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Das Problem der „Technologienfülle“
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Konsequenzen des Problems der „Technologienfülle“

• Vendor lock-in 

• Expertisenkorrision 

• Technologienermüdung  

• Job-Security für Entwickler? 

• Kosten der Technologieeinführung 

• …
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Quelle: http://de.wikipedia.org/wiki/Franz_Gelb
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Lösungsansatz der Arbeitsgruppe  
für das Problem der „Technologienfülle“

• Illustrative Softwaresystemchen (101companies) 

• Ontologie zur Erfassung der Konzepte (SoLaSoTe) 

• Modellierung von Softwaretechnologien (MegaL)

4
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SoLaSoTe
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Lösungsansatz der Arbeitsgruppe  
für das Problem der „Technologienfülle“
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Gliederung
1. Willkommen 

2. Befragung der Teilnehmer

3. Überblick über 101, SoLaSoTe und MegaL  

4. Klassifizierung von Sprachen, Technologien, u.ä. 

5. Beispielhafte Technologiemodelle 

6. Eine Kern-Ontologie zur Technologiemodellierung 

7. Weitere beispielhafte Technologiemodelle 

8. Prozess- und Werkzeugunterstützung
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Die Software-Chrestomathie 101 
101companies.org

Company X:
Swing + JDBC

Company Y:
SWT + Hibernate

Company Z:
GWT + MongoDB

...

Ein Gemeinschaftsprojekt zur Schaffung einer 

Wissensbasis über Softwaretechnologien und -

sprachen sowie -konzepten auf der Basis (u.a.) 

der wiederkehrenden Implementation eines 

Systems für das Personalwesen.
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Company X:
Cobol

Company Y:
Java + Swing + 

Hibernate
Company Z:

Python + Django + 
HTML5

...

Aus dem Englischen:

„101 ways of doing something“

Warum der Name „101companies“?
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Ein Informationssystem für das Personalwesen

Features
• „total“: Gehälter summieren 
• „cut“: Gehälter halbieren 
• Nutzerinterface 
• Persistenz in der Datenbank 
• …

Seite© 2016 AG Softwaresprachen, Universität Koblenz-Landau 12

Demo http://101companies.org/wiki/
Contribution:cobol
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Ein paar Zahlen zum Projekt „101“

8

442

#Files per implementation Technologies

Languages LOC per implementation

Seite© 2016 AG Softwaresprachen, Universität Koblenz-Landau 14

http://101companies.org/
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Wie benutzen wir 101?
Moderne und praxisrelevante Kurskonzepte an der Universität: 
• Fortgeschrittene Programmierung 

• Einführung in die Funktionale Programmierung 

Material für IT-Schulungen 
• Einführung in die Objektorientierte Programmierung 

• Einführung in relationale Datenbanken 

• NoSQL-Technologien 

• Web-Programmierung 

Wissensbasis und Korpus für wissenschaftliche Untersuchungen
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Die SoLaSoTe-Ontologie 
http://www.softlang.org/solasote 

• Entity types 
• System 
• Artifact 
• Fragment 
• Reference 
• Language 
• Technology 
• Function 
• Concept 

• Relationship types 
• Membership 
• Conformance 
• Part-of 
• Definition 
• Implementation 
• Correspondence 
• Usage 
• Facilitation

16
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Die SoLaSoTe-Ontologie 
http://www.softlang.org/solasote 

• Entity types 
• System   myWebApp 
• Artifact   .java, .jar, .py, .html, … 
• Fragment  methods, attributes, statement blocks, … 
• Reference  URL, import, … 
• Language  Python, HTML5, CSS, JavaScript, … 
• Technology  Django, ASP.NET, Hibernate, … 
• Function  Implemented behaviors 
• Concept  MVC, Request, Response, REST, …
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Die SoLaSoTe-Ontologie 
http://www.softlang.org/solasote 

• Relationship types 
• Membership  HelloWorld.java elementOf Java 
• Conformance  doc.xml conformsTo schema.xsd 
• Part-of    javac partOf JDK 
• Definition   java.g4 defines Java 
• Implementation method1 implements function2 
• Correspondence schema.xsd correspondsTo Model.java 
• Usage    myWebApp uses Hibernate 
• Facilitation   Hibernate facilitates O/R-mapping

18
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Technologiemodellierung mit MegaL 
http://www.softlang.org/megal

Andere Arten von Modellen: 

Datenmodelle — z.B. ein XML-Schema 

Strukturmodelle — z.B. ein Klassendiagramm 

Verhaltensmodelle — z.B. ein Zustandsdiagramm 

Unternehmensmodelle—z.B. ein OrgChart 

Netzwerkmodelle—z.b. das OSI-Modell
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Datenmodell einer Wahl-
Anwendung (ähnlich Doodle)
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Strukturmodell einer Wahl-
Anwendung (ähnlich Doodle)

Definition von Klassen, Attributen und 
Beziehungen sowie Kardinalitäten
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Verhaltensmodell einer  
Drehtür in einem Hotel

Definition von Zus†änden, Übergängen, 
Eingaben und Ausgaben.

Quelle: http://commons.wikimedia.org/wiki/
File:Dreht%C3%BCr_Kaiserbad_Karlovy_Vary.jpg

Seite© 2016 AG Softwaresprachen, Universität Koblenz-Landau 23
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Gliederung
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Was ist eine Softwaresprache? 
(Computersprachen = Softwaresprachen!?)

25

Deutsches Wikipedia: "Computersprachen sind formale 
Sprachen, die zur Interaktion zwischen Menschen und 

Computern entwickelt wurden."
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What is a computer language?

English Wikipedia: 
Programming language, a formal language designed to 
communicate instructions to a machine, particularly a 
computer 

Command language, a language used to control the tasks of the 
computer itself, such as starting other programs 

Machine code or machine language, a set of instructions executed 
directly by a computer's central processing unit 

Markup language, a grammar for annotating a document in a 
way that is syntactically distinguishable from the text 

Style sheet language, is a computer language that expresses 
the presentation of structured documents

26
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What is a computer language?

English Wikipedia :  
Configuration language, a language used to write 
configuration files 

Construction language, a general category that includes 
configuration languages, toolkit languages, and 
programming languages 

Query language, used to make queries in databases and 
information systems 

Modeling language, a formal language used to express 
information or knowledge, often for use in computer 
system design 

Data serialization format.
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What is a computer language?

28

A computer language is any language designed or used 
for automatic “information processing”, i.e. data 
and process handling and management. 

Anureev, I. S., et al. "On the problem of computer language 
classification." Joint NCC&IIS Bulletin, Series Computer 
Science 27 (2008): 1-20. 
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Ansätze zur Klassifizierung
• Chronologische Klassifizierung mit Annotationen zu 

den Autoren, dem Zweck, etc. 

• GPL versus DSL (Domäne) 
• Paradigmen 
• Mehrdimensionale Klassifizierung 
• Artifakt (z.B. Programm versus Model) 
• Zweck (z.B. Programmierung versus Modellierung) 
• Technologieräume
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Geschichtliche Betrachtung

• ~1950-65: Imperative Programmiersprachen für die 
Neumann-Architektur. 

• Ende der 1960-er Jahre: Einführung von 
Spezifikations- und Datenrepräsentationssprachen. 
Weitere Paradigmen kamen dazu: die deklarative 
Programmierung (z.B. APL), die logische 
Programmierung und OO.

30
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Der Familienbaum für Programmiersprachen

Quelle: http://thomasinterestingblog.wordpress.com/2011/11/26/the-family-tree-of-programming-languages/
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Geschichtliche Betrachtung

• In den 1990-er Jahren: Neue Arten von Sprachen, 
z.B.: Wissenrepräsentationssprachen, Sprachen für 
parallele, nebenläufige, verteilte Ausführung sowie 
für Multi-Agenten-Systeme. 

• Heutzutage gibt es “unzählige” Spezialsprachen 
(Domain-specific languages). Man unterscheidet 
auch gern Spezialsprachen in der Programmierung 
(DSL) versus der Modellierung (DSML).

32
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Programmierparadigmen

33

• Prozedurale (imperative) Programmierung 

• Funktionale Programmierung 

• Logische Programmierung 

• Objektorientierte Programmierung 

• Multi-Paradigmen-Programmierung

Zugrundeliegende Prinzipien charakterisieren 
Programmierparadigmen.

Objekte

Mathematische Logik

Prozeduren und Variablen

Mathematische Funktionen
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Programmierparadigmen

Seite© 2016 AG Softwaresprachen, Universität Koblenz-Landau

Taxonomy of programming paradigms.  
Quelle: [vanRoy09] 
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Programming Paradigms for Dummies
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Figure 2. Taxonomy of programming paradigms

2.1 Taxonomy of programming paradigms

Figure 2 gives a taxonomy of all major programming paradigms, organized in a graph
that shows how they are related [55]. This figure contains a lot of information and re-
wards careful examination. There are 27 boxes, each representing a paradigm as a set
of programming concepts. Of these 27 boxes, eight contain two paradigms with di↵erent
names but the same set of concepts. An arrow between two boxes represents the concept
or concepts that have to be added to go from one paradigm to the next. The concepts
are the basic primitive elements used to construct the paradigms. Often two paradigms
that seem quite di↵erent (for example, functional programming and object-oriented pro-
gramming) di↵er by just one concept. In this chapter we focus on the programming
concepts and how the paradigms emerge from them. With n concepts, it is theoretically
possible to construct 2n paradigms. Of course, many of these paradigms are useless in
practice, such as the empty paradigm (no concepts)1 or paradigms with only one concept.
A paradigm almost always has to be Turing complete to be practical. This explains why
functional programming is so important: it is based on the concept of first-class function,

1Similar reasoning explains why Baskin-Robbins has exactly 31 flavors of ice cream. We postulate
that they have only 5 flavors, which gives 25 � 1 = 31 combinations with at least one flavor. The 32nd

combination is the empty flavor. The taste of the empty flavor is an open research question.

13
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Artifakt-basierte Klassifizierung
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2.2 Classification of software languages 13

2.2.2 Classification by artifact or purpose

Languages may be classified on the grounds of the artifacts that represent
language elements. That is, a classification of such artifacts can be continued
as a classification of languages. A few relatively obvious classifiers follow.

Illustration 7 (Classification by artifact).

Artifact Language Example

Program Programming language Java
Query Query language XPath
Transformation Transformation language XSLT
Model Modeling language UML
Specification Specification language Alloy
Data Data format QTFF (QuickTime file format)
Documentation Documentation language DocBook
Configuration Configuration language INI file
Log Log format Common Log Format
. . . . . . . . .

n

These classifiers are not necessarily disjoint. For instance, it may be hard
to decide in all cases whether some artifact should be considered a model, a
specification, or a program. The classifiers can also be further broken down.
For instance, ‘data’ may be classified further as ‘audio’, ‘image’, ‘video’ etc.
data; ‘model’ may be classified further as ‘structural’, ‘behavorial’, ‘architec-
ture’ etc. model.

It turns out that about the same classification of languages can be
achieved, if we adopt a view focused on the ‘purpose’ of language usage.
In some cases, due to the ambiguity of natural language, we may even end
up with (about) the same term for artifact and purpose.

Illustration 8 (Classification by artifact or purpose).

Artifact Purpose Language

Program Programming Programming language
Query Querying Query language
Transformation Transformation Transformation language
Model Modeling Modeling language
Specification Specification Specification language
Data Data storage/representation Data format
Documentation Documentation Documentation language
Configuration Configuration Configuration language
Log Logging Log format
. . . . . . . . .
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Zweck-basierte Klassifizierung
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2.2.2 Classification by artifact or purpose
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n

These classifiers are not necessarily disjoint. For instance, it may be hard
to decide in all cases whether some artifact should be considered a model, a
specification, or a program. The classifiers can also be further broken down.
For instance, ‘data’ may be classified further as ‘audio’, ‘image’, ‘video’ etc.
data; ‘model’ may be classified further as ‘structural’, ‘behavorial’, ‘architec-
ture’ etc. model.

It turns out that about the same classification of languages can be
achieved, if we adopt a view focused on the ‘purpose’ of language usage.
In some cases, due to the ambiguity of natural language, we may even end
up with (about) the same term for artifact and purpose.

Illustration 8 (Classification by artifact or purpose).

Artifact Purpose Language

Program Programming Programming language
Query Querying Query language
Transformation Transformation Transformation language
Model Modeling Modeling language
Specification Specification Specification language
Data Data storage/representation Data format
Documentation Documentation Documentation language
Configuration Configuration Configuration language
Log Logging Log format
. . . . . . . . .
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Quellen zu Programmiersprachen

Books and research papers 
Information retrieval technology is necessary 

Wikipedia  
WibiTaxonomy  

Wikidata 
Dbpedia 
BabelNet 
Computer Language Classification Knowledge Portal

38
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Ein kleiner Ausflug: WikiTax — ein Tool der Arbeitsgruppe zur 
Untersuchung und Bereinigung von Wikipedia-Kategorien

39 Seite© 2016 AG Softwaresprachen, Universität Koblenz-Landau

Reduzierte Subkategorien  
von Wikipedia’s Kategorie “Computer Language”

40

6 Ralf Lämmel, Dominik Mosen, and Andrei Varanovich

Category Subcategories

Data modeling languages –
Markup languages Declarative markup languages, GIS file formats, Knowl-

edge representation languages, Lightweight markup lan-
guages, Mathematical markup languages, Musical markup
languages, Page description markup languages, Playlist
markup languages, User interface markup languages, Vec-
tor graphics markup languages, Web syndication formats,
XML markup languages

Programming languages .NET programming languages, Agent-based programming
languages, Agent-oriented programming languages, Concate-
native programming languages, Concurrent programming
languages, Data-structured programming languages, Declar-
ative programming languages, Dependently typed languages,
Domain-specific programming languages, Dynamic program-
ming languages, Extensible syntax programming languages,
Formula manipulation languages, Function-level languages,
Functional languages, High Integrity Programming Lan-
guage, High-level programming languages, ICL programming
languages, Intensional programming languages, Low-level
programming languages, Multi-paradigm programming lan-
guages, Nondeterministic programming languages, Object-
based programming languages, Pattern matching program-
ming languages, Procedural programming languages, Process
termination functions, Prototype-based programming lan-
guages, Reactive programming languages, Secure program-
ming languages, Set theoretic programming languages, Stat-
ically typed programming languages, Synchronous program-
ming languages, Term-rewriting programming languages,
Text-oriented programming languages, Tree programming
languages, Visual programming languages, XML-based pro-
gramming languages

Specification languages Algorithm description languages, Dependently typed lan-
guages, Formal specification languages, Hardware descrip-
tion languages

Stylesheet languages –
Transformation languages Macro programming languages

Fig. 3. Reduced subcategory lists for subcategories of Computer languages.

List classifier The category collects lists or categories of lists (rather than plain cat-
egories) of software languages. For instance, category Lists of computer languages
has Lists of programming languages as a subcategory, which in turn contains pages
for some lists of languages, such as the List of BASIC dialects.

Maintenance classifier The category is used by the Wikipedia authors to capture
some information related to the maintenance of pages or categories. For instance,
the category Uncategorized programming languages describes itself as serving cat-
egories or pages “which need to be classified under more specific categories”. Also:
“This category may be empty occasionally or even most of the time.”

An observation regarding Wikipedia style The resulting classification of
Figure 3 with the remaining level-1 and level-2 subcategories is of a manageable
size. We may review the classification and observe some of its characteristics in
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An observation regarding Wikipedia style The resulting classification of
Figure 3 with the remaining level-1 and level-2 subcategories is of a manageable
size. We may review the classification and observe some of its characteristics in
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GPL versus DSL

• DSL: Domain-specific language 

• Domain-specific programming language (DSL) 

• Z.B.: Parsec (Eine Kombinatorbibliothek zum Parsen) 

• Domain-specific modeling language (DSML) 

• Z.B.: UML-Zustandsdiagramme
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http://camel.apache.org/
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“Defining Domain-Specific 
Modeling Languages: 

Collected Experiences” 
by 

Janne Luoma, Steven 
Kelly, Juha-Pekka 

Tolvanen 
http://citeseerx.ist.psu.edu/viewdoc/download?

doi=10.1.1.104.6595&rep=rep1&type=pdf 
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GPLs versus DSLs 
Quelle: [VBD+13]
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dsl engineering 31

GPLs DSLs

Domain large and complex smaller and well-defined
Language size large small
Turing completeness always often not
User-defined abstractions sophisticated limited
Execution via intermediate GPL native
Lifespan years to decades months to years (driven by context)
Designed by guru or committee a few engineers and domain experts
User community large, anonymous and widespread small, accessible and local
Evolution slow, often standardized fast-paced
Deprecation/incompatible changes almost impossible feasible

Figure 2.2: Domain-specific languages
versus programming languages. DSLs
tend to pick more characteristics from
the third column, GPLs tend to pick
more from the second.

pose languages. DSLs are typically just much smaller and sim-
pler7 than GPLs (although there are some pretty sophisticated

7 Small and simple can mean that the
language has fewer concepts, that the
type system is less sophisticated or that
the expressive power is limited.

DSLs).
There are some who maintain that DSLs are always declar-

ative (it is not completely clear what "declarative" means any-
way), or that they may never be Turing complete. I disagree.
They may well be. However, if your DSL becomes as big and
general as, say, Java, you might want to consider just using
Java8. DSLs often start simple, based on an initially limited 8 Alternatively, if your tooling allows

it, extending Java with domain-specific
concepts.understanding of the domain, but then grow more and more

sophisticated over time, a phenomenon Hudak notes in his ’96

paper9. 9 P. Hudak. Building domain-specific
embedded languages. ACM Comput.
Surv., 28(4es):196, 1996

Ira Baxter suggests only half-jokingly
that as soon as a DSL is really success-
ful, we don’t call them DSLs anymore.

So, then, are Mathematica, SQL, State Charts or HTML ac-
tually DSLs? In a technical sense they are. They are clearly
optimized for (and limited to) a special domain or problem.
However, these are examples of DSLs that pick more charac-
teristics from the GPL column, and therefore aren’t necessar-
ily good examples for the kinds of languages we cover in this
book.

2.3 Modeling and Model-Driven Development

There are two ways in which the term modeling can be under-
stood: descriptive and prescriptive. A descriptive model repre-
sents an existing system. It abstracts away some aspects and
emphasizes others. It is usually used for discussion, commu-
nication and analysis. A prescriptive model is one that can be
used to (automatically) construct the target system. It must be
much more rigorous, formal, complete and consistent. In the
context of this chapter, and of the book in general, we always
mean prescriptive models when we use the term model10. Us-

10 Some people say that models are
always descriptive, and once you
become prescriptive, you enter the
realm of programming. That’s fine
with me. As I have said above, I don’t
distinguish between programming and
modeling, just between more or less
abstract languages and models.

ing models in a prescriptive way is the essence of model-driven
(software) development (MDSD).
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Technologieräume

46

Modelware

XMLware
Grammarware

SQLware RDFwareModel

Metamodel

Tables

Relational schema

Document

XML schema

Triples

OWL ontology

String

Grammar
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Technological space 
= Technology and community context 

in software engineering
• UMLware   — Mainstream software modeling 
• MDEware   — Model Driven Engineering 
• Javaware   — Mainstream OO programming 
• XMLware   — Interoperability in data exchange 
• SQLware   — Mainstream database management 
• Pythonware  — Scripting and frameworks 
• RDFware   — Semantic Web and Linked Data 
• JSONware  — Modern interoperability 
• COBOLware  — Legacy programming technology
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A technological space is a working context with a set 
of associated concepts, body of knowledge,tools, 
required skills, and possibilities. It is often associated 
to a given user community with shared know-how, 
educational support, common literature and even workshop 
and conference meetings. It is at the same time a zone of 
established expertise and ongoing research and a repository 
for abstract and concrete resources.
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Bestandteile eines Technologieraumes

• Anwendungsszenarien 

• Programmiersprachen 

• Formate zur Datenrepräsentation 

• Entwicklungswerkzeuge wie Compiler und IDEs 

• Laufzeitwerkzeuge wie Bibliotheken oder Rahmenwerke 

• Anfrage- und Transformationssprachen 

• Lehrbücher und andere Wissensquellen 

• Konferenzen und andere “Community resources” 

• …
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Weitere Technologieräume
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Data driven journalism

CSVware

Lambdaware

Javaware

Rubyware

Specware

???

Androidware

App
lew

are

Windowsware
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Klassifizierung im Kontext: 
Der Lebenszyklus von Sprachen

51

Language 
implementation

Language 
definition

Language 
design

Domain 
analysis

Language 
evolution

Language 
usage

Language 
retirement
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Klassifizierung von Technologien
• Laufzeit 

• Framework (Rahmenwerk) 
• API (Schnittstelle) 
• Library (Bibliothek) 
• … 

• Entwurfszeit 

• Compiler 

• Analyzer (Analysetool) 

• Generator 

• IDE 

• … 

• Ein-/Ausgabe 
• Transformation 

• Homogen (Refactoring) 
• Heterogen (Übersetzung) 

• Überprüfung 

• Analyse

52
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Klassifizierung von Artifakten
• Manifestation 

• File 
• Folder 
• Request 
• Response 
• Object 

• Access/reference 
• URL 
• URI 
• UUID 
• Fragment 
• Archive element 
• Repo element 

• Role 
• Input, Output 
• Program 
• Grammar 
• Model, metamodel 
• Model, view, controller 

• Representation 
• Text (string) 
• Tree (XML, JSON) 
• Graph (objects, …)
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Weitere Dimensionen
• Programmiertechniken 

• Rekursion 
• Iteration 
• Verteilung 
• Parsing 
• Formatting 
• Serialisierung 
• … 

• Entwurfsmuster 
• MVC 
• Beobachter 
• Kompositum 
• Besucher 
• … 

• Protocol 
• Three-way handshake 
• HTTP 
• Rest 
• …

54
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Offene Fragen

• Welches sind die wichtigen Eigenschaften bzw. 
Attribute bzw. Dimensionen für eine 
Klassifizierung? 

• Wie kann man auf der Basis existierender Quellen 
einen “Gold Standard” / eine Referenz erstellen 
und diese Referenz fortwährend mit 
gemeinschaftlicher Beteiligung warten?
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Ein Ausflug: Vergleichende Betrachtung von Sprachen auf 
der Basis von Chrestomathien 

56
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Programmchrestomathien

• Hello World: http://www.roesler-ac.de/wolfram/hello.htm 

• 99 bottles of beer: http://99-bottles-of-beer.net/ 

• Factorial: http://www.willamette.edu/~fruehr/haskell/evolution.html 

• Fibonacci sequence: http://cubbi.com/fibonacci.html 

• OO shapes: http://www.angelfire.com/tx4/cus/shapes/ 

• Literate programs: http://en.literateprograms.org/ 

• Rosetta Code: http://rosettacode.org/ 

• 101companies: http://101companies.org/

57

Siehe auch http://rosettacode.org/wiki/Help:Similar_Sites

© 2016 AG Softwaresprachen, Universität Koblenz-Landau

Hello World 
http://www.roesler-ac.de/wolfram/hello.htm
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99 bottles of beer
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A Java version 
http://www.99-bottles-of-beer.net/language-java-4.html?

PHPSESSID=32269dee0fedac31dc90739c31ab45f9

60

class bottles {
  public static void main(String args[]) {
    String s = "s";
    for (int beers=99; beers>-1;) {
      System.out.print(beers + " bottle" + s + " of beer on the wall, ");
      System.out.println(beers + " bottle" + s + " of beer, ");
      if (beers==0) {
        System.out.print("Go to the store, buy some more, ");
        System.out.println("99 bottles of beer on the wall.\n");
        System.exit(0);
      } else
        System.out.print("Take one down, pass it around, ");
      s = (--beers == 1) ? "" : "s";
      System.out.println(beers + " bottle" + s + " of beer on the wall.\n");
    }
  }
}
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Gliederung

61

http://www.softlang.org/course:techonto

1. Willkommen 

2. Befragung der Teilnehmer 

3. Überblick über 101, SoLaSoTe und MegaL  

4. Klassifizierung von Sprachen, Technologien, u.ä. 

5. Beispielhafte Technologiemodelle

6. Eine Kern-Ontologie zur Technologiemodellierung 

7. Weitere beispielhafte Technologiemodelle 

8. Prozess- und Werkzeugunterstützung

09:00-09:10

09:10-09:20

09:20-10:15

10:30-11:15

11:15-12:15

13:00-13:45

14:00-14:45

14:45-15:30
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Beispielhafte Technologiemodelle

• Kompilation mit dem javac Compiler für Java 

• Einstellen von Daten in eine MySQL-Datenbank 

• XML/object-Mapping mit der JAXB-Technologie für Java

62

Wir benutzen die textuelle Notation der MegaL-
Sprache für die Megamodellierung. MegaL wird 

in der AG Softwaresprachen entwickelt.
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Compilation with Java’s javac compiler
http://en.wikipedia.org/wiki/Javac

Given a source file (a Java program), the compiler 
produces bytecode (a .class file). (The bytecode could 
be executed directly by the JVM (Java Virtual Machine); 
execution is not covered by the following megamodel.)

Explanation
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$ ls HelloWorld.* 
HelloWorld.java 
$ more HelloWorld.java  
public class HelloWorld { 

    public static void main(String[] args) { 
        System.out.println("Hello, World"); 
    } 

} 
$ javac HelloWorld.java  
$ ls HelloWorld.* 
HelloWorld.class  
HelloWorld.java

Compilation with Java’s javac compiler

Illustration



© 2016 AG Softwaresprachen, Universität Koblenz-Landau

Compilation with Java’s javac compiler
• Java : Language — the programming language Java 

• JavaByteCode : Language — the bytecode language of Java/JVM 

• Compiler < Technology 

• javac : Compiler — https://en.wikipedia.org/wiki/Javac 

• aJavaProgram : Artifact — e.g., HelloWorld.java (placeholder) 

• aJavaByteCodeProgram : Artifact — e.g., HelloWorld.class (placeholder) 

• aJavaProgram ∈ Java 

• aJavaByteCodeProgram ∈ JavaByteCode 

• compilation : Java → JavaByteCode 

• javac implements compilation 

• compilation(aJavaProgram) ↦ aJavaByteCodeProgram

65

Model

Let’s look at the 
language elements of 
MegaL in some detail.
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Compilation with Java’s javac compiler
• Java : Language

• JavaByteCode : Language

• Compiler < Technology 

• javac : Compiler

• aJavaProgram : Artifact — e.g., HelloWorld.java 

• aJavaByteCodeProgram : Artifact — e.g., HelloWorld.class 

• aJavaProgram ∈ Java 

• aJavaByteCodeProgram ∈ JavaByteCode 

• compilation : Java → JavaByteCode

• javac implements compilation 

• compilation(aJavaProgram) ↦ aJavaByteCodeProgram

66

MegaL explained: 

Entity declarations

„Java“ is an entity of 
type „Language“.

„javac“ is an entity of 
type „Compiler“.

compilation is an 
function entity.
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Compilation with Java’s javac compiler
• Java : Language 

• JavaByteCode : Language 

• Compiler < Technology

• javac : Compiler 

• aJavaProgram : Artifact — e.g., HelloWorld.java 

• aJavaByteCodeProgram : Artifact — e.g., HelloWorld.class 

• aJavaProgram ∈ Java 

• aJavaByteCodeProgram ∈ JavaByteCode 

• compilation : Java → JavaByteCode 

• javac implements compilation 

• compilation(aJavaProgram) ↦ aJavaByteCodeProgram

67
MegaL explained: 

Entity TYPE declarations

A new subtype
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Compilation with Java’s javac compiler
• Java : Language 

• JavaByteCode : Language 

• Compiler < Technology 

• javac : Compiler 

• aJavaProgram : Artifact — e.g., HelloWorld.java 

• aJavaByteCodeProgram : Artifact — e.g., HelloWorld.class 

• aJavaProgram ∈ Java

• aJavaByteCodeProgram ∈ JavaByteCode

• compilation : Java → JavaByteCode 

• javac implements compilation

• compilation(aJavaProgram) ↦ aJavaByteCodeProgram

68

MegaL explained: 

Relationship declarations

A function application 
expresses data flow

A technology 
implements a function
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Population of a relational database

69

The RDBMS shell (a workbench or monitor) is used to 
populate a relational database. To this end, the 
database schema (some CREATE TABLE statements) 
are executed, followed by another script with sample 
data (some INSERT statements).

Explanation

We will be using MySQL as the RDBMS. 
https://www.mysql.com/
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https://www.mysql.com/products/workbench/

Illustration
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Illustration
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Illustration
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Population of a MySQL database

• Data definition language < Language 

• Data manipulation language < Language 

• SQL : Language 

• SQL DDL : Data definition language 

• SQL DML : Data manipulation language 

• SQL DDL ⊆ SQL —- all CREATE TABLE st. 

• SQL DML ⊆ SQL —- all CRUD statements 

• RDBMS < Technology 

• MySQL : RDBMS 

• IDE < Technology 

• MySQL Workbench : IDE 

• createStmts : Artifact 

• insertStmts : Artifact 

• createStmts ∈ SQL DDL 

• insertStmts ∈ SQL DML 

• db1, db2, db3: Artifact 

• DbImage : Language 

• db1, db2, db3 ∈ DbImage 

• execution : SQL × DbImage → DbImage 

• MySQL Workbench implements execution 

• execution(createStmts, db1) ↦ db2 

• execution(insertStmts, db2) ↦ db3

73

Model 

summary
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Population of a MySQL database

• Data definition language < Language

• Data manipulation language < Language

• SQL : Language

• SQL DDL : Data definition language

• SQL DML : Data manipulation language

• SQL DDL ⊆ SQL

• SQL DML ⊆ SQL

• RDBMS < Technology 

• MySQL : RDBMS 

• IDE < Technology 

• MySQL Workbench : IDE 

• createStmts : Artifact 

• insertStmts : Artifact 

• createStmts ∈ SQL DDL 

• insertStmts ∈ SQL DML 

• db1, db2, db3: Artifact 

• DbImage : Language 

• db1, db2, db3 ∈ DbImage 

• execution : SQL × DbImage → DbImage 

• MySQL Workbench implements execution 

• execution(createStmts, db1) ↦ db2 

• execution(insertStmts, db2) ↦ db3
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Taking apart SQL into 
DDL and DML
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Population of a MySQL database

• Data definition language < Language 

• Data manipulation language < Language 

• SQL : Language 

• SQL DDL : Data definition language 

• SQL DML : Data manipulation language 

• SQL DDL ⊆ SQL 

• SQL DML ⊆ SQL 

• RDBMS < Technology

• MySQL : RDBMS

• IDE < Technology

• MySQL Workbench : IDE

• createStmts : Artifact 

• insertStmts : Artifact 

• createStmts ∈ SQL DDL 

• insertStmts ∈ SQL DML 

• db1, db2, db3: Artifact 

• DbImage : Language 

• db1, db2, db3 ∈ DbImage 

• execution : SQL × DbImage → DbImage 

• MySQL Workbench implements execution 

• execution(createStmts, db1) ↦ db2 

• execution(insertStmts, db2) ↦ db3

75

Identification of 
involved technologies
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Population of a MySQL database

• Data definition language < Language 

• Data manipulation language < Language 

• SQL : Language 

• SQL DDL : Data definition language 

• SQL DML : Data manipulation language 

• SQL DDL ⊆ SQL 

• SQL DML ⊆ SQL 

• RDBMS < Technology 

• MySQL : RDBMS 

• IDE < Technology 

• MySQL Workbench : IDE 

• createStmts : Artifact

• insertStmts : Artifact

• createStmts ∈ SQL DDL

• insertStmts ∈ SQL DML

• db1, db2, db3: Artifact — state of database

• DbImage : Language — MySQL format

• db1, db2, db3 ∈ DbImage

• execution : SQL × DbImage → DbImage 

• MySQL Workbench implements execution 

• execution(createStmts, db1) ↦ db2 

• execution(insertStmts, db2) ↦ db3

76

Identification of 
involved artifacts, 
also subject to a 
language for the 
database image
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Population of a MySQL database

• Data definition language < Language 

• Data manipulation language < Language 

• SQL : Language 

• SQL DDL : Data definition language 

• SQL DML : Data manipulation language 

• SQL DDL ⊆ SQL 

• SQL DML ⊆ SQL 

• RDBMS < Technology 

• MySQL : RDBMS 

• IDE < Technology 

• MySQL Workbench : IDE 

• createStmts : Artifact 

• insertStmts : Artifact 

• createStmts ∈ SQL DDL 

• insertStmts ∈ SQL DML 

• db1, db2, db3: Artifact 

• DbImage : Language 

• db1, db2, db3 ∈ DbImage 

• execution : SQL × DbImage → DbImage

• MySQL Workbench implements execution

• execution(createStmts, db1) ↦ db2

• execution(insertStmts, db2) ↦ db3
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Script execution with 
the help of the 

workbench resulting 
in changed images
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XML data binding with Java’s JAXB technology
http://en.wikipedia.org/wiki/Java_Architecture_for_XML_Binding

Explanation

Source: http://docs.oracle.com/cd/E17802_01/webservices/webservices/docs/1.6/tutorial/doc/JAXBWorks2.html
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A megamodel for JAXB

(XML-data binding of the Java platform)

• Platform < Technology 
• XML data binding technology < Technology 
• Code generator < Technology  
• Library < Technology — or framework or API 
• Java platform : Platform 
• Java : Language 
• Java platform implements Java 
• JAXB : XML data binding technology 
• JAXB partOf Java platform 
• bindingCompiler : Code generator 
• bindingFramework : Library 
• bindingCompiler partOf JAXB 
• bindingFramework partOf JAXB

Part 1/5: Technology break-down

The types of 
technologies involved

The overall Java platform 
which JAXB is part of

The relevant parts of JAXB 
https://jaxb.java.net/2.2.4/docs/xjc.html 

https://docs.oracle.com/javaee/5/api/javax/
xml/bind/package-summary.html
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A megamodel for JAXB

(XML-data binding of the Java platform)

• XML : Language — all of XML 
• XSD : Language — XML schema 
• XSD ⊆ XML — schemas are written in XML 
• JAXB.Java : Language 
• JAXB.Java ⊆ Java 
• generation : XSD → JAXB.Java 
• xmlTypes : File+ 
• xmlTypes ∈ XSD 
• javaClasses : File+ 
• javaClasses ∈ JAXB.Java 
• bindingCompiler implements generation 
• generation(xmlTypes) ↦ javaClasses

Part 2/5: Type-level mapping including data flow

XSD is the XML schema 
language; it happens to be 

an XML language itself.

We introduce the name 
„JAXB.Java“ to refer to the 
specific Java subset that is 

used by JAXB’s code generator.

The relevant artifacts, i.e., XML 
types as input for code 

generation and Java classes as 
output. (The types and classes 

may be distributed over 
multiple files — thus the „+“.) 
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<?xml version="1.0" encoding="UTF-8" standalone="no"?>
<xs:schema xmlns="http://www.company.softlang.org/company.xsd" xmlns:xs="http://www.w3.org/2001/XMLSchema" 
elementFormDefault="qualified" targetNamespace="http://www.company.softlang.org/company.xsd">

<xs:element name="company">
<xs:complexType>

<xs:sequence>
<xs:element ref="name"/>
<xs:element maxOccurs="unbounded" minOccurs="0" ref="department"/>

</xs:sequence>
</xs:complexType>

</xs:element>

<xs:element name="department">
<xs:complexType>

<xs:sequence>
<xs:element ref="name"/>
<xs:element name="manager" type="employee"/>
<xs:element maxOccurs="unbounded" minOccurs="0" ref="department"/>
<xs:element maxOccurs="unbounded" minOccurs="0" name="employee" type="employee"/>

</xs:sequence>
</xs:complexType>

</xs:element>

<xs:complexType name="employee">
<xs:sequence>

<xs:element ref="name"/>
<xs:element ref="address"/>
<xs:element ref="salary"/>

</xs:sequence>
</xs:complexType>

...

XML schema for 
“companies”
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Generated Java code
for “companies” (simplified)

82

public class Company {
    protected String name;
    protected List<Department> department;
    public String getName() {  return name;  }
    public void setName(String value) {  this.name = value; }
    public List<Department> getDepartment() {
        if (department == null) {
            department = new ArrayList<Department>();
        }
        return this.department;
    }
}
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// 
// This file was generated by the JavaTM Architecture for XML 
Binding(JAXB) Reference Implementation, v2.2.4-2  
// See <a href="http://java.sun.com/xml/jaxb">http://java.sun.com/
xml/jaxb</a>  
// Any modifications to this file will be lost upon recompilation of the 
source schema.  
// Generated on: 2015.07.01 at 12:14:10 PM CEST  
// 

package org.softlang.company.xjc; 

import java.util.ArrayList; 
import java.util.List; 
import javax.xml.bind.annotation.XmlAccessType; 
import javax.xml.bind.annotation.XmlAccessorType; 
import javax.xml.bind.annotation.XmlElement; 
import javax.xml.bind.annotation.XmlRootElement; 
import javax.xml.bind.annotation.XmlType; 

/** 
 * <p>Java class for anonymous complex type. 
 *  
 * <p>The following schema fragment specifies the expected 
content contained within this class. 
 *  
 * <pre> 
 * &lt;complexType> 
 *   &lt;complexContent> 
 *     &lt;restriction base="{http://www.w3.org/2001/XMLSchema}
anyType"> 
 *       &lt;sequence> 
 *         &lt;element ref="{http://www.company.softlang.org/
company.xsd}name"/> 
 *         &lt;element ref="{http://www.company.softlang.org/
company.xsd}department" maxOccurs="unbounded" 
minOccurs="0"/> 
 *       &lt;/sequence> 
 *     &lt;/restriction> 
 *   &lt;/complexContent> 
 * &lt;/complexType> 
 * </pre> 
 *  
 *  
 */ 
@XmlAccessorType(XmlAccessType.FIELD) 
@XmlType(name = "", propOrder = { 
    "name", 
    "department" 
}) 
@XmlRootElement(name = "company") 
public class Company {

    @XmlElement(required = true) 
    protected String name; 
    protected List<Department> department; 

    /** 
     * Gets the value of the name property. 

     *  
     * @return 
     *     possible object is 
     *     {@link String } 
     *      
     */ 
    public String getName() {
        return name;
    }

    /** 
     * Sets the value of the name property. 
     *  
     * @param value 
     *     allowed object is 
     *     {@link String } 
     *      
     */ 
    public void setName(String value) {
        this.name = value;
    }

    /** 
     * Gets the value of the department property. 
     *  
     * <p> 
     * This accessor method returns a reference to the live list, 
     * not a snapshot. Therefore any modification you make to the 
     * returned list will be present inside the JAXB object. 
     * This is why there is not a <CODE>set</CODE> method for 
the department property. 
     *  
     * <p> 
     * For example, to add a new item, do as follows: 
     * <pre> 
     *    getDepartment().add(newItem); 
     * </pre> 
     *  
     *  
     * <p> 
     * Objects of the following type(s) are allowed in the list 
     * {@link Department } 
     *  
     *  
     */ 
    public List<Department> getDepartment() {
        if (department == null) {
            department = new ArrayList<Department>();
        }
        return this.department;
    }

}

Generated Java code
for “companies”
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// 
// This file was generated by the JavaTM Architecture for XML Binding(JAXB) Reference Implementation, v2.2.4-2  
// See <a href="http://java.sun.com/xml/jaxb">http://java.sun.com/xml/jaxb</a>  
// Any modifications to this file will be lost upon recompilation of the source schema.  
// Generated on: 2015.07.01 at 12:14:10 PM CEST  
// 

package org.softlang.company.xjc; 

import java.util.ArrayList; 
import java.util.List; 
import javax.xml.bind.annotation.XmlAccessType; 
import javax.xml.bind.annotation.XmlAccessorType; 
import javax.xml.bind.annotation.XmlElement; 
import javax.xml.bind.annotation.XmlRootElement; 
import javax.xml.bind.annotation.XmlType; 

/** 
 * <p>Java class for anonymous complex type. 
 *  
 * <p>The following schema fragment specifies the expected content contained within this class. 
 *  
 * <pre> 
 * &lt;complexType> 
 *   &lt;complexContent> 
 *     &lt;restriction base="{http://www.w3.org/2001/XMLSchema}anyType"> 
 *       &lt;sequence> 
 *         &lt;element ref="{http://www.company.softlang.org/company.xsd}name"/> 
 *         &lt;element ref="{http://www.company.softlang.org/company.xsd}department" maxOccurs="unbounded" 
minOccurs="0"/> 
 *       &lt;/sequence> 
 *     &lt;/restriction> 
 *   &lt;/complexContent> 

The comment is the 
“watermark” by the 
binding compiler.

These imports also 
concern the binding 

framework.
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/** 
 * <p>Java class for anonymous complex type. 
 *  
 * <p>The following schema fragment specifies the expected content contained within this class. 
 *  
 * <pre> 
 * &lt;complexType> 
 *   &lt;complexContent> 
 *     &lt;restriction base="{http://www.w3.org/2001/XMLSchema}anyType"> 
 *       &lt;sequence> 
 *         &lt;element ref="{http://www.company.softlang.org/company.xsd}name"/> 
 *         &lt;element ref="{http://www.company.softlang.org/company.xsd}department" maxOccurs="unbounded" 
minOccurs="0"/> 
 *       &lt;/sequence> 
 *     &lt;/restriction> 
 *   &lt;/complexContent> 
 * &lt;/complexType> 
 * </pre> 
 *  
 *  
 */ 
@XmlAccessorType(XmlAccessType.FIELD) 
@XmlType(name = "", propOrder = { 
    "name", 
    "department" 
}) 
@XmlRootElement(name = "company") 
public class Company {

    @XmlElement(required = true) 
    protected String name; 
    protected List<Department> department; 

    /** 
     * Gets the value of the name property. 

The Java comment 
captures the underlying 

schema types.
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 */ 
@XmlAccessorType(XmlAccessType.FIELD) 
@XmlType(name = "", propOrder = { 
    "name", 
    "department" 
}) 
@XmlRootElement(name = "company") 
public class Company {

    @XmlElement(required = true) 
    protected String name; 
    protected List<Department> department; 

    /** 
     * Gets the value of the name property. 
     *  
     * @return 
     *     possible object is 
     *     {@link String } 
     *      
     */ 
    public String getName() {
        return name;
    }

    /** 
     * Sets the value of the name property. 
     *  
     * @param value 
     *     allowed object is 
     *     {@link String } 
     *      
     */ 
    public void setName(String value) {
        this.name = value;
    }

These annotations are 
used for validation and 

serialization.
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    @XmlElement(required = true) 
    protected String name; 
    protected List<Department> department; 

    /** 
     * Gets the value of the name property. 
     *  
     * @return 
     *     possible object is 
     *     {@link String } 
     *      
     */ 
    public String getName() {
        return name;
    }

    /** 
     * Sets the value of the name property. 
     *  
     * @param value 
     *     allowed object is 
     *     {@link String } 
     *      
     */ 
    public void setName(String value) {
        this.name = value;
    }

    /** 
     * Gets the value of the department property. 
     *  
     * <p> 
     * This accessor method returns a reference to the live list, 
     * not a snapshot. Therefore any modification you make to the 
     * returned list will be present inside the JAXB object. 
     * This is why there is not a <CODE>set</CODE> method for the department property. 
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     */ 
    public void setName(String value) {
        this.name = value;
    }

    /** 
     * Gets the value of the department property. 
     *  
     * <p> 
     * This accessor method returns a reference to the live list, 
     * not a snapshot. Therefore any modification you make to the 
     * returned list will be present inside the JAXB object. 
     * This is why there is not a <CODE>set</CODE> method for the department property. 
     *  
     * <p> 
     * For example, to add a new item, do as follows: 
     * <pre> 
     *    getDepartment().add(newItem); 
     * </pre> 
     *  
     *  
     * <p> 
     * Objects of the following type(s) are allowed in the list 
     * {@link Department } 
     *  
     *  
     */ 
    public List<Department> getDepartment() {
        if (department == null) {
            department = new ArrayList<Department>();
        }
        return this.department;
    }

}
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A megamodel for JAXB

(XML-data binding of the Java platform)

• Annotation : Concept — here: Java annotations used as metadata for Java code 

• bindingFramework facilitates Annotation — binding framework exports JAXB annotations 

• javaClasses uses Annotation — generated classes use JAXB annotations 

• Serialization : Concept — here: object serialization (aka un-/marshalling) 

• bindingFramework facilitates Serialization — binding framework used for serialization 

• Code generation : Concept — here: the generation of Java code from XML schemas 

• bindingCompiler facilitates Code generation — binding compiler used for code generation 

• bindingCompiler uses Code generation — binding compiler uses code generation itself 

• Validation : Concept — schema-based validation or conformance checking 

• JAXB facilitates Validation — Validation is a byproduct of XML-data binding

Part 3/5: Involved concepts
© 2016 AG Softwaresprachen, Universität Koblenz-Landau 90

A megamodel for JAXB

(XML-data binding of the Java platform)

• JVM.ObjectGraphs : Language 
• anObjectGraph : Transient 
• anObjectGraph ∈ JVM.ObjectGraphs 
• anXmlDoc : File 
• anXmlDoc ∈ XML 
• unmarshalling : XML → JVM.ObjectGraphs 
• unmarshalling(anXmlDoc) ↦ anObjectGraph 
• application : File+ 
• application ∈ Java 
• aMethodCall : Fragment  
• aMethodCall partOf application 
• aMethodCall uses bindingFramework 
• (aMethodCall refersTo bindingFramework) 
• aMethodCall defines unmarshalling

Part 4/5: Instance-level mapping including data flow

The unmarshalling function 
arises as the meaning of a 

code fragment that is part of 
the application that uses JAXB. 

That code clearly uses and 
refers to the JAXB library.

The „language“ for run-time 
object graphs

The type „Transient“ conveys 
that we face a run-time artifact.

We take an XML document as 
input and somehow invoke 

„unmarshalling“ to retrieve a 
run-time object graph.
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Java code of application
for de-serializing “companies”

    public static Company deserializeCompany(File input)
    throws JAXBException 
    {
        initializeJaxbContext();
        Unmarshaller unMarshaller = jaxbContext.createUnmarshaller();
        return (Company) unMarshaller.unmarshal(input);
    }

aMethodCall
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    public static void serializeCompany(File output, Company c)
    throws
                JAXBException,
                FileNotFoundException,
                XMLStreamException 
    {
        initializeJaxbContext();
        OutputStream os = new FileOutputStream(output);
        Marshaller marshaller = jaxbContext.createMarshaller();
        XMLOutputFactory outputFactory = XMLOutputFactory.newInstance();
        XMLStreamWriter writer = outputFactory.createXMLStreamWriter(os);
        marshaller.marshal(c, writer); 
    }

Java code of application
for serializing “companies”
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A megamodel for JAXB

(XML-data binding of the Java platform)

• anXmlDoc conformsTo xmlTypes 

• anObjectGraph conformsTo javaClasses 

• xmlTypes correspondsTo javaClasses 

• anXmlDoc correspondsTo anObjectGraph

Part 5/5: Conformance and correspondence

Not an arbitrary document — 
rather one that conforms to 

the given schema!

Not an arbitrary object graph 
— rather one whose class is 

part of the given classes!

XML schema types and Java 
generated classes are very 

“similar” in structure — we call this 
correspondence.

XML document and object graph obtained by 
deserialization are also very “similar” in structure 
— this is another instance of correspondence. 
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XML schema-to-generated Java classes 
correspondence

Java

XML schema

There is a definition of 
companies, departments, 
and employees on both 

sides. The structures aren’t 
completely equal, of 

course.
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XML schema-to-generated Java classes 
correspondence

XML schema

Java

The similarity continues at 
the level of the individual 

types with interesting 
differences. For instance, 

we face getters and setters 
in Java.
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Summary of megamodeling

• Entities in software development 
• e.g.: Java, Python, J2EE, Django, Testing, Inheritance 

• Entity types in software development 

• e.g.: Language, Technology, Artifact, Concept 
• Relationships in software development 

• e.g.: 

• HelloWorld.java ∈ Java 

• Django uses Python 

• Relationship types in software development 

• e.g., „∈“ or „uses“

96

Think of relationships as 
edges in a graph with 
entities as the nodes.
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Entity types

• Predefined base types

• Language — conceptual entities (possibly thought of as sets) for languages

• Technology —  conceptual entities for technologies 

• Artifact — „manifested“ / „physical“ entities, e.g., a file

• System —  a conglomeration of artifacts making up a system

• Function — mathematical functions on languages or actions

• Concept — programming techniques or other concepts in software development
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One could introduce more base types!

• People — human beings such as developers, stakeholders, etc. 

• Organization — enterprises and other kinds organizations 

• …

98

Before introducing a new base type, make 
sure that it is not better taken care of as a 

subtype of a predefined entity type.
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Base entity type Language

• Definition: 

• An artificial language used in software development 

• Subtypes of Language 

• Programming language: Java, Python, Ruby, … 

• Query language: XPath, SQL, XQuery, … 

• Transformation language: XSLT, SQL, ATL, … 

• Modeling language: UML, SDL, BPMN, …
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More subtypes of Language

• Hypertext language: HTML, … 

• Markup language: XML, … 

• Configuration language 

• Annotation language 

• Template language 

• …

100
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Base entity type Technology
• Definition: 

• A tool (in a very general sense) used in software development 

• Subtypes of Technology 

• API and library: JDOM, JQuery, Swing, Tkinter, Twitter API, … 

• Framework: JPA, Hibernate, Spring, Django, …  

• IDE: Visual Studio, Eclipse, NetBeans, … 

• Platform: .NET, Android, J2EE, Java (platform), JRE, … 

• Language processor: javac, python, gcc, …
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More subtypes of Technology

• Server, e.g., Web server 

• Web browser 

• Plugin 

• Office software 

• Operating system 

• Package portal 

• Package manager 

• App store 

• …

102
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Base entity type Artifact
• Definition: 

• A „manifested“ / „physical“ entity in a software system 

• Subtypes of Artifact — they all concern „representation“! 

• File: files in the common sense of an operating system

• Folder: folders as nested collections of files and folders

• Resource: artifacts addressable / retrievable by URI/URL 

• Transient: artifacts arising „temporarily“ by the execution of software 

• Fragment: artifacts being part of an artifact

103 © 2016 AG Softwaresprachen, Universität Koblenz-Landau

Base entity type System
• Definition: 

• A deployed, implemented, or designed software system 

• Subtype of System 

• Information system 

• Web application 

• Web service 

• Mobile app

104
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Entity type Fragment
• Definition: 

• A part of a software artifact 

• Examples 

• Methods in a class of a Python script 

• A method call in a Python script 

• A CREATE TABLE statement in a SQL/DDL script

105 © 2016 AG Softwaresprachen, Universität Koblenz-Landau

Source code as a nested container

106

def search(l, x):
    return searchInRange(l, x, 0, len(l)-1)

def searchInRange(l, x, min, max):
    if min>max:
        return False
    else:
        middle = min+(max-min)/2
        if x > l[middle]:
            # Search in right half
            return searchInRange(l, x, middle+1, max)
        elif x < l[middle]:
            # Search in left half
            return searchInRange(l, x, min, middle-1)
        else:
            # Found in the middle
            return True

© 2016 AG Softwaresprachen, Universität Koblenz-Landau

„Conceptual“ subtypes of Artifact
• Specification — e.g., the Java Language Specification

• Standard — e.g., software and systems engineering standards

• Request — e.g., an HTTP REST request 

• Response — e.g., a response to the said request 

• Model — in the sense of metamodeling and MDE 

• Metamodel — in the sense of metamodeling and MDE 

• …

107

It may happen that an artifact-like entity 
has two types — a representational one 

and a conceptual one, e.g.: 

aRequest : Transient, Request

More generally, an entity 
may be of multiple 
types, but the base 

entity types are disjoint.

https://standards.ieee.org/findstds/standard/software_and_systems_engineering.html
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Base entity type Function

• Definition: 

• A function on languages for domain and range defined 
by an artifact or implemented by a technology 

• Examples 

• The I/O behavior of a program 

• The I/O behavior of a tool as part of a technology

108
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Base entity type Concept
• Definition: 

• A concept from the broad domain of software development 

• Subtypes of Concept 

• Programming technique: iteration, recursion, etc. 

• Modeling principle: inheritance, composition, etc. 

• Design pattern: Composite, Visitor, etc. 

• Feature: persistence, etc. 

• Protocol: HTTP, etc.
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• ∈ — membership relationship for languages 

• defines — something defining a language or a function 
• implements — something implementing a language or a function 

• ↦ — function application (data flow) 
• ⊆ — subset relationship on languages 
• partOf — part-of relationship (composition) 
• uses — usage of languages, technologies, and concepts  
• facilitates — facilitation (support for) usage 
• refersTo — encoded references to entities 
• conformsTo — conformance, e.g., in the sense of schema-based validation 
• correspondsTo — correspondence, i.e., “systematic” similarity

110

We collect the 
symbols from 
the examples.

Relationship symbols
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• Artifact partOf Artifact — an artifact being part of another artifact 

• Artifact partOf System — an artifact being part of a system 

• Technology partOf Technology — a technology being part of another technology 

• Language partOf Technology — a language being part of a technology

111

Relationship types for composition
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• Artifact ∈ Language — the language of an artifact 

• Artifact defines (Language | Function) — languages or functions defined by artifacts 

• (Artifact | Technology) implements (Language | Function) — … implemented by technologies 

• Function(Artifact) ↦ Artifact — map an artifact to another artifact (“data flow”) 

• Language ⊆ Language — subset relationship on languages

112

Relationship types for languages
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• Artifact conformsTo Artifact — conformance, e.g., in the sense of schema-based validation 

• Artifact correspondsTo Artifact — correspondence, i.e., “systematic” similarity 

• ( Artifact | System ) refersTo Entity — references to an entity encoded in an artifact 

• (Technology | Artifact | System) (uses | facilitates)  ( Language | Technology | System | Concept ) 

• (Technology | Artifact | System) implements Concept

113

More relationship types
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Die Arbeitsgruppe Softwaresprachen entwickelt eine dementsprechende 
Modellierungssprache MegaL, eine Bibliothek MegaLib von MegaL-

Modellen und ein passendes Validierungstool MegaL Checker. 

https://github.com/softlang/megalib/tree/master/models 

Wenn es die Zeit zulässt,  
sollen an dieser Stelle einige Megamodelle betrachtet werden.

159 Seite© 2016 AG Softwaresprachen, Universität Koblenz-Landau

Gliederung

160

http://www.softlang.org/course:techonto

1. Willkommen 

2. Befragung der Teilnehmer 

3. Überblick über 101, SoLaSoTe und MegaL  

4. Klassifizierung von Sprachen, Technologien, u.ä. 

5. Beispielhafte Technologiemodelle 

6. Eine Kern-Ontologie zur Technologiemodellierung 

7. Weitere beispielhafte Technologiemodelle 

8. Prozess- und Werkzeugunterstützung

09:00-09:10

09:10-09:20

09:20-10:15

10:30-11:15

11:15-12:15

13:00-13:45

14:00-14:45

14:45-15:30



Seite© 2016 AG Softwaresprachen, Universität Koblenz-Landau

Aspekte der Prozess- und Werkzeugunterstützung 

• IDE-, Editier-Unterstützung 

• Konsistenzprüfung für Technologiemodelle 

• Konsistenzprüfung der Anwendung der Modelle auf Systeme 

• Wie gewinnt man ein Modell aus regulärer Dokumentation? 

• Wann ist ein Modell ein gutes Modell? 

• …
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Aufdeckung von Entitäten und Beziehungen

162
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Ein MDE-Beispiel

• XML — zur Serialisierung 

• EMF — Eclipse Modeling Framework 

• ATL — Model transformation language 

• Xtext —- Grammar-based language workbench 

• API — Generated meta-model-specific Java API 
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XML

164

XML is a data exchange format and XSD is a format to describe a schema 
for XML documents. XSD schemas are written in XML. 
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EMF

165

Ecore is another format to define a schema. Here, schemas are called meta- 
models and documents are called models. A model may be persisted as an 
XMI file. XMI is an XML language. Meta-models are models, too. The meta-
model of meta-models is defined by the meta-meta-model. The meta-model of 
the meta-meta-model is the meta-meta-model itself. 
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ATL

166

This is a language for transformations; input and output are supposed to 
conform to some meta-models. The transformation is applied on a model that 
conforms to the input meta-model resulting in a model that conforms to the 
output meta-model. 
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Xtext

167

This technology supports the development of a language workbench based on 
a grammar definition. Xtext integrates with EMF modeling and thereby needs 
an EMF model.  …
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API

168

Interaction with models is supported by a generated meta-model-specific Java 
API on transient object graphs. Modifications are exchanged between the 
XMI persistence layer and the JVM representation of models by de-/
serialization. 
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Aspekte der Integration von Modell, 
System und Modellierung
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Artifact binding

172
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Semantic annotations
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Pluggable analyses

174

…
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Modularized models
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Transient artifacts

176
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Model inference
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Explorable connections

178
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Traceability links

179

Explorable trace links in MegaL/Xtext+IDE for an extended XML story with involvement 
of XML-data binding, i.e., Java-class generation from an XML schema. The trace at the 
top shows similarity of XSD schema versus Java classes. The trace below shows similarity 
of XML document versus Java object (past deserialization).
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Eine weitere Fallstudie zur 
Technologiemodellierung (Entwicklung von Web-
Anwendungen mit Django). Es wird ein weiterer 

Prozess der Modellerstellung vorgeführt.

We use the Polls app as the running example. 

Find the code here: 
https://github.com/rlaemmel/mysite 

A deployment MAY be available here: 
http://rlaemmel.pythonanywhere.com/polls/ 
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Python Web frameworks

• Django

• web2py 

• Flask 

• Bottle
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A database

The model
The view

Python code, 

HTML, and 
templates

Templates for views

A low-level view on the Polls app
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• db_sqlite3 : File 
• mysite : Folder

• __init__.py : File 
• manage.py : File 
• media : Folder 
• polls : Folder 

• __init__.py : File 
• admin.py : File 
• models.py : File 
• tests.py : File 
• views.py : File

• settings.py : File 
• templates : Folder 

• admin : Folder 
• polls : Folder 

• detail.html : File 
• index.html : File 
• results.html : File

• urls.py : File

Types of artifacts: 
How useful is that?

We use a example-driven view on 
Django. We imagine that „any“ 
Django webapp would have 
artifacts like the „polls“ app.
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• db_sqlite3 : File ∈ SL3IMG (a language we made up) 
• mysite : Folder

• __init__.py : File ∈ Python 
• manage.py : File ∈ Python 
• media : Folder 
• polls : Folder 

• __init__.py : File ∈ Python 
• admin.py : File ∈ Python 
• models.py : File ∈ Python 
• tests.py : File ∈ Python 
• views.py : File ∈ Python

• settings.py : File ∈ Python 
• templates : Folder 

• admin : Folder 
• polls : Folder 

• detail.html : File ∈ HTML 
• index.html : File ∈ HTML 
• results.html : File ∈ HTML

• urls.py : File ∈ Python

Languages of artifacts: 
How useful is that?

Is this HTML, proper?
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The beginning of a megamodel for Django

• Web application < System 
• Web application framework < Technology 
• Interpreter < Technology 
• webapp : Web application 
• Django : Web application framework 
• Python : Language 
• Python interpreter : Interpreter 
• webapp uses Python 
• webapp uses Django 
• Django uses Python

We also assume that all 
„files“ of the app are entities 

of the technology model.

185 © 2016 AG Softwaresprachen, Universität Koblenz-Landau

Issues

• What is the schema underlying the database image? 

• What are the roles of the different python scripts? 

• How do code and database relate to each other? 

• What technologies are used by the app? 

• Aren’t the HTML files using non-HTML constructs?
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Issues

• What is the schema underlying the database image?

• What are the roles of the different python scripts? 

• How do code and database relate to each other? 

• What technologies are used by the app? 

• Aren’t the HTML files using non-HTML constructs?
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A command to request the DB schema

Response by Django

~ $ pwd
/home/rlaemmel/mysite
~ $ python manage.py sql polls                                                                                                                                                      

Illustration
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Command line language for  
Django administration

• python manage.py sql polls

• python manage.py syncdb

• (There exist more such administrative commands.)

Request schema 
from database.

To be discussed in 
a second
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Use Django’s CLI for administration 
to retrieve the DB schema

• SL3IMG: Language 

• db.sqlite3 : File 

• db.sqlite3 ∈ SL3IMG 

• Django.AdminCLI : Language 

• getSchema : Transient 

• getSchema ∈ Django.AdminCLI 

• SQL : Language 

• schema : Transient 

• schema ∈ SQL 

• retrieval : Django.AdminCLI × SL3IMG → SQL 

• retrieval(getSchema, db.sqlite3) ↦ schema 

• Python interpreter defines retrieval

Command and schema 
are transients here, as 

we assume that they 
correspond to program 
input and output when 

exercising the CLI.

We assume that there is  
command language as 

part of Django.
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Issues

• What is the schema underlying the database image? 

• What are the roles of the different python scripts?

• How do code and database relate to each other? 

• What technologies are used by the app? 

• Aren’t the HTML files using non-HTML constructs?
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Concepts behind the many Python scripts

• mysite
• __init__.py   implements Initialization 
• manage.py   implements Administration 
• polls 

• __init__.py  implements Initialization 
• admin.py   implements View 
• models.py  implements Model 
• tests.py   implements Testing 
• views.py   implements View

• settings.py   implements Configuration
• urls.py    implements Router (Routing)

We leave out 
declarations of 
the concepts.
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Concepts

• Model: the data / business logics part MVC 

• View: the user interface part of MVC 

• Router: a form of controller (part of MVC) 

• Configuration: configuration of a component or a system 

• Initialization: initialization of a component or a system 

• Administration: administration of a system 

• Testing: test of an artifact or a system

MVC = 
Model View 
Controller
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The model

Don’t bother about 
details: these are Python 
(Django) classes for the 

business data of the 
Polls app.

Illustration
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The view for „end users“

Don’t bother about 
details, but a typical 
view loads or saves 

data, and renders data 
as HTML via a template.

Illustration
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The view for „admins“ according to Django

These views are 
standardized by Django: 
they allow us to do basic 

data management for 
polls and choices.

Illustration
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Routing  
(A router maps URLs to views)

Regular expression for 
URLs with parameters 

Python function for a 
particular view Illustration
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• What is the schema underlying the database image? 

• What are the roles of the different python scripts? 

• How do code and database relate to each other?

• What technologies are used by the app?  

• Aren’t the HTML files using non-HTML constructs?

Issues
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How do code (model) and database  
relate to each other?

CREATE TABLE "polls_poll" ( 
 … 
)                                                                                                                      
;                                                                                                                      
CREATE TABLE "polls_choice" ( 
 … 
)        

schemaResp:
class Poll(models.Model): 
      ... 

class Choice(models.Model): 
      … 

mysite/polls/models.py:

schema correspondsTo mysite/polls/models.py 
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~ $ pwd
/home/rlaemmel/mysite
~ $ python manage.py syncdb                                                                                                                                                      

Creating tables ... 
Creating table auth_permission 
… 
Creating table django_admin_log 
Creating table polls_poll
Creating table polls_choice

You just installed Django's auth system, which means you don't have any superusers defined. 
Would you like to create one now? (yes/no): yes 
Username (Leave blank to use 'rlaemmel'): rlaemmel 
… 
Superuser created successfully. 
Installing custom SQL ... 
Installing indexes ... 
No fixtures found.

Request of database sync via CLI

Response by Django

This is basically just 
informative text produced by 

the admin functionality to 
report on database changes. 

Illustration
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Use Django’s CLI for administration 
to sync model code with database

• db.sqlite31, db.sqlite32 : File 

• db.sqlite31, db.sqlite32 ∈ SL3IMG 

• syncdb : Transient 

• syncdb ∈ Django.AdminCLI 

• syncdb refersTo mysite/polls/models.py 

• modification : Django.AdminCLI × SL3IMG → SL3IMG 

• modification(syncdb, db.sqlite31) ↦ db.sqlite32 

• Python interpreter defines modification

This is similar to the CLI use 
for requesting the database 

schema, but this time the 
database is modified.
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Issues

• What is the schema underlying the database image? 

• What are the roles of the different python scripts? 

• How do code and database relate to each other? 

• What technologies are used by the app?

• Aren’t the HTML files using non-HTML constructs?
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Referenced python modules
• Runtime < Technology 

• Template processor < Technology 

• Protocol < Concept 
• PythonRuntime : Runtime 

• os : Library 

• datetime : Library 

• Django.db : Library 
• Django.test : Library 
• Django.template : Template processor 

• Django.http : Library 

• Database access : Concept 

• Testing : Concept 
• Template processing : Concept 

• HTTP : Protocol 
• webapp uses os 

• webapp uses datetime 

• webapp uses Django.db 

• webapp uses Django.test 
• webapp uses Django.template 
• webapp uses Django.http 

• datetime partOf PythonRuntime 

• os partOf PythonRuntime 

• Django.db facilitates Database access 
• Django.test facilitates Testing 

• Django.http facilitates HTTP

This naming 
convention 

introduces parts.
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Issues

• What is the schema underlying the database image? 

• What are the roles of the different python scripts? 

• How do code and database relate to each other? 

• What technologies are used by the app? 

• Aren’t the HTML files using non-HTML constructs?
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The template for the index view 

Illustration
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The template for the detail view 

Illustration
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The template for the results view 

Illustration
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A language for templates
• We designate a language Django.Templ ⊃ HTML. 

• Django.Templ  offers extra constructs like this: 

• Python expressions {{ … }} evaluating to HMTL 

• Loops over Python data to return HTML 

• MegaL declarations: 

• Template language < Language

• Django.Templ : Template language

• HTML ⊆ Django.Templ

• mysite/templates/polls/*.html  ∈ Django.Templ

We use this notation as 
a short cut to refer to 
many entities in an 
obvious manner.
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