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1 Course Design

Motivation

s Conceptualization of modeling methods
¢ lllustration of a domain-specific method
* Hands-on experience with meta modeling tools

Course Objectives

+» Conceptualization of an IT-based modeling method using ADOXxx
s Implementation of an up-to-date modeling tool for the SERM approach
*» Functional requirements: design data model, derive executable SQL code

https://www.uni-bamberg.de/seda/studium/lehrveranstaltungen-im-ss-2017/
masterseminar-metamodellierung/
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https://www.uni-bamberg.de/seda/studium/lehrveranstaltungen-im-ss-2017/masterseminar-metamodellierung/

1 Course Design

Meta-modeling project seminar

s Seminar in curriculum of IS Master of Science

+ Carried out as a project

s Small team of master studens

*» Integrated theory and hands-on sessions = instantanious feedback

Phases

1. Preliminary — tools and modeling language

2. Foundations — modeling method conceptualization

3. Formalization — SERM in FDMM

4. Design and Implementation — SERM on the ADOxx platform
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2.1 Preliminary — Tools and Modeling Language

Preliminary = Foundations = Formalization = Design & Implementation

Tools

¢ Introduction to software tools for meta modeling and programming
% Meta modeling with ADOxx Client-Server 1.5

s GraphRep tools for creating notation

% Notepad++ text editor with ADOscript syntax highlighting
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2.1 Preliminary — Tools and Modeling Language

Preliminary = Foundations = Formalization = Design & Implementation

Modeling Language

/

% Domain: Data Modeling
% Language: Structured Entity-Relationship Model (SERM) by Sinz! (1992)
* Re-cap of language known from Bachelor-level courses

X/

% Models contain E-, R-Type (like ERM) and ER-Type with edges for cardinalities

* 1,1
Customer > Order [ —=KOrderltem Customer L @ Order
E-Type ER-Type / ER-Type 1,*
ltem
——K Supply 4@
E-Type/ RTyhe 1,1
SUpp“er _ Equivalent ERM notation for OrderItem
E-Type SER-Diagram Customer, Order, Orderltem

A

Dependencies of E-/R-/ER-Types

1 emeritus, former head of SEDA
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2.2 Foundations — Method Conceptualization

Preliminary = Foundations = Formalization = Design & Implementation

* Conceptualization of modeling method according to Karagiannis and
Kuhn (2002), Fill and Karagiannis (2013)

Modelling
o —
1 Method
o Used for m
Mechanisms
& Algorithms
Modelling 4 Usedin €
K
technique AN

4 Defines application of language

) ‘ Modelling delivers
Defi lization i -
Btk > < Maodelling e -~ Procedure Generic
Language | Defines meaning Mechanisms
T & Algorithms
Defines grammarT‘
Specific
. Defines . Steps Results — Mechanisms
Notation visualzes B Syntax « meaningof Semantics & Algorithms
m | Hybrid
obeys connects |& — Mechanisms
Semantic Refers to Semantic & Algorithms
Mapping » Schema
Components of modelling methods (Karagiannis and Kithn 2002) 7
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2.2 Foundations — Method Conceptualization

Preliminary = Foundations = Formalization = Design & Implementation

* Conceptualization of modeling method according to Karagiannis and
Kuhn (2002), Fill and Karagiannis (2013)

Notebook- Graphical Instance-
Defir;uition representation attribute Helptext
hva <7—' J; i
ADOxx created ADOxx implemented
- f—————% C++
Classattribute ———  Attribute Regular Developer by .| Meta? Model "
Expression | [ a4
Vi 41 A = A1 | L Instance of
iew 0.n
T VP I . O f R o created I ADOxx Meta Model
Is subclass-of L.n Modetype [ ———1 [, . m———————| = by e
50 I R I R ’
0.1 0.7Q 0.1 S I I ¢ S B Derived from classes of
0. s From-Class ) s ; |
1.1 Class <0 Is To-Class 1.1 Relationdlass Mety”  created | User specific | described ALL
7Y 0.. - Y Modgller by Meta Model n
I - I - has | i | . /’
Predefined User-defined. Pre-defined User-defined Vs Instance of
class class Relationclass Relationclass ,," L
1.4] [1.1 1.1 1.1 Y created can be
. ~ 3 ﬁ ] /| Modeller == Model |t ADLIXML
ADOxx 1.0 1.1 User-defined

Metamodel B <1 Metamodel

1 Class hierarchy Roles and Languages in ADOxx

Q1.
Dynamic [_p_construct_ Lhas[ Aturkep Static Fill and Karagiannis (2013): On the
Meta Meta L] Conceptualisation of Modelling
Model [.] has GraphRep Model =~ Methods Using the ADOxx Meta
Modelling Platform
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2.2 Foundations — Method Conceptualization

Preliminary = Foundations = Formalization = Design & Implementation

s

-------------------------------------------------------- e

b. Handling /
Interaction

% Optimize for Platform or Modeler?

a. Domain

Grammer

Cc. Management
/ Storage

Concept and

Platform
Cardinality

< Conflict between b. and c., depends on instance — %
< E.g. represent each of the 4 SERM edges as o
4 separate Relation Class or one Relation Class with attributes? o
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2.3 Formalization - SERM in FDMM
Preliminary = Foundations = Formalization = Design & Implementation

/7

¢ Introductory lecture (45 minutes) by example of FDMM publication (Fill 2013)

/

* No FDMM experience, student draft, revision

R/

s Technology-independent, conscious design choices

Conceptual SERM = Model Type FDMM
DRI meta model T T
objekttyp MTserv = (Osprams Dspri Aserar)
| » Object Type
ETyp . 1% [ERTyp [---L* RTyp  .0,* O§pra = {DOT, EType, ERType, RType, DOT Relation,
[ ] Att;ibut Attribut - A.tribut Triangle, DotToTriangle, TriangleToER
111 1’ 1 1’ 1 RCCOTdArtr'ibutesa RCCOTdI-nhem’ted-Att-ributes}
» Type DOT (data object type) as basis
01* / OI* OI* 0’* 01>l<
Er = DOT
'E/ER| [ERER] [ ER | [ERR] e =
ERType <= DOT
RType = DOT
V 1,1] Kard. | domain(relatesFrom) = { DOT Relation}
Beziehung~- range(relatesFrom) = {DOT}
card(DOT Relation, relatesFrom) = {1,1) [...]
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2.4 Implementation — SERM on ADOXxXx

Preliminary = Foundations = Formalization = Design & Implementation

s Extension of ADOxx meta model for abstract roon oresed [ a5 motemented
SyntaX Developer by Meta? Model in C+
Instance of
. . I
s Class DOT (,data object type®) with sub-types of Q ADOx Meta Model
SERM model elements ERType, EType, RType Dmafm,}c,assesof
. . . . Meta created | U ifi described
% Design choice for SERM generalization concept Modeller ;7| Meta Model [ 7~ ALt
as multiple sub-classes of Relation Class instance o
. . . /’/ created can be
s Attributes Key, Datatype for SQL derivation L Modeler <5 Modsl {2 ADLIML
’ Roles and Languages in ADOxx
<<Relation Class>> To-Class <<Class>> <<Record Class>>
DOTRelation From-Class por DOTAtribute Fill and Karagiannis (2013): On
_Cardnalty - Enum i Alrs. DOTimertod Atvbue 0.1 || Koy Enum the Conceptualization of Modelling
: fsequenc;_\eve\} Integer B ) —L -Lagell:String MethOdS USlng the ADOxx Meta
<<Relation Class>> .
<_::::Ia:sl» To-Class DotToTriangle e <<Record Class>> MOde"mg Platiorm
N \sDiSju:ctg:eEnum - Completeness : Enum DOTInherited_Attribute
| | ‘ - Datatype : String
From-Class <<Class>> <<Class>> <<Class>> - Label : String

TriangleToER

ERType EType RType - From_Cardinality : String

- From_DOT : String

<<Relation Class>> To-Class ‘ ‘ - Key : Enum
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2.4 Implementation — SERM on ADOXxXx

Preliminary = Foundations = Formalization = Design & Implementation

* Implementation of concrete syntax
s According GraphRep definitions for model elements, generalization

I:J Tarif FK >< Vertrag

- - TarifiD - Primary Key - serial - VertraglD - Primary Key - serial

- TarfiD - Foreign Key - bigint

Attribute: Attribute:
| Key | Label |Datatj.rpe| | Key | Label |Datatype|
» 1 |Primary Key| TarifID serial 1 |Primary Key|VertraglD serial
1 1
— Inherited_Attrs:
-k Private_Contract | Key | Label |Datat}-'pe | From_DOT | From_Cardinality
1 |Foreign Key| TanfID| bigint Tanf 0x

- Contract_ID - PK a. FK - bigint
—>< Contract = 9 1

K
- Contract_ID - Primary Key - serial
- Scale_ID - Foreign Key - bigint Business_Contract
- Personal ID - Foreign Key - bigint

A
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2.4 Implementation — SERM on ADOXxXx

Preliminary = Foundations = Formalization = Design & Implementation

s Transformation to SQL — Architecture

Kinsjtance id="obj.61418" class="E-Typ"

ADOXX <attribute name="Position" type="STRIN POStgreSQL

<attribute name="External tool couplin(

<record name="Attribute" rowcount="1i" | DBMS
<row id="row.l" number="1">

<attribute name="Key" type="ENUMERATIO]
<attribute name="Label" type="STRING">.
<attribute name="Datatype" type="ENUME]

Export A
e P XML Saxon sQL | .

(: Primary Key :) Customer
let Srow pk := (Regio class_ID

for $r in Sone_instance/record/rowlat Personal ID .
(Personal_ID), (Regi
let Spk := Q Regional Class(Regio class_ID)
for Satt in Sr/* X UERY RESTRICT
let Stest := S$Satt/@name CASCADE,

where matches ($test/string()
return Satt/text ()

CASCADE) ;
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2.4 Implementation — SERM on ADOXxXx

Preliminary = Foundations = Formalization = Design & Implementation

s Transformation to SQL — Technologies and Algorithms

1. Cardinalities for data types —> Constraints

2. Dependency level calculation -> ADOscript

3. Attribute and key inheritance -> Attributes and LEO Expressions
4. SQL-Code generation by level > XML and XQUERY

Level O Level 1 Level 2 Level 3
Customer FK—)< Order Elf=)<0rder Item PK » Parcel >
—

-O_ID - PK a. FK - bigint - OI_ID - PK a. FK - bigint
- OL_ID - Primary Key - bigint -0_ID - PK a. FK - bigint
-S_ID - PK a. FK - bigint

- C_ID - Primary Key - bigint - O_ID - Primary Key - bigint
- C_ID - Foreign Key - bigint

ik Shipment PK

Y

Carrier

-S_ID - Primary Key - bigint
- R_ID - Foreign Key - bigint
- O_ID - Foreign Key - bigint

- R_ID - Primary Key - bigint

A

Dependencies of E-/R-/ER-Types 14

\VERS;,
ScH- I
(‘.QY\\CH (,4,
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2.4 Implementation — SERM on ADOXxXx

Preliminary = Foundations = Formalization = Design & Implementation

s Finished
product

s Sample model
for evaluation

System Development and Database Application Group (SEDA)

j ADOxx Modelling Toolkit (Fhasem) - [SERM 1 (Serm)]

Q Model Edit View Processtools Extras Window Help

e @ @ Medeting | | @A BEIOD VEEI D

ME | @ #0218 -

L, 3 AT i

f LS II Conditions_Document

- Scale_ID - PK a. FK - bigint ™
- Condi_ID - Primary Key - bigint

Private_Contract

- Contract_|D - PK a. FK - bigint

Contract

B

- Scale_|D - Primary Key - serial
- Description - No Key - varchar(25)

Regional_Class FK I'Cusmmer

lla000 =

- Regio_class_ID - Primary Key - serial
- Region - No Key - varchar(10)

Person
=

- Personal_|D - Primary Key - serial [~
- Name - Mo Key - varchar(25) [~ Vehicle_Owner
- Surename - Mo Key - varchar(25)
- Age - Mo Key - integer

- Personal_ID - PK a. FK - bigint
- Regio_class_|D - Foreign Key - bigint

- Personal_ID - PK a. FK - bigint

- Contract_|D - Primary Key - serial [ =

- Scale_ID - Foreign Key - bigint .Eusmess_Contract
- Personal_|D - Foreign Key - bigint
- Date - Mo Key - date

- Contract_|D - PK a. FK - bigint

[\\[ Allocation ;|

- Contract_ID - PK a. FK
- Vehicle_ID - PK a. FK
- Manufuc_ID - PK a. FK

FK

'
L B

- Vehicle_ID - PK a. FK - bigint

Type_of Vehicle FK

- Type_of_Vehicle_|D - Primary Key - serial
- Description - No Key - varchar(25)

&EJ}”
» Vehicle 7

- Manufuc_ID - PK a. FK - bigint

- Vehicle_ID - Primary Key - serial

- Type_of Wehicle_ID - Foreign Key - bigint
- Personal_ID - Foreign Key - bigint

- Vehicle_ID - PK a. FK - bigint

- first_registration - No Key - date

University of Bamberg
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3 Experiences and Recommendations

Experiences of Students and Teachers

\/
000

\/
000

\/
000

\/
000

Experience evaluation from students and teachers
Students had prior knowledge of SERM approach and SQL
No prior experience with meta modeling or ADOxx

Learning results

= Technologically:
XML, XQuery, ADOxx, ADOscript

= Methodologically:
Meta modeling, tool implementation, enterprise modeling

For teaching, a project-type course works best
Frequent interactions and hands-on sessions, e.g. alternating with theory
Challenge: provide tools and resources on all abstraction levels
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3 Experiences and Recommendations

Recommendations for Future Projects

s Definition of project goals with regard to modeling language
% Existing meta models and other material with consideration of sufficiency
% Conscious design decisions, for implementation or re-implementation

- Inter-linkages in domain, processing, handling

*

lllustration of examples and best practices

X4

L)

Enable collaboration of participants by providing resources and tools
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OMILAB - SERM on ADOxXx

Openly accessible at http://austria.omilab.org/psm/content/serm

x

c ‘Q‘ ® austria.omilab.org/psm/content/sermy/info

OMILAR - Projects

M

OML/\B@ Europe noeon

Notloggedin ~ Q@

Home Modelling Tools Development Training Events About

SERM Structured Entity Relationship Modeling Method on
Modelling Tool ~ ADOXX v f in

Version 1.0 Keywords: data modeling, entity relationship, postgresal, relational model, sql
Affiliation: University of Bamberg

Home Area of Application

The area of application of the SERM modeling tool is data modeling. In particular, the underlying method and the tool

Area of Application . ) . . i .
implementation support the handling of large data models and their transformation to the relational model.

The SERM modeling method has been invented by Prof. Dr. Elmar Sinz (University of Bamberg) and described in various

Abstract

publications. In addition to its use in multiple courses on conceptual modeling, databases and business informatics it has
Details also been taken up by industry for dealing with large and complex database schemata.
Publications

Abstract

Tool-Download
This project deals with data modeling according to the Structured Entity Relationship modeling approach. The current

implementation has been created within a student project carried out by Thilo Maximilian Glassner, Florian Heumann and

Members Luca Keldler under the supervision of the SEDA team consisting of Felix Harer, Andreas Steffan and Prof. Dr. Hans-Georg
Fill. The packaging of the modeling tool for the deployment as an MS Windows package has been accomplished by
Contact Benedikt Reitemeyer.
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