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 ever increasing penetration of information systems into 

organizations

 pivotal relevance for performing business processes

 … for enabling future business models

 … for staying competitive

 increasing complexity of

 IT infrastructures

 IT products

 demand for flexibility

 adaptation of products and services

 … requires adaptation of IT
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The Need for IT Management
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 in the old days: focus on IT administration

 today extended responsibilities

 accounting for future business needs in time

 communication with various stakeholders about potential 

and limitations of IT

 growing pressure on IT management

 total cost of IT perceived as too high by many executives

 often, no differentiated knowledge about cost & business
value of IT

 still insufficient alignment of business & IT

 cultural chasm between IT professionals and business

executives not yet overcome
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IT Management: Challenges
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 managing the IT infrastructure

 from a technological point of view

 from a business perspective evaluation of IT infrastructure

 decision making

 assessment and planning of IT infrastructure

 aligning IT with business

 selection of IT artefacts

 management guidelines

 organisation of IT departments incl. project management

 processes for IT (service) management

 objectives & measures
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Core Responsibilities
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Complexity demands for models and tools.

How many printers to we 

have per employee?

What is the level of data 

integration?What was the average 

availability of our ERP 

system in 2013?

How could the support of 

business processes be 

improved?

How could IT make our 

business more competitive?



 Distributed Management Task Force (DMTF): Common 

Information Model (CIM)

 Control Objectives for Information and related 

Technology  (COBIT)

 IT Infrastructure Library (ITIL)

 Enterprise Architecture Management
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Approaches to Support IT Management
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 various database schemata for managing IT resources

 Applications

 Networks

 Databases

 Metrics

 ….

 no DSMLs (UML like language)

 models only as supplement to illustrate relational 

schemata
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CIM
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Example: Application Management
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CIM_ManagedSystemElement

(See Core Model)

CIM_System

 (See Core Model) 

 

 

Distribution: uint16 (enum}

EnabledState: uint16 (enum, override)

StartupTime: datetime

ServingStatus: uint16 (enum)

LastServingStatusUpdate: datetime

StartApplication():uint16

StopApplication():uint16

CIM_ApplicationSystem

CIM_Service

(See Core Model)  

 

 

CIM_ServiceAccessPoint

 (See Core Model)

 Name:string {Key, Override}

Version:string {Key}

SoftwareElementState:uint16 {Key, Enum}

SoftwareElementID:string {Key}

TargetOperatingSystem:uint16 {Key, Enum}

OtherTargetOS:string

Manufacturer:string

BuildNumber:string

SerialNumber:string

CodeSet:string

IdentificationCode:string

LanguageEdition:string

CIM_SoftwareElement

IdentifyingNumber:string {Key, Propagated}

ProductName:string {Key, Propagated}

Vendor:string {Key, Propagated}

Version:string {Key, Propagated}

Name:string {Key, Override}

CIM_SoftwareFeature

CIM_Product

(See Core Model)

CIM_SoftwareFeatureSoftwareElements

CIM_Product

SoftwareFeatures

CIM_SoftwareFeatureServiceImplementation

CIM_ApplicationSystem

SoftwareFeature

1

*

*

*

*

*

*

*

*

* *

*

w

CIM_FRU

 (See Core Model)

 

0..1

*

CIM_Software

FeatureComponent

CIM_ManagedElement

(See Core Model)

CIM_Dependency
CIM_Component

CIM_SoftwareElement

SAPImplementation

CIM_SoftwareElement

ServiceImplementation

ProductIdentifyingNumber:string {Key, Propagated}

ProductName:string {Key, Porpagated}

ProductVendor:string {Key, Propagated}

ProductVersion:string {Key, Propagated}

SystemID: string {Key}

CollectionID: string {Key}

Name: string

CIM_InstalledProduct

CIM_InstalledProductImage

w*

CIM_CollectedSoftwareElements CIM_CollectedSoftwareFeatures

CIM_FRUIncludesSoftwareFeature

CIM_Collection

CIM_MemberOfCollection

*

* *

*

*

**

1

*

*

*

*

*

*

*

CIM_SoftwareFeatureSAPImplementation

CIM_LogicalElement

(See Core Model)

CIM_EnabledLogicalElement

(See Core Model)

CIM_LogicalIdentity
*

*

*

CIM_Software

ElementComponent

1

CIM_SoftwareFeaturetServiceImplementation

*

*

CIM_Directory

 (See System Model)

 

CIM_ApplicationSystemDirectory

*

*

CIM_SoftwareIDTagXML {E}

InstanceID:string {Key}

SWIDTagIDXML:string



 aimed at promoting professional IT management through
concepts and guidelines

 emphasis on support of business functions

 for this purpose: emphasis on services & documentation

 reduction of complexity through abstraction from
realisation; separation of concerns and contracts – „service
level agreements“ (SLA)

 no precise notion of service: product, process, provision of
IT resource … 

 templates for defining SLA

 definition of reference services

 „service support“

 „service delivery“
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IT Infrastructure Library (ITIL)

20



 contribution to professional IT management

 wide support by industry

 however: lack of elaborate concepts

 to describe IT artefacts

 to evaluate IT artefacts from a technological perspective

 to analysis for IT business alignment

 only superficial description of processes required to

produce services

 …
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ITIL: Evaluation

20

no explicit modeling language, no elaborate models



 emphasis on management & control of IT processes that 
are aligned to business objectives 

 for this purpose: definition of core concepts

 definition of core IT processes with emphasis on control 
objectives, measures and KPIs

 aimed at increasing transparency of IT processes for 
management and at contributing to evaluating/measuring 
them

 high level objectives

 alignment of IT and business (goals)

 maximizing business benefit from IT

 adequate management of IT risks
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COBIT

20



 supplements IT service management with 

control/accounting aspects

 provides numerous KPIs

 concepts remain on a superficial level

 process descriptions on a high level of abstraction only

 lack of integration with ITIL

 potential for mutual supplementation

 however, concepts partially overlapping; different semantics
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COBIT: Evaluation

20

no explicit modeling language, no elaborate models
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ITIL: Reconstruction of Core Concepts
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[Kirc08], p. 135
Concept

Concept

Concept

Concept

not available in CobIT

more elaborate than in CobIT more elaborate in CobIT

corresponding in CobIT



 “Enterprise Architecture” as integrated high-level 

representation of IT infrastructure an business

 often graphical representation without modeling

language

 Archimate: language for modeling enterprise 

architectures
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Enterprise Architecture Management

20 “EAM is a management practice that establishes, maintains and uses a

coherent set of guidelines, architecture principles and governance regimes

that provide direction for and practical help with the design and the

development of an enterprise’s architecture in order to achieve its vision and

strategy.”—Ahlemann et al. (2012, p. 20)
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Archimate: Model of Enterprise Architecture
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https://archimatemusings.files.wordpress.com/2013/11/archi-colour-example.png
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Archimate: „Application Layer Metamodel“
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http://pubs.opengroup.org/architecture/archimate2-doc/chap04.html#_Toc371945178



 pragmatic approach

 no elaborate DSMLs

 rather generic concepts which can be refined by users

 allows for various extensions

 however, no integrity constraints
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Archimate: Evaluation

20



 aimed at decision support and awareness

 should provide data relevant for managing IT 

infrastructures

 focus on aggregate data (KPI), such as

 availability of resource in time period

 number of attack attempts

 number of successful attacks

 cost per incident

 IT energy consumption

 ….

 clearly arranged presentation
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IT Management Dashboard

20

usually proprietary solutions



 DSML

 support for creating elaborate models of the IT 

infrastructure

 support for analysis – both from technological and 

economic perspective

 Integration with DSMLs for Enterprise Modeling

 enables to model and analyse the effect of IT on the 

business

 fosters cross-disciplinary communication and collaboration

 promotes conjoint analysis of IT and business
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Vision (1): Integration with Enterprise Modeling
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Illustration (1): Navigation – IT and Business
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Check Amount Delivery Request

check availability

< Shipping 
Company >

check delivery 
date

amount 
available

amount 
not 

available

delivery 
possible

delivery 
not 

possible

online 
form 

invoked

< registered 
customer >

specify request
request 

available

O
R

Commerce-1
Firefox Sage X3

Oracle 12c

Thunderbird MS-Word

Apache

Linux Unix Windows-NT
Windows 7 OS X

Photoshop

MySQL

CRM++
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Illustration (2): Adding Detail
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Commerce-1
Firefox Sage X3

Oracle 12c

Thunderbird MS-Word

Apache

Linux Unix Windows-NT
Windows 7 OS X

Photoshop

MySQL

CRM++

Language: 

source-Code:

data Model:

mission critical:

supportedProcessTypes:

lifeCycle:

Java

yes

no

yes

44

#late

Language: 

source-Code:

data Model:

mission critical:

supportedProcessTypes:

lifeCycle:

C##

no

yes

yes

2

#early



 account for both, conceptual models and corresponding 

instances

 integration of modeling environment and monitoring tool

 allows for navigating various interdepent models (IT, 

business)

 enable advanced users to customize decision support

 by using DSMLs for adapting models

 and even allow for modifying DSML
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Vision (2): Integration with Monitoring Tool
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Illustration (3): Reports
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Laser, grey Laser, colour Inkjet

no. of devices 25 86 90

average pages per year 6780 9320 3950

deviation 1915 2830 1310

variable cost per page 0,05 0,08 0,09

depreciation per year 85,00 190,00 25,00

maintenance 45,00 65,00 50,00

total cost per device 469,00 1.000,60 430,50

total cost per page 0,0692 0,1074 0,1090

Laser, grey

Laser, colour

Inkjet

Laser, colour

CP-800

CP-900

ACN-X20

PRX-100

PRX-200
vendors

locations

costs

processes

costs
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Illustration (4): Advanced Analysis – Data Integration
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ACC-Star RM-10 ERP-XP

NTFS Accounts.db Central.db

Accounts

Customers Orders

SQL

C++ Java

SQLSQL

COBOL
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Illustration (5): Modification of DSML
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CRM++

Language: 

source-Code:

data Model:

mission critical:

supportedProcessTypes:

lifeCycle:

Java

yes

no

yes

44

#late

u

runs_on

u

exectuable_on

1,*

1,*

0,*

0,*1,*

uprovides

uuses

0,*

0,*

uuses

0,*

name: String
introduced: Date

Platform

1,*

1,*

1,*

similarDataAs: ApplicationSoftware()

avUserSatisfaction: Float
varianceOfSatisfaction: Float
sourceCode: Boolean
dataModel: Boolean
type: [#enterprise, ...]

ApplicationSoftware

MonolithicSystem

packages() : Package

PackagedSystem

similarDataAs: ApplicationSoftware()

BasicPackage

deployable: Boolean

Package

0,*

uincludes

1,*

0,*

0,1

availMeasure() : Integer

name: String
version: String
missionCritical: Boolean
reqAvailability: Integer
actAvailability: Integer
noOfLicences: Integer
costPerLicence: Float
multiUser: Boolean
lifeCyclePhase: Integer
maintenanceCosts: Float
usedSince: Date

Software

0,*

0,*

similarDataAs: ApplicationSoftware()

avUserSatisfaction: Float
varianceOfSatisfaction: Float
sourceCode: Boolean
dataModel: Boolean
type: [#enterprise, ...]
substitutability: Level

ApplicationSoftware

Language: 

source-Code:

data Model:

mission critical:

supportedProcessTypes:

lifeCycle:

substitutability:

Java

no

yes

yes

2

#early

#high



Challenges

 DSML: general design problems

 distinction between language and language application

 conflict between range of reuse and productivity

 synchronization of (meta-) models and code

 (meta) modeling languages: lack of expressiveness
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Language vs. Language Application 
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Software

Platform

DBMS

Product
Goal

Peripheral Device

ERP-System

Process

Computer

Printer

RDBMS

Risk

Desktop

Application 

System

Operating System

Spreadsheet 

Software

Laser-Printer

Paradigm requires distinction, but how?

Language concept or language application?



Essential Design Conflict
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160

Level of Semantics

Potential Productivity Gain

Scale of Reuse

Laser-PrinterDeviceClass



Lack of Expressiveness
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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

conceptualized as objects.

Instantiation and specialisation are mutually exclusive.

There is a clear distinction between model and modelling language.



Separate Representation of Models and Code
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M0

M1
Metamodels

Metaclasses, constraints, notation ...

Models

IT infrastructure models, business process 
models, workflow models ...

Enterprise Modelling Environment

Language Layer

Model Layer M1

M2

Software

Printer

ERP-System

PR100x

Classes

Objects

IT Management Dashboard System

Schema/Code Layer

Runtime Layer

M0

M1generate

ERP-System

Printer

PR100x: PrinterTBQ-1: ERP-System

Widely prevents interactive use of models during run 

time.



Inspiration: Actual Use of Technical Languages
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Organisational Unit

Position Committee

Department

Team

Market Analyst

Quality Circle

Department

Institute

Dean

Faculty Council

Marketing 
Department

Quality Circle 
Product PG 1

Market 
Analyst MA2

Market 
Research Team

Department 
of Physics

Dean of Dep. 
of Physics

Physics Faculty 
Council

Rector’s 
Office

Product

Unit

Property

Composed 
Product

Part

Compound 
Product

Ingredient

Aggregation 
State

Beverage

ContainerWater

Cross Racer 
R3

Saddle SR1

Wheel AT1

Cross Racer R3
Serial No: CR 

592

Cross Racer R3
Serial No: CR 

593

Beer Bottle

Malt Alcohol

„Beck‘s“

0,33 
Bottle

0,5 
Bottle

Bicycle Wheel

Saddle

How to represent in modelling tool?

D
SM

L
„t

e
xt

 b
o

o
k“

„l
o

ca
l d

ia
le

ct
“

„l
o

ca
l n

am
e

sp
ac

e
“

Language hierarchies with variable number of levels



Outline of a Solution
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XMF
(meta) programming

and execution

system

Xcore
(meta) reflexive, 

recursive

metamodel

Xmodeler
tool for engineering 

(graphical) 

languages

FMMLx

Flexible and

executable

Metamodeling

Language

intrinsic features, 

level-aware classes

XOCL
eXecutable OCL

multilevel, level

agnostic

XMF VM
virtual machine

implemented in Java

extends

based ondefines

includes

run



 defined with XMF, extends Xcore

 executable, common representation of models and code

 enables explicit classification levels

 adds intrinsic features

 combines modeling with language engineering
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FMMLx: Meta-Language for Multilevel Modeling

370

0,*

u

  in charge of

u

  manages0

1,*

0,* 1,1

skillLevel: Score

minAvailability: Score

costPerMin: Float

     posID: String

Position

averageAvailability(): Duration

0

corpRelevance: Score

maturity: Score

     startTime: Time

     stopTime: Time

Process

0

averageExecTime(): Duration

0

aveTotalExecTime(): Duration
averagePricePerUnit() : Float

      totalUnitsInStock() : Integer

      averagePricePerBike() : Float

     salesPrice: Float

     weight: Float

     unitsInStock: Integer

     serialNo: String

Product

0

1

1

1

1

1

M2
M3

intrinsic association, instantiated 

between objects on M0
intrinsic attribute, instantiated in 

objects on M0

intrinsic operation, instantiated in 

classes on M1
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FMMLx Metamodel
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doc: String

id: String

Doc

body: String

id: String

Constraint

name: String

type: Classifier

isIntrinsic: Boolean

instLevel: Integer

isCore: Boolean

Attribute

0,*

0,*

0,* 0,*

XCore

(simplified)

Interface Layer

Mn

1..1

0,1

0,1

1,1

2,2

1,1

0,*

extended features

0,*

0,*

uinherits from

0,*

3

isIntrinsic: Boolean

instLevel: Integer

 isIntrinsic: Boolean

 instLevel: Integer

MetaClass

allInstances: Set

allAssociations: Set

createAssociation(...): Association

level = n

level: Integer

MetaAdaptor

new(): Object

newAtLevel(l: Integer): Object

FMML
x

name: String

codeBox: Element

traced: Element

isIntrinsic: Boolean

instLevel: Integer

isCore: Boolean

CompiledOperation

u

part of

u

part of

u

part of

context Class

@Constraint nonCyclicInheritance

     not self.allParents().includes(self)

end

C2

C2

lowerBound: Integer

upperBound: Integer

hasUpperBound: Boolean

CollectionMult

allParents() returns 

all superclasses.

type: AssocType

Association

0,1

Object

get(name: String): Object

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

copy(): Object

save(fileName: String): Object

name: String

isIntrinsic: Boolean

instLevel: Integer

isNavigable: Boolean

isCore: Boolean

End

2,2
0,*

0,* 1,1

u

part of

0,*

0,*

new()

isAbstract: Boolean

isRole: Boolean

Class
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Multilevel DML: Illustration
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noOfMetaTypes: Integer()
    noOfModels: Integer()

    price: Float
    partPrice: Float
    introduced: Date
    installed: Date
    energyCon: Float
    actEnergyCon: Float
    operationCosts: Float

HardwareComponent

M4

1
0
1
0
1
0
1

protected: Boolean
tempControl: Boolean
availPower: Integer
emergencyGen: Boolean
    volume: Integer
    id: String

Location

0

0

0

0

suited_for u

1,*0,*

positioned_at u

1,10,*

0 0

2

M2

M3

mobile: Boolean
    internalMemory: Integer
    persistentMemory: Integer
    additionalIntMem: Integer
    additionalPersMem: Integer
    cpuSpeed: Integer
    WLAN: String

Computer

    volume: Integer
    id: string

ServerRoom

0

0

positioned_at u

1,10,*

0

compatible u

0,* 0,*

11

   noOfModels()

    price: Float
....

PeripheralDevice

2

connected_to u

0,* 0,*

0 0M1M1

1

0

1

1
1

0

pagePerMinute = 40
resolution = 600
salesPrice: 199.00
serialNo: String
partSalesPrice: Float

CPL-844

partSalesPrice = 189.00
serialNo = ps32-3

ps32-3: CPL-844

M0

M1

revenues() : Float

name: String
models = 14
pagePerMinute: Integer
resolution: Integer
salesPrice: Float
    serialNo: String
    partSalesPrice: Float

Printer

0
0

name: String
resolution: Integer
pagePerMin: Integer
TWAIN: Boolean

Scanner

screenSize: Integer
screenResVert: Integer
screenResHor: Integer
name: String

Laptop
Desktop Server

mobile: false

noOfModels: 12

automated: Boolean
coreComp: Boolean
    maxDuration
    startTime
    finishTime

BusinessProcess

1
0
0

0,*

0,*

requires u 1
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Discussion 
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pagesPerMin: Integer
resolution: Integer
    serialNumber: String

Printer

0

pagesPerMin: Integer
internalMemory: Integer
    serialNumber: String
    addInternalMemory

DesktopComputer

0
0

connected_to u

0,* 0,*

0 0

    serialNumber: String

HP_55

0     serialNumber: String
    addInternalMemory: 
Integer

Dell_M20

0
0

connected_to u

0,* 0,*

0 0

connected: DesktopComputer

connected: Dell_M20



 multilevel DSMLs promising paradigm

 enables avoiding essential design conflicts

 allows for reflexive/self-referential tools

 contributes to user empowerment

 particularly suited for supporting IT management

 provides conceptual support

 enables adaptation of concepts and tools by users

 integrates conceptual perspective with monitoring

 Xmodeler powerful language engineering and execution

environment. However,

 no static typing

 New paradigm creates serious barriers. 
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Conclusions
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 enterprise modeling: multilevel reconstruction of MEMO 

languages

 support for designing multilevel languages

 analysis and design method

 bottom-up approaches

 delegation

 analysis of use cases (in multilevel environment)

 guidelines for applying delegation

 process modeling

 improving reuse through additional abstractions

 improving consistent adaptation of processes
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Future Work
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 joint project with Tony Clark, Sheffield University 

(„Language Engineering for Multilevel Modelling“)

 aimed at developing multilevel languages and tools for

building more powerful and versatile enterprise systems

 recent version of meta-modeling/programming tool and

various other resources avaible on project web pages
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LE4MM

410 http://www.wi-inf.uni-duisburg-essen.de/LE4MM/



 There is need for many languages

 … with different syntax and semantics. 

 However, there is increasing need for integration, 

communication and collaboration.

 Language is evolving over time.

 Standards are good … and evil.

 Hiearchies of languages that capture commonalities and

allow for adaptation seem to be a good idea.
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Meta-Conclusions

400

How can we tell whether existing languages are good 

enough  …

and how can we make them better?
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pagesPerMin: Integer
resolution: Integer
    serialNumber: String

Printer

faxColour() : Boolean
paperFeed() : Boolean

faxColour: Boolean
paperFeed: Boolean

FaxPrinter

pagesPerMinute() : Integer
numberOfInstances() : Integer

    serialNumber: String

HP_F66

serialNumber = "FR-999"

p1: HP_55

serialNumber = "FPS-5933"

fp1: HP_F66

variant? of

0

faxColour = true
paperFeed = false
pagesPerMin = 50

resolution = 300

0    serialNumber: String

HP_55

pagesPerMin = 50

resolution = 300

0
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pagesPerMinute() : Integer
resolution() : Integer

pagesPerMin: Integer
resolution: Integer

Printer

faxColour() : Boolean
paperFeed() : Boolean

faxColour: Boolean
paperFeed: Boolean
    serialNumber: String

FaxPrinter

0

pagesPerMin()pagesPerMin()    serialNumber: String

HP_55

pagesPerMin = 50

resolution = 300

0

pagesPerMinute() : Integer
numberOfInstances() : Integer

    serialNumber: String

HP_F66

faxColour = true

paperFeed = false

0

serialNumber = "FR-999"

p1: HP_55
pagesPerMin()

serialNumber = "FPS-5933"

fp1: HP_F66
p
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e
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e
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in
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Example: Basic Presuppositions
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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

conceptualized as objects.

Instantiation and specialisation are mutually exclusive.

There is a clear distinction between model and modelling language.
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Raising the Level of Classification

name: String

type: Classifier

isIntrinsic: Boolean

instLevel: Integer

isCore: Boolean

Attribute

0,*

0,*

name: String

End

0,1

0,1

1,1

2,2

0,*0,*
0,*

0,*

name: String

isIntrinsic: Boolean

instLevel: Integer

isCore: Boolean

Association

lowerBound: Integer

upperBound: Integer

CollectionMult

uinherits from

0,*

0,*

name: String

codeBox: Element

traced: Element

isIntrinsic: Boolean

instLevel: Integer

isCore: Boolean

CompiledOperation

new() : Object

name: String

isAbstract: Boolean

Class

Object

get(name: String): Object

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

copy(): Object

save(fileName: String): Object

u

part of

u
part of

M2

name: String
automated: Boolean

Process
M1

7
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