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Software everywhere
Software explosion
Software is eating the world

1950 1960 1970 1980 1990 2000 2010 2020
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Continuous growth of functionality

Automotive Software Market Size, By Product, 2020 - 2026

41.9 Bn
2020 2021 2022 2023 2024 2025 2026

M Application Software  m Middleware Operating System

Source: www.kbvresearch.com
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Software Levels:

ECU Networks
* OEMs & Tier 1s:
» System integration
* Software integration

ECU Systems
* Tier 1s & high-tech:

* ECU integration
* Processor integration

ECU Modules
* Tier 2-3s & high-tech
* Module integration
* Processor systems
* Processor sub-systems

Processors
* Mostly high-tech
* Sensor control MCUSs
* Processor chips

Source: Egil Juliussen; May 2021

Auto Software Cost & Value Flow

SW R&D cost:

Software Flow

15% - 35% of R&D

Software Value

SW R&D cost:

ECU Networks
Domain ECUs
Emerging
30-100+ MCUs

~ Software Royalty

20% - 40% of R&D

Software Value

SW R&D cost:

Systems
ECU Systems

Processor Systems

10% -2 30% of R&D

Software Value

SW R&D cost:

Modules to ECUs
Processors to
Systems

Apps & system SW

Included: 12%-25%

Software Royalty
i ——

Apps & system SW

Included: 8%-15%

 Software Royalty

Apps & system SW

Included: 3%-8%

Processors

15% =2 35% of R&D

Sensors-Actuators

Software Royalty
i —
MW & driver SW

Software Types:

Auto OEMs
* Domain ECU SW platforms
* ECU app platforms
= 05 & middleware
* OTA & cybersecurity

Tier 1s
* ECU software platforms
* App platforms
* 05 & middleware
= Software drivers

Tier 2-3s
* ECU software platforms
= App clients
* 05 & middleware
» Software drivers

Processor Suppliers
= MW SW components
* Bus-interface SW drivers
* Sensor-actuator SW dnivers

ECU=Electronic Control Unit; MW=Middleware; 05=0perating System; SW=5oftware







Also complexity is growing faster than
software development productivity

- Complexity

Productivity

2010 2020
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How to improve productivity?

- Complexity
|
i
3 i
|
|
|
|
2 !
! Productivity

2010 2020
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Solution?

B More developers
B New frameworks
B Better tools

B More automation
m Al

m>?

B Better lanquages, also for non-developers
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Solution?

Employed persons aged 15 to 74 by Year. Total, 25 Information and communications technology
professionals, Employed, 1000 persons.
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Abstraction

0111
0100
0100
0100
0000
0000
0000
0000
0000
0010
0000
0000
0000
0000

1111
0101
1100
0110
0010
0001
0000
0000
0010
0000
0010
0010
0000
0000
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org 100h

int 21h
ret
text: db

mov ah,%h
mov dx,offset text

‘hello$’

int main(void)

{
printf("Hello\n") ;
return O;

}

int main(void)

{
cout<<"Hello'"<<endl;

return 0;

}

Hello

Transcript show: 'Hello'.
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1940 Calculating and Statistical Machines Logical Automata

Flow diagram for ENIAC,
John von Neumann,
1950 Manuscript
Division, Library of
Congress (164)
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Re-ordered
Product arrive

‘Quantity checking
Check guantity

After-ordering
Make an after order

A
Prodlet i
Quantity phecked gethpred
IMoveto guaty control
[ Procuct i missing |

¥
Quality checking

Chesk qualty

Gathering the product

Y

Produc] is sald

[Gather the procucts

Placing the product

Qualty ghecked

Product's pis
change

#Replace the product

(_ Hame

<>
(o)

(_ Adiess

C

“rectD

Orier datz

N

(oD ) Delvery das )
TS

€

2024 IPT

Product is
gathered

Delivering praduct

Allproducts

Product is|ielivered

#sign the invpice

Dsgarmaril

w
Contans Product

User

Customer

= CustamerD
Personid

Acdress Adctiess
Department Courtry.

Weke an after order Orer praducts

Meke an invoice
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Checkthe product's avaiabilty

Orcer prodhucts
Crpaes
Store Product rder
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Domain-Specific Languages

® Narrow, very narrow

B Aim for 100% fit with the problem domain

B Raise the level of abstraction, hide unnecessary details
B External and internal

© 2024 IPT
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Gothic Security*

opens

I

n

11

clozes

Door unlacked

Y

Wiait for light
& dravwer

Event doorClosed = new Event("doorClosed", "D1CL");Builder {
Event doorOpened = new Event("doorOpened", "D10P");Closed;
Event lightOn = new Event("lightOn", "L1ON");, unlockDoor;

Event drawerOpened = new Event("drawerOpened", "D20P");wer, unlockedPanel;

Event panelClosed = new Event("panelClosed", "PNCL");

Command unlockDoorCmd = new Command("unlockDoor", "D1UL");

Command lockPanelCmd = new Command("lockPanel", "PNLK");

Command unlockPanelCmd = new Command("unlockPanel", "PNUL");

Command lockDoorCmd = new Command("lockDoor", "D1LK");
panelClosed.code("PNCL");

StateMachine machine = new StateMachine(idle);
unlockPanel.code("PNUL");

State activeState = new State("active");

State idleState = new State("idle");

State unlockedPanelState = new State("unlockedPanel");

State waitingForDrawerState = new State("waitingForDrawer");

State waitingForLightState = new State("waitingForLight");
.actions(unlockDoor, lockPanel)

activeState.addTransition(lightOn, waitingForDrawerState);

activeState.addTransition(drawerOpened, waitingForLightState);

idleState.addAction(unlockDoorCmd);
idleState.addAction(lockPanelCmd);to(waitingForLight)
idleState.addTransition(doorClosed, activeState);

)
unlockedPanelState.addAction(unlockPanelCmd);
unlockedPanelState.addAction(lockDoorCmd);
unlockedPanelState.addTransition(panelClosed, idleState);

E}

waitingForDrawerState.addTransition(drawerOpened, unlockedPanelState);

)
waitingForLightState.addTransition(lightOn, unlockedPanelState);

unlockedPanel
machine.AddResetEvents(doorOpened);oor)
.transition(panelClosed).to(idle)

*Fowler, Domain-Specific Languages, Addison-Wesley, 2008
}

© 2024 IPT
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Domain-Specific Languages

Narrow, very narrow

Aim for 100% fit with the problem domain
Raise the level of abstraction, hlde unnecessary details

External and internal

Not a new idea!
Applied also outside the software world!

ssssss

ooooooooooo
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Debug, confirming errors

N ol/[oxn]o[\|O ol/1ox|oN|o 15
" ol/|ol/lol/] INo[NoNo| [ol/]ol/1ol/] INo| loNo] |13
12 ol/1ol” NIONO| [O1/]01/ MNEINEIE AL
° o] Ve NO yd NGOl |9
’ ol/[oln|o[\o ol/[ox[o[\[o 7
° O/ 0L/ [\NO[NO OL/10171 INO[NO 5
) ol/1ol/ N|ON\|O ol/]ol/ OO 3
?_g/o/ \JoNJo| [ol/]ol/ NEINEINR
25 20 15 10 5

Row 13 requires 28 sts... yet row 12 produces 29!
Can you spot where the mistake is on row 13?
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Pattern No. 3

Cast on 36 sts. 1st ROW: * K 2,

P 2, repeat from * across row. Re-

peat 1st row 7 times. 9th, 10th, p

11th and 12th ROWS: K across N
each row. Repeat these 12 rows e

for pattern.

Pattern No. 1

S T s Pattern No. 4 e
back of fwork, sl 1asiftoP, K3 lcll "’V’y ¥ y Eagt gn335Ksts. 1st ROW:K 3,P 3, '
repeat from * across row. 3r - ; ,K5,P3,K6,P 3, K 3. > 3~
ROW: K 1. * yam to front, s I as )"-1"}")"\"?'? ’ " "‘" 2nd ROW: P 3,K 3,P6,K3,P5, ' ﬂi’ g; q
if to P, , repeat from * across 0 et b ek K 3, P 6, K 3, P 3. Repeat last 2 & ¢ g =
row. 4th ROW: K across row. Re- ﬁ,;";,ﬁ%; ; { )’ y y rows 3 times. Sth ROW:K 3,P 3, y é,’i }l{ L
peat these 4 rows for pattern. - sl next 3 sts on d p n and hold in *\l" F;
front of work, K next 3 sts, K 3 sts Y
fromd p n (cable twist), P 3, K 5, ¥ £ -
P 3, cable twist, P 3, K 3. 10th : lg 4|
’ ’ ’ *; a

ROW: Repeat 2nd row. NEXT 8
ROWS: Repeat Ist and 2nd rows
4 times. Repeat from 9th row for
pattern.

A £ A > i

L |
)
1
A
”

s -

Pattern No. 2

Cast on 34 sts. 1st ROW: K 2, Pattern No. 5

© 2024 IPT

*YO,sl1, K2 tog, ps.s.o, YO,
K 3, repeat from * across row end-
ing with K last 2 sts. 2nd ROW:
P across row. 3rd ROW: K 5,
*YO,sl1,K2tog, ps.s.o., YO,
K 3, repeat from * across row end-
ing with Y O, K 2. 4th ROW: P
across row. Repeat these 4 rows
for pattern.

Cast on 36 sts. 1st and 3rd ROWS:
K 4, * P 4, K 4, repeat from * 3
times. 2nd and 4th ROWS: P 4,
“ K 4, P 4, repeat from * 3 times.
5th and 7th ROWS: P 4, * K 4,
P 4, repeat from * 3 times.
6th and 8th ROWS: K 4, * P 4,
K 4, repeat from * 3 times. Repeat
these 8 rows 7 times.

20
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Who implemented languages? (n=100)
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Domains of the languages (n=100)

Protocol
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Size of the metamodels (n=39)

700

B a domain-specific language
mUML2.5

500
400
300
200

ol III|||||||||||H
2 3 45 6 7 8 101112131

1
1 01112 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
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Primary language user (n=100)

B Programmer
m Domain expert
W Between

Both

B Unknown

25
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Primary language

USEer (n=45)

B Programmer
B Domain expert
W Between

Both

26
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700

600

500

400

300

200

100

Size and user (Nn=24)

B Programmer
B Domain expert
M Between

Both

O..||||||||||II||||||‘ ‘

cases
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Size and language creator (n=39)

© 2024 IPT

700

600

500

g

8

o nll

B In-house

B Consultant

Both

cases

28




A language for insurance experts

B Key language elements:

Disability

© 2024 IPT

Product & product bundle
Calculation basis
Damage

Insured object

Danger .
Product cover
Event

Payment e
Policyholder

Insured person Dangen | Sangerd
Tariff

EPDisability insurance

Paymenr for dizabilir

29




Languages for UX, usability experts

Telefonbedientasten Nebenbedientasten

WU LRHREEG/1)

4 s 4 x.' Ll ‘-. --l.'*

Zifferntasten

BR(1/9)

Dreh-Druck- Steller links Dreh-Druck- Steller rechts

-—
-.— = puon
=
verBamee | ™ vew ) 0 Boneste = =0
. Water — 0K Next example = —— == p— T = @
: o =~ = "f' sedmeen Ll -
5 ) 4 = i g i = o
[ (o) =
s
ek Cen ) . %
Milk — = s
y 35 =
ExampleState_20
e
s Previous example

© 202
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Example: fish farm automation

™3 PISCAS: Feld, September 3, 2020, 16:55

Graph Edit View Types Format Align Help

EEIE A s |4 DL X | x| 1|

- [m] X

OIS EL PEOPOAEOCOEG IT=@| < ==

> @ Pond ~
4 (B) StandbySet
Petrol

4 Switch

. Aerator

0 Feeder
> £ Light
> E Module
4 © TimeSwitch
Beleuchtung

Haelter
ZeitschaltuhrSteckdose
b @ UserVariable
> (@ TwilightSwitch
@ PHvalue
> ©) Waterlevel
b (D) TemperatureSensor
(@ MuddinessSensor
b M] ConnectionBlock
» = PverviewRegiont
4 @ VeltageMonitor
SWBelufter1
SWBelufter2 v

Property I Value

@ Object type StandbySet
GeneratorType | Petrol
BlockName SPS
Voltage 24V
Name Notstrom

—>

—

v
>

Active: Petrol: StandbySet

Grid: 10 @ 10

Snap [ Show ||}9 6% v @
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Automation
— Software

Hardware mapping

IEC 61131 source code

Visualization

Web portal SQL files

Configuration | |
:
[

Fiies Network device configuration

Graphical overview

Documentation

|

Wiring plan

List of parts

Labels for wiring closet

31




Example: heating system

Y

——= Control Pump =afE———

NOTIrFlow IrFlow’

\——————

Code
Autobuild
API desc
BoM

Deployment
guide

© 2024 JPT 32




4 railway DSLs

"3 TClLogic: Sot, 29. September 2011, 12:20 = B
Graph Edit View Types Format Help
(Bl abineid | OUE| X
=~1=w oo 7 |
= a g -
El “ TCL diagram: B, 29. August 2010, 16:12
:12 Graph Edit View Types Format Help
hlaal | BA +bh(DC|+[DLOHE| X
: wrp— | e | o
4 27 Building

| Graph Edit “iew Types FEormat Help

Property  Val . .
E;:;htype 'I'ECuLediagr_i §| ¥ [E | KoL |—ﬂ} | Q0 | x |5'm” Test 1"’rﬂl"j|

—f%HITTl?‘?“HHf‘%%%%%iA-§|‘<:>'|S’ERS@RATP

= stationG raph:
Graph Edit View Types Format Help

F& « B v &+ Qb0 X

S X[ =f s | <~ | ConthaRT TSEEEFST

Al e
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Languages for safety (e.g. 1S026262)

© 2024 IPT

Item

Hazard

Hazard event
Safety goal
Safety concept
Feature flaw

ASIL

— EXposure

— Severity

— Controllability

+nonFulfile

aEnumerations

DevelopmentCategorykind

Trocecblespe:

Requirements:: Requirement

formalism: String

1]

HazardousEvent

+enyironment

ation

Requirements:-Situation

UseCases::UseCase

Reguirements::
RequirementsRelrtionship

safetyConstraints:-ASILKind

ASIL_A
ASIL_B
AsIL_C
ASIL_D

amM

Kind

aEnumerations

ontrollabiityClasskind

co
c1
2
3

Exposureciasskind
E1
E2
E3
E4

34




How languages are created?

abstract syntax

Abstract event

State x
event code Command Event
name actions
1 1
source target
Transit

concrete syntax

([ Name )
Name1 code?
Name?2 code?2

trigger name 3

trigger code

© 2024 IPT

semantics

foreach .State; {

do :

do

Command {
id;1l 'State.addhAction(' :Hame
~Source>Transition {

id;1l '"State.addTransition('
do :Trigger {:Name} ', '

do ~Target. ()
'State) ;" newline

1
- -

"Cmd) ;"

Modeling

lockPanel PNLK

panelClosed
PNCL
¢
lightQn drawerOpened
L1ON D20P

waitingForDrawer

waitingForLight

drawerOpened lightQn
D20P L1ON

unlockedPanel
unlockPanel PNUL

panelClosed
FPNCL

lockDoor D1LK

Event doorClosed = new Event("doorClos
Event drawerOpened = new Event("drawe
Event lightOn = new Event("lightOn", "L1
Event panelClosed = new Event("panelCI

Command unlockDoorCmd = new Comm
Command lockPanelCmd = new Commar
Command unlockPanelCmd = new Comn]
Command lockDoorCmd = new Comman

State activeState = new State("active”);
State idleState = new State("idle");

State unlockedPanelState = new State("
State waitingForDrawerState = new Statel
State waitingForLightState = new State("

activeState.addTransition(drawerOpened,
activeState addTransition(lightCn. waiting

idleState.addAction(unlockDoorCmd);
idleState addAction(lockPanelCmd);
idleState addTransition{doorClosed, activ

unlockedPanelState addAction{unlockPal
unlockedPanelState addAction(lockDoor
unlockedPanelState addTransition({panel(




What is needed beyond metamodel

© 2024 IPT

Concrete syntax matters

Involvement of language users = active participation
(Automated) support for language use

— Errors

- Warnings

— Guidance

— Simulation

— Animation

Expect evolution and co-evolution with work done

36




1. Concrete syntax matters

B Mimic the problem domain
B Accepted by users
B Symbols should use full range of visual variables*

PLANAR
VARIABLES
Horizontal Shape Size Colour
Position

- OUA 00 080

/
D 0O

Vertical Brightness  Orientation Texture
Position /I\I o O y () ‘

* D. Moody, The “Physics” of Notations, IEEE Transactions on Software Engineering, vol. 35, no. 6, 2009

© 2024 IPT
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<SBEN30r=>

B1T52: Sensor

mounting =near the process
measured variable =Tempera

<<ends=

direction =source

=avalve==

Hot water : System end

<<ends>

Cold water : System end

PR — ZegENSOo® Function =Controller
MV3 : Valve F1: Sensor
closing by =ball mounting =near the process

valve type =manual
Number of valves =2

measured variable =Flow
Function =Indicator

==Boilers=

B1 : Boiler

direction =source

© 2024 IPT

“=SENs0r=>
HU1 TS5 : Sensor

mounting =near the process
measured variable =Temperature
Function =Transmitter

<<BENS0r=>
HU1 T54 : Sensor

mounting =near the process
measured variable =Temperature
Function =Controller

CWV1: Valve
cloging by =needle
valve type =contral

==radiator>>
R1: Radiator

Number of valves =3

<<BENS0r==
p1 553 : Sensor

mounting =near the process

measured variable =Speed
Function =Controller

<<|}L||T|p>>
P1: Pump

C<SENsor=>

T56: Sensor

==Burner==

mounting =in the control room
measured variable =Temperature
Function =Indicator

HU1 B1 : Burner

<<valves>
HU1 CW2 : Valve

<agnds==
Gas : System end

clozing by =ball

valve type =manual
Number of valves =2

direction =source ‘

Jas

38




2. Enable participation

B Try early
- Examples of typical apps/features/systems, not metamodel
— Prototype, ready to throw away
— Narrow to minimum what is needed

© 2024 IPT
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Feature
. i Feature JE———— TraceabieSpecification cenumerations N Formn
VelucleF?n(llreMmlell DevelopmentCategoryKind Dependability::Hazard SecurityG VE|IIL‘|EF1-2€||IITEMO(|E|Illg..
VehicleFeature VehicleFeature

pr——— neswltemDevelopment C g —
isCustomeryizible: Boalean isCustomeryisible: Boolean
dificationOfExistinglts Integrit _ )

+ isDesign¥ariabilityRationale: Boolean ST St Rt Avaﬁah!(my + isDesign'/ariabilityRationale: Boolean b P

+ isRemoved: Boolean Authenticity + isRemaved: Boolean o
Dependability::Hazard

ehicleFeaturs /]\1 : mm\b‘ - I 1. = ii!ﬁ:‘lﬂhmw vehicleFeature || T
TracesbieSpecification Htem |y <cenumerations P

DevelopmentCategoryKind

= p N TraceableSpectication

AttackableProperty

walue: Float [0..1]

Dependability::tem ‘
calculationFormula: String [0..1]

newltemDevelopment
modificationOfE xistingltem

+ ategory: D ategorykind FeatureFlaw

tegoryKind

+ conditionPrerequisite Complexity: String [0..1]

T
+attackediem’ | " N e
! ! ! M cature

[rscesblespectiicstion TraceableSpecification |1
At i¢olvation Vulnerability TracesbleSpecilication .
abimpact St 0.1 2t exploitCodeMaturity: String [0..1]
+ avalabilitylmpact: String [0..1] & explofCadeNaturity; String [0.1] AttackMotivation e |
+ breaksSecurityGoals™ SecurityGoal + remediationLevel: String [0.1] —— —— = Ay eve S"ﬂg [u'wl
+ confidentialitylmpact: String [0..1] + ToporConfidance: g [0.1] +  breaksSecurityCoals™ EecurityGoa reportConfidence: String [0..1]
+ integritylmpact: String [0.1]  en Sl onF ulfilsdRequirerment i+ COMMHHENYGREES: Sl (1] - =
+ safetyRelevance: String [0..1] + integritylmpact: String [0.1] 1
| +  gvailabilitylmpact: String [0..1]
/P1 - [% q\w - [% /Pw - [} 1 /F [|} +nonFullfilledRequirement +  safetyRelevance: String [0..1]
i - . - - - - % B
Harm Inf P Ei : . ificati TraceableSpectfication m 0.1 M +nonFullilledRequirernent -
. Requirements::Requirement
L s " " —— TraceableSpecification
+ formalism: String [0..1] Requirements::Requirement
{ordered} + ol String [0.1]

+ formalism: String [0.1]
+ url: String [0.1]

‘ SecurityConcept

aenumeration: ‘T i -
+ consequencesForQuality” String SecurityConceptMotivation SecurityConcept
+  motivatedBy” SecurityCancey ererations | _senumerations {ordered}

" standard + motivatedBy™ SecurityConceptMotivation SecurityConceptMeotivati i
certification + consequencesForQuality™ String SubAntackGroun
documentedAttacks standard |

* - certification R

documentedAttacks AND
T bAttack -
‘ O TiaceableSpeciication ! custom
- SubAttackGroup L (
+ accessRequired: String [0.1] Attack TraceabieSpecification
+ privilegesRequired: String [0.1] 7|+ Kind: SubAttackGroupKind < K] SubAttackGroup
+ userlnteraction: String [0.1] + accessRenuired: String [0.1]
+ privilegesRequired: String [0..1] = |+ kind SubAttackGroupKind
+ ugerinteraction: String [0..1]
«enumerations [FeubAttackGroup

T
. +emviranment
+raffic A

Se G ’7
SCOre Y
B ‘ Confidentiality Hraffic - +environment

attack

TracesbleSpecification
Requirements:

Environment::Adversary Integrity
Ayailability TraceableSpecification
Authenticity Requiremen
Reliabilty

Accountability

Score

OperationalSituati

perationalSituation Adversary

+ calculationFormula: String [0..1]
+ value: Float [0.1]




2. Enable participation

B Try early
- Examples of typical apps/features/systems, not metamodel
— Prototype, ready to throw away
— Narrow to minimum what is needed
B Collaborative work: create & use DSL at the same time
— Ask to define notation
— Give (read-only or partial) access to the language
definition
B Collect feedback
— Get feedback when language is used
— Via tool or even via the language itself
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B Not only basics of language, but also covering

— Errors

- Warnings
— Guidance
- Views

— Animation
— Simulation

B Examples

© 2024 IPT

— Tutorials

2 HardwareComponentType: Brake, 12. heingkuuta 2013, 14:30

Graph Edit View Types Format Align Help

ERICOEEICECOEE =D

4 [ HardwareComponentPrototype ~

BrakePedal: BrakePedal <Sensor>
Brake_FL: BrakeActuator <Actuator>
Brake_FR: BrakeActuator <Actuator>
Brake_RL: BrakeActuator <Actuator>
Brake_RR: BrakeActuator <Actuator>
ECU_central: FlexECU <Node>
ECU_FL: FlexECU <Node>

ECU_FR: FlexECU <Node>

ECU_RL: FlexECU <Node>

ECU_RR: FlexECU <Node>
Encoder_FL: Encoder <Sensor>
Encoder_FR: Encoder <Sensor»
Encoder_RL: Encoder <Sensor>
Encoder_RR: Encoder <Sensor>

Property Value

[T Graph type

HardwareComponentTyp
4 T Type Brake <HardwareCompc
Shortname | Brake
Name
External refers
[ Description | BrakeSystemn
Show report | Checking
Bl Show allocated

<

No warnings

Active: None

el4&hin(9 DILOHIX ¥ @4

Eo .

Encoder_FL: Encoder
<Sensor>

Blpower

3. Support for language users

= a x
s
~
((ECU_FL: FlexECU <Node> | Brake_FL: BrakeActuator Encoder_RL:
toConnt toCon2 <Actuator> Encoder <Sensor>
o p—2 en ot Blrower om
WL
=] networkOut
Belpower
T —
BrakePedal: BrakePedal
<Sensor> ioCond power
Blpower oy s L B ™
\ J N
>
-
~

Grid: 10@ 10

Snap [ Show | 2| 100% ~ @

— Typical cases
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Ava utilization

corel) avg utilization

Graphical
Animation of
R RLI n 'ti me Va I ues

SO0APclientbars1  S0APclientbars2  S0APclientbars3  50APclientbars4  SOAPclientbars5  50APclientbarsé  50APclientbars?  50APclientbars@  SOAPclientbars8  S0APclientbars10

01234567589 NHIEZEUEETERNNZEUHEETEINNRIUETETEINHNLEULS LTSS
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ID  Problem domain Note Years Phase Users H Icon Color Text H LiveCheck | Report | Generation
1 Home automation : 0.1 1 1
2 Database applications 0.2 2 2 G
3  Data architecture 0.2 2 6 E
4 Insurance products : 2 4 4 W
5 Insurance systems "3 4 4 40 R
6 Enterprise applications 3 5 4 12 EW
7 Big data applications 1 2 4 EW E
8 Phone Ul applications ™2 8 4 400 E R
9 Government EA 4 3 16 EW
10 Al bot 0.3 2 2 W
11 Call processing : 19 2 6 EW EW
12 Medical 2 2 2 R E E E
13 Security 1 3 6 E G E
14 Industrial automation 4 3 2 G EW EW
15 Consumer electronics 6 2 1 EW EW EW
16  Blockchain ecosystems 0.25 2 34 EWG EW
17 Software testing 3 4 55 E EW EW
18 Telecom 3 2 2 W EW EW R
19 Performance testing 3 2 2 RA|E E E
20 Aerospace 4 2 2 E EW EW R
21 Consumer electronics 12 4 24 E EWG EW
22 Automotive ECU 5 4 2 E E G EW EW R
23 Automotive architecture 1 11 3 5 EW EWG WG EW EW

*Kelly, Tolvanen. Automated Annotations in Domain-Specific Models: Analysis of 23 Cases. STAF Workshops, 2021
© 2024 JPT
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4. Evolution and Co-evolution

Domain evolves
Users learn
External requirements must be met

Language evolves
Existing work must evolve too

Ideally, updates automatically
— Manual work and transformations are often not practical
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Evaluation framework: 4 aspects*

4 Scale for scoring co-evolution:

2 Location 1 Nature of Change
of Change

| Add Rename | Remove | Change
Metamodel

Constraints

Notation

3 Location adversely impacted

« Metamodel, Constraints, Notation
« Generators, Tool, Models

1.

When creating a new artifact, editor does
not open or gives errors

. Editor opens without functionality
. Editor allows creating a new artifact but

support for viewing and editing
earlier artifacts is incomplete

. Editor opens and asks for human

intervention to finalize co-evolution

474 if existing models behave and
generate, and deprecation guidance is
provided where needed

. Editor opens with fully co-evolved

earlier artifacts

* Tolvanen and Kelly. Evaluating Tool Support for Co-Evolution of Modeling

© 2024 IPT

Languages, Tools and Models. ACM/IEEE MODELS Conference companion, 2023
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What about tools?

B 6 ways to get the tools we need for our language

1.

ik N

6.

Write own modeling tool from scratch

Write own modeling tool based on frameworks
Metamodel, generate modeling tool skeleton, add code
Metamodel, generate full modeling tool over a framework
Metamodel, output configuration for generic modeling tool
Integrated modeling and metamodeling environment

B Single-user, collaborative
B Versioning (not as traditional VCS), a domain-specific
B Easy to access and learn, supported, training etc.

© 2024 IPT
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Envision Toolbuilder
(1986) (1991)
Future Tech Sunderland/PSYS

MethodWaker ASF+5DF W
(Markv) (Meta-E )
1994 2000

ParadigmPius

(Protosoft)
1994

ATol3
(MeGill Univ)
2002

GraphTalk irtualSoftwareFactory
(1985-1988) (1991}
Rank Xerox Systematica
Excelerator Customizer 4thought
(1987} (IBM}
Index Technology 1992
Eclipse TBK DOME
(1988-1990) (Honeywelly
Lancaster/Dublin 1992

MetaGen
1995

MetaView
(1988)

SEM

MetaEdit
oy )

MetaEdit+

- i Alberta

1991

—
— QuickSpec 1 T
(1983  —

Meta Systems

MetaPlex
1989

PSL/PSA
(Michigan)
1968

Ramatic
(sISU)
1990

ConceptBase
(Aachen/Passau)
1880

Tool name

(Authors)
year of first buildiversion

© 2024 IPT

J———3 (MetaCa

Spoofax
(Delfty
2010

Spray Modelix
2011 2020
Enso Jjodel
201 (2021)
Dandelion
S;DQ;’;J (Madrid Uni)
2023

MPS EMFText
(JetBrains) (TU Dresden)
2004 2009

[ Was
(DSL Consultancy)|
amz

DSL Tools Domain Workbench
(Microsoft) (Intentional)
2004 2009

Icenitic
(Icenitic)
2013

(Whole Piatform
(Metatis)
2004

Oslo

(Microsoft)
2009

GENWS

(Vanderbitt)
1995

ObjectMaker TBK
(Markv)
1996

CASEmaker
(JRCASE)
1996

Phedias VisPro
1995 1998

Kogge
(Koblenz Univ)
1997

(GD Method Buider
(ASTI)
1997

Ptech
1997

2007

(Vanderbit) —————— (Vanderbilt)

———
Sculpture Toolkit
(Modelingsoft)

2011

WebGHE Sirius Web

2014

20m

XHML-Mosaic
(Xactium)

pr OOMEGA

(COMEGA)
2010

Poseidon DSL
(Gentleware)

XModelerML

Clooca
(Kyushu)
2013

2010
Actifsource Obeo Designer AtomViewer
(Actifsource) (Obeo) (lsomeris)
2004 2007 2010
Cedalon

MontiCore

(Open Univ Israel}

Convection

2018

2006 2010
Essential Essential 2.0
2010 2022
xText xText2 Projectit! Freon
2006 201 2019 2022
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Cameo

In-house..

ANTLR
GEMOC
EVA
WebGME
Xtext
Sirius
MPS

MS DSL Tools
MetaEdit+
Melange
JastEMF
Graphiti
GEMS
GME

ConceptBase

Tools in different domains¥*

I

AENT = Automotive

1 ® Control and Automation Systems
I Data Analytics

1 ® Document Engineering

e ® Embedded

e EEEE | = Enterprise Solutions

P ® Financial Services

= mEmi B {;éir:‘gl c;:;]t:mgs (I0T) Device
W e EEm m Medical Device Development

= Mobile

m Railway Systems

" |
® Real-time Operating Systems
® Telecommunications
n
® Testing
5 . I
User Interface Design
I m
| B
0 20 40 60 80 100 120 140

* Ozkaya, M., Akdur, D., What do practitioners expect from the meta-modeling tools?

© 2024 IPT

A survey, Journal of Computer Languages, Vo 63, 2021

49




Where to apply? Where not?

B Timing is crucial

— At certain times organizations are ready for the change

B Repetition

— Product line, configurable product, many similar features

B Domain knowledge is substantial

— Business/domain rules have a big role, domain
experts/subject matter experts needed

®m Not if:

© 2024 IPT

— No repetition, new domain, unstable domain, multiple
organizations involved, no resources to create languages
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Cost of language creation:
industry cases*

Touch screen controller
Sport watches
Car infotainment

Voice control

Heating remote control
High level synthesis, ESL
Military radio system

Blood separators

0 5 10 15
Days

* Tolvanen and Kelly. Effort Used to Create Domain-Specific Modeling Languages.

ACM/IEEE Conference on Model Driven Engineering Languages and Systems, 2018
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Concluding remarks

B Languages for non-developers allow wider range of people
to participate in developing software systems

— Define, check, validate, collaborate, test etc.

B Languages for domain-experts must:
— Raise abstraction above code, close to the problem domain
— Apply rich knowledge representations (maps, diagrams etc.)

- Provide more than just spec creation features, like guidance,
checks, animation, simulation...

B Modern tools assist in creating and using languages
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MetaCase

Thank you

Questions?
Comments?
Counterarguments?
Experiences?

Contact: jpt@metacase.com




About me: Juha-Pekka Tolvanen

B Works for MetaCase
— Provider of modeling and code generation tool MetaEdit+

B Acts as a consultant for creating modeling languages
— 100+ DSL solutions

® Co-author of a book on Domain-
Domain-Specific Modeling, IEEE-Wiley Specific
B PhD in computer science, Modelmg
adjunct professor é)
B Enjoys sailing and skiing -
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