
 44,000 students

 two campuses

 11 Departments

 Institute of Computer Science and Business 

Information Systems

 16 professors, > 100 researchers

 one of the largest Business Information Systems Groups 

worldwide

 5 professors, < 1,000 students, about 20 PhD students

 Bachelor and Master programs
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University of Duisburg-Essen

https://www.uni-due.de/en/
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 part of Institute for Computer Science and Business 

Information Systems

 15 research groups in CS and Business Informatics

 one of the largest Business Informatics Groups in Europe

 focus on multi-perspective enterprise modelling

 language engineering

 method engineering

 software engineering

 analysis and assessment of „machine learning“
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Research Group „Enterprise Modelling“

https://www.umo.wiwi.uni-due.de/

https://www.umo.wiwi.uni-due.de/en/



 Diploma in Business&Administration, Computer Science 

as a Minor

 Dissertation on Limitations of Artificial Intelligence

 Philosophy of Science as a Subject of Doctoral

Programme

 Researcher with the German Research Center for

Mathematics and Computer Science

 Senior Scientist at IBM Research in San Jose, Ca.

 Habilitation on Enterprise Modelling
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Personal Background



 to better understand a system, try to change it .. or study

what happens when it is changing

 to get deeper insights, look a principle conflicts related to

essential system properties

 study different subjects, from different perspectives and

 search for commonalities – especially those that are not 

obvious

 reflect upon essential differences

 focus on concepts

 recognition implies passion
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Some Lessons I Learned

“Take your time.” 

Wittgenstein



 international academic network of 24 renowned 

Information Systems schools

 dedicated to promote worldwide student exchange and 

academic collaboration

 Enjoy a rewarding once-in-a-lifetime experience

 Benefit from easy application and planning

 Rely on guaranteed credit acknowledgement

 Participate in International Summer/Winter Schools
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IS:link – Student Exchange Network

https://www.is-link.org/
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Background: Multi-Perspective Enterprise Modelling
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DSML: Illustration of Benefits
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Design of DSML challenging!
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Problems, Limitations, Frustration

 current paradigm restricted to one or two levels of 

classification – sometimes not enough

 distinction between Instantiation and Specialisation

 distinction between language and language 

application

 conflict between range of reuse and productivity gain 

through reuse

 conflict between flexibility and integrity

 synchronisation of models and code as threat to 

integrity
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40

Serious lack of abstraction!



Instantiation or Specialization?

Sometime no clear distinction 

between instantiation or 

specialisation – both make sense.

Instantiation sometimes deferred 

to lower levels.

(Meta) classes may have relevant 

state.

(Meta) classes may have features 

that need to be derived or 

calculated.

(Meta) classes should be 

conceputalized as objects.

Why is this constellation challenging the current 

paradigm?
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Distinction of Language and Model

Document

Invoice

Business Process

Product
Goal

Intention

Procurement Process

Organisational Unit

Department

Employee

ProjectERP System

Risk

CEO

Marketing 

DepartmentApplication 

System

Paradigm requires distinction, but how?

Language concept or language application?
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Conflict between Range of Reuse and Productivity

70

Level of Semantics

Potential Productivity Gain

Scale of Reuse

Class Product Printer

Semantics promotes reuse (productivity).

Semantics compromises reuse (scale).

Corresponds to conflict between integrity and flexibility!



Obstacles of Model-Driven Software Development
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generate

Creates serious synchronisation problem
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Modelling Environment Progamming Environment

Model Code
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firstName: String
lastName: String
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dateOfBirth: Date

Customer
class Customer

{                

String firstName;   

String lastName; 

Date dateOfBirth;   

public int yearsOfAge()

....

} 

M0 M1

M1Program instance

M0

name: String

Class

name: String

Attribute

1,1 0,*

Meta-Model



 allows for an arbitrary number of classification levels

 motivated by the lack of abstraction in traditional, MOF-

like language architectures

 creates avoidable complexity

 contributes to lack of flexibility

 first introduced in 2001 by Atkinson and Kühne

 various approaches developed since then

 focus on modelling, not on programming languages
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Multi-Level Modelling to the Rescue
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Inspired by Actual Use of Technical Languages

Language hierarchies with variable number of levels
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 “Language Engineering for Multi-Level Modelling”

 conjoint project with Prof Tony Clark, Ashton University, 

UK

 aims at extending the Xmodeler to become a more 

powerful multi-level language engineering environment

 allow for explicit classification level

 support for delayed instantiation

 support for change management

 ..

 … and the development of prototypical application 

systems to demonstrate the power of multi-level software 

architectures
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The LE4MM Project
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Facets of the Approach

 multilevel language architecture

 arbitrary number of classifications

 intrinsic features (deferred instantiation)

 common representation of models and code

 no strict distinction between language and language 

application

 modeling and language engineering intertwined 

activities

 integration of modelling and meta-modelling tool
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No Need for Code-Generation and Synchronisation
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Common representation of model and code!
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Relaxing the Conflict between Integrity and Flexibility
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Schema 1.1 Schema 1.2

Schema 2.1 Schema 2.2

Schema 3.1
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Multi-Level Language: The FMMLx

160

0,*

u

  responsible for
u

  uses0

1,*

0,* 1,1

skillLevel: Score
minAvailability: Score
costPerMin: Float
     posID: String

Position

averageAvailability(): Duration

0

revenues() : Money
totalUnitsInStock() : Integer

name: String
pagePerMinute: Integer
resolution: Integer
     salesPrice: Money
     serialNo: String
     partSalesPrice: Money

Printer

0

0

M2
M3

intrinsic association, instantiated 

between objects on M0

intrinsic attribute, instantiated in 

objects on M0

Metaclass

     serialNo: String
     partSalesPrice: Money

CPL-844

 ^PeripheralDevice^
M1

^OrganizationalUnit^

^Printer^

totalRevenues() =
models() =  

readOnly = false

€ 7399.00

0

object returned by operation
object state

pagePerMinute = 
resolution =
salesPrice =

40

13

1

199.00
600

0

0

totalRevenues(): Money()
models(): Integer()
     totalUnitsInStock(): Integer()
     revenues(): Money()

name: String
readOnly: Boolean
     salesPrice: Money
     serialNo: String
     partSalesPrice: Money

PeripheralDevice

0

1

1

1

0

^MetaClass^

CPL-844-9423R

M0

^CPL-844^

serialNo = 
partSalesPrice = 189.99

9423R

© Ulrich Frank | Multi-Level Modelling



A Solution to the Problem
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FMMLx Metamodel
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 similarities to Smalltalk, Lisp and OCL

 based on recursive/reflexive metamodel („golden braid“) , 

XCore

 language-execution engine

 all languages that are mapped to XCore can be executed 

by XMF

 allows for an arbitrary number of classification levels
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Foundation: (Meta) Programming Language XMF
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Background: Raising the Level of Classification
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 allows for convenient specification of languages 

 all languages that are defined with Xcore are executable

 includes a diagram editor to present and edit conceptual 

models that are represented in the same way as code

 Graphical notations can be specified with inbuilt tool.

© Ulrich Frank | Multi-Level Modelling

XModeler: Language Engineering Environment
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Multilevel DML: Illustration
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Clear contribution to reuse, flexibility, integration and 

integrity!



© Ulrich Frank | Multi-Level Modelling

Models@Runtime: Self-Referential Enterprise Systems

An SRES integrates enterprise software with corresponding

enterprise modelling environment. 

It is possible to navigate between operational level representations

provided by the enterprise software and conceptual

representations provided by the modelling environment.

Users get access to those parts of the model that fits their

expertise and authorization.

Authorized users can change the system on any level they prefer.

Enterprise model and the respective enterprise software are

automatically synchronized.

230

Common representation of model and code



Illustration (1)
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Integration of enterprise modelling environment and 

enterprise software at runtime
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Illustration (2)
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Illustration (3)
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Modelling not Restricted to Diagram Editors
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 traditional language paradigm suffers from various conflicts

 multi-level modelling promising approach to

 relax design conflicts

 to enable self-referential software systems

 particular strength of Xmodeler: common representation of

models and code

 Various challenges remain for future research

 fill semantic gaps of current specification

 so far focus on static abstractions, in future also on dynamic abstractions

 however, process abstraction is especially challenging

 construction of versatile user interfaces to hide complexity from users

 need for more powerful solutions with regard to persistence and

distribution
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Conclusions and Future Research
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https://www.wi-inf.uni-duisburg-essen.de/LE4MM/
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