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Testing context and challenges in industry
— Best practices in industry
— Limitations of BDD test automation frameworks
Break + Reflections and Discussions
Take the next step in test automation with MBT
— What do we mean by models and what is MBT
— Collaborative specification of systems in context with BPMN4S
— Automated Test Generation and Coverage
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How did we evaluate the methodology and show value, insights into adoption at ASML
Break + Reflections and Discussions
Research and Development Roadmap
Can Al potentially help to improve systems testing?
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— Live demo of a print shop
* How did we evaluate the methodology and show value, insights into adoption at ASML
* Break + Reflections and Discussions
* Research and Development Roadmap
* Can Al potentially help to improve systems testing?

* Takeaways and Wrap-up




BACKGROUND OF THIS TALK

aaaaaaaaaaa

From 2023 to 2025, TNO-ESI and ASML collaborated in a public-private partnership to develop a MBT
methodology to improve efficiency and effectiveness of system(-of-systems) testing processes in industry.

Open-source tooling offering a collaborative modeling framework, with capabilities for simulation and
automatic generation of test scripts in various languages such as Cucumber, Robot, JUnit, and GTest.

Successful validation through several pilots, the methodology and tools are being matured for adoption

into a new way of working.
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RISING COMPLEXITY OF CYBER-PHYSICAL SYSTEMS

Increasing role and complexity of software in cyber-physical systems

Ensuring promised system quality is a huge challenge I
*  Multi-disciplinary with intrinsic rising complexity ggggggg
*  Uncertainty in operational context (environment) kel
* Heterogeneity in systems, SW platforms and standards ggggggg
*  Product-line variability and long-lifetimes, ;‘2;‘222332315

Testing is a key activity to assess and improve system quality but not
much has changed in how we do it in the last 30 years...

Azurion7B 20-15
Impact of updates and upgrades

New trends such as Al, cloud deployments, loT etc.

SW Versions
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SYSTEMS TESTING

o

The cost of detecting software

Simplified chart

/\ 7\

defects grows exponentially

System-of-Systems Testing

System Testing

Number Z A Execution
Requirement Acceptance of Tests Component Testing Time
Gathering Testing i
Unit Testing
System / \

Analysis Testing N ]

Increase in Quality _\;»n — {7} costsavings

(decrease of findings) Eod
Software Integration Source ENABLES3 EU Project
Design Testing .
y,
Module > |<— Verification ﬁ‘lﬂ Validation —>|
Design io
“\'0 = Acceptance Test
Test the final system
> =.H= ﬂSystem Test
§ . Test the entire system
% Integration Test
' . Test components work together
Unit Test
Test individual component
9 27-10-2025



TESTING CHALLENGES
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How to enable faster

time to market with

promised quality and
lower costs?
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Automation of
Manual Testing

Requirements
Gathering and
Stakeholder
Management

Costs of Test
Infrastructure

Lack of Available
Hardware

Handcrafting of

Traceability of

Maintenance of

Test Execution

Test Suites Specifications Test Suites Analysis
and Tests
Dealing with Selection of Coverage and Risk
Updates and Tests and Qualit %/Ietrics Management
Upgrades Configurations y and Mitigation

Scarcity of People
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BEST PRACTICES IN INDUSTRY

Attention
to Quality Shift Left Traditional

Model Quality
Model

Shift-left strategy

. H Plan & D lop & Test Deploy & Monitor &
DDD: Create shared understanding and Betin g o o il
language between business and technical
concepts (ubiquitous language in context)

BDD: Focus on collaborative specification of
expected system behavior as scenarios

2 falling fe"fure

Business

DDI TDD

Test Driven
Domain-Driven Design 1 't D 1 ’

DDD

Domain Drive

TDD: Failing tests before systems development

DDD + BDD + TDD (combinations of them) are
widely used methodologies in industry

describe . T

|Big Picturﬂ{ — ] System
—— o — I ||
' EventStorming ——= EventStorming | ———> | EventStorming
. [ ! |




Popular BDD Frameworks

Behave

BEHAVIOR-DRIVEN DEVELOPMENT specFlow Algne wellwih Pthons JBehave

simplicity and versatility.

Integrates seamlessly Offers high configurability
with .NET environments. for legacy systems.

n R
“afh

Business owner tells
Business Analyst or

Cucumber

Known for its Gherkin
syntax and broad
language support.

Behat

Tailored for PHP
applications and web
acceptance tests.

Product Owner
aboqt his PO, Dev & Tester meet to Automation
requirements discuss the requirements
(user story) and explore The examples are Development
@ with examples to define the | documented using a
system behaviour specification language like @
Gherkin, that can be used
@ for development &
automation
@ Test Execution,
Bug fixing,
Retesting,
Release
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L dsamas  boaoessan l.

L dsamas  boaoessan l.
Feature: Login

As a user . - .

COLLABORATIVE SPECIFICATION WITH GHERKIN ) thot T con eciasl it (ot
Scenario: Successful login
Liven I am on the login page
o A e BDD process | =

“ & i ﬂ m - Then 1 should be taken to the dashboard page

& @when ("*User Navigate to looln Paged")
public va

Business owner tells
Business Analyst or . . <0
Product Owner ; Gherkin Scenario ’
about his PO, Dev & Tester meet to = Automation
requirements discuss the requirements e " -
(user story) and explore The examples are i Development @When("*User_enters Userhame and Password$")
@ with examples to define the | documented usinga | - publicivg ¥
system behaviour specification language like @ d -5
Gherkin, that can be used drive Step X K Step Y
@ for development & S drivel 11
automation :
@ Test Execution, eee
Bug ﬁxing. @Then("*Message displayed Login Successfully$")
Retesling. public vl ed Ly R
Release i~ " . ) ae
- Utility 1 Utility 2 Utility 3

@when("*User LogOut from the Application$™)

public void user_ from_the_Application() throws Throwable {
driver.find t (By.xpat #[@id="ac logout']/a")).click();
b

@Then("#

public vo le {

System. o System Under Test
¥

October 27, 2025



BDD CHALLENGES

Business owner tells
Business Analyst or
Product Owner
about his
requirements

£\

)

What can we really say about
coverage of specification and risks?

What does a keyword really do?

Ld//

PO, Dev & Tester meet to
discuss the requirements
(user story) and explore
with examples to define the
system behaviour

®

High effort, cost
and lead time

BDD process

,J‘POJ
s §

-

The examples are

documented using a

specification language like
Gherkin, that can be used

for development &
automation

©

Automation

Development

/\
&

Test Execution,

Bug fixing,
Retesting,

Release (g
&

Lack support for dealing with

changes (updates/upgrades)

High maintenance effort

bantuaras laman L
bantuaras laman L
Feature: Logi
As a user
I want to be able to log in to the application
So that I can access my account information

Liven 1 am on the login page

When 1 enter my username and password

3 And I click the login button

4 fhen 1 should be taken to the dashboard page

@When(""User Navigate to LogIn Page$")

public void user_Navigate to_LogIn_Page() throws Throwable {
driver.findElement(By.xpath(".//*[@id="account']/a"}).click();
Y

@When(""User enters UserName and Password$")
public void user_enters_UserName_and_Password() throws Throwable {
driver.findElement(By.id("log")).sendKeys("testuser_1");
driver.findElement(By.id("pwd"}).sendKeys("Test@123");
driver.findElement(By.id("login")).click();
T

@Then("*Message displayed Login Successfully$")

public void message displayed login Successfully() throws Throwable {
System.out.println("Login Successfully");

b

@When("*User LogOut from the Application$")

public void user lLogOut_from the Application() throws Throwable {
driver._findElement (By.xpath(".//*[@id="account_logout']/a")).click();

b

@Then(""Message displayed Logout Successfully$")

public void message displayed Logout Successfully() throws Throwable {
System.out.println("LogOut Successfully");

b

How to answer these questions: What is the coverage of my test suite? How October 27,2025
much of each risk do each of my test cover? What does it mean to cover? etc...



LIMITATIONS OF GHERKIN

Limited Language Expressivity

- Limited data types (int, real, bool and string

- Deterministic, i.e. no branching, e.g., if-else, loops, etc.

- No support for configuration variability

Scenaro Outline: The user orders Coffee and
Pays by Coins for 1t successfully the Coffee is delivered

Given the Vending Machine s initialized with mode “aioder”

Sxamples: @iaterDispenser

=] Lociivered vithoet poyoet

Given the Vending Machine is initialized with mode “cMdes"

When the user selects startup
Then the vending machine is Ready

Scenario Outline: The user orders Water and it is

2nd the vending machine presents the product meny

When the user selects Water

Then the vending machine delivers Kater

4nd the vending machine displays thank you screen

and the vending machine is Re:

Examples:
Mode
€co
Normal

Fast

@Card @MilkCan
Scenario Outline: The user orders Capuccino and Pays for it
successfully by card and the Capuccino is delivered

Given the Vending Machine is initialized with mode ~<Mode>”
When the user selects startUp

Then the vending machine is Ready

And the vending machine presents the product menu

When the user selects Capuccino

And the user selects strength

Then the vending machine presents payment screen

oin Coffeeteans
Scenario Outline: The user orders Coffee and Pays for it unsuccessfully
When the user pays "4” euro by card
Then the vending machine delivers Capuccino

And the vending machine displays thank you screen
And the vending machine is Ready

Given the Vending Machine is initialized with mode “choder™
Mhen the user selects startUp

Then the vending machine is Ready

and the vending machine presents the product menu
When the user selects Coffee

nd the user selects strength
Then the vending machine presents payment screen
When the user pays “1"

Examples:
“1” euro by coins. Hode
Then the vending machine displays payment failure £eo -
And the vending machine is Ready Normal

Fast
Examples: i e
Hode Scenarto Outline: The user orders Coffee 3nd Pays more
ko than neaded the soney 15 returned and Coffee §s delivered
Normal

Given the Vending Machine 1s initialized with mode *coder™
When the user selects startup

Then the veeding sachine is Ready

nd the vending machine presents the product mens
When the user selects Coffee

And the user selects strength

Thes the vending machine presents payment scroen
When the user pays 5" euro by coins

Then the vending machine returns “3° euro

And the vending machine delivers Coffee

A0 the vending machine displays thank you screen
And the vending machine 1 Ready

Fast

Examples.

Simple Data Types

Simple Data

Types Mapped

to Complex
Types

Gherkin Scenario

Step X

Step Y Step Z

Utility 1

Utility 2 eee Utility N

SUT B

October 27, 2025



LIMITATIONS OF GHERKIN

Limited Language Expressivity

Limited data types (int, real, bool and string)

No branching, e.g., if-else, loops, etc.

No support for configuration variability

No support for references to step outputs
Leads-to
- Maintenance burden over time
- Exploding number of test cases times system variants
- Growing burden of keyword governance
- How to prevent clones?
- High complexity, lead time and missing overview
- Do all stakeholders have the same interpretation of steps?
- Long scenarios with data relations between steps, implicit in their implementations

- Multiple abstraction layers, written in different languages makes it difficult to get a global view

Gherkin Scenario

Step X

LS

-

" e e an e -

Step Y Step Z

-

Utility 1

Utility 2 eee Utility N

SUTA

-0 SUT B

October 27, 2025



INNOVATIONS ARE
NOT KEEPING UP

Off-the-shelf test automation
frameworks have not kept
pace with the needs to
improve efficiency and
effectiveness of testing
complex systems.

1%

7
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Lack of Trust

Costs of Test
Infrastructure

Lack of Available
Hardware

Handcrafting of

Traceability of
Specifications

Maintenance of

Test Execution

Test Suites 2nd Tests Test Suites Analysis
Dealing with Selection of Coverage and Risk
Updates and Tests and Qualit %/Ietrics Management

Upgrades Configurations y and Mitigation

Scarcity of People

22




INNOVATIONS ARE

REFLECTIONS NOT KEEPING UP

coverage of specification and risks?

— [ What can we really say about ?

BDD CHALLENGES

L
foati
As a user
1 wont to be able to log in to the opplication
[ What does a keyword really do? F So that T con access my account information

am on the login page

L PO || Ahen | enter my usernome and password
(2] -~ = BDD process And 1 click the login button
Costs of Test Lack of Available “ ‘ =2 ﬂ bttt Ul
Infrastructure Hardware 6 & 3
Business owner telis i r\s7
W7
Business Analystor | . 2
Off-the-shelf test automation Poidowme -
fi ks h t kept Traceability of i e st By Voo
Tamewarks have no) P! Handcrafting of race_i i A e of Test Execution D : (user story) and explore "'euv'::sm - Development
; : p : s ( document . 1=y
pace with the needs to Test Suites ey Test Suites Analysis irlaendelosidd gm«.«;;mm G : >
" g —~ herkin, can
|mproye efficiency aAnd ©) for development & driver. FindtLomant (by. i4(Togin®)) <1ick();
effectiveness of testing = Sormacon )
complex systems ling with lectionat sk G L':nmm \
. Dealing wit Selection o Coverage and Ris| Retestng. &
Updates and Tests and Quality Metri Management Release g )
Upgrad Configuration: uality Metrics and Mitigation N !
High effort, cost Lack support for dealing with on() throws Theouable ¢
and lead time _lngewt }/a")) cick()s
| Scarcity of People l changes (updates/upgrades) } et 4.1k
[ High maintenance effort (
How to answer these questions: What is the coverage of my test suite? How Octaber 21,2025

We would love to hear your thoughts on
* How do you experience BDD in practice?

* Do you recognize these challenges?

* Do you think there are more, or less?

* Where do you feel the biggest need for innovation?

much of each risk do each of my test cover? What does it mean to cover? etc...

LIMITATIONS OF GHERKIN

Limited Language Expressivity

Limited data types (int, real, bool and string)

No branching, e.g., if-else, loops, etc.

No support for configuration variability

No support for references to step outputs
Leads-to
- Maintenance burden over time
- Exploding number of test cases times system variants
- Growing burden of keyword governance
- How to prevent clones?
- High complexity and missing overview
- Do all stakeholders have the same interpretation of steps?
- Long scenarios with data relations between steps, implicit in their implementations

- Multiple abstraction layers, written in different languages makes it difficult to get a global view

Gherkin Scenario

Step X Step Y Step Z
LS - A
Utility 1 Utility 2 e Utility N

SUTA  HI- SUT B
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BREAK
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Testing context and challenges in industry
— Best practices in industry
— Limitations of BDD test automation frameworks
* Break + Reflections and Discussions
* Take the next step in test automation with MBT
— What do we mean by models and what is MBT
— Collaborative specification of systems in context with BPMN4S
— Automated Test Generation and Coverage
— Live demo of a print shop
* How did we evaluate the methodology and show value, insights into adoption at ASML
* Break + Reflections and Discussions
* Research and Development Roadmap
* Can Al potentially help to improve systems testing?

* Takeaways and Wrap-up




NON-DETERMINISTIC MODELS VERSUS SCENARIOS

light is

on light breaks
A Model of a Switch - - A light is
and Light Bulb switch light on .:*Mtch light off ,t broken
\\\ _“/: .zf
o 0
light is light breaks

off

Represents an Infinite Number of Scenarios

Switch Light On; Switch Light Off;

Switch Light On; Light Breaks

Switch Light On; Switch Light Off; Light Breaks

Switch Light On; Switch Light Off; Switch Light On; Switch Light Off; ...

aaaaaaaaaaa

Switch Light On; Switch Light Off; Switch Light On; Switch Light Off; Light Breaks ..

Page 26
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TYPES OF MODELS it

|mnmm Change <
‘master’ >*’| Detected

- - Successhi? Control-Flow View Comr-:onen'

Activity Diagram B
Event-driven Process Chain

B oo ems BPML

Required Interface
Provided

Interface ~

Structural View
Component Diagram

Scenario View

Sequence Diagram, MSC
Communication Diagram

| Order | | Sale Log | | Report I I Shipment I
|nma | |Runnmg Total | 1 [0:( of transportation
‘ T . ) Data View
. ok 1 [ oo . ER/Class Diagram

State View Product [ Recom ] i o ]
State machine diagram Fi“:::m '
Finite Automaton s;k .
Statecharts auaniy - [Providing Stores_|

if the customer does =ct-:=2q turn on then =ct-==20 ready Constraint View
should be shown by the coffeeMachine immediately-after SCL, FRET, etc.

Page 27 Month Day, Year



VendingMachine

v

TYPES OF MODELS: VARIABILITY MODELING Boverages Fg’k\c;ph

b c

£ > Products from Figure 1:

=P
LJ-\].[:IrJ ‘ T’?a [ﬂ) Basic = {‘J, h, 5}

pay | ghange _soda serveSoda. open _ o take L ° (b) Teaandsoda ={v, b, s, t}
"_/). (c) Cancel function ={v, b, 5, ¢}
close Legend: (d) Soda for free  ={v, b, s, f}

(a) Basic vending machine E\= and /;\= or I_E|=optiona|

soda

_ pay_ change

open take FD for the vending machine SPL.
L

Ar:eTea

close

(b) Selling tea and soda

return § ¢ _‘_Cam:el /I

frea [ f

open take

return close

(c) With a cancel purchase function

o = o U P
soda :~@.5 yrvesoda ! 5

Foay /v n—d@changﬂ T 0pen v n;f_@taka i v

tea /t @ senéTea / t

free soda_ serveSoda take /f
close /v
take ___J
(d) Distributing soda for free FTS of the vending machine.

Several variants of a vending machine.

October 27, 2025



Risks,
Priorities,
Test Goals

-

Offline MBT

go
[}

WHAT IS MODEL-BASED TESTING

Test Purpose
a°
and Design N\
Specification (Q] Model-based Test =B 2B [2B Abstract
() Selection and Generation —1 =1 1= Test Suite
Specification Models |

Requirements

Verdict

_D Concrete
=] |=] |=] Test Suite

9,
® Test Runner 6&

System Under Test

Conformance? > ;




Risks,
Priorities,
Test Goals

Online MBT

-

WHAT IS MODEL-BASED TESTING

@ 2

@Test Purpose

and Design N e

Specification % > Model-based Test | 4¥°
{ )

Selection and
Specification Models Generation

Requirements

Verdict

Test Adapter

)
)
Conformance? > ;

System Under Test




WHAT IS OUT THERE AND WHAT DO WE MISS?

Requirement

Gathering

Word, SysML,

BPMN etc. System System

Analysis Testing

Software Integration

Design Testing ComMA MBT
Axini, Conformiq

ComMA, Coco,

Dezyne, AML etc.
Module
Design Testing

»le

|<— Verification

@ =.H= System Test
\,\%3 ﬁTest the entire system

Integration Test
Test components work together

Unif Test

Test individual component

VI‘

eeeeeeee
aaaaaaaaaaa

Validation —
s

Acceptance Test

Test the final system



Products

Azurion3F12

Azurion3F15 \\
Azurion5C12  °

Azurion5C20
Azurion5F20
Azurion7F12
Azurion7C12
Azurion7C20
Azurion7B 12-12

Azurion7B20-12 /'

Azurion7B 20-15

VALIDATION OF SYSTEMS IN CONTEXT

(T D4
Ka!

g

U |

aaaaaaaaaaa

Environment

g

Requirements >

’ Value/KPlIs >

User User Needs > J—v—L
A NslVsl\s Module/Unit
N | For validation testing, the environment
must be explicitly modeled!
System \/ /@\
L |,
> &= T Classical MBT Factory Automation
) approaches focus on
Vo modeling the system & é
Rl.O.(;,;l.l.O,SP 1.0...R1\4\.0.0 j E j E
System X < > System Y
= N

Outside-In Perspective




SYSTEM OF SYSTEMS MODELING WITH BPMN4S e

% | Customer Process Automation

System X <:> SystemY <:> System Z

Manufacturer A
Manufacturer B

39



Methodology to Improve efficiency and
effectiveness of system(-of-systems) testing
processes by leveraging MBT technology

OFFLINE MBT FOR SOS IN CONTEXT

The BPMNA4S Modeling Framework

Syst e m A., = ;‘:ﬁol\:gssulﬁloop Drift Control
H H ~— % General e v 4
Configurations — oo
SN——— il = o
ptsnsisinisoins USRS s BMMO Multiloop Drift Control
Concrete 5 e i .
Y i : i ocess
Test Data : ; : —— il 5 [ Executable % BDD Test Sulte
~— [ 2 tteds Documentation > Q Tester
. S Data types + @ N, = 5 -
JOb ReC|peS \—/_ > LO‘::;DB:EHUIT\BI‘Q(IO" m {I}tl r k]{] L:_+J T LY_fI T L:_lrl ?
T t P \/. > Result : Enumeration = 5{ l,l Hd r | L'j 1 E : : : i | E E
e S u r p O S e S —. > LotContext : Record I_Y_I i I_LLl 1 IJ_I '
— equest : Recor N I 1 :
) Offline vee  C#Step st | 1| sur2 |1 sutn |
e MBT -’ Definitions

> SUTResult : Record
> ExposeJob : Record

> ConcreteExposeJob : Record

ASML MESI w > ListOfStrings : List<String>

)
3

e Automation reduces lead time by eliminating the need to hand-craft tests
Models grow linearly as compared to test scenarios (easy maintenance)

* Provides sound basis to reason about coverage

* Intrinsic traceability between specifications and tests

* Sound basis for automated impact analysis and regression test selection

Collaborative specification and simulation
of expected system behavior in context

40



Extends the OMG standard for BPMN 2.0
THE BPMNA4S EDITOR Builds on the open source bpmn.io editor

Selection
e v No lssees ContQXt @ faumow.mau
Y Live Pad e
- . . 1 0 F General .
.”. Validation ol aa — )
- Palette - [;] e s Properties 7y =
. Pooorse
- panel t_shedse_contert
O b m ":;Wt Recons v
o 2] v ez ston Assayvment
0 X Kt_schedae_content = LotContent (
% c : Hlerarchy ’U-rm-w?m- NTRL. iax = 1
anvas
D o > Bt _schedue condext  LosCondest
8 oo _xb e wnt esrse ya Q a2 ) : L "oena s '
Coposerc Crsosempu [N PR -—— Lte S Ren v gt
@ = Q Q l > e Response
(BN v Outpat
- 5 :..,,..,: I > g Request
O )%
Vesniy .
B
)
Toolbar o s
= e {5} =
# o seae gt & A -
. Lorvamainn . Jer
B0 LB O+ - ASML TNOESI BP0
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SIMULATION OF BPMN4S MODELS

TNOES!

Powered by industry
and academia

COLLAPSED SUB PROCESS

Token Simulation © o o o o RN Simulation State i Production Controller
Token Simulation @© o 0 0 ° = Simulation State ® >
»
a
Token Simulation @© o 0 0 o ] Simulation State * N
s Process_1 » Controller > Production Controller v Process_1.Controller.Production Controller [EEET)
m production_status “id": @,
Slolvs “payload™: "REQ1"
]
e v Process_1.Controller. Production Controller ?
e g 1, 2 ’
“payload”: "REQ2"
}
v Process_1.Controller production_status ~ EIET
send Wait for P
F‘;!adumc{n Response “run_production”: true
eques
@,
~ v Process_1.responses
i
“Result::oK”, In
H
v Process_1.responses ]u-'_:lr:u
“result®: “Result::oK”,
"id": @
Request X }
| Prepare for
Mext Request
fanio
5 O+ - kX ASML TNOESI BPMN.0
| ™ o T - Iz & ASML TNOESI BPMILIO I
Pag
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printFleguesis
FrntRequest

il il

3 nﬁpec:iur;:tnb inspé tionFesult optJo : L]
PrintRequesf Hesuﬁ' MeasursReqirest o Result OptimizeRequsst 7 Result

y y g
z] £] z]
Printer Inspection Optimization

H EE

= 'g®'y @

DEMO

D

Simple 3D Printshop Model and Simulation =

printR epart

i Regart inspectionRaport :
: Report :

commections
Report




HOW DID WE EVALUATE THE
METHODOLOGY AND SHOW
VALUE AT ASML

- | j B =
\ Customer Fab automation }—‘L—‘

After-etch
metrology

(&

After-etch
e-beam
metrology

eeeee
aaaaaaaaaaa

After-etch /ICMP
e-beam
inspection
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REFLECTIONS

Lk

We would love to hear your thoughts on

* What did you think about the BPMNA4S language and its
simulation features? Is this a step up in fostering collaboration
and creating shared understanding?

* Do you agree that with such an approach the focus will towards
more on understanding and capturing the domain and risks?

* Do you see such an approach resulting in higher efficiency and
effectiveness? If not, what concerns you the most?

eeeeeeee
aaaaaaaaaaa

BDD Test Suite

g8

Gherkin
Scenano @
C# Step

Definttions

Pag
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AGENDA |

Testing context and challenges in industry
— Best practices in industry
— Limitations of BDD test automation frameworks
* Break + Reflections and Discussions
* Take the next step in test automation with MBT
— What do we mean by models and what is MBT
— Collaborative specification of systems in context with BPMN4S
— Automated Test Generation and Coverage
— Live demo of a print shop
* Break + Reflections and Discussions
* How did we evaluate the methodology and show value, insights into adoption at ASML
* Research and Development Roadmap
* Can Al potentially help to improve systems testing?

* Takeaways and Wrap-up




RESEARCH AND DEVELOPMENT ROADMAP

Further enhance collaborative specification

* Version management, reviewing, model comparisons, replay of test cases in simulation
Focus testing efforts where it matters

* Reason about product risks and priorities

* Exploit usage profiles, test execution logs and defects

Faster root-cause analysis

* Model-assisted root-cause analysis of failing tests

* Coverage analysis and test reporting

Higher coverage with online model-based testing

* On-the-fly test generation and execution

* More representative testing of real-world dynamics
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Off-the-shelf LLM

Coverage
Reference
Test Spec
Test Suite Co/C1

CAN Al AUGMENT BDD +
MBT?

Coverage
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Models

TAKE AWAYS gt
* Systems are getting more complex g :°__:_ =
* Current approach to testing is not scaling U
* BDD truly triggered the shift-left movement BOD Test Siilte s |
e But there is an urgent need for innovation in EBI Gherkin '

technologies supporting BDD gu:: Scenario

e CiStep

* Model-based testing can augment BDD by =""° Definitions

taking collaboration to the next level and
improve test coverage

* LLMs may hold the answer to the modeling
hurdle in MBT

* Finding the right application of Al and
embedding in existing tech/WoW is not trivial
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How to enable faster
time to market with
promised quality and
lower costs?

Automation of

Risk

. Management
Manual Testing 8

and Mitigation

Costs of Test
Infrastructure

Lack of Available
Hardware

Maintenance of
Test Suites

Test Execution
Analysis
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