issue3, deleteAttribute 18.6
Entries Q-value
gentryl: issuel, deleteReference 67.8
entry2: issuel, addClass 26.5
entry3: issue2, deleteAttribute(superClass) 43.5
entry4: issue2, deleteAttribute(children) 47.4
Jentrys: issue3, setName 72.4
entry6: issue3, deleteAttribute 34.7
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Maintainability AND Model distance

Entries Q-value Maint Distance
entryl: issuel, deleteReference 67.8 36.2 31.6
entry2: issuel, addClass 26.5
entry3: issue2, deleteAttribute(superClass) 43.5
entry4: issue2, deleteAttribute(children) 47.4
entry5: issue3, setName 72.4
entry6: issue3, deleteAttribute 34.7

Qvalue decomposition
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Maintainability AND Model distance

Entries Q-value Maint Distance
entryl: issuel, deleteReference 67.8 36.2 31.6
entry2: issuel, addClass 26.5 13.5 13
entry3: issue2, deleteAttribute(superClass) 43.5 11.1 324
entry4: issue2, deleteAttribute(children) 47.4 35.2 12.2
entry5: issue3, setName 72.4 30.3 42.1
entry6: issue3, deleteAttribute 34.7 22.3 12.4
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Transfer learning

entryl: issuel, deleteReference

entry2: issuel, addClass

entry3: issue2, deleteAttribute(superClass)

entry4: issue2, deleteAttribute(children)

entry5: issue3, setName

entry6: issue3, deleteAttribute

Entries Q-value Maint Distance

entryl: issuel, deleteReference 67.8 36.2 31.6
entry2: issuel, addClass 26.5 13.5 13

entry3: issue2, deleteAttribute(superClass) 43.5 11.1 324
entry4: issue2, deleteAttribute(children) 47.4 35.2 12.2
entry5: issue3, setName 72.4 30.3 42.1
entry6: issue3, deleteAttribute 34.7 22.3 12.4

x 0.2
Entries Q-value

92



Transfer learning

Entries Q-value Maint Distance
entryl: issuel, deleteReference 67.8 36.2 31.6
entry2: issuel, addClass 26.5 135 13
entry3: issue2, deleteAttribute(superClass) 43.5 11.1 32.4
entry4: issue2, deleteAttribute(children) 47.4 35.2 12.2
entry5: issue3, setName 72.4 30.3 42.1
entry6: issue3, deleteAttribute 34.7 22.3 12.4
x 0.2
Entries Q-value

entryl: issuel, deleteReference 6.3

entry2: issuel, addClass 2.6

entry3: issue2, deleteAttribute(superClass) 6.4

entry4: issue2, deleteAttribute(children) 2.4

entry5: issue3, setName 8.4

entry6: issue3, deleteAttribute 2.4
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SuperPerson

T

Person

name:String

]

Reusability and Model

Employee

Client

distance

id:Integer
address:String

%

Entries Q-value
entryl: issuel, deleteReference 6.3
entry2: issuel, addClass 2.6
entry3: issue2, deleteAttribute(superClass) 6.4
entry4: issue2, deleteAttribute(children) 2.4
entry5: issue3, setName 8.4
entry6: issue3, deleteAttribute 2.4

1

Entries Q-value
entryl: issuel, deleteReference 47.8
" entry2: issuel, addClass 66.5
entry3: issue2, deleteAttribute(superClass) 43.5
[ entry4: issue2, deleteAttribute(children) 47.4
r entry5: issue3, setName 68.4
entry6: issue3, deleteAttribute 34.7
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What if
preferences are
not enough?
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Maintainability

SuperPerson

T

Person

Employee

name:String
id:Integer
address:String

Person

Employee

name:String
id:Integer
address:String

Client

name:String

Client

Person

name:String

i

name:String

Employee

id:Integer

Client

name:String
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Maintainability - user feedback

SuperPerson

T

Person

Employee

name:String
id:Integer
address:String

Person

Employee

name:String
id:Integer
address:String

Client

name:String

Client

Person

name:String

i

name:String

Employee

id:Integer

Client

name:String
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Maintainability - user feedback

SuperPerson

T

Person

Employee

name:String
id:Integer
address:String

Person Person
name:String
Employee Client Employee Client
name:String name:String id:Integer name:String
id:Integer
address:String

Client

name:String

m=) Extrarewa rds to selected
sequence.

il
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Multimodeling case




Parmorel fills the gaps, but does it make sense?

(" statechart )
Diagram for
Class Streamer

(" Class
Diagram

)
N/

s

Display

*select()
+stream()

+stop()

|

Streamer

*stream()
swait()

N

(" statechart )
Diagram for Class
Display

e\

J

/select

~

)
N

A
|

( Sequence Diagram for instances of
classes Display and Streamer

d : Display

s : Streamer

1: select

4: stop

il

2: stream

3: stream _

5: wait

—
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The extensible framework




The challenge

OIFFERTNT
SOLVTIONS D'IE:E“NT

MoDeL REPAIR
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model

repaired model

outpu’i
O

l input
Modeling Preferences Learning
Module Module Module
PARMOREL
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model

805 L

repaired model

outpu’i
O

Refactoring
l input

Issues
submodule

Actions
submodule
Modeling Preferences Learning

Module Module Module
PARMOREL
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model repaired model

- R R OUtpUt
a* o . Refactoring > 0

Issues
submodule || issues, actions >
Actions
submodule
Modeling Preferences Learning
Module Module Module

PARMOREL Framework
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model

8-l

repaired model

outpuE
O

Issues Experience
submodule || issues, actions | submodule
Actions Algorithm
Modeling Preferences Learning
Module Module Module
PARMOREL

106



model

8-l

repaired model

outpuE
O

Issues Experience
submodule || issues, actions | submodule
|
Actions selected actions | Algorithm
submodule submodule
Modeling Preferences Learning
Module Module Module
PARMOREL
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model

8-l05" L

repaired model

outpuE
O

Issues
submodule

Actions
submodule

Modeling
Module

Experience
issues, actions | submodule
|
lected acti
selected actons | Algonthm
submodule
Preferences Learning
Module Module

4| temp. repaired model

PARMOREL
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model

8-l05" L

repaired model

outpuE
O

Issues
submodule

Actions
submodule

Modeling
Module

4| temp. repaired model I

Experience
issues, actions | submodule
|

lected acti
selected actons | Algonthm
submodule
Preferences Learning
Module Module
rewards

PARMOREL
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Extensions
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Modeling module

Issues submodule

i Conformance ii Smells :: Inter-model :
issues  ii  {inconsistencies
©emf

@emf ey SDMetrics

= .. -
------------- mrssnnnnnnnnns” TsannnnnnnnnnnEaunnnnnnnnnns® Tennnnssnnnnanmasannannnnnn®
= = -

s Eerrermeerey geeseeeeneens Ferereereeens greseeeesnens FF— :
i Repairsfor i: Refactorings ii Repairsfor i
i conformance i forsmells i iinconsistencies :

...........................................

oo i ©emf i S

Actions submodule
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Ecore

Modeling module

UML

Student Book
. owns 1.* . .
name: String » title: String
age: Integer < pages: Integer

1..1 owned by

readBook()

A

---------------------- Student Book
i Conformance Smells Inter-model e T e
issues a ¢ inconsistencies : ag“‘d:‘ef:’ TPl
E em S i
aemf St SDMetric

:Student :Book
R — g& ........ : 5 5
! Repairs for Ref. ngs i \Tesiood) >
i conformance i for smells .
: issues i :
: m ' : :
: y e il B - Edelta
R F A——————

Actions submodule
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Preferences module
Quallty Model .
characteristics distance Coupling
y y s
ﬁ EOL ecL || SDMetrics
N
MNNTA‘NANUT\/
UNOERSTANDABILITY
COMPLEXITY
REUSABILITY
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Learning module

Algorithm submodule

Q(\) || SARSA

Experience
submodule

Monte Carlo

Q-learning

oo A |
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Summary?
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Thank you for
your attention!
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