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m Lectures in Information & Software Modeling / Student Projects

o Grundlagen der Informationsmodellierung (TU Berlin, since 1994)
Information Modeling (Univ Jonkoping, 2003, 2004)
Advanced Modeling (TUB, since 2008; HCMUS, VietNam, since 2010)
Heterogeneous Distributed Information Systems HDIS (TUB, since 1996)

O o o

m Projects for Industry and Public Services (HDIS, since 1989)
o Health Care (German Heart Center Berlin, TMF Clinical Studies, ...)

o Environmental Information Systems
(,Landesumweltinformationssysteme*)

o European Migration Network (Society: Migration & Asylum, Politics, ...)
o Consultancy for Software Enterprises (Software Modeling, ...)

m Industrial Cooperation Projects: BIZYCLE & BIZWARE

o Partners in the areas of: Health Care, Production/Logistics, Facility
Management, Publishing, Finance, ...
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Technische Universitat Berlin
' Computergestiitzte Informationssysteme CIS

CIs i
Large Scale Information Infrastructures
Specifications & Modeling ... my personal history ...

» PAtientenDatenKOMmunikation PADKOM (Patient Data
Communication) / Heterogeneous Distributed information Management
System HDMS at German Heart Centre Berlin DHZB (1989 - 1993+)

* LandesUmweltInformationsSystem LUIS Brandenburg (1994 - 2000+) (State
Environmental Information System Brandenburg)

* Telematikplattform fiir die Medizinische Forschung in Deutschland TMF
(1998 - 2003+) (Telematics Platform for Clinical Studies)

» European Migration Network EMN (2004 - 2006+)




Technische Universitat Berlin
' Computergestiitzte Informationssysteme CIS

PADKOM /HDMS @ DHZB
since 1989

* Development of the HDMS ...

* ... as an object-based, distributed, heterogeneous information system
in the domain of cardiology at German Heart Centre of Berlin DHZB ...

» ... basically enabling communication and an integrated view of the
various kinds of patient data ... (later also: data integration)
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Technische Universitat Berlin
Computergestiitzte Informationssysteme CIS
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Technische Universitat Berlin
' Computergestitzte Informationssysteme CIS

TMF Germany since 1998
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Goals of the European Union:

» Comprehensive view on the

migration and asylum situation

» Harmonization of European strategic
policy & legislation i

Task for the European Commission:
"Pilot Implementation” of the g
European Migration Network EMN

w.r.t.

» Contact Information
* Publications

* Legislation

- Statistics

Technische Universitat Berlin
Computergestiitzte Informationssysteme CIS

European Migration Network
since 2004

- EMN -

Metadata

Central Information
Integration Service




Technische Universitat Berlin
Computergestiitzte Informationssysteme CIS
CIs

Lessons Learned from the Experiences ...

* Model-based development is essential in order to guarantee flexible, stable and
sustainable software solutions and information systems

* Metadata definition, standardization and management
is essential in order to allow for data exchange and integration

* Semantic concepts help to improve ,real* semantic integration

* Graphical languages help in faster perception of complex structures and relations and
often help to avoid inception phase errors

* Object-oriented paradigm helps to unify structural (data) view and dynamic (functions,
processes, interactions, workflows) views

* Rich middleware platforms are essential in order to allow for complex interoperability
(e.g. transactions, security, ...)

* Solid mathematical / theoretical background is absolutely useful

(C)

BIZYCLE

Motivation 1970 — 2070 ... (?)

» Integration of heterogeneous distributed IT-systems is one of the
major problems and cost-driving factors in the software industry
(approx. 50 % of total IT-cost, 80% of total software cost in
integration issues ...)

» There is an increasing need to systematically address integration in
accidental information infrastructures and IT-architectures, that
have grown over time in an uncontrolled manner in heterogeneous
enterprise environments

» Integration needs:
= Data and information integration
= Software integration (full interoperability)

9 w Database Systems and Information Management 10
Model-based SWE / SDI : lots of promises { © .| Costimpact (slide by Andras Pataricza, MBSDI 2009, Sydney) { e
Req. anal. Design Implem. Effort (PM)
» Model-based development helps in sustainability (models are more 100%
stable than code ..., abstraction level of documentation, ...) TT $ il —

» Model-based integration saves approx. 70% of integration costs

(statements by Bran Selic IBM/Rational, experiences from BIZYCLE
experiments)

» Fully model-based approach (including process mgmt, and
generated code/ model execution) can save even more than 90% of
the total development cost

w Database Systems and Information Management n

w Database Systems and Information Management 12
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D What is a Model? — Some Definitions...

L

N

m History & Background
m Goal: Model Based Software & Data Integration

Languages and Models
Metalanguages and Metamodels

m BIZYCLE: Model Based Software & Data Integration

( for a more general view, please, refer to: “Models in Science” ,Roman Frigg and Stephan Hartmann (2006),
Stanford Encyclopedia of Philosophy http://plato.stanford.edu/entries/models-science/#RepModIIModDat )

m  Merriam Webster dictionary:

o 4.) a (usually) miniature representation of something;
also : a pattern of something to be made

o 10.) a system of postulates, data, and inferences presented as a mathematical
description of an entity or state of affairs

m Grady Booch: ... a simplification of reality ...

m According to Stachowiak [Herbert Stachowiak, Allgemeine Modelltheorie,
Springer, 1973] a model needs to possess three features:
o mapping feature: A model is based on an original.

m BIZWARE: Domain Specific Languages o reduction feature: A model only reflects a (relevant) selection of the original's
properties.
o pragmatic feature: A model needs to be usable in place of the original with
respect to some purpose.
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D Model Theory: Steinmuller
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D Examples of Models

A model is information ...

m ... on something (content, meaning)
m .. created by someone (sender)

m .. for somebody (receiver)

m ... for some purpose (usage context)

translated from: W. Steinmiller. Informationstechnologie und Gesellschaft: Einfihrung in die
Angewandte Informatik. Wissenschaftliche Buchgesellschaft, Darmstadt, 1993.

Abstraction is the key-concept to build models
m ... derive information from different viewpoints

m .. derive the essence, the characteristics, the lawfulness
(,GesetzmaéaRigkeit') from a set of different individuals

m ... make relationships between concepts visible by deleting details

m Mathematical Models
e.g. CIRCLE (an idealized set of points in two-dimensional space)

m Architectural Models
e.g. KING'S CASTLE (an idealized wish of an old/new building in the center of Berlin)

m Technical Models

e.g. a prototype of a new car, but also all previous technical sketches, specifications,
calculations, simulations, ... (an idealized imagination of several communities)

In our setting of Software and Information Systems:
m Models of the real world in order to achieve software solutions
with given properties:
o Mapping of the reality
o Abstraction from (too many) details of the reality: reduction/ simplification
o Pragmatics/ Feasibility

11.07.2013 DIMA / TU Berlin / Ralf-D. Kutsche 15
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L

;’QD Examples: Mathematical Model of a Circle

;gD Architectural Model: KINGS CASTLE in Berlin "E

m In general a set of mathematical formulae, visualized by some graphical
drawing ...

m Coordinates equation ...
... all peripheral points of the circle with midpoint M and radius r :

2 2 2
(x—zm) +(y—yn) =71
m Parameter representation (polar coordinates) with 0 < i < 27 :
r = Ty +7r COS P
Y= ym +rsing

m Graphical visualization of a circle with
midpoint M, radius r and diameter d :

m In general miniature constructions in scale 1:100 ...

m  Source: Google/Berliner Schloss Modell 6984.jpeg (visited Oct 22, 2012)
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?,QD Technical Model: Volkswagen up!

L]

?,QD What is Language?

m Prototype photo by Volkswagen, advertizing their new mini car: ,up!* ..
... for reasons of space we hide the approx. 500 Gbyte of technical
models, specifications, calculations, ... ©

® A language is a dynamic set of visual, auditory, or tactile symbols of
communication and the elements used to manipulate them.

m A set of commonly accepted symbols is only one feature of language; all
languages must define the structural relationships between these symbols
in a system of grammar. Rules of grammar are one of the characteristics
sometimes said to distinguish language from other forms of
communication. They allow a finite set of symbols to be manipulated to
create a potentially infinite number of grammatical utterances.

m Languages can be (among other classifications) subdivided into:

o Formal language / Artificial language, mathematical and other
languages created for a specific purpose, like e.g. first order logic
(formal) or modeling/programming languages (artificial /semiformal)

o Natural language, a language used naturally by humans

(A collection of statements from Wikipedia, modified and shortened according to my intensions)
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-.:D Syntax / Semantics / Pragmatics (I1)
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In the linguistics of both natural and computer languages, the terms
syntax, semantics and pragmatics are used to categorize descriptions of
language characteristics.

m Syntax : The syntax of a language describes the structure and
composition of allowable phrases and sentences of the language.

m Semantics : But syntax itself is devoid of meaning, simply telling us
what strings are valid and how they may be parsed or decomposed. The
meaning of these syntactic elements must be provided through semantics.
In essence, we may think of providing syntactic elements as inputs to a
semantic function, which in turn provides some representation of the
meaning of the elements as output.

m Pragmatics : Pragmatics is the third general area of language
description, referring to practical aspects of how constructs and features of
a language may be used to achieve various objectives.

= From [Cameron 2002] Robert D. Cameron, “Four Concepts in Programming Language
Description: Syntax, Semantics, Pragmatics, and Metalanguage*, Univ. San Francisco CA,
2002

m Syntax: Syntax is the study that relates signs to one another.

m Semantics: Semantics is the study that relates signs to things
in the world and patterns of signs to corresponding patterns that
occur among the things the signs refer to.

m Pragmatics: Pragmatics is the study that relates signs to the
agents who use them to refer to things in the world and to
communicate their intentions about those things to other agents
who may have similar or different intentions concerning the same or
different things.

m  From [Sowa 2000] John F. Sowa, “Ontology, Metadata, and Semiotics* , in: B. Ganter &
G. W. Mineau, eds., Conceptual Structures: Logical, Linguistic, and Computational Issues, Lecture
Notes in Al #1867, Springer-Verlag, Berlin, 2000, pp. 55-81.
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'55.\ D Meaning/Semantics — Bedeutung/Semantik

.,:D Semiotic Triangle: Example
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"o

The Ogden and Richards (1923) Semiotic Triangle:

THOUGHT OR REFERENCE

Seelenregung

Stands for
(an imputed relation)

SYMBOL REFERENT
ist ist
Symptom lkon

far fur

Wort Ding
... and its predecessor ... (Aristotle, 4" century BC, from Wikipedia)

activates references

Sign/Symbol

Thing/Object

stands for

yJaguar®
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D Semiotic Triangle (... some details ...)
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m Ogden & Richard's (1923) famous triangle of meaning implies
that the referent of an expression (a word or another sign or
symbol) is relative to different language users.

m With the terminology of Peirce: "A sign, or representamen, is
something which stands to somebody for something in some respect
or capacity. It addresses somebody, that is, creates in the mind of
that person an equivalent sign, or perhaps a more developed sign.
That sign which it creates | call the interpretant of the first sign. The
sign stands for something, its object [or referent]. It stands for that
object, not in all respects, but in reference to a sort of idea, which |
have sometimes called the ground of the representamen.” (Peirce,
1931-1958, vol. 2, p. 228).

m Sowa (2000) writes about Ogden & Richards' (1923) triangle of
meaning: "The triangle has a long history. Aristotle distinguished
objects, the words that refer to them, and the corresponding
experiences in the psyché. Frege and Peirce adopted that
three-way distinction from Aristotle and used it as the semantic
foundation for their systems of logic. Frege's terms for the three
vertices of the triangle were Zeichen (sign) for the symbol, Sinn
(sense) for the concept, and Bedeutung (reference) for the
object."

Literature:

m Ogden, C. K. and I. A. Richards, I. A. (1923). The Meaning of Meaning: A Study
of the Influence of Language Upon Thought and of the Science of Symbolism.
London: Routledge & Kegan Paul.

m Peirce, C. S. (1931-1958). Collected Papers of C. S. Peirce ed. by C. Hartshorne,
P. Weiss, & A. Burks, 8 vols., Harvard University Press, Cambridge, MA.

= Sowa, J. F. (2000). Ontology, Metadata, and Semiotics. In: B. Ganter & G. W.
Mineau, eds., Conceptual Structures: Logical, Linguistic, and Computational
Issues, LNAI 1867, Springer, Berlin, 2000, pp. 55-81.
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mD Example: Information Modeling by E/R Diagrams "ﬁ

D Example: Modeling ,,Knowledge*
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m Example: Excerpt of a phase 1-2 entity-relationship-diagram on
some company structure aspects

1
>—{[Team Leader |-+ Team
Supports n Leads | n
1
—_Is Has_
" \ ﬁj\as._signed_ superior Is_part_of
\ to
Distributes_ 1 1 Coordinates I
tasks_ 1 1
to Head of — O Dept.
Department
.
\ —
m \ls_allowed_to_use
l\._\_\_\_\_\_\_
s . .

Company Car

' Clerical
Assistant
(Source:

Lab example from an INFMOD course by Ralf Kutsche, 2003)

m Example:
Customer Relationship Management (CRM) Ontology

(starting point, finally very complex with lots of logical constraints in the background ...)

Dasmain Tiade

v
o Tnput —
g

\ / A
A oy A iua
gl g
- o v L e
GD -
T e
JsA
oD e
= —— CustomerList
/—7' "
T
@'“‘m"@“—--v N =
(Source: G

BIZYCLE Project,
TU Berlin, 2009)

11.07.2013 DIMA / TU Berlin / Ralf-D. Kutsche 27

11.07.2013 DIMA / TU Berlin / Ralf-D. Kutsche 28




ol

D Software Modeling: System Functionality

L
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1 D Software Models: Statechart Diagram

L

m Example: Modeling (coarse) functionality of a system for
telephone orders (UML use case diagram)

a -.'->.f—ﬁ-j; i

Customer-._

- -

.

r/-- h\
\'\-\_ S
Place Order
(,-' = "x\J
\H___“- ...--/,
Fill Orders

Telephone Catalog

;/ S
A

pN

Establish Credit

1%

®)

Salesperson

~
Oy

Shipping Clerk

@

SN
Supervisor

(from: UML Superstructure Specification v2.3, OMG document formal/2010-05-05, 2010)

m Example: Modeling the (concurrent) states of a student during a
university project course (UML statecharts)

CourseAttempt

N

(from: UML Superstructure Specification v2.3, OMG document formal/2010-05-05, 2010)
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m Health Care Example:

Combined Workflow and

Document Flow Diagram
including the dimensions
of time, space (local org
units), and responsibility

(Patient registration fur
heart surgery, excerpt)

(Source: Ralf-D. Kutsche, 1990,
Deutsches Herzzentrum Berlin)

¥4
m Another important concept that applies to all aspects of language
description is that of metalanguage. Metalanguage, in general, refers to
the language in which a subject language is being described. For example,
BNF (Backus-Naur Form) is a metalanguage widely used to describe the
syntax of programming languages. Similarly, there are formal
metalanguages for describing the semantics of programming languages,
particularly associated with the approaches of axiomatic semantics and
denotational semantics. In most cases, however, a less formal approach to
semantic description is taken, using English as the metalanguage.

m It is important to note that metalanguages are indeed languages in their
own right. In particular, one should expect that metalanguages each have
their own syntax, semantics and pragmatics, which in turn must be
described by a metametalanguage. Typically, a combination of English
prose and standard mathematical notation is used as metametalanguage.

m  From [Cameron 2002] Robert D. Cameron, “Four Concepts in Programming Language
Description: Syntax Semantics Pragmatics and Metalanguage*, Univ. San Francisco CA,
2002

11.07.2013
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D Basic Philosophy of UML

In order to allow for multi view modeling, UML provides (among
others, particularly in UML 2.x) the following kinds of
models/diagrams:

o use case diagram
o class diagram
o behavior diagrams:
— statechart diagram
— activity diagram
o interaction diagrams:
— sequence diagram
— collaboration diagram
o implementation diagrams:
— component diagram
— deployment diagram

The selection of models and diagrams used for modeling a concrete
development (software, information, embedded, ...) system,
massively influences the development process and the solution.
Abstraction, i.e. to concentrate on only relevant parts, models and
details, while neglecting others, is one key to success, multi view
modeling the other: (citations from [UML 03])

o "Every complex system is best approached through a small set of
nearly independent views of a model.”

o "No single view is sufficient.”
o "Every model may be expressed at different levels of fidelity.*
o "The best models are connected to reality."

11.07.2013 DIMA / TU Berlin / Ralf-D. Kutsche 33
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\D Basic Philosophy of UML (cont’d)

ey

D Models and Metamodels

The whole set of UML diagrams for a given problem provides many
perspectives (views) on a system in analysis, design and
development. The underlying UML metamodel, describing the
modeling concepts and their relationships, allows for the integration
of these perspectives. The resulting diagrams, taken together with
all necessary documentation (requirement texts, glossary of terms,
logical constraints, design decisions), are the essential artefacts for
a model-driven development process.

Keywords (for own context literature discovery):

o Model-driven architecture MDA, adressing UML, MOF and CWM in its
kernel (by Object Management Group OMG, www.omg.org/mda)

o Multi view modeling
o Multi perspective software development
o Open Distributed Processing (RM-ODP, www.rm-odp.net)

¥4
The required integrated and unified (multi-perspective) view on
(software, information, embedded,...) systems — in our case: complex
heterogeneous information systems — can only be achieved, if the language
constructs of the different (part) languages used for modeling and
providing the different perspectives and views, are connected via an
abstract higher level model, the so-called metamodel.
This can be achieved by metamodel hierarchies like the MOF!- and UML-
metamodel-hierarchy.

Def. Metamodel (in UML context ...)

A metamodel is a model which describes precisely (semi-formally)
the concepts of a modeling language, in order to let (syntactically)
conform the well-formedness of a specification language. (from
[UML 03])

1. MOF — Meta Object Facility, a specification of the Object Management Group OMG, in order to
enable the description of modeling languages and their constructs on an abstract basis, such that
integration, transformation and exchange of models in different languages is possible. In the
following cited as [MOF 02]: Meta Object Facility (MOF) Specification, v1.4, April 2002,

11.07.2013 DIMA / TU Berlin / Ralf-D. Kutsche 35
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1 D Metamodel: Definition

F
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9'\ D Language and Metamodeling / the UML example "ﬁ

OMG MDA Guide
»[A metamodel is] a model of models*

OMG UML 2.0 Infrastructure specification
m ,,A model in an instance of a metamodel*

m A metamodel is the collection of "concepts™ (aka things, terms,
..) that are the vocabulary with which you are talking about a
certain domain.

Abstraction is the key-concept to build metamodels
m ... derive information from different viewpoints

m ... derive the essence, the characteristics, the lawfulness
(,GesetzmaRigkeit") from a set of different individuals

m .. make relationships between concepts visible by deleting details

m In order to explain briefly the concept of metamodeling, we use
for the introduction the (older, but much more intuitive) UML v1.5
metamodel, provided by the Object Management Group OMG:
Unified Modeling Language, v1.5, March 2003, formal/03-03-01, in
the following always shortly cited as [UML 03].

m A comprehensive and integrating view of the modeling language
family of UML is given by its metamodel, consisting of
o the abstract syntax, given by UML class diagrams (concepts)
o rules and conditions for well-formedness of UML diagrams in
natural language and in OCL?

o a very comprehensive documentation of all basic concepts of UML
in natural language, in order to describe the meaning of all UML
language constructs (semantics).

1. OCL — Object Constraint Language, i.e. the logical language (essentially first order logic) of
UML, in order to specify conditions, dependencies, and rules.
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D UML Metamodel Hierarchy

The MOF metamodel hierarchy? consists of 4 levels (Clayers’):

. meta-metamodel
/ Hard-wired Meta-metamodel \ : )

/ MetaModel ( “RecordTypes™,
MetaClass ( “Record™,
/ [ MetaAutr ( “name”. String). metamodel
MetaAutr ( “fields”™, List < “Field™> ) |
/ MetaClass ( “Field”. ...)

Record ( “StockQuote™,
[ Field { “company”, String )
Field ( “price”, FixedPomnt ) | )

StockQuote (“Sunbeam Harvesters™. 98.77) e :
StockQuote (“Ace Taxi Cab Ltd™, 12.32) mformation

\

model

1. taken from [MOF 02] Meta Object Facility (MOF) Specification, v1.4, April 2002, ch. 2.2.1, fig. 2-1, p. 2-2

The UML metamodel hierarchy! also shows 4 levels:

Layer Description Example

MetaClass, MetaAttribute,
MetaOperation

The infrastructure for a metamodeling
architecture. Defines the language for
specifying metamodels.

meta-metamodel

metamodel An instance of a meta-metamodel. Class. Attribute, Operation,
Defines the language for specifying a Component
model.

model An instance of a metamodel. Defines a | StockShare, askPrice.
language to describe an information sellLimitOrder, StockQuoteServer
domain.

<Acme_SW_Share_98789>,
654.56, sell_limit_order,
<Stock_Quote_Svr_32123>

user objects (user data) | An instance of a model. Defines a
specific information domain.

1. taken from [UML 03], ch. 2.2.1, p. 2-5
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i , Classical MOF Layers "ﬁ i UML / MOF Metamodel Hierarchies — Summary JJ
MOF Class M3z Muodel of a Model of a Model
Hakpe Bting Model Level M3 — Meta Meta Model(s)
... description of the (abstract syntax and semantics of) meta model
capatineeors A . S S concepts (in case of MOF fixed): which meta model concepts? how to
~. M2: Model of & Model interrelate and to connect them?
UML Class UML Attribute
e Imme Model Level M2 — Meta Models
.~ : ... description of abstract syntax and of semantics of the modelling
jiiis A, Oy ...\...r,,A »\ <<instance of>> language: which model language constructs?, in which way interrelated and
'l ¥ [l 'l Mz Model of a System COI"IneCted’)
Customer \“,,__ L '\ Order
itle: Stri npmber: Strin
:..'.mms-.?ng n:mc:smng ¢ Model Level M1 — Models 7/ Types
n — - ... the first conceptual level of modeling: concrete types / classes of objects
<chiatine ol Tl ol Netrtnte oty and relationships, typed attributes, constraints, etc.
i Y j MUk System
Cunton L Order
title = "Dr* tide = “Mr = "200604" Model Level MO — Data
s SN sl e it ... concrete object instances, data, attribute values, ...
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i | Metamodel Hierarchies in General "ﬁ i Language Definition: Example Use Case M.M. "ﬁ

There is no theoretical reason to limit the number of layers in a
metamodeling approach to just 4 — we could have arbitrary many, or even
an infinite number of layers. However, for the pragmatics of building
modeling tools and metamodeling tools, there is given a fixed number of —
in general — 4 layers. The basic relation among the layers for this kind of
metamodel appoach is given by ’instance of’:

o "layer (n-1) (meta) model is instance of layer n (meta) metamodel*

Meta Meta Model

-

mstance of

Meta Model

mstance of Model

m Repetition: A Metamodel describes the abstract syntax of a
modeling language, i.e. its concepts, i.e. Use Case Models:

sclassifier

»esensionPore [ = Port

- Imem LocasonFefererce.

squiens onPort
{ordered])

i }m[;x;,..,, H

7

Relasonship
pom Com)

(from: OMG UML Specification v1.5, OMG document formal/03-03-01, March 2003)
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gD UML Metamodel: Core

L

L

[ Bemrt ]
)
The ’core package’ defines the basic abstract and concrete
. . . Ry ) raranedbewn
constructs (and their semantics) in the UML metamodel e o
needed for the construction of all UML languages: N il
Bk A
Abstract (i.e. non-instantiable) constructs serve for organizing and l.. “,,_L, ‘ | .,,,L | c,,‘_.
structuring the UML metamodel, like 'ModelElement’, e Moo | [Pt |
‘GeneralizableElement’ or 'Classifier’. =g i
a1 140e
e
Concrete UML metamodel constructs are instantiable and reflect the | ™
elements being used in the UML modeling, like, e.g.,Class’, o i e
’ H LI ] H ’ £l H H £ [rargutity:Canpailaird
Attribute’, 'Operation’ or 'Association’. [ty g :
5 I
[ ey | Cparion 1 [l
et - Enclany
ot sy
Figure 2-5 Core Package - Backbone
11.07.2013 DIMA / TU Berlin / Ralf-D. Kutsche 45 11.07.2013 DIMA / TU Berlin / Ralf-D. Kutsche 46

L]

gD Core Package: Classifiers

L]

A NSaw! ,1
e
_I;%—
= [ |
=B |
it | e i i
R ‘ T M [ Geaeilent
e e
febet e ity - Vbl yhird
pakas gt
Armbpie ‘?
w1 l ‘ CutaType
Qi
bt a—iin i et
T Lerarr Y z [
 ware e g i |
il et | -
. - [ ey T
A Rintive | Eumemton | senumention
| e 1
= el
Progrmming. g o CreaTyre
[ —— e —
I AmciicrClm I
Figure 2-6 Core Package - Relationships Figure 2-8 Core Package - Classifiers
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o . o
= Overview: ﬂﬁ Q-D S ﬂﬁ
QD Package-Structure of the UML 1.5 Metamodel I i e e I

rsTrems m ... BNF (Backus-Naur-Form), here mixing textual and graphical elements!
] — —
“ Use Cases Fﬂlﬁui-. Actons
~ | 7
~ | 7
\J,\ v &
Cormmon Behavir _Hlodnl
Maagement
£
N\ /
AN p_{
TFrundabon
Care E stersion
e Mulu-'lnll
—. i/
(Source: an industrial training by Ralf Kutsche, 2011)
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£| ’ Further Reading in Metamodeling ﬂﬁ £| ’ UML 2 Discussion of MOF levels ﬂﬁ
M3 (MOF) Class

m [1] Colin Atkinson & Thomas Kuhne. Model-driven development: A AR

Metamodeling Foundation, IEEE Software, Vol. 20, No. 5, pp. 36-41, ST TS T, i

2003
m [2] Thomas Kuhne. Matters of (Meta-) Modeling, Journal on Software \

and Systems I\_/Io_dellng, Vo_I. _5, No. 4, pp. 369-385, Dec_ 2006_ N " | == | I e | i
m [3] Jean Bezivin and Olivier Gerbe. Towards a precise definition of 7 7

the OMG/MDA framework, Proc 16" Int. Conf. on Automated Software o o f v /o ' -

Engineering, Coronado Island, pages 273—-280, November 2001 7 - 3
m [4] Jean Bezivin. In search of a basic principle for model driven

engineering, Special Novatica Issue “UML and Model Engineering”, V(2), e

Aprll 2004 M1 (User model) Zotitle: Sting Ernmssios S +Video

fitle = “2001: A Space Odyssey”™

m [5] Susanne Strahringer, Metamodellierung als Instrument des
Methodenvergleichs, Shaker Verlag, Aachen, 1996

MO (Run-time instances) aVideo

Figure 7.8 - An example of the four-layer metamode! hierarchy
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P
{QD Ontological/ Linguistic Metamodels

{CD (Meta-)(Meta-)Models and (Meta-)Languages ﬂﬁ

linguistic
«instanceOf»

o
t

ontological
winstanceOf»
e

Frankfurt |—| A3 H Niirnberg |

<4
Darmstadt

linguistic
winstanceOf»

Source: [2]

Meta-
Language

Meta-
Metamodel

Source: [2]
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wrd

4
’C' . - Remark: Model Transformations in Software &
Notations of Kuhnes ,Matters of M.M." l'ﬁ C ' : [ | E
i\“l ’ i Data Integration?
notation name description A very important use of the metamodeling methodology is the transformation of
bstracti creates a model from a system using projection (7) and possibly classification (A1) and generalization (meta) models on different abstraction levels: Following the basic philosophy of
¢ ADSIACHON 1 (1) hence 8 9 a(8). MDA (Model Driven Architecture) of the OMG, we organize all the models (and
A classification | creates a type model, hence M <, A(M) their according metamodels) on the layers of CIM (Computation Independent
r generalization | creates a supermodel, hence § <, M — 8 <1, I'(M) Models, i.e., roughly spoken, on the business level), PIM (Platform Independent
_ . a homomorphic mapping creating a reduced system from a given system. using selection and reduction MOdeIS) an.d PSM (Platform SpeCIfIC MOdeIS_’ 1.e. tak"'.]g concrete Implement?_tlon
i ProJeclion | of information. platforms like OMG CORBA, .NET, WebServices, etc. into account on a specific
P represents records the intention of a model to represent a system. mOde"ng |eV€|) .
Iz meaning assigns meaning to a model (element). If p(5, M) then one may define u(M) = #(8).
< model-of holds between a system and a model describing the former. For software and data integration business, you always find a very
4 token holds between a system and a model representing the former in a one-to-one fashion. Model elements heterogeneous infrastructure of software solutions, data storage and workflows
model-of | may be regarded as designators for system elements. around the business functions. In order to integrate over this heterogeneity, you
4 type holds between a system and a model classifying the former in a many-to-one fashion. Model elements can relate metamodels to each other. Moreover, you can apply (abstraction and
model-of | are regarded as classifiers for system elements. refinement) model transformations, in order to solve integration conflicts on a
1 1 indicates that the model controls the conrenr of its elements, hence 8 <17 M = u(8) € =(u(M)} and higher abstraction level of PIM models abstracting from platform specific
<° om:dogtlt.'; Sy M= p(M) = w(pe(8)). Assuming ;(8) = 8, for systems which do not model anything, we have feat the PSM | I.LE | -, PSM del instead of iust Ki
model-o 5 aif M = p(M) = w(8) and thus p(8, M) — 8 <7 M (see definition of i above). eatures on the X A _eve_ - Bven pn y usmg models (instead of just working
' linguwstic indicates that the model controls the form of its elements. This automatically mmplies <1§ and, hence on code Ievel) S|mpllf|es Integration Slgmﬁcantly'
< model-of | 84l M= 8 € e(pu(M))

Table 2 Notation Overview

1. These techniques are a very important vehicle in our BIZYCLE research project,
providing a platform for model-based software and data integration and interoperability.
We shall see this approach in the subsequent slides.
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L

,;(D AGENDA of the eBISS Tutorial on MBSDI

History & Background
Goal: Model Based Software & Data Integration

Languages and Models
Metalanguages and Metamodels

m BIZYCLE: Model Based Software & Data Integration

BIZWARE: Domain Specific Languages

BIZYCLE @ TU Berlin 2007 — 2010

Methodology, Design & Development
of the Model-based Interoperability Platform MBIF
for Software and Data Integration

Our Project team:
Dr. Ralf-D. Kutsche, Dr. Nikola Milanovic

Henning Agt, Gregor Bauhoff, Timo Baum, Mario Cartsburg, Hatice Elmasgtines,
Daniel Kumpe, Michael Shtelma, Jiirgen Widiker

+ Students ...
WACHSTUMSKERNE ~ * ?U}:n;ifdsmi;isterium
UNTERNEHMEN Ch und Forschung
Die BMBF-Inn rwan:": 't;t'\u.‘ e G I 0 N

ZYCLE

Technische Universitat Berlin (TU Berlin)
Computergestutzte Informationssysteme CIS / Datenbanksysteme und Informationsmanagement DIMA
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BIZYCLE Vision 2006 @

BIZYCLE

BIZYCLE Philosophy and Methodology 2006 (®

BIZYCLE

» Methodology & technology platform for enterprise-wide (even: cross-
enterprise) integration of software solutions and components in business
intelligence

» Transparent access to all business relevant applications

» (Semi-) Automatized integration of applications for various kinds of
business process improvement

» Cross-system evaluation of enterprise relevant data (KPls..)

BIZYCLE — slogan:

» Integration scenarios are modeled at different abstraction levels:
= Computation independent model level (CIM)
= Platform independent model level (PIM)
= Platform specific model level (PSM)

Structure Behavior Property Conflict
Model Model Model Model

Ontology-Based Framework

» Integration methodology: 1 1 J L@
; = T Iy e
Platform Specific (Meta-) Modéls j @ 1T [ ®

= Component/Interface Analysis| componenta
= Transformation to Platform e <<PSM>> <<PSM>>

Component A Component B Connector

Independent (Meta-) Models il
" CoanICt AnalySIS Component A Component B

Connector Generation

w Database Systems and Information Management 59
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BIZYCLE Platform Architecture 2006 @

BIZYCLE

BIZYCLE Modeling Methodology & Metamodel
Research

= = I:| for System & Component Integration
Specific Industrial Sector Solutions § 2
| B | 3 R HE
fH s LHEH G
m | &g |8 g< Ul )
i 3, 3 % g3 = 5
= |23 [3% |9 ?m g
o 8 : M :
§ &8 S
Business Services g o o
s2 WACHSTUMSKERNE __ 4§ | Sundasministarium
BIZYCLE Interoperability Platform i GHTERNEHREN D) e (@) 7 E
L DIcﬁMBF-lnnwali:::Tlt;:t;: R e G I 0 N
BIZYCLE
Technische Universitat Berlin (TU Berlin)
Computergestutzte Informationssysteme CIS / Datenbanksysteme und Informationsmanagement DIMA
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(Meta-)Modeling Methodology (%m Component Integration Process 2007 (%m
» Methodology:
Applying MDA methodology (CIM, PIM, PSM meta-/modeling) | @
I P TS— R
I,_._...m;‘.—"m“;j_ _ _ e | (7 ---FSMtoPH) __m«mm I
» Application: S ! (ot st seorr e — — |
Integration Scenario Modeling (CIM level) ! : " rentEe
p - | R
(starting from UML diagrams for use cases, interactions, activities, etc. ... | to integrate J* =i == ! @l
later using the MBIF toolsuite ... ) : """ -———
& l :
' | Conflict model |
» Research: Metamodel Development —r
P Describe business |— — — — > Business : |
connector scenario f ohiit ) |
[ | (Connector generation = — — _—
» Application: Modeling Interface Descriptions / Metamodel Instantiation I I |
for Integration Scenarios (PSM level) Describe interfaces [~ — — ~ _[interface PSM |- | (Code generation | — i Connector PSM

®
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BIZYCLE (Meta-) Models (%m Computation Independent Metamodel (CIM) (%m
_ o » Captures business scenario with control and data flow
Semantic Property Behavior Communication Structure
. : » Scenario requirements vowms fERCRctpao ] vewmc
Conflict Analysis e T — i 1
» Support conflict analysis e
<<PIM>> <<PIM>> C<o<n$1'\eﬂc>tZr
Component A Component B e
<<PSM>> <<PSM>>
Component A Component B
Component A Component B beg\?vgr;iioé B
» CIM: Computation Independent Model for integration requirements
» PSM: Platform Specific Models for interface descriptions (many!)
» PIM: Platform Independent Model for interface descriptions
» SM: Semantic Model (domain ontology)
» AM: Annotation Model for semantic annotations
» CM: Connector Model
w Database Systems and Information Management 65 w Database Systems and Information Management 66
CIM Example © BIZYCLE — Modeling Interface Description (@
BIZYCLE BIZYCLE
Control . P T . .
» Web shop and Payment System ® » Describe ‘technical’ information about interfaces that are to be
= = PR integrated:
= |nterface static signature (types)
—Cbnnciicmr = |nterface behavior
< Business = Communication protocols
Interface . .
71 = Non-functional properties
O%HI hugcbmbl " :
= P » Systems under study, i.e. development of PSMMs:
| * ERP (e.g., SAP R/3 BAPI/IDOC)
% = Relational and XML databases
Bﬁig = J2EE and .NET components/applications
.....i' SN = Web Services
Change order status
ol t = Flat files (e.g., XML, CSV...)
BusinessO -
. . ..
—_bject > @ntv w Created with MBIF
67 68
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Platform Specific Metamodel for SAP

(@

Platform Specific Metamodel for SAP

(@

BIZYCLE BIZYCLE
» Core | » Structure
Structure
SAFPType 0.1 ] E i -
#name : String [1] +name : String [11 [EnumerationLiteral
.*  |+value : String [1]
HashTable
o1 Liname : String [1] HashTableEnty
0.* |o.: 0.” v ufglnngng}l:
—_— g dgg}:mh;:g?sirn[o”: [ StructRoot |
Simple’
BYTE @ @ XSTRING| @ STRING| |FLOAT| [TIME
E
[
69 70
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Platform Specific Metamodel for SAP

(@

Platform Specific Metamodel for Rel.DB

(@

BIZYCLE BIZYCLE
1 i
» Communication GRS » Core T |
+name : String [1] I‘“' T [ |*neme : Suing 1] ‘—I
= S0L_imermce [
AL Ts +charset : charset e L Lo.nﬂm
AccessElement
+vaivs : Sting [1] +oncading : mw':ﬁ!vj-m uTFe [ eaon - Swing [1] sERbdn 1]
S =
3 2 talia :
0 = ﬂ oot ||
== |[EE [ [
j HasnhTable
’ | 0.1 | +name : Sting [1]%
Filetranstor
[EESwar G|
[T 8king 11) — m—l
p—— o] powy —
EMailAdioss : Stiing | = [PropenyRoot | BehaviorRoot
s 1 1
7 72
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Platform Specific Metamodel for Rel.DB

(@

BIZYCLE

Platform Specific Metamodel for Rel.DB

(@

BIZYCLE
1 ]
H H Co icati
» Structure Structure » Communication .
E G StructRoot
numaralon A — 1
+name : String [1] +name : String [1] |
<<enumeration>> . -
Dinpwslype Databa
£
1.° NTEGER VI | = e Type
EnumerationLiteral g;l.?g Oraclet1g
+value : SimpleType [1 TIME 3
TINYINT m:_u&‘mm ComElement |
BIGINT +value : String [1] 4-!nco__dbg : Encoding £1]
ARRAY Type : D Type [1]|]
HashTable DECIMAL E= T “a
e D..* NUMERIC "l._uw
g : String [1= LONGVARCHAR = o — =
SMALLINT — L—_ it
BIRAF —1 ! lalh‘lcol 1
BINARY (doec] | fain{1_germanz_c
1 LONGVARBINARY — ! Epeernd
HashtableEnty VARBINARY Host. ==
3 BIT | Flatfile
+key : String [1 | Fatfile. :
+value : S:'?ng 11] ggg?_g:ﬁ Database -path : String «emmnlaﬂon».
STRUCT m"““‘ i
CLOB e
FLOAT Port | o e big5
ENUMERATION . ! i | p-a
— ascii
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Platform Specific Metamodel for J2EE

(@

BIZYCLE

Platform Specific Metamodel for J2EE

(@

BIZYCLE
— b
» Core [ms-mf » Structure
L. )
[F2EE omporan | Structure
wname 1 ==
r oo M;::ﬁ - '!nfnmnnunuual_l
[Emmprevab T — "
ir""__s";'!m_ = 0" 1 name : String (1]
HashTable HashTableEntry
[shamma :Sung ] Structu l‘ Ceadl 1 e e nglu
I = e I2EET) — = ——
3&%“"-&3‘;‘“'1‘!”[“[ sting 1] S
|2 trohcd ) ki -name : StructureRoot
== 1
omm
FE | [
ropany behavior
. : H‘u l uI lua [»c I_lml
" LONG | BIGDECIMAL| FLOAT| DOUB! DATE OOLE I
.""'"""""“'l """""“““‘I [ 1 1 II | 1t ] 1
| m— =— l | | [ 1l || | | | |
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Platform Specific Metamodel for J2EE

()

BIZYCLE

Platform Independent Metamodel

()

BIZYCLE

» Communication

I
Communication
R ToationChannel JavaNamingProviderURL |
e javaNamingFactorylnitial
Access |
RMI_lIOP
0= JnpSocketFactory
2
AccessElement 1
| JavaNamingFactoryURL_PKG
+value : String JNDI_Context SE
|
I_lLI T jnpTimout
User Password 1..6 | JNDI_Property
+value : String jnpSotimout |

» PIM interface descriptions are generated from PSM interface
descriptions by model transformation

» Abstract platform specific issues from PSM interface descriptions by
generalizing interface properties

» Presents BIZYCLE middleware with a unified view of component

interfaces

» Goal: to enable conflict analysis of heterogeneous components

w Database Systems and Information Management 7 w Database Systems and Information Management 78
Platform Independent Metamodel (Excerpt) ‘f@gm Semantic Metamodel ‘f@gm
i-:n."-"s'uﬁf”'—"-] » Domain Ontology for Integration Scenario
[ T == » Controlled vocabulary
— — l r-m 7] e » Based on Resource Description Framework (RDF)
i0fMyps A T
o ¥ ok ¥ _ e "“’}"" . » Subject — Predicate — Object (RDF - triple)
. . %]«Mﬂ Yoy @‘L@ posatase » Needed for Annotations to PSM, PIM and CIM Elements
I l = g l . R IsA
T ] I T __ 4 _l
|_:B§.§.—_ hasParaneter A oot 1. T 5
- - ey = e ——
1 -subject |1 1
Ontology 1. 1 -domain
o R e S 5.1 e S —
- l.____{ i | ; domans p— e
0.* i e I —— ] Has
I | | ~subDomain predicate 0. ;-rmezsu'm:n..u | — il r
T [ partOf
= = = : -
i =
-description : String ’—_TJ]
i:j
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Semantic Model Example

()

Annotation Metamodel ()

BIZYCLE BIZYCLE
» Set of RDF triples: a Trade domain ontology » Connects semantic
e to different models
(CIM, PSM, PIM)
name ="flag” i
LEnk
LRUECE name = "ActiveCustomers™
"name ="customers” | [DomainOblectAnnotation |  _ target :DomainObiect
] name= I 7
LEOUrCE
Platform independent model Annotation model Cntology
81 w Database Systems and Information Management 82

w Database Systems and Information Management

Connector Metamodel

()

Example Connector Model (@

BIZYCLE BIZYCLE
Application Endpoint Agagreqator
Transformer Application Endpoint
connectsTo Oracle DEMS CustomerdSalesledon TolDOC SAPR/3
pP———=PpP
P—eC—»P P—»C—»P
! pP—eC—>»FP
oint__ er
-endpoint -adapter | Shamnel
Endpoint e
creates
’{f ’f“ o inputSalesLedgerMessage ’—I/ payload \ r/ payload \—{ output:CustomerSalesMessage
receives
s T EEETIE G
o e .channel [Channel
=paranater e parameter
Import Export ameter ~channel generates
Parameter P PHAMEEL e rzes oo
-channel
S
-par & inputCustomerMessage payload ki
transports / )
CUSTOMER_NO
e S — AN e SN (i
Ry | -OeWaY
creates Message ewn
-gateway customer \
TrEmeEs

SALES CUSTOMER_NO
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BIZYCLE
Model&Metamodel, Metadata and Document
Repository for Software and Data Integration

()

BIZYCLE

Motivation & Goals

WACHSTUMSKERNE _ 4 | Suedesministerim s
UNTERNEHMEN@ und Forschung ’f@ﬁ
Die l\MBF-Innwiti:minilt-i‘m:;t R e G I 0 N . i

BIZYCLE

Technische Universitat Berlin (TU Berlin)
Computergestitzte Informationssysteme CIS / Datenbanksysteme und Informationsmanagement DIMA

» Model-based software engineering (MBSE) consumes a large number of
artifacts: (meta)models, transformation rules, code (templates),
documentation, etc.

» Efficient artifact management is a significant issue in MBSE

» Goals:
= Definition of artifacts & metadata involved in the MBSE process
= Developing of a repository which provides support for:
e Artifact and metadata management
* Project/User management
o Artifact versioning
o Artifact (resp. version) merging
e Consistency control
» Existing solutions (e.g., Fedora, OSCAR, ADAMS, NetBeans MDR, Adaptive
Repository, IBM Rational Asset Manager, Magic Draw Teamwork Server...)
do not offer these integrated capabilities

w Database Systems and Information Management 86

Repository Information Model © Artifact Types ©
BIZYCLE BIZYCLE
user =" Rote | (Project -
management i 1M| boagTo » Models & Metamodels
data i = UML & DSL (meta)models persisted in XMI format
= chgein » Transformation rules
= describing model transformation steps (currently ATL)
» Code
ations = incl. platform-specific deployment descriptors and templates
between » Internal description
= artifact documentation manually or automatically generated during the
project
1 » External description
. | = artifact documentation provided before the project has started
B e i ] .
| l% @ i M * can be stored in external content management systems
R % m’“? ‘ = e. g., requirement specification, manual, glossary, log files etc.
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w Database Systems and Information Management

Repository Architecture (%'ycm BIZYCLE Artifact Management (%'ycm

. } (ot e X p'““"/"?“""' )( %"“’"’”‘“"""""' ) BIZYCLE Repository supports following management capabilities:

| MagicDraw 4 »

: Reposiioy ]E J; 4[ » Project Management

| 1BM . <

S . “"“g"‘f’m“”‘“ ) » User Control & Management
E "
- e e K| Pomr » Artifact Versioning (particularly Model Versioning)
: %N/‘:J Hoce » Consistency Preservation
tadata OEHHBIGY riifact o
| ) | ) (= | al =
L_in, User
Reposiory Gore 2 [FF e Results achieved:
@ T L_”_J{ Merger » Repository Information Model
[ S Artact Scrage ] » Repository Software Architecture
[ » Methodology
o E%j %j » Prototypical implementation
w Database Systems and Information Management 89 w Database Systems and Information Management 90
Motivation @
. . . BIZYCLE
Conflict Analysis and Connector Generation
within the Full BIZYCLE Integration Process
» Integrating of heterogeneous components is burdened with
recurring tasks, e. g.,:
= Understanding business semantics concerning technical interfaces
= Combining and transforming different data types
= Coupling conflicting functional behavior
= QOrchestrating complex call order behavior
= Bridging incompatible communication mechanisms
WACHSTUMSKERNE _ 4 | Sundesministerium » Tasks might be (semi-)automatically performed within the
UNTERNEHMEN @ und Forschung .-i 'E integration process to eliminate the integration conflicts
Die MMBF-Innwati:::i:ilt;:tx R e G I 0 N .
ZYCLE
Technische Universitat Berlin (TU Berlin)
Computergestitzte Informationssysteme CIS / Datenbanksysteme und Informationsmanagement DIMA
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(@

BIZYCLE

Integration Conflict Types

(@

BIZYCLE

Semantic Annotations

» Semantic Conflicts

= Address semantical aspects of elements to be integrated, i. e., differences in the
meaning they convey

» Behavior Conflicts

= Concern dynamic aspects and are primarily caused by functional constraints of
interfaces to be integrated

» Property Conflicts
= Address the characteristics of components to be integrated, e. g., QoS properties
» Data Structure Conflicts

= Pertain static aspects of components participating in the integration process and are
caused by the differences in the data structures

» Communication Conflicts
= Are differences in communication aspects, e. g., conflicting communication protocols

» Data-oriented annotations are realized by references to domain
objects, i.e., ontology concepts which describe data elements

= CIM Level Annotations: Annotation of business objects, i.e., data elements
participating in the integration scenario

= PSM Level Annotations: Annotation of data elements described in various
platform-specific models, e.g., data records, segments, and fields of a SAP
R/3 system

= PIM Level Annotations: Annotation of data elements described in the
platform-independent models which are results of PSM-to-PIM
transformation

» Function-oriented annotations are realized by references to domain
functions, i.e., ontology concepts which describe actions
= Annotation of interfaces on the PSM, PIM, and CIM levels

w Database Systems and Information Management 93
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Semantic Conflict Analysis Algorithm (@

Full BIZYCLE Integration Process @

BIZYCLE BIZYCLE
e | [a) T e | =)
[ (Srtbusinmss obfect | [ onsony . - - . .
. e s =1 g Domain Speaahst& Platform Specialists a Business Archltecta
Busness funatson Butiness cyect
e [ e (DBS, SAP, XML, J2EE, .
1 L
= L | 111 2
I I ‘
Al ] — % 5 -
] mm*J , _ | Ontology Editor | Interface Editor rocess Editor
T e Creste import
r_mﬂ P " s, | | Interface Extractor |
| [ ‘ T
I e 2. | M2M Transformation (ATL, Viatra) |
'_Jo":m r mm-m
B L Integration Specialist
::.T._) - ' - | Conflict Analyzer
T M2C Transformation (JET, OAW)
1 mapping | J
& Model Interpretation
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Model-based Integration Framework (MBIF)

()

Model-based Integration Framework (MBIF)

()

BIZYCLE BIZYCLE
MBIF | MBIF |
Integration Platform | | Runtime Environment | | Repository | Integration Platform | | Runtime Environment | | Repository |
Based on standard Eclipse | h
. > ish ESB
Automatic interface extractors GlassFish ES
Model editors = Sun-BPEL for business logic
= Java BPEL extension for EAI patterns
=  Flow/semantic models (CIM, SM, part of CM): graphical (GMF) ) ] P o
= Structural models (PSMs, part of CM): graphical + tree-based " Message- and service-oriented realization
» Model transformer = Standardized target environment => portable code generators
= PSM + AM -> PIM + AM = Powerful QoS/management support
= CIM + CAM + PIMs -> CM » Model interpreter
Conflict analyzer/resolver = |ndependent Java component
» Code generators = EMF and Java Reflection for PSM interpretation
= PSM -> connector code (application endpoints) = Low target system requirements
= CM -> connector code (business logic between endpoints) = Supports online model changes
97 98
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Model-based Integration Framework (MBIF)

()

BIZYCLE
MBIF
Integration Platform | | Runtime Environment | | Repository |
» Subversion
= Versioning support for all kinds of artifacts
= Teamwork support
= Supports artifact metadata
» Jena framework
= Based on RDF and MySQL
= Supports artifact relations for consistency preservation
» Apache Maven
= Artifact relation management
= Artifact life cycle/build management
= Existing integration with SVN
929
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Publications @

BIZYCLE

» Semantic Annotation and Conflict Analysis for Information System Integration, H. Agt. G. Bauhoff,, R. Kutsche, N.
Milanovic, J. Widiker, Proc. MDTPI-Workshop @ 6th ECMDA, Paris, France, 2010

AGENDA of the eBISS Tutorial on MBSDI

L

7
-

»  Executable Domain Specific Language for Message-based System Integration, M. Shtelma, M. Cartsburg and N. m H isto ry & Bac kg rou nd
Milanovic, ACM/IEEE 12th Int. Conf. on Model Driven Engineering Languages and Systems (MODELS), Denver, USA, i
2009 m Goal: Model Based Software & Data Integration
» Model-based Interoperability of Heterogeneous Information Systems: An Industrial Case Study, N. Milanovic, M.
Cartsburg, R. Kutsche, J. Widiker, F. Kschonsak, Proc. 5th ECMDA, Enschede, Netherlands, 2009
» Model-based Semantic Conflict Analysis for Software- and Data-Integration Scenarios, H. Agt. G. Bauhoff, J. Widiker,
R. Kutsche, N. Milanovic, Tech Report 2009-7, TU Berlin, 2009 [ ] Laﬂguag es and |V|Od6|S
» Metamodeling Foundation for Software and Data Integration, H. Agt, G. Bauhoff, M. Cartsburg, D. Kumpe, R.
Kutsche, N. Milanovic, Proc. 8th Int. Conf. on Inf. Syst. Technology and its Applications (ISTA), at UNISCON 2009, u Metalanguag es and MetamOdeIS
Sydney, Australia, 2009
» Model & Metamodel, Metadata and Document Repository for Software and Data Integration, N. Milanovic, R.
Kutsche, T. Baum, M. Cartsburg, H. Elmasgiines, M. Pohl, J. Widiker, Proc. ACM/IEEE 11th MODELS, Toulouse, France, - -
2008 m BIZYCLE: Model Based Software & Data Integration
»  BIZYCLE: Model-based Interoperability Platform for Software and Data Integration, R. Kutsche, N. Milanovic, G.
Bauhoff, T. Baum, M. Cartsburg, D. Kumpe, J. Widiker, Proc. Workshop on Model-Driven Tool- and Process
Integration, 4th ECMDA, Berlin, Germany, 2008 - B I ZWARE . Domai n S eCifiC Lan uaaes
» Model-based Software and Data Integration, Kutsche R., Milanovic N. (Eds.), Conf. Proceedings MBSDI, Berlin, " p g g
Germany, Springer Verlag, 2008
»  (Meta-) Models, Tools and Infrastructures for Business Application Integration, Kutsche R., Milanovic N.
Proc. 7th Int. Workshop on Conceptual Modeling Approaches for e-Business (EComo 2008), Klagenfurt, Austria, 2008
m DN 101 11.07.2013 DIMA / TU Berlin / Ralf-D. Kutsche 102
Solution for the Complete Software Life Cycle
Softwarelebenszyklus I
Domain Specific Languages
“Methods, Languages, Tools and Infrastructure
K - Anwendungen
for the Model and Software Factory B> e >
of the BIZWARE Regional Project Group*
adesso akquinet y Cedavis™ ClinPath el ETASK ﬁFraunhm::!; klapatek. % Model TTH e w m
Our Project team @ TU Berlin: P
Dr. Ralf-D. Kutsche, Dr. Nicole Natho A ® j -
Henning Agt, Yan Li (partially), Yuexiao Li Markt ' 7 e / » ey
+ many part-time students: potenzial zyklusphasen
Am_auri AIbuquergue, Andreas BUscheI:, Nico Frapzeck, Amir Matallaoui, Softwarehersteller / Integratoren / Betreiber (Laufzeit) /
Silvia Sandy-Martinez, Kamran Mohtadi, Lakshmi Vuyyuru, Andreas Wolf = -
@ woew BIZWARE Kundengruppen
UM — BIZWARE ——— ‘pl:":fw [P e — "Z-f-'@..::‘VARE [ JET




BIZWARE Market Relevance

Relevant Markets
- AIM market 9.4 bn. €, COTS 7.4bn. €

- 50% market opportunity for innovators
: - Analysts forecast prospects

Solve Real Problems

- Expensive software life cycle

- Inadequate business orientation
- Incompatible devices

= \\/hat are domain specific modeling languages? =—

= Small modeling languages, tailored for a specific domain
= Domain specific (graphical) notation

= Easier modeling for domain (NOT modeling!) experts

- Reuse, Combination, ... pebes 5 ]
N | toncepts of
v Domain caoyws | Abstratet| ¢ -
B I ZWAR E — Syntax |
- Defining an DSML: N L y
- Abstract syntax ,| Conerete: | o o
<imtancaob> Syntax
Innovative Approach Competence - Concrete syntax o Seetogh |
- Consequent meta modeling - Experienced BIZYCLE Consortium . Language constraints i |
- Software generation | — - Proficient new partners (Semantics) Formal- has meaning thresgh J semant Modeling-
- Tailor-made tools - Broad access to branches M"_d" Language
H respects
adesso | akquiner, Cedavis ™ ClinPath een® BTASK %Fﬁu"hn,{sﬂ' klopotek. «% Model nj S w
= : _ - -
———— T — PERNCNNS  — $1Z(@/WARE mm 105 m WIENEEES  — BIZWARE,
=== General Purpose Mod. Languages (like UML) vs. DSLS Technical DSLs
M g Lo
d . BIZWARE- . - P11 Factory
U M L a n DS L ' t h e Lego eta p h 0 r E——p Model and P2 | Runtime Environment
) . . Software Factory P3 | DSL Devices
« UMLis like a pile of basic LEGO blocks P4_| DSL User Interface
with few colors, sizes and shapes P5 | DSL Data Warehouse
¥ P P6 | DSL Health

* DSL is like the special LEGO kit for
Medieval Knight Castle

* With the basic LEGO kit you can build
only average castles

* With the special Castle kit you can
build excellent castles

* On the other hand, with the basic
LEGO kit you can also build average
cars or planes

* But with the special Castle kit you can
build only really terrible cars or planes

3 ey

UNTERNEHMEN C .
L] SS=—"=REGION I BIZWARE

P7 | DSL Reinsurance
P8 | DSL Facility Management
P9 | DSL Production

P10 | Refactoring
Existing Systems

Tools

pajesauab
pajelausb
pajesausb

With BIZWARE
generated applications:

P2
=
Runtime Environment

| P10 |
Software Life Cycle: Develop Integrate
Components Components
UNTERNEHNEN & (©
I - ——AEGION BIZWARE




BIZWARE

Protopype of a DSL for GUIs
- Graphical User Interface Development based on Wireframes —

Collaboration TU Berlin and Akquinet/Tech@Spree

akquinet )

"
IS — 109

BIZWARE GUI DSL & Other DSLS  =—

... finally to be integrated with insurance applications and mobile devices...

0

| /
UNTERNEHNEN & 110 @
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— GUIs in Different Devices

Classical computers, tablets, smart phones, technical controllers, healthcare devices,
etc. ...

bl - LT

11 @

I BIZWARE

UNTERNEHMEN
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— Basic GUI Elements

» Shapes, Colours, Frames, ...
» Text Fields

* Images

* Tables

* Combo Boxes

« Buttons

112 @
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GUI Meta Model

[ wrraee

= Abstract Syntax

©ecmf

SUCLIFLE MODELING THAMEWONE

[T=n o feen
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L) Resource Set L Resource Set
¥ & platform: /resource/gui-ds|/My.gui ¥ ¢ platform: /resource) gl -dsl i My.gul
¥ 4 Ul Model ¥ 4 Ul Model
¥ 4 WF Page Welcome to Bizware, Login Page
Form loginForm 4 Label
#:Lacel 4 Edit Text username
4 Edit Text username 4 Div
4 Div 4 Label
4 Label + Edit Text password
< Edit Text password % Div
4 Div 4 Button binsubmat
“ Button binsubmit Selection | Parent | List| Tree | Table | Tree with Columns
Selection | Parent | List | Tree | Tablle | Tree with Columns &) Tasks | I Propenies £ CIE mTEn
&) Tasks | [T Properties £2 BE % e ¥ S Q] |Propeny Value
L — { Action 1% login_php
Property Value "] % form

Description ogin Page 1o Bizware Application Methad R POST

Title 12 Welcome to Bizware, Login Page Hame 1% loginFarm

Wl 1 hatp:/ [localhost/bizware /index.php

@&
- <y
UNTEANEHNEN G 114 L)
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= ADstract SyntaX Xte

Our Application

UIModel:
'uimodel' name = ID
l{l
wfpage += WFpage®*
|}l

Wireframe Page

WFpage:

'title' title=STRING';'
form += Form®*

NfElements:

el —

Form:
'Form® (naome = ID)?
'method’ method =STRING
'action' action =STRING
('class' style = STRING)?
('id" id = I0)?

(wfelements += WFElements";")*
"}

Button | Input | Radio | Checkbox| TextArea | SelectBox | DataEntry | Img | Link | YNQuestion | Div | Label

UNTEANEHNEN G 115
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=== Abstract Syntax

DataEntry:
'dataEntry' (name = ID)?
('id" id = ID)?
("text' text = STRING)?

Xtest

type = (TextArea | SelectBox | Input)

Enter Your name:

dataEntry enterName text "Enter Your name"

<div class="row" class="control-group">

input required Text;

<div class="span4" class="control-label"><span name="L;enterName" id="L;" class="">Enter Your name:</span></div>

</div>

<div class="span5"><input class="input-large" name="I;enterName" id="1;" type="text” required placeholder”"></div>

UNTEANEHNEN G 116
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— Example - Login Page

ann Login Page to Bizware Application

1] Login Page to Bizware Applicati. | =
__;_'-_El_ji localhast ¢ c (3] Q i =
7(@)WARE
Case study: Domain specific language in facility
K [ management (DSLFM)
[ Loan |
2(@)WARE 1/4 eTASK
Master thesis Kamran Mohtadi
: zotero |
unTeRNeRnen © i © GNTERNEHNEN @ e
===REGION ] BIZWARE ——=REGION
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Definition: Facility Management

“Facility management is a profession that encompasses multiple disciplines
to ensure functionality of the built environment by integrating people,
place, process and technology.“ (International facility management association)

Dimensions of facility management according to European Network of Facility
management / Standard EN15221: (http://www.eurofm.org/knowledge/en15221/)

Space and infrastructure
People and organization
in detail:

Cleaning services Energy management
Pest control Utilities

Catering & vending services Landscaping & parking
Furniture procurement Design and construction services
Office supplies Lease

Maintenance Rental & space management
Logistics Corporate real estate services
Event management

UNTEANEHHEN &
~=—=REGION

Workplace management

Safety & security services
(internal) Relocation services
Document management
Hospitality/reception management
Travel services

Property administration

e $Z(@/WARE mm 10 m

mmm—=  Computer Aided Facility Management (CAFM) —

CAFM (Computer Aided Facility Management Software) or TIFM (Total
Integrated Facilities Management Software) software supports the specific
processes of facility management and also the people involved in these
processes

Core processes supported in CAFM systems:

Stock documentation, land management, move management, contract
management, rent management, operating cost management, cleaning
management, key management, energy controlling and maintenance
management.

eTask.FM-Portal: central platform structure as the basis for the connection
of all other modules.

eTask.FM-Portal is based on several data tables, which store data regarding
processes, people, emails, activities, ...

unTERNEHNEN ©
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s Case study: DSLs in Facility Management (DSLFM)

Status before introducing DSLFM:
Central database is configured manually for each new process

Manual configuration according to MS Visio based process / data flow
diagrams called “Infographs”

Infograph models widely accepted within the company and by the customers
Problems:

Manual configuration of the database for each scenario change is time
consuming and error-prone

Identification of similar processes
Goals of the master thesis:
Automation of database configuration
Keeping the graphical notation of Infograph models

“Real” modeling environment including code generation (MS Visual
Studio)

UNTEANEHMENSY m BIZ[((@/WARE mm 12 m

s Case study: DSLFM - Infograph models

Domain analysis through Infograph models and additional data from eTask

L e UNTERNEHHEN & . r 1
I | = - O - —=Reclon  mmmmm D1Z WARE mm 12 m

mmmm= Results: DSLs in Facility Management (DSLFM)  s——

DSLFM / Model transformation from Infographs to “real” FM Models in MS
Visual Studio

A Domain Specific Language for Facility Management
Developed in MS Visual Studio DSL Tools
Similar GUI to Infograph models

Proved to automatically generate in the biggest given scenario up to
11000 lines of SQL code for database configuration

Avoidance of errors through constraints and validity checks

Already in productive use by eTask in a few scenarios, replacing
infograph models and manual configuration of the eTask.FM-Portal DB

SUIERNEHMEYS. oo 51Z(@/WARE mm 1 m

mmmm= Results: DSLs in Facility Management (DSLFM)  s——
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©@

Automated Construction of a Large Semantic Network of
Related Terms for Domain-Specific Modeling
@ CAISE 2013, Valencia, Springer LNCS 7908

(@) WARE ﬂﬁ

Forthcoming Ph.D. thesis Henning Agt
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Motivation

Autocompletion applications

glad

domain-sped
domain-specific languages
domain-specific languages an annotated bibliography al m dl if [gl W L3 ] [0
domain-specific modeling enabling full code generation |
domain specific learning

aw el 0yl e

| 3 Foregroundaction
@ FoedProces

«Spate 10 shaw Tempéae Fropotsn

Predict what the user wants next in completion of a model

— . . p—
employs | Ei Dodtor | treats i E J_
o] T name : EString | - nurse
oo =) ., o) reatment
- A e
[ Evospital | 39mitsI F patient | a medicine
| ¥ name : EString | 0.* | ¥ name ES(rmgI emergency
| s UNTERNEHHEN & S g
N |- W 1G] e— z @ WARE mm 126 m

Research Goals

Vision 1. Provide automated suggestions of semantically related model
elements for domain modeling (focus on domain terminology and conceptual
design)

Vision 2: Try to remove errors from domain models (focus on relationships)

—
—
—
Onto-
logies

.Q.O
(QUL a — Provide Use §D—D
o) [, &

— . Knowledge Modeling
——
'Oco - Efég?;’: Service Tools
> Text > | Termi- Suggestions
Extract ) Generate nology
N Analysis

Requirements for the intended application E_ : nurse '
Dictionary of terms ) treatment
medicine
Relations between terms emergency
Query interface and ranking functions

L T ey UNTERNEHMEN &
e—— | — RS om P1Z(@JWARE mm 2 m

—— Go0gle Books N-Gram Dataset

— Qg =) | Do

N-gram analysis CSV text files
with word frequencies

Large amounts of text data

B30

500 billion words

5 million books

N-Grams
Sequence of n consecutive words/tokens and its frequency
Google provides 1,2,3,4 and 5-grams in several languages

Using the English-All dataset V2 (1-grams and 5-grams)

to go to the hospital 46,410 able to leave the hospital 4,629
general condition of the patient 28,198 patient admitted to the hospital 4,303
| was in the hospital 19,268 a patient in the hospital 3,844
discharge from the hospital . the symptom of the patient 2,559
12,476 the patient under local anesthesia

admission to the hospital . 10,558 2,536

the patient to the hospital 6,422 a patient is suffering from 2,475
by placing the patient in 6,026 the doctor and the hospital 1,362
between doctor and patient . 5,908 the hospital and the doctor 1,017

S i UNTEARERMEN & TV 7 2
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] SemNet Preprocess|ng |
N-gram database it
- Make the data manageable e g TECER
PK |id INTEGER = FK1 |termidl | INTEGER
Input: 2.5 terabytes of text €—FK2 |termid2 | NTEGER
. term VARCHAR(100) | g lrk3 |termid3  |INTEGER
Output: Tables with frequency | INTEGER a3 | termida | mTecEr
10 million 1-grams and FKS |termid5 | INTEGER
710 million 5-grams (21 gigabytes) frequency |INTEGER

Normal
. i i Noun iti i
Part-of-speech tagging [8], [9] Adjective Preposition  Determiner
- ldentify lexical category of each text token 33 NN  IN DT NN
Output: Table with POS tags for each general condition of the patient
5-gram (14 gigabytes) NN NN NN CC NN
drug store pharmacist or doctor
Normalization Coordinating
conjunction
- Reduce amount of word variations
Plural stemming, lowercasing of
adjectives and normal nouns doctors ->doctor

Medical practitioner

Proper nouns are not touched it f
hospitals in Valencia

- medical practitioner
-> hospital in Valencia

Result: 710 million normalized and tagged 5-grams

| e &
tor Bty UNTERANEHMEN &
BN =REGION

o orsctuang
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| i ]
SemNet Construction
. . term _rel. term uency
Discard 5-grams that contain 4 or 5 stopwords e Tee 18655
x x “ doctor nurse 18,022
to go to the doctor J {I am what | am[ [a )(2) | dosiar degree 16.094
doctor lawyer 13,258
Apply pattern matching on the remaining 5-grams mirse  doctor 13,258
. . nurse  doctor 4,135
- Result: Large table of binary relations ; 2

nurse patient 9,750
nurse physician 12,355

Frequency aggregation l
Many terms co-occurred in different contexts ferm rel term frequency
doctor nurse 783,305
. . doctor lawyer 685,529
Relative frequency computation doctor degree 555,031
For each term with respect to its related terms nurse  doctor 783,395
nurse physician 383,167
188,288

nurse  patient

Graph construction
Directed, weighted edges

Relational database and graph
database serialization (SQLite / Neo4J)

PR o )
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Querying SemNet

Query Interfaces

SQL: Query the relational database

order by relfre

select * from nouncooccurrences where termw1 =
5824331 and termw2 is null and termw3 is null

q desc limit 20;

Cypher: Query the Neo4J database

Public ArrayList<String>

Java: Use SemNet in your applications

getRelatedStringTerms(ArrayList<String>

inputTerms) { ... }

PHP: Explore the data in a web interface

Examples of top 10 automatically identified related terms

teacher doector electricity software lymphocytic
engineering choriomeningitis
T 32.4M 19.1M 7.2M 212K 23K
1 student nurse CASE virus
2 parent lawwver field LCM
3 school degree component mouse
4 pupil office area cell
a5 child patient heat computer science syngeneic
G administrator hospital nse component cytotoxicity
T role teacher conductor system mediated cytotoxicity
8 training order current discipline mumps
9 work Law steam aspect lymphocyte
10 principal dentist amonnt term monkey
#r 8T28 5519 2716 144 31

(f- absdliw.ﬁ'equency in the on%ln?el ptﬁ)ét CO';P@,S’ #r — number of related terms)

o orsctuang
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= Modeling With Semantic Autocompletion — =-——
Prototype: Ecore Diagram Editor with class name suggestions
Automated suggestion adaption with respect to the content of the model
[ dve-o, s . ~ bckpse SO (@ Jow - org diag - Eclipe SOK
| Ble foit Disgram  Havigate Segrch Project fun Window Help Eide fdt Diagam Nevigate Segpch Project Bun  Wndow Help
- Qs L-0-Q-r HFE~ &~ - - -~ - 5 e B~0~"Q~ G~ &4~ - -t
| Segee il = - Segoe UL = e
Ira .1_..“"“_ LN ! B spetation 2
= | 4 < Palete  Pragnangy | = | = 3 S Pt | Pregremey } [ .—I_ -
2 enptiomas | s e 3 B oyl & bt e - 3
B bt | tPackage Childsnh 3 test EPackage ! Risk
:: testd EChass Week :\ et EClas = Sctopic Pregnancy Complication
EDataType Stage EDstaType | ftia
Edmnotation Birth EAnrtatsn Alsostion
EOperatscn Termination EDpersticn Care
Ehstribute Mother Eattribute Utenn
Dirsmd tersl i Enuemiaal i
tchclanien bk Brtars iy Pant
& Connext. Risk Dt Infection
ERefemence Debvery EReference Symptom
Inhentance Cemphication Inherttance Mansgement
Lhrnotation Pened Eanmotaten Trestenent
§ - || coume L fink Condaon L
. Problem | @ hvedoc [, Declaration | I P lﬁ:.:lcm' % Problems | @ Javedoc |1, Declaestion | I Prj :::::
| EClass Effect H EClass Chance
Mol e e Modet Hame S
e Instance Class Hamer e, = pmstition Instance Class Hamer  Ltoaencs s
Extended Metadats Extended Metadats
Genbiodal Doc Is Abstract : | Gentodei boc Is Abstract
S ——" [ O CCCTREeion  mammmmm D1Z ©/WARE mm 122 m




I Evaluation Setup I

Challenge
No gold standard available for many information extraction tasks

Our strategy: Compare SemNet to existing knowledge bases
Provide measurements on how much information of WordNet and ConceptNet is contained in SemNet

WordNet V3.0: Lexical database for the English language [16]

Synsets: Grouped words that share the same sense
Relations: Mainly taxonomic, part-whole and synonyms

Relations: Taxonomic, part-whole, related-to and several others

ConceptNet V5.1: Semantic graph for general human knowledge [17] [ \/
Nodes: Any natural language phrase that expresses a concept C

SemNet: Semantic Network of Related Terms
Nodes: Noun terminology
Relations: Probabilistic links
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—— Summary BIZWARE Strategy — =e—

Continuation of the experiences in BIZYCLE on a new basis:

Addressing the complete software development cycle, but
(feasible) restrictions of manageable domains: analysis,
requirements definition, specification, design, development,
integration, operation, evaluation, etc.

Focus on the foundation of domain-specific languages:

Meta modeling, model instantiation, model transformation,
multi modeling, model integration, semantic modeling
(ontologies, semantic annotations, etc.), test generation,
process support
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meeeee———— B |Z\WARE — Research results

Diploma and Master Theses 2011 - 2013

* Michael Stollhans (Diploma thesis, TU Berlin, Oct. 2011, Advisor: Dr. Ralf-D. Kutsche)
"Modellierungsmethodik fiir fachliches, domanenspezifisches Monitoring "

* Benedict Wandelt (Diploma thesis, TU Berlin, June 2012, Advisor: Henning Agt)
»Metamodelle und Ontologien fiir doméanenspezifische Sprachen”.

*  Amir Matallaoui (Master thesis, TU Berlin, Feb. 2013, Advisor: Dr. Nicole Natho)
,Domain-Specific Languages: Development Guidelines & Tool Support Comparison”.

* Lakshmi Vuyyuru (Master thesis, Univ. Potsdam/TU Berlin, March 2013, Advisors: Dr.
Nicole Natho, Dr. Ralf-D. Kutsche/TUB, collab. Prof. Tiziana Margaria/Univ. Potsdam)
,Re-establishing Vertical Consistency Between Meta-Models and their Corresponding
Models” .

* Kamran Mohtadi (Diploma thesis, TU Berlin, April 2013, Advisor: Dr. Ralf-D. Kutsche)
,Development of Domain Specific Languages in the Software Industry - a Practical
Case Study”.

* Silvia Teresa Sandy Martinez (Master thesis, TU Berlin, 2013, in progress, Advisor:
Henning Agt, Dr. Ralf-D. Kutsche)

“Patterns in Domain Models”. To be finished in July 2013
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meeeem——— B|ZWARE — Research Results

Scientific Conferences 2011 - 2013

* H. Agt: Supporting Software Language Engineering by Automated Domain
Knowledge Acquisition. MODELS 2011 Workshops Wellington, New Zealand, Oct.
16-21, 2011. Proc. LNCS 7167, Springer 2011

* H. Agt, R. Kutsche, T. Wegeler: Guidance for Domain Specific Modeling in Small and
Medium Enterprises. SPLASH '11 Workshops; Portland, USA, Oct. 22 -27, 2011.

e H. Agt, R. Kutsche, N. Natho, Y. Li: The BIZWARE Research Project. In: Model Driven
Engineering Languages and Systems MODELS 2012, 15th Int. Conf. - Exhibition
Track, Innsbruck , Austria, Sept. 30 - Oct. 05, 2012.

e H. Agt: SemAcom: A System for Modeling with Semantic Autocompletion. In:
Model Driven Engineering Languages and Systems MODELS 2012, 15th Int. Conf. -
Demo Track, Innsbruck, Austria, Sept. 30 - Oct. 05, 2012.

* H. Agt, R. Kutsche: Automated Construction of a Large Semantic Network of
Related Terms for Domain-Specific Modeling. In: Advanced Information Systems
Engineering CAISE 2013, 25th Int. Conf., Valencia, Spain, June 17-21, 2013.
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