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Let’s address these questions:

* Introduction to Domain Specific Languages (DSLs)

* How to establish a common language?
* bridging GAPs of terms such as Al model, trained Al model, model, etc.

* |dentifying the right modeling approach
* use of different model languages and how to combine them

 How to integrate the modeling workflow into the development process?
* which model should be created when and by whom

* How to implement the right modeling approach as a framework into EA?
* Exploring the real-life example of EU funding project EUREKA PENTA ECOMAI

EUROPE



Domain Specific Languages

e Subject matter experts, or SMEs, are in ]"dﬂmﬂ"
. ‘h K
charge of the knowledge and expertise O%’"'"“ "“0 ::“
that form the foundation of software experts o bomelnloE
Il thdabltf own" ) J'fur
i
* But too often this rich expertise is not | thedomain  {| PSL
captured in a structured way and gets lost write _
extract

when translating it for software
developers

o= domain-specific
_p D A J ubiquitous language/
“pre-0SL*

Y task-specific
documents

body of knowledge

POMAIN

https://freecontent.manning.com/the-what-and-why-of-domain-specific-lanugages/
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When is something a language?




When is something a language?
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When is something a language?

Glossary
Element > «metaclass»
Composition
Structured Glossary Zf
Metamodel
system > - SystemComponent > o <
«Comprise» 1. x| -  File:string
- URI: string
«Comprise»
0..*
HwComponent A% SwComponent (¥
<_ __________




When is something a language?

Glossary
Structured Glossary

Metamodel
if
the X contains a Y

then
this A over there cannot have

more than 2 children of type B.

Validations




When is something a language?

Glossary
Structured Glossary
Metamodel

Validations

Serialisation Format

FunCall name="myFun"
arg: NumLit value="10"
arg: PlusOp
arg: NumLit value="4"
arg: NumLit value="5"

<FunCall name="myFun'>
<arg><NumLit value="10"/></arg>
<arg>
<P1lusOp>
<arg><NumLit value="4"/></arg>
<arg><NumLit value="5"/></arg>
</PlusOp>
</Arg>
</FunCall>



When is something a language?

Glossary
Structured Glossary
Metamodel
Validations

Serialisation Format

Syntax myFun(10, 4 + 5)



When is something a language?

Glossary
Structured Glossary

Metamodel

Validations +(int, int) - int
+(int, real) - real
Serialisation Format +(real, int) - real
+(real, real) - real
H(string, *) > string
+(*, string) - string
Type System

val(<name>, <type>, <init>) - typeof(type)
# typeof(type) > typeof(init)



When is something a language?

Try typing the phrase "the answer to life the universe and
everything" into google...)




When is something a language?

Glossary

Structured Glossary Too informal.
Metamodel
Validations

Serialisation Format

Syntax

Type System



When is something a language?

Glossary

Structured Glossary Too informal.
Metamodel
Validations

Serialisation Format

Syntax

Type System



When is something a language?

Glossary
Structured Glossary
Metamodel
Validations
Serialisation Format
Syntax

Type System

That’s just a data model.
Or a domain model.

Or an OO structure.

Or a schema.



When is something a language?

Glossary //

Structured Glossary

Totally useful,
just not a DSL/;',

Metamodel That’s just a data model.
Or a domain model.

Or an OO structure.
Serialisation Format Or a schema.

Validations

Syntax With Validations.

Type System




When is something a language?

Glossary //

Structured Glossary

Totally useful,
just not a DSL/;',

Metamodel That’s just a data model.
Or a domain model.

Or an OO structure.
Serialisation Format Or a schema.

Validations

Syntax With Validations.

Type System And a way to store.




When is something a language?

Glossary
Structured Glossary
Metamodel . I
Finally, a language!
Validations
Serialisation Format

Syntax

Type System




It’s about
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When is something a language?

Glossary
Structured Glossary
Metamodel .
A serious language :-)
Validations
Serialisation Format

Syntax

Type System

Find more details at:

https://medium.com/@markusvoelter/when-is-something-a-
domain-specific-language-83b7eff79ed4




Establish the common language

* Create and use a glossary of project terms (domain model...)
* Synonyms are excellent to reconcile different languages

» Use it consistently in all communication within/about the
project
* Inside the team ...
* With other partners ...

when | say apple
| mean this one..

Common language facilitates communication and avoids confusion

SrPARRX
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Baseline Application Description

* A gaming machine allowing clients to buy slot
machine credits the player cash or some othe
sort of value, win or lose, and cash in their
credits.

SrPARX
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How to Create a Slot Machine Domain Model
insert and insert(a

A 5 playi gac
with a [sE1i8¢1:[2), into a designated on the machine.

The machine can support multiple games and the player can select which game to play

The game is then activated by means of a button, or on newer machines, by pressing a
touchscreen on its face.

The game itself does not involved skill on the player's part

The objective is to get the players to play

* The game usually involves matching symbols, either on mechanical reels that spin and stop to
reveal one or several symbols, or on simulated reels shown on a video screen.

* Most games have a variety of winning combination of symbols, often posted on the face of
the machine. If a Elayer matches a combination according to the rules of the game, the slot
machine credits the player, such as free spins or extra games.

SER \// CES EUROPE



Common language
facilitates communication
and avoids confusion

Credit Ballance

«enumeration»
Symbol library

Bar
Cash
7
Joker

accept

Cash

Coin

Credit Cash Accceptor
< convert
0..2
< increase
Slot Machine K>
’ 1
1.*
«enumeration»
Gamelibrary
1
TITO ticket accept
1.* /I'\
1 . I
) |
increase +win Game «use»: l
- Type W~ """ —-——-—-=--= .
decrease +het .o, insert A paper ticket with
a barcode
XN
| = play
| «actor»
! Player insert B>
Bet
T A
«floustart - select - Name
|
|
|
Trigger
Reel
<§_§§_§_E Symbol
«use»
+  spin(): int
+ stop(): int
Button Screen Button
S‘ =y
SERVICES " &rore"
EUROPE
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What the Modelling Approach consists of?

What information should be
read from the model?

Modelling Approach
/\

Method Process

* Which Artifact should be created
* When

Project
Metamodel

* Who's responsible for that step

What language elements should be used? *
What connectors should be used? *

What element should be connected with which connector? *

Define additional Stereotypes and Tags if required *

Which elements should be contained in which Package? *

How to model structure (Packages) should look like? * }

Define additional rules, constraints and guidelines *

SrPARRX
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ldentify the “right” modeling languages

mapping (1:1)

\

|

MZ (filtered) package import

__________________________________________________________________________ T
1

- Meta-metamodel Legend

| 10T-PML (meta)model

External (meta)model

loT-PML based
code generator

Meta-
DAL R metamodel B

____________________________

|
! (model references), e.g.
I loTPML::Register €= IPXACT::register

import data IP-XACT Tooling aspects (WP3): Import-once,
binding, ...
. Lol Tt e

44—

R DsLB
model

L: D

Hybrid loT-PML/DSL-
based code generator

~ -



‘‘‘‘‘‘‘ s - Enterprise Architect

[dentify the right Modelling Approach

Start Layout it Execute Contigure
) A = oo 2 4O v ® Home Pay
A\ fol| L8 Ly Lg | l‘.’.‘-‘-’-BI‘— IE@ .........

Search Portals Design Share Run Workspaces Perspectives Preferences jew Team il Calendar - Help
- Library B @ Register
i Desktop t Help
@Start Page «8*1st Variant x 1 ¥ 2nd Variant v ax
€+ nc\anant. Component Diagram
«interface»
Translator @ I Translate{ Lo App @
--------- A+ Translate(string): string 8-------"——--"‘
L Translator @ App 8
)
ITranslate ITranslate

You will prevent:
* Modelling too much
 Modelling too complex

You can assure:
* Any Model has a purpose
* You have found the easiest representation

4th Variant

€ <8 sthVariznt. Component Diagram

x  3rd Variant
€ < 3rdVarinnt. Component Diagram

Transkator g] ITranslate Abp g] Translator g] Abp g]
— | @ 9 el
4 ITranslate ITranslate

The more questions we have,
the easier it is to find the required language elements!




|[dentify the “right” modeling workflow

System Context Model Functional Model Technical Model
ibd Sol bdd ibd
”
7 \
‘v
’b\\DQ") i \f@//r/_ _____
s | “o.| Behavioral Model |
I "

uc I bdd:aj

/

J




l0oT-PML metamodel example

Browser v 1 x

[l m N S R >
Project Context Diagram Resources

4 Diagram Patterns lz‘
4 51 virtual Driver Abstraction
4 «ApplicationLayer» AppLayer

£ «DesignRepository» AppDesign
& «ImplementationRepasitory> Applmpl

| «InterfaceRepository» Applinterfaces
Applayer
43 «Driverlayer» Drvlayer

PMLayer > ImplementationRepository >
owns

«DesignRepository» DrvDesign

«ImplementationRepository»> Drvimpl

- LayerID: int

«InterfaceRepository»> Drvinterfaces

BOrDO

Drvlayer
457 « wAbstractionLayer» HAL

jy

InterfaceRepository <> «DesignRepository» HWDesign

owns «ImplementationRepository»> HWImpl

«InterfaceRepository» HWinterfaces
HW

| «HwPlatformLayer» HPL
Plm| «Systemlayer» Operating system

B

«DesignRepository» OSDesign
DesignRepository €2

owns «ImplementationRepository» OSImpl

«InterfaceRepository» OSInterfaces

B

Operating system

HwPlatformLayer > ApplicationLayer <> HwAbstractionLayer <> DriverLayer <> SystemlLayer <>




Let’s stay on course...

- Class Diagram
- Communication diagram
- Sequence diagram

|

y

- Activity diagram
- Processes
- Messages

-

1 Q Scenarios lﬁ\lm

Process View

—

Integrators
Performance
Scalability

End-user Programmers
Functionality Software management
Devel t
. : evelopmen
S :
| Logical View i
e e

Physical View

System engineers
Topology
Communications

Figure 1 — The “4+1” view model

N

/- Package diagram
- Component diagram
- Sequence Diagrams
- Componenets, Subsystems,
Layers
- Import- and Export Relations

A 4

- Use Case diagam

- Activity diagram

- Each of the 4 views is
illustrated with Use Cases

- Deployment diagram
- Nodes
- Directed Communication

Philippe Kruchten: The "4 + 1" View Model of Software Architecture, IEEE Software 12 (6), November 1995



1st Iteration Architectural Viewpoints 1/3

Stakeholders

Stakeholder Concerns
Architectural View

(What does the view help to answer?)

Product Manager

Architect
Developer
Integrator
Tester
Maintainer
Customer

e  Who (users, external systems) is interacting with the
system?
Context View e How does the system fit into the existing environment? X X X X X X X
e  What kind of information is required and delivered by
the system?
e  What are the functional capabilities of the system?
e How does the system work on a high-level?
e How is the system structured conceptually?
Conceptual View ¢  What are the operating modes of the system during a X X X
run-time phase?
e  What kind of information is required and delivered by
the conceptual elements?
e  What subsystems (software, electronical, mechanical,
Subsystem View etc.) compose the system? X X X X
e What dependencies exist between subsystems?




1st Iteration of Architectural Viewpoints 2/3

Stakeholders

Stakeholder Concerns
Architectural View
(What does the view help to answer?)

Product Manager

Architect
Developer
Integrator
Tester
Maintainer
Customer

e  What kind of information is required and delivered by
the subsystems?
Subsystem e  What interaction points does each subsystem expose?
Interaction View ¢ How do subsystems interact in order to provide a
certain behavior or functionality?
e How does the system work?
e  Which software structural elements will be developed
Software in-house and which will be acquired or reused?
Implementation Viewe  How are concepts like libraries, configuration files,
assemblies, and executables used?
e  What is the run-time configuration of processing
hardware nodes and the execution environment
Software Deployment running on those notes?
View e How are the implementation elements distributed
across physical hardware nodes and execution

environment?
m
SERVICES £fiort"

X X X X X X




1st Iteration of Architectural Viewpoints 3/3

Stakeholders

Stakeholder Concerns
Architectural View
(What does the view help to answer?)

Product Manager

Architect
Developer
Integrator
Tester
Maintainer
Customer

e  What logical structural elements compose the software
system?

e  What interfaces are provided and required by structural
elements?

e  What structural elements are nested together?

e Are all key usage scenarios covered by the identified

structural elements?

Which structural elements need to be built first for

better scheduling? X X X X X

e  Which structural elements bring higher risk?

e Which functional units need more attention?

e  What are the key integration points between functional
units/modules?

e  How do different elements interact with each other to
satisfy key usage scenarios?

e  What kind of information is required and delivered by
the structural elements?

Software Structural *
View




Final loT-PML Architectural Viewpoints

Stakeholders ________Note

rchitectural Viewpoint 4 & ® _ ® B @ E

E ¢ w g = g2 8

o q>_, 9 n © o © g

< o £ & = aa= O
X X X X X Systemsengineering
System Context X X X X X X X Systems engineering
System Decomposition X X X Systems engineering

P
P
P

Threat modeling

Cybersecurity

loT-PIVIL
SrPARX =
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loT-PML implementation in EA

Data Flow Diagrams

ﬁ Entity Relationship Diagram

[=] Dynamic Charts

[=] Data Miner

LieberLieber Embedded Engineer

& Behavior Specification

—
T

0T-PIVIL

Software Stack
+ Layers definition

@ Layer
4 Patterns

Eﬂ Operating system structure
Eﬂ Applayer structure

¢ HW structure

Eﬂ DrvLayer structure

4 Interface elements

B Interface pkg

@ Interface

]:8 Expose Internal Interface
@ Behavior

+ Design repository
B3 Design pkg

U Usage
%/ Connector

4 Implementation elements

B3 Implementation pkg
(A SwComponent

[ HwComponent

Field

Register
Implementation Element
- Realization

/® Comprise

4 NFQs

Memory
Power
7 Trace

+ Data types

[E| DataType
E Enumeration
'3 Usage

Behavior Specification
< Behaviors

@ |Initial

(@ Behavior specification

O Control point

O Acion

== Fork/join

@ Final

<Y Decision

/' Control Flow

4 NFQs

4 Duration

T Trace

.7 Start (only for duration)
.2 Stop (only for duration}




l0oT-PML example diagram

The vehicle detector

@ «SwComponent» NFQ legend

Description

Requirement

@ «SwComponent»

Video stream

including vehicle «SwComponenty «SwComponent»
identification

HDMI O 0 O I -—---= >0—

Opencv Opencv Opencv

«Device»
Monitor

InternalVariable InternalVarigble

wensor» @)

Camera

Video stfeam @ «SwComponent» {L
USB

InternalVariable

Opencv OpenCV

InternalVariable

| InternalVariable

T InternalVariable

@ «SwComponent»

«SwComponent»

«SwComponent»

@ «SwComponent»

oo
FrameGlobalVariables
J\ MatrixVariable
| NetworkoupurGiobalvariablep :
I
I
/I\ !
5 I
FrameGlofiIVariables NetworkOutputGlobalVariables I
I
| | I
I
N 3 !
sm‘;?"’;zzm | : MatrixVariable
PP | |, NetworkOutputGlobalVariables

«SwComponent»

ethemet O FrameGlobhlVariables @

TBD
Vehicle detection data

TCPsocket TCPsocket

o e ———

TCPsocket

«SwComponent»

TCPsocket

@?@
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Mission

ECOMAI project is developing
technologies

to enhance electric motor drive systems
with an embedded Al system running on a
specialized Al hardware platform

to optimize the efficiency and lifetime of
electric motors, therebY reducing energy
consumption and enabling development
of more ‘ecological’ systems

to lead to market opportunities for

applications in numerous sectors including

automotive, medical and transportation.

Trunk/Hatch Lift

HVAC Dampers Pedal Extend
HVAC Blower Windshield Wipers
Steering Wheel Sun Roof Steerable Headlights
Extend/Tilt Power Windows
—_—— AC Compressor
Door Locks | Ventilated Seats eWVT
RadiatorFan

Traction Motors

Trailer Hitch Retract

/ﬁ Power Seats

Ride Stabilization

Running Board
Retract

Folding Side Mirrors

Radiator Shutters

Sliding Doors

SrPARRX
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0il Pump

%@ Water Pump

© (@
@) Fuel Pump

eTurbo

% ﬂ{, Power Steering

———F T
\’ ¢ Mirror XY




Consortia

* Germany:
* Infineon Technologies AG (IFX)
« MOTEON
* FEAAM
e Technical University of Munich
e Technical University of IImenau

* Austria
e SparxSystems (SPARX): Model-based Design

e Subcontractor: Software Center Hagenberg GmbH
(SCCH)

* Turkey

* Albayrak ltd., Railway Platform Screen Doors,

e Subcontractor: Eskisehir Osmangazi University, (Eyup
Cinar eyup.cinar@ogu.edu.tr)

EEEEEE



mailto:eyup.cinar@ogu.edu.tr

Technology Value Chain and Use Cases

and Machinery

Longer Lifetime
of Drive Systems

Ecological
Electrical Drives
for Green Systems

L~

KA

|

<

— )

USE CASES FOR
PREDICTIVE MAINTENANCE

Platform Screen Doors (TUR)
Ultrasonic based Condition Monitoring (AUT)

(

USE CASES FOR
ECOLOGICAL ELECTRICAL DRIVES

Automotive Compressor System (GER)
Rehabilitation Robot System (GER)
Electrical Bike (GER)

Requirements N ) N Y
Datasets (T ) [ T )
— ) N

for Al training

AI-ENHANCED CONDITION MONITORING (

Condition Monitoring at the Edge (TUR, GER, AUT)

<)

—

AI-ENHANCED CONTROL FOR ENERGY-EFFI-
CIENT DRIVES

Initial Motor Control Tuning (GER)
Field Motor Control Tuning (GER

Monitoring and
Control Tasks HW/
SW Architecture

>)

MODEL-BASED DESIGN KIT
FOR AI-ENHANCED DRIVE
SYSTEMS

7N\ / 7N\
{ /[\ ) ( ’]\ ) Model-based Design Framework
\_/ \_/ N\ (GER, AUT)
Al Compiler (GER, AUT, TUR)
Full Motor Drive System Virtual
SPECIALIZED EDGE Al HARDWARE FOR DRIVE SYSTEMS (@ Prototypes (GER, AUTTUR)
Low Power Al Compute Platform (GER) T

-




ECOMAI

Ecological Motor Control and
Predictive Maintenance with Al

https://ecomai.eu



WP5: Embedded Al SW And Development
Kit (SPARX)

e T5.1 Software/Al Model Development for
Condition Monitoring and Predictive
Maintenance (Alb) (Alb, UsePAT, IFX)

e T5.2 Software/Al Model Development for
Ecological Motor Drives (TUIL)
(MTN, TUIL, IFX, FEAAM)

* T5.3 Model-based Design Environment for Al-
enhanced Drive Systems (SPARX)

42
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ECOMAI

AN

taxonomy 15t iteration

The Domain Model is a V.IEW of all the ob{ects Tiny hardware Tiny hardware g «Artifact» defined by m Al Model Type
that make up an area of interest, and their o Al model etined by
. ) R platform::SW platform::Firmware
relationships. It is used to capture the
Bl . e component tags
significant objects within a system, ‘
organization or any target domain. Type = Information
TinyML
A defined by
run on -~ deploy
| | Neural network Fuzzy System
«Artifact» o f
_ Tiny hardware Al Model Architecture
Al model inference S
platform::Application
tags software
Type = Information !
: Reward - provide Interpreter - input for Observation
-~ transformed into
«Artifact» 1.*
«Artifact» Trained Al model
Al Dataset <> Layer output outputs
tags ) -4 provide g «Artifact»
Type = Information Requirement Sein
. : t]c:gs g «Artifact»
ype = Information A
aplies action on > Envitonment
Al Compiler tags
«Artifact» g «Artifact» g «Artifact» Type = Information
Observation action reward dataset Dataset source Compressed trained
Al model - transform
tags tags |
Type = Information Type = Information tags
Type = Information - «Artifact»
App-llcatlon v e, Agent has inpact on
requirement
tags
Type = Information
i i - yse ies =
Database Simulation Target system Data collection system g «ArFlfact» g «Artlfact» aplies Action
Sonicamp Policy
tags tags

Type = Information

Type = Information




ECOMAI taxonomy 15t iteration

Tiny hardware platform

-l transformed into

«Artifact»

Trained Al model

transform B>

Hardware 4 deployedon Firmware SW component
component 1 1..% -4 runon
I Application
I software
" 1i Moo
Peripheral 1/0 Microprocessor Memory «Artifact»
device :
Node management Communication Al model inference
protocol a5
Power supply Communication Data semantics Type = Information
module HW accelerator
J J define i

describes ; : f ;

deployes on The Domain Model is a view on all thvte obje.cts tha.t make optimizes Al model for
up an area of interest, and their relationships. It is used to
g «Artifact» capture the significant objects within a system,
HW Constraint organization or any target domain. Al Compiler
TinyML
tags
Type = Information
S‘ =y
CENTRAL

SERVICES

EUROPE

g «Artifact»
Compressed trained Al
model
tags

Type = Information




Let’s not re-invent the wheel, shall we?

» VVML (VALU3S)

» VVML is domain-specific language (DSL) for describing validation and verification activities
» Design of re-usable workflow assets such as V&V activities and artifacts that are exchanged between workflows

» 2 levels of modelling: method definition and workflow specification
» loT-PML (COMPACT)

» is a DSL suitable to loT nodes, which is implemented as the UML profile.

» loT-PML supports both, top-down and bottom-up design flow or its combination.
» Advantages

» Based on a simple, known, standardized modelling notation

» Implemented into EA as a framework using MDG Technology

SrPARRX
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dentify the “right” modeling

> —

\ )
|

MZ (filtered) package import

(optional)
B  Veta-metamodel Legend
| 10T-PML (meta)model Embedded SW
External (meta)model application with

Al component



VVML Principles

Al model generation

Toolbox v B ox
Search pIPL =

4 Method Definition

I Expose artifact on method
4 Process workflow

@ Start workflow

Q  Activity

== Fork/Join

}- Exposed artifact on activity

| Fork/loin

< Gateway

@ Stop Workflow

4 Workflow relationships
=¥ Artifact flow
= Sequence Flow

4 Method Definition
3@ Method

Artifact
m Expose artifact on method

«Artifact»
Requirement

tags
Type = Information

& Al model generation

tags
Type = Semi-automated

Perform activities
: Al model design
: Al Training process
: Collect & preprocess dataset

— _—
in: Requirement out: Trained Al model
[ = _
in: HW Constraint
out: Al Dataset

in: Dataset source

in: Dataset sourg

in: Requiremen

in: HW Constrai

nt

«SequenceFlows

ollect & preprocess

wArtifactFlows
in: Dataset source

out: Al Dataset

GAI"t'IfE: ctFlows

wSequenceFlows |

in: Al Dataset

» Al model design

wArtifactFlows

in: Al Dataset

«SequenceFlows

-ﬁ Al Training

process

whrtifactFlows

out: Al model

whrtifactFlows . .
in: HW Constraint

«SequenceFlows

StopWorkflow2

wArtifactFlows
out: Trained Al model

out: Al
Dataset

out: Trained Al model

SERVICES

CENTRAL
EUROPE

=

—_—

—

8 Al model design

Startw%rkflowl

«SequenceFlow»

in: HW Constraint

in: Al Dataset 8

Activity1

=3a

out: Al model

ﬁvAl Training

process |+|




Reinforcement Learning

v
@ ECOMAI T5.2 reinforcement learning \
¢ «SequenceFlow»
3 StartWorkflow3
= '_ _________ Start policy
«ArtifactFlow»
in: HW Constraint| in: HW Constraint En viro n me n t
_________ out: Policy
«ArtifactFlow» in: Requirement fﬁ -/ @
J =
I
. S
I =)
in: Requirement| | | lh W (@)
: «SequenceFlow» cArtifactFlow» C] Id <
antagrions ! Interpreter
] '7&" Policy evaluation ]
| |
. ([ e in: Policy ——— e - St @
i at [
- —— R
) l: «ArtifactFlow» in: Environment : L]
in:
Environment :
it: tion acti dd t
out: Observation action reward datasef th i Agen t
A XOR :
| |
|
I «SequenceFlow» I 0 5
| 2 |
| . | . .
| | /
| | . o
| «SequenceFiown | . Reinforcement
| «SequenceFlow»t i
| iteration | H
. — ! . learning agent
: fulfilled? I
! : - Onsahvatiod .. « e e - ..
. i D
cArtifactFlows «SequenceFlow» «ArtifactF low» 3 > O 3
| . .
l I
I «SequenceFlow» | . 5
! [yes] | o Pm .
: | » update -
I «SequenceFlow» : :
| [<1000] | N
| i . = ) o =
| .
in: Observation action reward dataset !
i «SequenceFlow» 1 . pg A
Sequencerlow JRERCRES [>1000] : =
_ [no] | . al o
WP . . . |
4r  Reinforcement learning algorithm | =
- | 3 T 2
| . .
| .
< | 5 .
ut: Polic | 3 Reward.
I | ¥
e U S —e .
«ArtifactFlow» . .




loTPMLSubsystem System Interfaces /

PsSD

: Analog 2wires

Edge Device

i PSD External sensor sencor data
Sensor data —| -
___________ EE'I:,_I | U

PSD DCU DCU data
i DCUdata ;_['1 > =
e e e ———— | r

MODBUS
State condition, MODE
i HMI Monitor Diagnostic information I\EDBUS TCp

ST gl

'y |<_ — — _ .State condition

Diagnostic information,

-->

------ Sensar data .
Port2: Analog
2wires
F------- LelioE
: MODBUS
STCP

Edge Device Al-based Software

o0

I
T

State condition
I

This is the ECOM Al scope

NN provider

Diagnostic information

Ll

: Analog 2wires

\ 4

Candition indication

444

Indicator
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EUROPE




DSL Description




uc ECOMAI Scenario (following the Layered Approach) /

D

—\‘—1

Model Citizen

o1

Model the business
objects

Analyse and model
the stakeholders

ECOMAI

The Business View defines the
business objects and actors of the
ECOMAIproject.

(from
Actors)

Decompose and
maodel functional
requirements

—
Use Case Provider \

Model use cases

(= =)

The Functional View defines use cases
and functional requirements.

Developel

(from
Adf s}

Model the system
context

The System Context View defines the
system under development with
human actors and dependencies to
extemal systems.

Software Engineer

Model system
decom| pos‘lt‘&n

The System Decomposition View
defines the overall architecture and
technology decision.

/Data Scientist

Decide on key

preprocessing /
preparatiolD-C

The Software Decomposition defines
loT hardware, software stack, non-

functional requirements and Al
components.

Maintain CI/CD
pipeline for Al models

Perform model

eva Iuat‘n)2

:Data Engineer

:MLOps Engil

(from
Actors)
Specify the Al-
Model the software CHLEIDE: S
stack patterns
oo
Perform model
Setup loT-PML training
C R
Model Admin
(from
Actors)
Security Expert
(from
Actors) Provide modeling
consulting and review
[
model
Model Expert

(from

Model the threat
model

Other Views (e.g. Security View] or
general ECOMAI scope.

\

neer

:ML Engineer

do we need this one?

Model the application
code (optional)

Software Developer

(from
Actors)




pkg ECOMAI Layered Approach /

ECOMAI Architecture |

Business View |

Domain Model _',L\\

[Enterprise Archtect]

The Domain Model provides a view of all the objects
that make up an area of interest, and their relationships.
11t 5 usedto capture the significantobjects and types
within a system, an organization, or any target domain.

?? what about the workflows ??

Actor Model /_\‘

[Enterprise Archtect]

The Actor model gives an overview of all stakeholders,
________ dencted as human actors, which are actively involved in
a (development) projector whose interest might be
affected as a result of the project.

Functional View ‘

Requirement Model A

[Enterprise Archtect]

reuse |
I transforms
I

vV

Use Case Model ‘A

The Requirements model specifies what the system is
supposed to doinform of (functional) requirements
and the relationships between requirements.

[Enterprise Archtect]

The Use Case model defines the system's intended
functionalities (use cases) and the relationship between
them from a user's viewpoint.

Note: comresponds to "Scenario” of the 4+1 view model
[Kruss].

D

The ECOMAI Architecture shows the layered
approach as well as the envisaged structure for
model-based developmentin ECOMAI inspired by
the C4 methodology and based on different loT-PML
viewpoints.

The layered approach has the following advantages:

. Users are enabled to see the big picture atany
time through identifying (also extemal)
neighbors.

. Element types indicate the level of abstraction.

¢+ Traceabilty dependendies allow to keep track
between internal and extemnal parts of the
system through all layers.

Tools used for modeling and developing the different
artifacts are shown in brackets: The modeling tool
Enterprise Architect provides appropriate diagrams
foreachlayer (or view) and toolboxes for these
diagrams, containing modeling elements and
relationships with own semantics TED MATLAB,
Simulink, TVM, ...

v

System Context View |

System Context .""_\

The System Context view facilitates a common understanding of ﬁ
1 how the swstem under develoment fits into its intended/ existine

? TBD - mayhe later: add basic information for each level

Jmaindiagram (in element Notes):

. scope OK (visible note)

. (diagrams)
. primary elements
. supporting elements




Describes the top-down ECOMAI design flow on how to build models using the “Al-PML” (methodology).

The goal of this sub-task is to document the ECOMAI development process, which includes

- defining the steps and responsibilities (user roles) for model-based development in the ECOMAI Design Kit,
- defining the usage of the model elements and diagrams,

- defining the usage of different tools, languages, models, and diagrams (interaction and (data) flow).

Given these informations, the ECOMAI design flow should give a guidance for walking users through the modeling process.

Note: Itis not our intention to have a common madel but a common approach. Currently, it is planned to have one model per use case.

Legend

. ECOMAI refinement

B roremc

E] €4 modeling and other activities

Model the business Analyse and model
objects the stakeholders
yes
- I0T-PML needs to
E be set up?
2
]
H
] 2
a Provide modeling
I+
' consulting and
g Modeling support review model
- needed bp
=]
=2
E Requirements and use
] cases need to be
a modelled?
-]
B
requirements from Excel, control ‘Perfolmance operating
JAMA, Jira, etc. function a:tea
i 0
i '
i |
i '
! 1
! '
i I e TS
I ' i
; : 5 ; —
! | Model the system ! ! Al-enhanced
! H context ! | system
! I R
! Jystem context System 3 E architecture
| !needstobe N0, ion 1 '
| | modeled? needs to be ' '
H] ; : modeled? | |
3 g ! ! i H
] ' '
g g : : | '
a : !
: ‘ : : ,
E ' ! I '
el | \ . : ;
& T I ' '
£lg| |E i i 2 ’
I
S % .? i i Model system .
ﬁ = H ! | decomposition 1
2 '
2 E | | Threat model \ improvements gpg
E 2 I ' needs to be i
w a ' ' ' needed?
E ' ! modeled? |
5 I ' |
i ' i
= ! : '
L M H




ArchiMate + BPMN

Business Process Perform preprocessing / preparation /

2

MATLAB

Do DSP preprocessing
(MATLAB / Python)
DsP
preprocessing no
required

Includes dataset
collection, cleaning,
labeling, balancing,
splitting

(training,/validation,/test).

AN

Includes specifying the
types of layers, their
order, and the activation
function.

&
#

*

A

Do dataset preparation

A

Do NN architecture
design (MATLAB)

End
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General Takeaway

IT Should Not Use BPMN To Capture Business
Processes

IT should not use BPMN to capture business
processes as this will create chaos and no clear
Iclemarcatlon between business and the application
ayer.

To avoid misunderstandings and political hick-hack,
IT should use Archimate for application processes
and UML Activity Diagrams for the creation of
Application Process Flow Diagrams.

BPMN should be left to Business Architects and the

Business. In the BPMN Business Process flow

diagrams, specify Business Services in the Pool and

Eusiness Roles and Business Collaborations in the
anes.

Representation of Application Components in BPMN
and UML Activity Diagrams

* |In BPMN diagrams, Application Components such

as User Interfaces may be represented as a
"Supporting"” architecture element.

In UML Activity diagrams, generic business actors
and application components from ArchiMate can
be represented in the partitions or used as
classifiers.

Business Roles, Business Services, Business
Processes, and Business Collaborations should not
be used in order to maintain a clear separation.

EUROPE
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Deployment of EA for ECOMA

M( NetExtender

B Remote Desktop Connecticn —

4 Remote Desktop
»¢ Connection

Computer:

Username:  olymp3000tbhnska

Saved credentials will be used to connect to this computer.
You can edit or delete these credentials.

© S ot

Help

X

https://research.sparxsystems.eu/rdweb ‘

https://research.sparxsystems.eu/RDWeb/webclient

SONICWALL | NetExtender

Server |remote liberlieber.com -

Username: “ ‘

Password: ‘ ‘

Domain: [OLYMP3000 |

+ Connect

Always ask for user name & password

® 2013 SonicWall Inc.

| Work Resources

-?:./I Remotedpp and Desktop Connection

RemoteApp and Desktops

Current folder: /

®@ ® %

Enterprise LemonTree Research
Architect


https://research.sparxsystems.eu/rdweb

>

together with

a
available via the intemet. The connection to the repository via Prolaborate

2 v Notebooks, Tablets and Model Reader Model Writer
‘Smart Phones. The Enterprise Architect client is available vie Remote Model Admin
op . The
izati through a compatil
browser.

#Desktop PC
«computer»

https prolaborate connection

remote desktop connectivity

Remote Desktop
Redundant Authentication / Authorization

«devicen «devicen
HTTP: Load balancer Remote Desktop Gateway:
Load balancer

load balancing

load balancing

environment
backup




o Merge Changes
.Q_
— Version
c - Change V1‘ ~<
a B /// vi \\\
/’ \
/7 \
/7 \
/ \
II \\
1
N V2= V3=
Vi V1+v1“ V1+V1“+V1‘
\ A
\\ ]
\\ 1
~ 1
\\ /
— S /
c S Teeal Version L
) - + «“ -
S V1 Change V1
) 08:32 09:05 11:34 12:56
Time Check Out Check Out Check In Check In—————>
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LemonTree © Highlights

9 ® ©

Diff & Merge Model Versioning VCS Integration
3-way diffing and merging Parallel editing of models Seamless integration with Git,
of Enterprise Architect through optimistic model Subversion, PTC, etc.
models versioning
© © ©
Branches of models Merge Preview Review
Parallel developments of Diagram merge and merge Changes are visualized clearly
versions and variants preview and understandably for
reviews
< ./ Fresh Model Versioning
a® lemontree.lieberlieber.com

EUROPE



@ LemonTree
= Il Take Subtree A I1 Take Subtree B

Impacted Elements [23 /23] A 1 Conflicted

Search... Qv
> @ Configure ADC op oB v -
4 F A Display op oB

On Diagrams: 1 A: Child modified B: Child modified

=4 A WriteLL void v

On Diagrams: 0 A Modified

B: Modified

I> [F Displaylnfo op op ¥

I> > Displaylnfo op oB ¥

I> @ Displaylnformation oA oB ¥

[ ® GetMouseObject ea o vV _

Impacted Diagrams [6 /6] " 0 Conflicted

Search... Q' v
[» ¥5 AcceleratorMouse oA eB ¥
[» 78 Display op o8 ¥V
I 22 Main ep op ¥
I> i main es oB
[> [ StateMachine s oB ¥
I> & Transmit opn o8 v

@ Start Merge

Details & A-Aeap
i =g M WiiteLL (1)
E «executable entry point...» Main (15)
¢ «defines SYSTICKS_PER_SECOND
@ main (15)
- g main (7)
@ ActivityFinal (1)
Configure ADC | »
GetMouseObject (2)

Mouse Init | =

Move the Mouse

Set System Tick to 100Hz | »
Shutdown (2)

WriteLL [ »

- [» @ [unnamed] (3)

[ funnamed] [ »

- [» @ [unnamed] | »

o
o000 0 000

- [ B esingletons Mouse (1)

Diagrams

o oa @ < & I

-

Properties

= Modified

4

merou

A Code
Display—Setbinetd}Display_Setline(1):
Display_WriteString(LieberLieber);
IsQuery

false

RedefinedOperations

B-B.eap

=% M WritelL (1) [»

- wexecutable entry point...» Main (28)
- ¢ «defines SYSTICKS_PER_SECOND (1)
-4 @ main (27)
- & main (14)
@ ActivityFinal [»=
Configure ADC (1)
GetMouseObject

Mouse Init (3)

]
]

]

~ > @ Move the Mousea (1)
® Set System Tick to 100Hz (1)
® Shutdewn | »

® WriteLL (3)

- [> 4@ [unnamed] [ »

[ [unnamed] (1)

® [unnamed] (3)

-~ [» B «singleton» Mouse (T) | »

AcceleratorMouse:LogicalDiagram

=

A WriteL L-void
= Modified

Element Properties
TETTOU

A code [*
DBisplay—Settine{01Display_Setline(2);
Display_WriteString(LieberLieber);
IsQuery | »=

false

RedefinedOperations

Take Diagram B |

— b
Merge Preview
=4 Wiitel L | -

- «executable entry point...» Main
-~ ¢ wdefines SYSTICKS_PER_SECOND
-~ 4 @ main
& main
ActivityFinal
Configure ADC
GetMouseObject

Mouse Init

Move the Mouse

Set System Tick to 100Hz
Shutdown

WriteLL

@ [unnamed]

[ [unnamed]

v v
]

® [unnamed]

- [» B esingleton» Mouse

@ Filtering

® Diagram Versions

© List of Impacted Diagrams

(4 Changed Element Properties

© Smart Grouping of Changes

mrEoa

core A
Display_SetLine(1);
Display_WriteString(Liebei

® Merge Preview

—

IsQuery
false
RedefinedCperations -
LemonTree ready



W/ ./ Fresh Model Versioning
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