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“How could we join our FM/Verif forces in a setting like this?” 



ITE
• model-based automated testing environment 

Models

• formal (mathematical)
• properties
• model checking
• transformation (to code)
• model extraction

Genesys
• model-to-model and model-to-code transformation

Service Centered Continuous Engineering  
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LearnLib
• model inference by active automata learning
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Frequent Experience with MDD 

• Use cases which drive design & implementation
• Models which abstract the system
• Mapping between the models
• Static view in most of the models

and the main insufficiencies are:

▪ The lack of synchronization between the models
▪ The impact of changes is not immediately obvious
▪ No possibility to validate business rules & workflows



Mashups – CeBIT 2009
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Automatic service composition 



6



7



8

FMs for understanding models 



Service Logic Graphs (SLGs)

A Service Logic Graph (SLG) is a 4-tuple T=(S, s0, Act, Trans) with:

S a set of SIBs
s0 a unique „Start SIB“
Act a set of possible branching conditions
Trans = {(s,a,s‘)} a set of transitions where s,s‘∈ S and a ∈ Act.
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Hierarchical “While” Language 



ITU-T Q1200 Series 

• SIB = reusable component 
• SLG = application logic
• Formal semantics of SIBs and SLGs in SDL
• 4 levels of abstraction

This is how interoperable 
telecommunications systems 
work to this very day!



Kripke Transition System (KTS)

Let AP be a set of atomic propositions.
A Kripke Transition System over AP is a 4-tuple 
K=(S,Act Trans,I) with:

S a set of states
Act a set of actions
Trans ⊆ S × Act × S a transition relation
I :  S  →  2AP an interpretation function
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Process oriented view

• Process/Control flow : the „stories“ of the system
• Sequences of Activities (flow of the controi from action to action)

• How to use the system? 
• How to implement functions?

• different abstraction levels:

Business process 
models
− actions in a 
business/operational 
course of coarse 
granular actions

Program execution 
models
− sequences of commands 
in a program (applicaiton)
− fine granular

Vertical 

refinement
Problem space
Far from (any) implementation

Solution space
Close to (an) implementation
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REST

REST

REST
REST

REST

WSDL

WSDL
•  Automatic service import

• Automatic composition synthesis with M2L and Golog [ISWC 2009]

Mashups – CeBIT 2009
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Hierarchical orchestration

14 Features



Mashups – CeBIT 2009
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Enterprise Mashups for
Product Lifecycle Management

Parlay-X services
(NGN IMS)
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Enterprise Mashups for
Product Lifecycle Management

Parlay-X services
(NGN IMS)
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Business rules
Compliance

(GEAR)
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Machine readable extraction and linkage of 
file 4843239 in the 1881 GRO Ledger 

E. O’Shea, R. Khan, C. Breathnach and T. Margaria, "Towards Automatic Data 

Cleansing and Classification of Valid Historical Data An Incremental Approach 
Based on MDD," 2020 IEEE Int.  Conf. on Big Data, 2020, pp. 1914-1923, doi: 
10.1109/BigData50022.2020.9378148.

Enda O’Shea. “Machine Transcription Pipeline for Historical Irish Death Records”. 
PhD thesis. University of Limerick, 2024. 



AI-Supported Data Transcription Pipeline
                  Schematic overview of the pipeline developed by Enda O’Shea



AI-Supported Data Transcription Pipeline
(Schematic overview of the pipeline developed by Enda O’Shea) 



Problems and Challenges

• Current solution works great for subset of the data
• Other datasets may require (slight) alterations

• Pipeline is a manually executed mix of Python, Matlab and Shell scripts
• Execution needs to be orchestrated by the user themselves, this requires

some coding knowledge
• Execution is local; users need to bring their own hardware

• Adapting for different data sets is hard for non-developers!



The Great Leap

"Embracing the COST Mission, the Great Leap takes a unique, multidisciplinary approach from a 
historical perspective to gain a greater understanding of the roots and drivers of health 
inequalities across regions and countries in Europe and beyond. To achieve this mission, the 
Great Leap creates an international, multidisciplinary network that will bundle expertise, 
techniques, insights and data to create
 
(1)  the first international comparable dataset of individual-level historical cause of death data,
(2)  innovative analytical tools to analyse it, and 
(3)  insights into how this information can be used in current public health policy and practice."



The Way

Low-Code / No-Code
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Education, Publications, 
Impact in business and society

Builds 
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Builds the 
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 LCNC platform 
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Low-code Development 

Environment
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in Integrated Software 
and System Ecosystems

EPE
Dissemination

Programming
Language Level - DSLs Application 

Domain - DSLs

The                        PLATFORM:



The Architecture:
Programming Language – Domain Specific 

Languages 
(PL-DSLs)

The general-purpose modelling languages

Hardware, robots, IoT, algorithms, datasets, DBs, 
communication, AI, 

cloud, edge, …

Application Domain – Domain Specific Languages 
(AD-DSLs)

   

Integrate/add (new) functionalities/domains

Use PL-DSL and AD-DSLs 
to “create” applications and deploy them 



“Left shift” 

Low-Code / No-Code



Low-Code / No-Code

• Allows users without programming knowledge to create applications

• Utilizes models to express what to do and how, enabling formal guarantees
• Infers / generates correct code from the models (and other guidance) 

with minimal or no programming knowledge

• New platforms support this way of producing applications for a given 
research or application domain



AI-supported Transcription Example

Varants, SPLs



From Proof-of-Concept to Modules

Proof of concept: 

• Existing workflow cannot be easily automated
• Modules have side effects that make separation difficult
• No formal capture of dependencies, pre- and post-conditions
• Weak separation of concerns

• Interaction with the user required; prompts need manual intervention
and inputs



From Proof-of-Concept to Modules

„Modules“: 

• Transform the code into a library-style collection of well defined components
• By creating Service Independent Blocks (SIBs), workflows can be expressed as (f

ormal) models
• Workflows are (graphical) compositions of SIBs
• Generate the complete code of the

application from the SIBs and the workflows
• Deploy and run the application. 



Energy Networks:
computing
Consumption 
Archetypes

Blockchain:
Token based 
cancer patient 
data protection 

Materials Science:
Ink-printed
Battery anodes 
and catodes
 



SIB Palettes 
(atomic components)

AD-DSLs

Energy 
management 

Blockchain 



SIB Palettes 
(atomic components)

AD-DSLs

Energy  management 



Energy  management 

SIB Palettes 
(atomic components)

AD-DSLs



SLG Palettes (workflows)
AD-DSLs

Energy  management 



AI/ML and LC/NC: 

• Structured outputs can be leveraged for visual suggestions, but that 
requires appropriate tooling support 

• Natural-language editing of models looks promising
• Visual representation makes it easier for the human-in-the-loop to 

refine their prompts and validate the output
• LLMs can be leveraged to help transforming code into usable SIBs 
• LLMs can help refine the workflow, RAG to select appropriate SIBs 
• Combination of the accessibility of visual editing and natural 

language to empower non-experts 



ITE
• model-based automated testing environment 

Models

• formal (mathematical)
• properties
• model checking
• transformation (to code)
• model extraction

Genesys
• model-to-model and model-to-code transformation

Service Centered Continuous Engineering  
Ingredients

LearnLib
• model inference by active automata learning
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+ AI

Use AI to 

▪ Extract properties
▪ Support integration 

(make SIBs)
▪ Synthesize the logic  
▪ Translate to a 

different target 
language/runtime

AI/ML itself as a domain
▪ AI’s as SIBs
▪ Models as SIBs



ITE
• model-based automated testing environment 

Models

• formal (mathematical)
• properties
• model checking
• transformation (to code)
• model extraction

Genesys
• model-to-model and model-to-code transformation

How to leverage your FMs and AIs in this context? 

LearnLib
• model inference by active automata learning
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