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Research Group ,Enterprise Modelling”

B part of Institute for Computer Science and Business
Information Systems

B 15 research groups in CS and Business Informatics
B one of the largest Business Informatics Groups in Europe

B focus on multi-perspective enterprise modelling
O language engineering
0 method engineering
O software engineering

B analysis and assessment of ,machine learning”

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

© Ulrich Frank | Multi-Level Modelling



Personal Background

Diploma in Business&Administration, Computer Science
as a Minor

Dissertation on Limitations of Artificial Intelligence

B Philosophy of Science as a Subject of Doctoral
Programme

B Researcher with the German Research Center for
Mathematics and Computer Science

B Senior Scientist at IBM Research in San Jose, Ca.

B Habilitation on Enterprise Modelling

© Ulrich Frank | Multi-Level Modelling



Some Lessons | Learned

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

what happens when it is changing

essential system properties

to get deeper insights, look a principle conflicts related to

study different subjects, from different perspectives and

O search for commonalities — especially those that are not

obvious

o reflect upon essential differences

M focus on concepts

B recognition implies passion

“Take your time.”
Wittgenstein

© Ulrich Frank | Multi-Level Modelling
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Multi-Level Language Engineering

Ulrich Frank

Lehrstuhl fir Wirtschaftsinformatik und
Unternehmensmodellierung

ICB Institut fuir Informatik und Wirtschaftsinformatik

d

Institut fur Informatik und
Wirtschaftsinformatik (ICB)

UNIVERSITAT

DEUSISS NU R G

Offen im Denken




Background: Multi-Perspective Enterprise Modelling

Inbound Outbound Marketing

Logistics Opsations Logistics Sales Ssiiices
Value Chain Diagram
g
Bosrd of
Directors
o=t ; | i
Order Management = = =Sl lé?ﬂ I A ’ {éﬁ
| Markon - Finance | Acoounting
Prodyct A A Handle Request for Handle Complaint - ]
: | Technical Support Product A
Goal Di | [ | En B v
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= g}‘D k o g:} ] & 2
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H
Ordér Managenrient Handle Complaint i fifih T o
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Product C
Business Process Map
v
D <Bakie> not available
< > g
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e s G T
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—~ < Sales Agent > v
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IT Resource Diagram

Object Model
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DSML: lllustration of Benefits

. e < runson

name: Strin ; M

oo g - _|name: String 2
: g 0, 0,* |version: String

version: String

DSML

name: String
isAbstract: Boolean

GPML

« specified by

part of »

N

O

— " K My

Oracle 10g

—# runs on

Design of DSML challenging!

DBMS-Server

os: String
version: String

11

0,* [|hame: String 0,*

o

runs on »

0,*

0,*

SAP-R3

version: String




Language
Architecture
& Tools

Meta Meta Model

- uses

Meta Models

Meta Model Editor

reconstruction of

Object Models

%

< corresponds to

~<_
~
~ =~ <
~ ~
= <« defines
] =
= ——
= =
I Ecore

instance

Integrated

Object Model
(reconstruction of
DSML specification)

{ntegrate

Compound Architecture

Integrated Object Model

<« integrated through

Language
Editor

generate
& modlfy
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foundation of J; Multi-Languag
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Problems, Limitations, Frustration

B current paradigm restricted to one or two levels of
classification — sometimes not enough

B distinction between Instantiation and Specialisation

M distinction between language and language
application

B conflict between range of reuse and productivity gain
through reuse

B conflict between flexibility and integrity

B synchronisation of models and code as threat to

I A~
[ |

Serious lack of abstraction!

2lling



Instantiation or Specialization?

specialized fram

01 . . . o
PeripheralDevice <partof Feature Sometime no clear distinction
name: String 11 g, [name: 5tring between inSta ntiation or
~ ! type: Type . . .

o specialisation — both make sense.
totalRevenues() : Float . . -
_____________ ~~—— ___________ Instantiation sometimes deferred
Printer to lower levels.

(Meta) classes may have relevant
state.
(Meta) classes may have features
_________ e = 1 thatneed to be derived or
CPL8aa calculated.

(Meta) classes should be
conceputalized as objects.

ps32-3: CPL-844

Why is this constellation challenging the current
paradigm?

© Ulrich Frank | Multi-Level Modelling



Distinction of Language and Model

[ e } [ Organisational Unit }

L) (ot )

[ Business Process J

[ Document]

[ Department }

[ Intention }

(expre.
[ Procurement Process }
Marketing }

[ ERP System J [Application} [ Project ] [ Department

E' System

Paradigm requires distinction, but how?

Language concept or language application?

evel Modelling



Conflict between Range of Reuse and Productivity

, 3

Potential Productivity Gain

Scale of Reuse

>
Semantics promotes reuse (productivity). Level of Semantics
Semantics compromises reuse (scale).

!|I

Corresponds to conflict between integrity and flexibility! -
odelling



Obstacles of Model-Driven Software Development

Modelling Environment Progamming Environment
Meta-Model
Class Attribute
name: String name: String
L 11 op
Model Customer Code class Customer
{
firstName: String |:> String firstName;
m lastName: String String lastName; m
custlD: String generate Date dateOfBirth;
dateOfBirth: Date |:>
yearsOfAge() : Integer public int yearsOfAge ()

[ Program instance ] m

||
Creates serious synchronisation problem

© Ulrich Frank | Multi-Level Modelling



Multi-Level Modelling to the Rescue

B allows for an arbitrary number of classification levels

B motivated by the lack of abstraction in traditional, MOF-
like language architectures

O creates avoidable complexity
O contributes to lack of flexibility

B first introduced in 2001 by Atkinson and Kihne

B various approaches developed since then

B focus on modelling, not on programming languages

© Ulrich Frank | Multi-Level Modelling



Inspired by Actual Use of Technical Languages

hY)
Organisational Unit § el
13 Property
anp (]
Position Committee S Unit
‘ Compound
Composed Product
Department Department Product '
Part Aggregation
Quality Circle Faculty Council ar State
= = S< .
Team Dean g / ‘~\\ Ingredient
o T -~
Market Analyst Institute Sl Wheel [ -

Tl Tl Saddle Beverage
AR T /‘\\ Water | [ Container

Marketing

Department Tl
Department of Physics < Cross Racer BN
(S}
Market Physics Faculty % R3 Beer Bottle
Research Team Council S Saddle SR1
©
Quality Circle Rect.or S § Wheel AT1 Malt Alcohol
Product PG 1 Office ) [\\
Market Dean of Dep. tg [ \\“\\\ -
Analyst MA2 of Physics o Tt~ Beck's”
o Cross Racer R3
§ || serial No: CR Cross Racer R3 0,5 0,33
< 597 Serial No: CR Bott] Bottle
g 593 otte

Ell
n
Language hierarchies with variable number of levels
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The LE4AMM Project

“Language Engineering for Multi-Level Modelling”

conjoint project with Prof Tony Clark, Ashton University,
UK

B aims at extending the Xmodeler to become a more
powerful multi-level language engineering environment

o allow for explicit classification level
o support for delayed instantiation
o support for change management
o .

B .. and the development of prototypical application
systems to demonstrate the power of multi-level software
architectures

© Ulrich Frank | Multi-Level Modelling



Facets of the Approach

B multilevel language architecture
O arbitrary number of classifications
O intrinsic features (deferred instantiation)

B common representation of models and code

B no strict distinction between language and language
application

0 modeling and language engineering intertwined
activities
O integration of modelling and meta-modelling tool

© Ulrich Frank | Multi-Level Modelling



No Need for Code-Generation and Synchronisation

File Browse Debug Multilevel

MyProjects

Project0 =

« 1 OrderManagement

~

g diagramO
=1 Address
+ =1 Customer
+ address : 1Address
<+ order : *Order
< firstName : String
=+ lastName : String
=+ phone : String
= getFirstName()
= setFirstName()
= Order
= Orderltem
= Product
v # includes
= order : 10rder

=+ orderltem : 1..* Orderltem

v # issues
-+ customer : 1Customer
<+ order : *Order
~ # locatedAd
<+ address : 1Address
=+ customer : *Customer
~ ¢ partOf
=+ orderltem : *QOrderltem
-+ product : 1Product

>

GE_SET]

Welcome

Py

Diagram *
(m] =~ Select

XCore 2
[ ] =:Class

[ | ©1Package

[ ] = Note

[1 # Association

(] = Attribute

(1 # Association (self)
[ | = Attribute (self)

1 + Inheritance

] + Dependency

[] =-Delegation

1 Slot Value

[ | = Attribute (String)
] = Attribute (Integer)
(] = Attribute (Boolean
] = Attribute (Float)
[] = Object

XMap 2
[ | « Mapping

| - Domain

] ~ Range

Toqgles 2
(m] » Magnetic Waypoir
(m] . Show Attributes

(m] 2. Show Associations
m] - Show Inheritance
(m] & Show Multiplicity

(m] - Show Instantiatior

~

OrderManagement(diagram0)

Customer

firstName String
phone String
lastName String

getFirstName ()
setFirstName ()

*

]

3¥p23e20T -

H
]

[

Address
street String
streetNo String
zip String
city String
country String

2

Actions 2
+ Update

at 7anm L

XMF Console Properties - op0()

v

> issues D

Order

>

includes L

issued Date

id

String

i
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OrderItem

units Integer

*

partof

-

=

i

[

Product

name

String

pricePerUnit Float




E52 XModeler [develop] [NO_IMAGE_SET] - O X

File Browse Debug Multilevel

MyProjects * Welcome |C:\Users\Bjoern\git\XMF\com.ceteva.xmf.system\xmf-addons\Test\OrderManagement.x... =

3 MyProjects parserImport XOCL; ~
parserImport Parser::BNF;

import OCL;
import XOCL;

context Root
@Package OrderManagement metapackage Root::XCore extends Root::XCore

@Class Product
@Attribute pricePerUnit : Float end
@Attribute name : String end

end

@Class OrderItem
@Attribute units : Integer end
@Attribute product : Set(Product) end

end

@Class Order
@Attribute orderItem : Set(OrderItem) end
@Attribute issued : AuxiliaryClasses::Date end
@Attribute id : String end

end

@Class Address
@Attribute street : String end
@Attribute streerNo : String end
@Attribute zip : String end
@Attribute city : String end
@Attribute country : String end
end

@Class Customer
@Attribute order : Set(Order) end
@Attribute firstName : String end
@Attribute phone : String end
@Attribute lastName : String end
@Attribute address : Set(Address) end

@Operation getFirstname():String
self.firstName
end

@Operation setFirstname(firstName: String)
self.firstName := firstName
II end

Common representation of model and code!
2lling

| I=2=—=




Relaxing the Conflict between Integrity and Flexibility

Schetna 4.0
Scher;r;a 3.1 §Sc;1;rr‘\\a 3.2
Schem’a 2.1 Schfma 2.2 Sch\e\:r;na 2.3
Sche[rla 1.1 Sche/r;:\a 1.2 Scheri; 1.3
Schema 0.1 Sch;ma 0.2 Sd;;ma 0.3 SchNe\ma 0.4
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Multi-Level Language: The FMML*

Metaclass

APeripheralDevice? . .
PeripheralDevice g )

name: String ’\Organiza’.cif)naIUnit" . CPL'84.4
name: String pagePerMinute: Integer Position Ese”a”\m: Strlng
readOnly: Boolean resolution: Integer <responsible for [skillLevel: Score partSalesPrice: Money
salesPrice: Money salesPrice: Money 0.* 1+ minAvailability: Score
serialNo: String serialNo: String ’ " |costPerMin: Float pagePerMinute = 40
1] partSalesPrice: Money partSalesPrice: Money m < m m posID: String resolution = 600
; uses o
totalRevenues(): Money() /[revenues() : Money - averageAuvailability(): Duration salesPrice = 199.00
models(): Integer() / [totalUnitsInStock() : Integer 0* Ll MO
totalUnitsInStock(): Integer ! lv= false IR o .
- readonly = | intrinsic association, instantiated ACPL-8447
 revenues(): Money I —— |
—= totalRevenuies() = KEERNI between objects on M CPL-844-9423R
models() #

serialNo = 9423R
partSalesPrice = 189.99

: object returned by operation
intrinsic attribute, instantiated in object state
objects on MO

© Ulrich Frank | Multi-Level Modelling



A Solution to the Problem

constraint on
AProduct? .
values of instances

PeripheralDevice |- of instances

minQualityLevel: Level~|"
i§ qualityLevel: Level
1] serialNum: String

intrinsic attribute M3

APeripheralDevice”
Printer

M2 pagesPerMinute: Boolean] serves representing values

color: Boolean ----------------{----nnnonees that are shared by all

resolution: Integer -----""" instances of instances
E serialNum: String

minQualityLevel = #med

APrinter®

XP-600C

- - serves representing particular
M1 m serialNum: String - ------- instance property values

color = #true
pagesPerMinute = 90
resolution = 600
qualityLevel = | #high

slot value (object state)

AXP-600CA
MO F2-842

serialNum = | F2-842

© Ulrich Frank | Multi-Level Modelling



FMML* Metamodel

FMML*

Object

allParents() returns!
all superclasses.

context Class

get(name: String): Object

set(name: String, value: Object): Object
copy(): Object

save(fileName: String): Object

CollectionMult ; @Constraint nonCycliclnheritance
I not self.allParents().includes(self)
lowerBound: Integer ,,,,,,,J end
upperBound: Integer |
hasUpperBound: Boolean } inherits from
|
XCore ol
. s <« part of -
(5|mpI|f|ed) 01 | B Doc Constraint
! *| * . i )
d } 0, 0. Ccijocs Stnng body: String
En ; Class 0~ IGF Sl id: String
name: String ! ____isAbstract: Boolean | 0,* <part of | o
isIntrinsic: Boolean isRole: Boolean 0*
instLevel: Integer 0F 11 '
isNavigable: Boolean new() ~ <«part of
isCore: Boolean | JAN 0,*
2,2 . | <« part of
0r
1,1 |
Association :
type: AssocType |
| type: Classifier instLevel: Integer
| isIntrinsic: Boolean isCore: Boolean
| instLevel: Integer
[ isCore: Boolean
[
|
|
|
|
extended features |
[
[
]
MetaAdaptor
Interface Layer 2
level: Integer

new(): Object
newAtLevel(l: Integer): Object
N

[
1 |
MetaClass

isIntrinsic: Boolean
instLevel: Integer

allinstances: Set
allAssociations: Set

createAssociation(...): Association © Ulrich Frank | Multi-Level Modelling




Foundation: (Meta) Programming Language XMF

similarities to Smalltalk, Lisp and OCL

based on recursive/reflexive metamodel (,golden braid"),
XCore

B [anguage-execution engine

B all languages that are mapped to XCore can be executed
by XMF

B allows for an arbitrary number of classification levels

© Ulrich Frank | Multi-Level Modelling



Background: Raising the Level of Classification

Object

get(name: String): Object

set(hame: String, value: Object): Object
_| copy(): Object

save(fileName: String): Object

CollectionMult

lowerBound: Integer inherits from p

upperBound: Integer —‘
| 0,*
0,1 |

Class M,

0,1 0,*[name: String
End | Lo slisAbstract: Boolean
new() : Object

name: String | o* 0,*
22 AN o o
<« part of
- «part of
- art o
Association P 0.* 0
name: S_tring Attribute CompllefJOperatlon
isIntrinsic: Boolean — name: String
instLevel: Integer nam.e. Strlng_ codeBox: Element
isCore: Boolean _type._CIgssﬁler traced: Element
isIntrinsic: Boolean

isIntrinsic: Boolean
instLevel: Integer
isCore: Boolean

instLevel: Integer
isCore: Boolean

Process

automated: Boolean

A
]
1
l

OrderManagement

|\/|1 numberOfinstances: Integer
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XModeler: Language Engineering Environment

allows for convenient specification of languages

all languages that are defined with Xcore are executable

B includes a diagram editor to present and edit conceptual
models that are represented in the same way as code

B Graphical notations can be specified with inbuilt tool.

© Ulrich Frank | Multi-Level Modelling



Filk Browse Multilevel

MyProjects X | Weicome x

4 MyProjects + | - ! L] ‘ =3 ‘URL: file:/C:/Users/frank/Entwic | Go

XMode ler Wifshee  Sheffield
www. wi-inf. uni-due.de/LE4MM U rs‘-tg

Source Projects Models

Team Contribution

The following people have contributed to the design and development of XModeler:

Tony Clark
Ulrich Frank
Jens Gulden
Daniel Topel
Bjorn Benner
p

XMF Console X

| LOadlng .\XmT-Src/../XMT-addons/MuLTILevel-Ed1Tor/auxitlaryiypes/ iypess.0 viviv:L ms | 2
[ .\xmf-src/../xmf-addons/Multilevel-Editor/auxiliaryTypes/ComposedTypes.o is up to date. ]

[ Loading .\xmf-src/../xmf-addons/Multilevel-Editor/auxiliaryTypes/ComposedTypes.o 0:0:0:73 ms ]

[ .\xmf-src/../xmf-addons/Multilevel-Editor/auxiliaryTypes/ComposedTypes2.0 is up to date. ]

[ Loading .\xmf-src/../xmf-addons/Multilevel-Editor/auxiliaryTypes/ComposedTypes2.0 0:0:0:0 ms ]

[ .\xmf-src/../xmf-addons/Multilevel-Editor/auxiliaryTypes/Injection.o is up to date. ]

[ Loading .\xmf-src/../xmf-addons/Multilevel-Editor/auxiliaryTypes/Injection.o 0:0:0:1 ms ]

0:0:0:359 ms ]

0:0:-49:-122 ms ]




(1) g;lrcteP:rtilz-a;Ioat suited_for b protected: Boolean
M, M, o introduced: Date 0,* 1% temIpControI: Boolean
. ’ . availPower: Integer
[}l installed: D.atle [ positioned_at » emergencyGen: Boolean
[l energyCon: Float 0* 1,1 volume: Integer
[l actEnergyCon: Float ’ id: String
[l operationCosts: Float | -
noOfMetaTypes: Integer()
noOfModels: Integer() (SN
A N
; Fl compatible » . =
PeripheralDevice mc.)btlleA Blo'\tzlean nt ServerRoom
o 0,* o, pginternafiviemory: Integer I positioned_at > [ .
M price: Float persistentMemory: Integer P — Y()-Iurrie. Integer
3 My B connected_to > additionallntMem: Integer 0,* 1,1 [id: string
mefModeIs() 0 0 additionalPersMem: Integer
"""" 7 ) ! ! cpuSpeed: Integer
i WLAN: String
] m,. €

Laptop

name: String narr(;ei Str|1n4g
. m _ .
resolution: Integer o screenSize: Integer m

pagePerMinute: Integer
resolution: Integer
salesPrice: Float

pagePerMin: Integer
TWAIN: Boolean

screenResVert: Integer
screenResHor: Integer

} R name: Strin
serialNo: String g
partSalesPrice: Float

revenues() : Float mobile: false

| noOfModels: 12

CPL-844

pagePerMinute = 40
My resolution = 600
salesPrice: 199.00

serialNo: String
nartSalesPrice: Flnat

Clear contribution to reuse, flexibility, integration and
Integrity!

2lling



Models@Runtime: Self-Referential Enterprise Systems

An SRES integrates enterprise software with corresponding
enterprise modelling environment.

Common representation of model and code

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.

© Ulrich Frank | Multi-Level Modelling



lllustration (1)

M2

M1

FREFH |
prjsl

NEEVEESENgrRSgY |

WOAPRESEDE
Figfee

MO

Integration of enterprise modelling environment and

enterprise software at runtime




lllustration (2)

business process map

business process type

particular business process instance

Order Processing
Product A

+
|

g 07:&%1-
Technical Support

n@—«iD@-

Order Processing
Product B

= =

Customer
Acquisition

=f =

Complaint Handling
PrcduclA

Complaint Handling
Product B

===

Complaint Handling
Product C

performance
revenues per instance
variance of revenues
volume per instance

variance of volume

Order Processing rement
Product €
s
—0
average
run time %’
4:20 not available

_

Order received

Instances per month

< Sales Agent >
o) %
Check availability

3.245

available

Revenue per instance 235,56

Revenue deviation
Average run time
Run time deviation

Process ID #396
started 09:45
Customer XBM Int.

Cust. Category | A

92,38
34:40
22:14

D 8.495,45 [;_‘,

John Smith

ilabl
< Sales Agent > not available
vv CO L
Order received Check availability
9:45 9:58
available
point in 10:07
time

< Sales Agent >
Inform customer
< Sales Agent >

[t active | started et Prepare delivery

—H—H  sim

o

Order rejected

3:45

<

oN_J

#392 09:34
#395 | 09:44
#397 09:48
#401 09:55
#406 10:05

10:09

#4 10:11

< Sales Agent >

> —

Inform customer Order rejected

John Smith
< Sales Agent >

_ﬁi’l‘ ._

Order

Confirm Order N
confirmed

10:08

current
state

ilar to

special case of

5:55 elivery failed
Logistics >
o)

Delivery
successul

Delivery failed
< Logistics >

5> o
Prepare delivery \

Delivery
successul



lllustration (3)

DSML Edi

Process and Context

ManualProcess

« triggers

AutomatedProcess name: String
N averageDur: Time
_ minDur: Time name: String
maxDur: Time probability: [0..1]
critical: Boolean

SemiAutomatedProcess

o saanbay

Software

name: String
description: String
4+ |firstVersion: Date

' |numOfLicenses: Integer

0 |01
produces b

BusinessProcess

d

40 e

| m |

BusinessProcess
new Attribute

name  satisfaction

type  [0..9

Appearance

Representation  »

number
bar chart
pie chart

Position =7

bottom
top
right

Colour -
red
green
blue

Model Ed

Process Map

. |
Order Processing Order Processing Acquisition
Category A Caleg?ry B
1 [ .
PR -
o ——D(>.|:>{‘$|-. ===
Compensation Complaint Contracting
Handling
| "L 1
Procurement IT Procurement Hiring

L — [

& —19

#12

&

SAP/R3 DB2

CRM

|

Complaint Handling
ave. Duration  22.5
relevance 7

satisfaction 7
Palette

—i= Business Process
- Tefers to

o—e similar

%, ERP System
© pBuS
CRM

4 E-Mail

—® requires
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Modelling not Restricted to Diagram Editors

MZ: Ml
Select Type of Beverage Define Name Specify Ingredients
T Beer T .
GoldenLager SoftDrink : Golden Lager || Water ) :
Beer Potassium ‘_
kcal = 44 =
: . Wine ‘E kcal per 100ml Calcium o
Liguor — 44 I Sodium
TSl:I::eT Juice Alcohol T
percentage = 4.02 Milk i Percentage: I 402
* Basicingredient T Select Type of Container Define Particular Type Select Collection
Alcohol -
description = "An organic compound that " DisposableBottle - Name: WoodenCase « | Name: Large-PCase|
RetumableBottle | _ Volume (ml) 330 PlasticCase || ynits
Can S CardBoardC... =
— [ E —| Weigh E 1800
Canister Weight Fgr} 29 ) Container eignt Fgr}
Barrel - Base Price (€) El SixPack ~ | Base Price (€) [El




Conclusions and Future Research

traditional language paradigm suffers from various conflicts

multi-level modelling promising approach to
O relax design conflicts
O to enable self-referential software systems

M particular strength of Xmodeler. common representation of
models and code

B Various challenges remain for future research
o 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

O O O O

need for more powerful solutions with regard to persistence and
distribution

© Ulrich Frank | Multi-Level Modelling
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