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Learning Goals

+ The use of conceptual models to capture a system’s characteristics,
while abstracting away irrelevant details, provides benefits for their
creation, analysis and adaptation. Independent of the domain the models
are applied in, there are recurring patterns which have lead to the
emergence of commonly used modelling languages.

* In this lecture we will look at the Bee-Up tool, which hybridizes several
commonly used modelling languages in one prototypical implementation.
These languages include: Business Process Model and Notation
(BPMN), Event-driven Process Chains (EPC), Entity-Relationship models
(ER), Unified Modeling Language (UML) and Petri Nets. Model
processing capabilities, like process simulation or model transformation
(e.g. to SQL), provide additional showcases on how these models can be
utilized.
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Motivation for Models

Gain an understanding of creating models and obtaining value through
functionality of the Bee-Up Toolkit

obtain Value througy l
Analysis ‘ Simulation ‘ Transformation

» Querying + Capacity Analysis + Deriving SQL Code
information *  Petri Net Behavior * RDF Export
* Models at Runtime

Value by itself

OMLAB
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Hybridization — Example
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Modeling

Annotation — Mapping — Design

+ Understanding input and filtering out relevant information, e.g. through
text annotation

*+ Mapping of relevant domain knowledge to concepts of the selected
modeling language

+ Design and create / complete model

Annotation Mapping Design

OMLAB




Why Bee-Up exists?

+  We wanted to:
— Enable a user to model in several commonly used languages in the same tool.
- Exploit recurring semantics by allowing to execute certain mechanisms on different
notations that comply to specific patterns.
- Provide language-specific mechanisms and language-independent mechanisms by
eXp|0iting the different |ayef3 of abstraction. [source: Fundamental Conceptual Modeling Languages in OMILAB]

*  Asimpler motivation: S universitat | g fin
— We have a course ... e wien in
051023 VU Modelling (2017S)
— ... where the students _have i e e
tO |eam Several mOde”Ing |anguages =UML - u.a. Anwendungsfall, Klassen-, Aktivitats-, Zustand
TEIL 2

- Ziel und Zweck, sowie Arten von Geschéftsprozessen
- Erhebung von Geschaftsprozessen

- ... and we'd like them to understand K
that having models provides advantages. -PetriNetze
- -
« and of course: -J \ = |
— Proof of Concept Ny . =

* Doppelte Produktion - doppelt so viele Bienenstocke
= Prozess wird 20 mal pro Tag ausgefiihrt.

— Cool experiments

Capacity exceeded iten
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What is Bee-Up? - The Modelling Languages

*  BPMN - Business Process Model and Notation

* EPC - Event-driven Process Chains

« Er- Entity Relationship
|
* UML - Unified Modeling Language

* Petri Nets

+ + Auxiliary
- DMN
— Flowcharts

OMLAB
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Dynamic

extended Business Process
Model and Notation*

Event-driven
Process Chain*

Entity-
elationshi

UML
Structure Behaviour
diagrams diagrams

=

*Auxiliary
Flowcharts
Decision Model and Notation

Actual Model Types:
@] Business Process Diagram (BPMN 2.0)
2 EPC Model

23 ER Model

¥4 Activity Diagram

88 Class / Object Diagram

@] Classifier Pool

&) Communication Diagram

£1]] Component Diagram

£4 Composite Structure Diagram
&) Deployment Diagram

&3 Interaction Overview Diagram
=) Package Diagram

4 Sequence Diagram

@4 State Machine Diagram

I Timing Diagram

£ Use Case Diagram

o] Petri Net

®] Company Map

K_l] Document Model

% Flowchart

& Decision Requirements Diagram
=) Working Environment Model




MODELING LANGUAGES IN BEE-UP
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Business Process Model and Notation (BPMN)

+ Standardized language for the description of business processes
* Open standard for the modeling of business processes
« Supports both business and technical views of processes

+ Developed by the Business Process Management Initiative (BPMI)
- Today standard of the Object Management Group (OMG)
— Since 2011 in the version BPMN 2.0

+ Very complex business processes can be mapped

OMLAB
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BPMN

Start Event

Computer shop.

OMLAB
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Sub
Process

Computer parts supplier
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BPMN - Further Information

OINIG)
;@j ,? Fe L ABOUT US RESOURCE HUB OMG SPECIFICATIONS PROGRAMS MEMBERSHIP MEMBERS AREA

OBJECT MANAGEMENT GROUP

BUSINESS PROCESS MODEL & NOTATION™ (BPMN™) - Hove

GRAPHICAL NOTATIONS FOR BUSINESS PROCESSES

The Business Process Model and Notation (BPMN) specification provides a graphical notation for specifying
business processes in a Business Process Diagram. Its goal is to support Business Process Modeling by providing
a standard notation that is comprehensible to business users yet represents complex process semantics for
technical users

Business Process Modeling Notation has become the de-facto standard for business processes diagrams. Itis
intended to be used directly by the stakeholders who design, manage and realize business processes, but at the
same time be precise enough to allow BPMN diagrams to be translated into software process components. BPMN
has an easy-to-use flowchart-like notation that's independent of any particular implementation environment.

i . The primary goal of BPMN is to provide a notation that is readily understandable by all business users, from the

&

OMLAB
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Event-driven Process Chain (EPC)

« EPCs are used to model business processes
+ The sequence of events and functions creates a coherent chain called
the "event-driven process chain" (EPC)
— Events trigger functions and functions generate events

+ Part of an approach for modeling companies, together with data,
organizational structure etc.

OMLAB
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EPC

OMLAB
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Start Event

XOR
Connector

Squence
Flow

Delivery
completed

End Event
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EPC - Further Information

OMLAB
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Entity Relationship Model (ER)

Entity Relatinship Model, abbreviated ER Model or ERM
1976 presented by Peter Chen in his publication The Entity-Relationship Model

Description tools for generalization and aggregation were introduced by Smith
and Smith in 1977

Some further developments e.g. at the end of the 80s by Wong and Katz

In 1985, IDEF1X was published by the US Air Force as a standard for ER-based
modelling.

1994 IDEF1X was adopted as a US government standard
System independent data model

In the conceptual phase of application development, serves the communication
between users and developers, allows to create an abstract model of a static
section of the real world (what, but not how)

Serves as a basis for database design in the implementation phase; widely
accepted tool for conceptual database design

Elements of the ER model can be found in other languages, also in UML

OMLAB
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ER

Key SerieslD
Attribute :
™~

c

| For example: e-book, |
| paperback or hardcover

Multivariate
Attribute

OMLAB
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e | e

Relationship

f

Cardinatlity

Weak Entity

Dependency
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ER - Further Information

Browse | About

Search ACM Digital Library.

Journals  Magazines  Proceedings  Books Conferences  People

Jounal Home Latestlssue  Archive Authors v Affillations  Award Winners  Editors v Reviewers v About v Contact Us

ARTILE FREE ACCESS
The entity-relationship model—toward a unified view of
data

Yindg f =
Author: s & asiztions
Publication: ACMI Transactons on Database Systems » Narch 1976 https/doLorg/10:1145/320434. 320460

4394 mn 2373 Y o [ s |

ACM Transactions on 1 Abstract °
Database systems
Volume yjlssues Adatamodel, called the entity-relationship model, is proposed. This model incorporates sor o
previous Next of the important semantic information about the real world. A special diagrammatic technique
is introduced as a tool for database design. An example of database design and des -*
using the model and the diagrammatic technique is given. Some implications for data g
b integrity, information retrieval, and data manipulation are discussed.
The entity-relationship model can be used as a basis for unification of different views of data;
the network model, the relational model, and the entity set model. Semantic ambiguities in
wEBOISITAS these models are analyzed. Possible ways to derive their views of data from the entity~

relationship model are presented.

6]
2

or

OMLAB
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Advanced Search
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Unified Modeling Language (UML)

* Object-oriented concepts were first used in the 1960s in the programming
language SIMULA.

* Object-oriented programming languages first became widespread
through Smalltalk, Ada, C++ and Java (see graphic in section "2.3.4
Object-oriented models").

* Object-oriented analysis and design methods from the mid-80s on.

* A "method war" is followed in 1996 by the Object Management (OMG)
call for the creation of a modeling standard.

+ 1998 the Unified Modeling Language (UML) 1.1 is accepted by the OMG
as a modeling standard.

+ Since then, UML 1.1 has been extended and UML 2.x established as the
central, widely accepted modeling language.

OMLAB
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UML

Structure diagrams (static structures:

class structures up to structuring of
entire systems and architectures)

Behaviour diagrams (sequences between
static parts)

+ Class Diagram

* Object Diagram

» Component Diagram

* Profile Diagram

» Compositional Structure Diagram
* Distribution Diagram

» Package Diagram

OMLAB
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Activity Diagram

Use Case Diagram

Status Diagram

Sequence Diagram
Interaction Overview Diagram
Communication Diagram
Time Diagram

20
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UML

UML Class Diagram

UML Use Case Diagram

<<enumeration>> The parts describing the user interface and
Mark further business logic are omited here
Term
designation - String 5 Vi’ﬂ‘{f““"
- start - Date b
aendiaRe + adequate Account
1 e ] - email - String {id] e Attribute
- first_name - String
- last_name - String
- password - Siring
+ cuthenticats (pw: Sting) bactean :
~ grade - Mark + resetPassword (pw: String) b Operation
—
bl JAN
Course

- course_id - integer fic}
- name : Strin
- description - String

Student

- student id - String {unique}

+ getAttendees () - Student]]
+ getTeachers () - Lecturer]]

+ registerCourse (c: Course) - boolean
+ printReport (t Term [0..1])

Class Association

Object

OMLAB
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teaches

< 1.*

Lecturer

- phone_nr - Strin
- office_address - String

+ assingCourse (c: Course) : boolean

+ gradeStudent (c: Course, s: Student, g: Mark) - boolean

Cardinality

% Grading system

N

Registered User
See course
details

Register for
course

|

-

Student

Add course

Lecturer

Relationship

21
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UML - Further Information

S{AIG!
[. r,». ; ABOUTUS  RESOURCE HUB MG SPECIFICATIONS

GUAGE SPECIFICATION VERSION

UML® Unified Modeling Language

A specification defining a graphicallanguage for visualizing, specifying, constructing, and documenting the artfacts

Tile:  Unified Modling Language
Acronym: e
Version:
Document Stotus:  formal
Publication Date:  December 2017
Cotegories:
IPRMode ®  RF-Linited @

TABLE OF CONTENTS

ISSUES ASSOCIATED WITH THIS SPECIFICATION

OMLAB
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PROGRAMS MEMBERSHIP

ibuted object systems

MEMBERS AREA
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Petri-Net

+ Developed by computer scientist Carl Adam Petri in the 1960s

+ Inthe 60's and 70’s, the focus was on theoretical foundations, since the 80's
also for application and tool support

+ Similarities to state-transition diagrams

+ Strong mathematical / formal foundation

*+  Good comprehensibility through simple graphic visualization

+ Formal syntax and semantics

+ States are explicitly represented

+ Numerous applications, analysis methods, scientific literature, tools available

* Application in many domains

- Design, implementation and control of software systems
Design of computer-aided collaboration
Verification of concurrent processes
Modeling of distributed algorithms and agent networks
Specification of workflows

OMLAB
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Petri-Net

Strategy: priority then random
Cold trans - based on probability
lterations: 120

Show log:  no Delay: 0,2

AR K
&

Available
capacity

State
Storage

tial state

pulve

—

—i—-@—U

Requested Assign 1 Use 1 bed

1bedroom  bed room room \

@O—il @ @

Had to Evade to 2 1 bed Rooms
Evade bed room rooms used with 1 bed

—F—0

Simulation run 3 Simulation run 4

OMLAB
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-i—@

Students want ~ Student applied Students Student- Students
to apply for Summer waiting-list Application  needing room
School approved
T 7R
\ —@
Simulation run 1 Simulation run 2 Student- Students
Application rejected
rejected

Students in
1 bed rooms

T
d—Q—lU

Requested Assign 2

Use existing
2 bed room  bed room

2 bed room

Lot
i—o

Opennew 2  Space in "open”

/ bed room 2 bed room

r
@ @

Students in
2 bed rooms

2 bed Rooms
rooms used with 2 beds Sequence
Flow

24



Petri-Net — Further Information

OMLAB
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Welcome or

News
» International iorkshop on 150/1LEC 159053, June 3, 2015,
1 UPHC (LIP6): Propetes, moduiary and Stochsste et nets.
93 Tho purpose of this workshop i to dfine the
ceptual (formal definitions) and technical
s format) (rameworks for
iularity and stochastic Petri
e mest importan requested additons to the
athers. expers from France (uPHC,
e 13 S CHAN). 320 Danemar (echnca U eerats
o

(PR was eited in 2012 to fix some
Conceptualand syntactic bugs inthe PNML defntons. /s now
bl ahed by the 150,
 The Model Checking Contest @ peti Nets i the Frs international
peiitoos competiton making 3 Iarge use of et et models in
PN Check taut

Context
Prmlorg i the reference st fo the mplementation o Pet et
N

2.Fart 115 pubsned here.
93 This sito provides you with information about the PHIL

standard, to foster its quick and large adoption.

bt found on this s,

et models unamiuousl, based on
format. Howeve,they quikly realzed
that format was compliant wih an agreed-on
nets. Cleolyskated,  must be the concrete syntex of the abst
Syntox spectied from that frma! deinbon.

recdon nterchane
Fwout

5o even batter

grammar

srammar 2009

latest e

validation.sea.

standard

5

Part1l .o
Amd 1 ..

Part2 i
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Decision Model and Notation (DMN)

+ DMN is a standard published by the Object Management Group (OMG)
* In August 2013, OMG published the first version

+ DMN is a specialized notation to model decisions

* ltis independent form BPMN

OMLAB
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DMN

Determine salary HR Policy Knowledge
Reference

OMLAB
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DMN - Further Information

QIRIG!

£ v in @

ABOUTUS  RESOURCE HUB

MG SPECIFICATIONS PROGRAMS MEMBERSHIP MEMBERS AREA

DECISION MODEL AND NOTATION™ (DMN™)

PRECISE SPECIFICATION OF BUSINESS DECISIONS AND BUSINESS RULES

DMN s @ modeiing language and notation for the precise specification of business decisions and busin
w | readable < of p in decision management.
monitor their application: busines

DMNis « andlor CMMN, s
processes and cases. While BPMN, CMMN and DMN can be used independentiy, hey were carefully de
Decision Model & Notation™

Indesd, many organizations require a combination of process models for theirprescriptive wor
activities, and decision models for their m

igned to be complementary.
. models for thei reactive
e complex, muli-riteria business rufes. Those organizations will benefit from using the
in combination, a i

and DMN really constitute the “trple crown” of process improvement standords.

ate to e This is why BPMN, CMMN
Using DMN to model your organizational decision-making wi

help il stakeholders understand a complex domain of decision-making using easly readable ciagrams
for discus: nature of busines

rediuce the effort and risk of decision automation projects through graphical decomposition of requirements

allow business rules to be defined simply and relibly in unambiguous decision tables.

simpify development of decisioning  be aut

enable the development of a ibrary of reusable decision-making components.

OMLAB
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Flowchart

Represents a workflow or a process

Can be defined as a diagrammatic representation of an algorithm, a step-by-step
approach to solving a task

First introduced by Frank and Lillian Gilbreth as the “flow process chart’
In the 1930s, business people were trained in the use of some of the tools of
industrial engineering
Used and further developed by American Society of Mechanical Engineers
(ASME), Procter and Gamble, IBM
Popular tool for describing computer algorithms until the 1970s
Nowadays used for describing computer algorithms
UML activity diagrams and Drakon-charts can be considered to be extensions of
the flowchart
Flowchart Types
— Document flowcharts, showing controls over a document-flow through a system
- Data flowcharts, showing controls over a data-flow in a system
- System flowcharts, showing controls at a physical or resource level
— Program flowchart, showing the controls in a program within a system

OMLAB
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Flowchart

Start
Terminal
v

W Determine object positions

o
R |
I - |  Dependir how much the
S
Input / v paen s e vl
Output Select baggage amount s mots orlss tingstht take up space

Predefined oo

| Drop booklet in backpack |
Process v
Success messags (booklet)

v
EER— <o)
L4

ot

uoos
I Drop brochure in backpack I

Success message (brochure)
Flowline
¥ -
Pick up notepad ||
Citeboggg > Y[ Pup mtpad |
wooes ¥
| Drop notepad in backpack |
[ Success message (notepad)
Finished packing
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Annotation

(Comment)

30

30



Flowchart - Further Information

OMLAB
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MODELLING IN BEE-UP

OMEAB

32



Bee-Up Overview

# O Exercies

|EE QR |04 | Sl & | B

. Fovourtes (3 Recentlyopened 5 Cuenty opened

Analysis  Import/Export
¥ . =
| b @ [ Modeling |
[

Modelling Simulation

Crese new mocel

Static __Dynamic

Modeitype. Verons

8 UML class example (Class/ Object Diagram)
Lost change: Admin, 21042020, 1054

5 Aoty D 7|

10)Busins rocess Disram PV 2

18 e Ot Do Model group

) s Pl 1 Chbrecies
Communicston Dagram

) Company iap

(B3 terction Ovenies Disaram

fa]

£ OMROB Functions Flowchar)

e

Last change: Admin, 20042020, 1015

OMLAB
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22 Autgabe | (Decsion Reauirements isgram)
Los change: Admin, 08062019, 1509

23 OMN ecample (Decion Requirements Diagam)
Lt change Admin 21042020 1054

creilrese

5 Per Nt xarple Pt Net)
Los change: Admin 21.042020, 1054

) Crestenew model. 5 Open model. £ QuereRepors.. | Messages
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Find out who handles application data

QUERYING INFORMATION

OMEAB
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Querying Information — Used Model

Student

2 § &

H Y ]

| H |

h ' |

1 x 1

| . i

1 ¥ 1

' H

| v i

| I i

i ' No |

: ' 7\ :

! : application 7N\ n

' : information S :
NEMO 1 ! B % !
Administrative i ! 4 oquest sent !
Office i . 2 weeks i

: i :

i b Ha S j

A Create e for 2.3 Review
w5 dp”"' 2 | o | i
\ 4 / Yes ocumesy committee
S s al
Application Application
received complste?

B Describes the NEMO Administrative Office side of the
application submission

OMLAB

milab.org
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Querying Information — Execute the Query

2] Analysis Relation tables Edit Extras Window Help Expo.

Queries - Select model X Standardised queries
Al @ G Anaiyis A6 TN

Query:

[ Get all objects connected with the bject .. of class .. with the relation ..

#: Bee-Up 1.5 Modelling Toolkt (Admin) - [Aps

Inputfield

Get all objects connected with the object | Application
of class | | Date Object (BPMN)

ohi £ 3NEMO Dot with the relation Data Association (BPMN ~ | -
Exit Bee-Up. AlteF4 £ NEMO Data
T YT ASRF ORA 53 NEMO Data - Snippet
5

Objects linked to “Application”

[lincluding referenced models

User defined queries

{"Application":"Data Object (BPMN)*}<-"Data Association (BPMN)") OR
(" Application":"Data Object (BPMN)*}-» "Data Association (BPMN)")

4 Search. StrgeF
Copy to cipbeard
AND oR
Select attributes... |
dels slphabeticall 7] Show attributes in columns

Adjust width of columng

Adjust al row heights

ShOW “ReSponSible” < Back Attributes.. | | Model info.

(Query cesults (| ~Data Object (BPMIN)">) <~ Data A SRR

%
[=| = 1. Application Process (NEMO) |
&) Check completness of spplicstion

esults - ((<"Data Object (BPMN)">}<-"Data Association (BPMN)®) OR {(<"Data Object (BPMN)">)->]
5 Copkiim oot eppcstion REspisiie
° 1. Application Process (NEMO) |
I Check of ulia Vaidian (Performer] - NEMO O (Working Environn
"3 Confirm receipt of application | ulia Vaidian (Performer) - NEMO (Working Environn

OMLAB

www.omilab.org

36

Query:
({"Application":"Data Object (BPMN)"}<-"Data Association (BPMN)") OR
({"Application":"Data Object (BPMN)"}->"Data Association (BPMN)")

Alternative Query:

((<"Data Object (BPMN)">)<-"Data Association (BPMN)") OR
((<"Data Object (BPMN)">)->"Data Association (BPMN)")
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Determine load on employees for a process

CAPACITY ANALYSIS

OMLAB
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Capacity Analysis — Used Models

! I New
Student ,/ application to
; review
T / v
' K Read student
/ application file

/" Application
el iy
Grade student
application

/" Application
\___graded

Retumn evaluation
to NEMO office

NEMO
Administrative

{ Evaluation sent )
St

&

T Discrete (o 1.0) RequestSent Discete (Ves 1.0)

/[ Weights )
\__ applied

\Variables used |
~ toproperly | s Putomert Puma2Patomer
~ simulate the | f b S ]
difirent paths | ™ -~ @ Use Performers From | @
OMLAB
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The number of applications per year is specified in the Start Event. Times have been
entered into the BPMN/EPC elements, but not costs (since we don’t do Cost analysis)!
The Subsequent relations from the two Gateways “Application complete?” and “Request
sent?” have conditions based on the Variables. The Subsequent relations from the one
Event-Based Gateway use probabilities (80% —> information provided; 20% > 2 weeks
pass).
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Capacity Analysis — Perform the mlysis

3) Algorithms  Edit Extras Window Help Export

9 @) S | o

SGSE

& P )
o)(Algorthms | Edit Extres Window Help Export

24 ¥ Path anayss

Capacity analysis...
Workioad analysis (steady state).
5 Workload analysis (fixed time period)

Application models...
& Offline animation.

Open new template for result comparison.

5 Open model
(4 Print model...
& Printer setings..

Bt Bee-Up

Strg+Alt+P.

Strg-0
Strgep

AlteFd

Simultion - Capacity ansyas

Appicatin model slection

= Dnemo

s

Numbers

Numbes of simlations

{224 NEMO Organiztion

Hous pe working day:

Seting:
Input parameters:

Standard - [ e

Agerts..

Passve components

Progeam ca

1 ath analysis
¥ Computation

I Detarministic simultion

Detaied

con ] [

| Mumber |Execution time (sum}| Capacity | .

Capocity anslyss - Application modek NEMO 2017 ===

Simulaton results
Process relted Working environment
© Person relted Capacityplanning

Working environment Relatedto
Organizstonsl Unit © Peryesr

Per month

Belongsto Perprocess

Performer |

lulia Vaidian (2.4 NEMO O

BE2LE | 800

2.2 Application Process

Performer1 (2.4 NEMO O
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Print out s (22

Proce 192,400000
Create file for selection committee (2.2 App 192,400000

00:044:01:03:36 0,745111

~75%
00:044:01:03:36

Request additional

(2.2 Applica 17,800000

00:00400:24:48] C
00:000:00:35:36 |

2.2 Application Process

Confirm receipt of (2.2 Applicat 200,000000 2

Write rejection email (2.2 Proce  7,600000 00:000:00:15:12

Archive 2.2 Proces:  7,600000 00:000:00:15:12

Check ¢ of application (2.2 Appl 212,800000 00:011:01:14:00

Weight student evaluation (2.3 f 192,400000 00:010:01:02:00

Check student application evaluation again 192,400000 00:006:00:37:12)
00:010:01:04:48 0178667
00:010:01:04:48

Read student file (2.3 Review ap 56,600000 00:006:00:26:00
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Analyze behavior of the modelled system

PETRI NET SIMULATION

OMEAB
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Petri Net Simulation — Used Model

o X 4

Describes the hotel e — !
assignment system {
(simplified version) Shed o

rooms used with 2 beds

OMLAB
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| !
D—": ) [D"

Space in "open”

f

2 bed room

Strategy: priority then random o 3 B

Cold trans - based on probability — — | b i

T 7 | ] | /

lterations: 120 Y 7, ‘g .
Show log: g Delay: 0,2 4 Requested  Assign 1 Use 1 bed Students in
One Multiple || Delayed Initial state 1 bed room bed room room 1 bed rooms
iteration | |iterations | |iterations i i
0 @l [D Y
= Had to Evade to 2 1 bed
Auaiabl Evade bed room rooms used  with 1 bed
grants i
Studen}s want  Student applied Sludrems Student- Students Requested Assign 2 Use existing Students in
to apply for Summer waiting-list Application  needing room 2 bed room bed room 2 bed room 2 bed rooms
School approved
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Petri Net Simulation — Simulation Results

Simulation Run | Results

D@ 9-@ O @@

Students in 1 bed Rooms  Students in 2 bed Rooms Hadto  Students
1 bed rooms rooms used with 1 bed 2 bed rooms rooms used  with 2 beds ~ Evade rejected
Students in 1 bed Rooms  Students in 2 bed Rooms Hadto Students

1 bed rooms rooms used with 1 bed 2 bed rooms rooms used  with 2 beds Evade rejected

s | @ @-@ O @@

Students in 1 bed Rooms  Students in 2 bed Rooms  Hadto Students
1 bed rooms rooms used with 1 bed 2 bed rooms rooms used  with 2beds Evade  rejected

: DD DP9 90@

Studentsin 1 bed Rooms  studentsin 2 bed Rooms  Hadto Students
1 bed rooms rooms used with 1bed 2 bed rooms rooms used  with 2 beds Evade  rejected

e e ©

The system does not cover “evading” from 2 Are constant through all simulation
to a 1 bedroom runs

OMLAB
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Automatically generate SQL code from a model describing the data structure

DERIVING SQL

OMEAB
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Deriving SQL — Used Model
Describes the necessary NEMO

77 pant - Data Structure
a»— | —a@

\
~ Hasadditional SQL |
grelevantinformation, Iike§ J
 the datatype or “not null": \

} W
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Deriving SQL — Code Snippet

CREATE TABLE attend (
Participant_Id INT NOT NULL.
Course_Id INT NOT NULL,
CONSTRAINT pk_attend PRIMARY KEY
(Participant_Id,Course_Id)
)

CREATE TABLE Course (
Course_Id INT NOT NULL,
Title VARCHAR(32),
CONSTRAINT pk_Course PRIMARY KEY
(Course_ld)
)

CREATE TABLE Student (
Participant_Id INT NOT NULL.
First Name VARCHAR(32)
Last_Name VARCHAR(32)
Country VARCHAR(32)
Level_of_study VARCHAR(32),
Field_of_study VARCHAR(200),
EMail VARCHAR(60),
Group_Nr INT
CONSTRAINT pk_Student PRIMARY KEY

(Participant_Id)

)

OMLAB

www.omilab.org

CREATE TABLE Lecturer (

Participant_Id INT NOT NULL.

Institution VARCHAR(32),

First_ Name VARCHAR(32)

Last_Name VARCHAR(32)

Country VARCHAR(32)

Course_Id INT.

CONSTRAINT pk_Lecturer PRIMARY KEY (Participant_Id)
)

ALTER TABLE attend ADD CONSTRAINT fk_attend_Student FOREIGN KEY (Participant_Id)
REFERENCES Student(Participant_Id)

ALTER TABLE attend ADD CONSTRAINT fk_attend_Course FOREIGN KEY (Course_Id) REFERENCES
Course(Course_Id)

ALTER TABLE Lecturer ADD CONSTRAINT fk_Lecturer_Course FOREIGN KEY (Course_ld)
REFERENCES Course(Course_ld);

> | L
o>~ e o> — (w15
T[] o> [
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Deriving SQL — Running the Code

create database test;

7 test

s — ‘ Using MS SQL Server Management Studio
100 %
M =l-- First the relations are processed, because they influence the tables of the entities.
G
Col -- Table for Relation (ER): attend

=CREATE TABLE attend (
Participant_Id INT
Course_Id INT NOT £
CONSTRAINT pk_attend PRIMARY KEY (Participant_Id,Course_Id)

Fl-- Then associative entities are processed into tables.

-- Afterwards the tables for the entities are created.

-- Table for Entity : Student
=/CREATE TABLE Student (
Participant_Id INT I
First_Name VARCHAR(32),
Last_Name VARCHAR(32),
Country VARCHAR(32),
Level_of_study VARCHAR(32),
Field of study VARCHAR(208),
EMail VARCHAR(68),
Group_Nr INT,
CONSTRAINT pk_Student PRIMARY KEY (Participant Id)

-- Table for t
CIFDEATE TARIE Toarha:

0% ~ 4

3 Messages

R): Teacher

[l Database Diagrams
[ Tables

# 3 System Tables

® = dbo.Application_Exercise
= dbo.attend

= dbo.Course

= dbo.Exercise_Group

21 dbo.Fundamentals_Exercise
= dbo.Lecture

= dbo.Lecture_Hall

1 dbo.Lecturer

= dbo.Participant

= dbo.PCLab

= dbo.Room

= dbo.Student

= dbo.Teacher

= dbo.Tutor

m 3 Views

EEEEEBEE®

B2

®

3]

Command(s) completed successfully.

\

OMLAB

omilab.org

Great Success

46

Code to list all the tables in MS SQL:
SELECT * FROM INFORMATION_SCHEMA.TABLES;
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Expose models as RDF to allow the use of semantic web technologies

RDF EXPORT

OMLAB
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RDF Export - Used Model

Student

NEMO
Administrative
Office

Specified to be a o Describes the NEMO Administrative Office side of the
; application submission

OMLAB .

www.omilab.org

From Dbpedia About page: “DBpedia is a crowd-sourced community effort to extract

structured information from Wikipedia and make this information available on the Web.

DBpedia allows you to ask sophisticated queries against Wikipedia, and to link the
different data sets on the Web to Wikipedia data. We hope that this work will make it
easier for the huge amount of information in Wikipedia to be used in some new
interesting ways. Furthermore, it might inspire new mechanisms for navigating, linking,
and improving the encyclopedia itself.”

48



RDF Export — TriG Code Snippet

<http://www.omilab.org/example#Business_Process_Diagram_BPMN_2_0-2_1_Application_Process_NEMO> {
<http://lnemo.omilab.org/ i i icati

a http: pedi s s B
"Application”;
o' :
"No";
"No";
<http://nemo.omilab.org/ontology/registration#Application> ;
"Application" .
<http://lwww.omilab. Data_ iation_BPMN-39679-Confirm_receipt_of_application-Application>
a .

<http:/lwww.omilab.org/example#Task_BPMN-39573-Confirm_receipt_of_application>;
<http:/inemo.omilab.org gy/regi i ication>.

<http:/lwww.omilab.org/example#Task_BPMN-39573-Confirm_receipt_of_application>
a , B
"Confirm receipt of application" ;
"00:000:00:01:00";
"No";
"No";
“Not specified” ;
No' ¢

"00:000:00:00:00";
"Not specified”
"00:000:00:00:00";
"00:000:00:00:00";
<http://www.omilab.org/example#Pool_BPMN-39608-NEMO_Administrative_Office> ;
<http://lwww.omilab.org/example#Performer-37003-lulia_Vaidian>;
"Confirm receipt of application” .

<http://lwww.omilab.org/example#Performer-37003-lulia_Vaidian>
<http:/lwww.omilab.org/example#Working_Environment_Model-2_4_NEMO_Organization>.

OMLAB

www.omilab.org
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IMPORTANT: Export BOTH the Process and the Working Environment Model!
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RDF Export — TriG Code Snippet

<http://www.omilab.org/example#Business_Process_Diagram_BPMN_2_0-2_1_Application_Process_NEMO> {

omilab.
a http:/idbped , , ;
"Application” ;
No':
rdfhj s workbench
bl 'r
<http://nemo.omilab.org/ontology/registration#Application> ; u j wor enc
"Application" . [
RDF4J Se;
<http:/lwww.omilab. Data_Association BPNIN-39679-Confirm rl o Add RDF
a . Repositories
' ' New
<http:/lwww.omilab.org/example#Task_BPMN-39573-Confirn Demff:;:gw i ver w.omilab.org/example#
http: omilab.org gy/regi i ication>. 7| use base URI as context identifier
Context:

<http://lwww.omilab.org/example#Task_BPMN-39573-Confirm_|

! Dataformat:  (autodetect)

(7) Lecation of the RDF data you wish to upload

"Confirm receipt of application" ;
"00:000:00:01:00";

0"}

RDF Data URL:

i@ Select the file containing the RDF data you wish to upload

"No'; / ROF Data File: | Durchsuchen... | RdfExportExample.trig
v:',\ll\l;t'spemﬂed"; m% T ) Exter the RDF data you wish to upload

"00:000:00:00:00"; ;::!ave

"Not specified" Clear o et

"00:000:00:00:00"; Sem e

"00:000:00:00:00"; dibubon
<http://www.omilab.org/example#Pool_BPMN-39608-NE

<http:/lwww.omilab.org/example#Performer-3700: Upload

"Confirm receipt of application” .

<http:/lwww.omilab.org/example#Performer-37003-lulia_Vaidian>
<http:/lwww.omilab.org/example#Working_Environment_Model-2_4_NEMO_Organization>.

OMLAB

www.omilab.org
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RDF Export — Performers Responsible for a Document

PREFIX <http://www.w3.0rg/2000/01/rdf-schema#>

PREFIX cv: <http://www.comvantage.eu/mm#>

PREFIX <http://austria.omilab.org/psm/content/bee-up/1_5#>
PREFIX : <http://www.omilab.org/example#>

PREFIX rdf: <http:/www.w3.0rg/1999/02/22-rdf-syntax-ns#>

SELECT DISTINCT (?doc AS ?Document) (?resp AS ?Responsible) (?respname AS ?ResponsibleName)
WHERE {

# Everything that is a document

?doc a <http://dbpedia.org/ontology/Document> .

# Data associations ...

7rela .
# ... which connect to the document and an activity/task
{
rel ?doc .
rel act .
} UNION {
Prel ?doc .
Prel act .

}

# The responsible for that activity/task
?act 7resp.

7resp 7respname .

| Responsibletame

! “Iulia Vaidian” ‘

OMLAB

www.omilab.org
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Packing the backpack using a robotic arm

MODELS AT RUNTIME

OMEAB

52



Transformation

Models for Runtime - Used Models

* Described
Through

Available capabilities:
* Rotate

* Crabon

*  Grab off

OMLAB

ww.omilab.org

Execute) i
Move to position position position

¥ ¥ '

| Set map header

Set map header (D;‘

Set map header{F)l

Set map header (M}‘

Set map header (R) ‘

i 1 ¥ ¥ '

o F— Determine safe Move arm to Determine safe
position (P) postion position (PL)

i ¥ ¥ ' 1

Move am to safe b Move am to safe
A at or maving position (P) Yopobject position (PL)
to position * * *

When moving the robot arm, the
called senice provides a response
when the arm has started moving
to the specified position, not when
it has arrved there

“The am wil only hold on to the
object for a certain time, meaning
it lets go of anything after about 60
seconds have passed

A Model aggregating basic capabilities to useful
functionalities
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Models at Runtime — Used Model

Pick up at
position

Drop off at
position

'

'

Set map header (M)‘

Set map header (R) ‘

Set map header (P)‘

Set map header (D)|

1

'

'

[ | [T |

Determine safe
position (P)

Move arm to
position

. '

'

'

A at or maving
0 position

When moving the robot arm, the
called senice provides a response
when the arm has started moving
to the specified position, not when
it has ariived there

‘The arm wil only hold on to the
object for a certain time, meaning
itlets go of anything after about 60
seconds have passed

Move am to safe
position (P)

‘ Drop object |

'

Picked up
from position

'

Dropped at
position

Uses

/ Read securty token

First reserve the tokens at: it/
austria omilab.org/psmicontent/

v

Determine object positions

Used | = v

v

Select baggage amount

| Pick up booklet

A4

v

Canceled

¥
->H
oosL I

[ orop b srgask [
Success message (booklet)

Depending on how much baggage the
participant has announced / available they
get more or less things that take up space.

by user

¥
Procedures . %,

Aggregated Robotic Arm functionalities and

procedure to pack the backpack

Finished packing

uopEL

I Drop brochure in backpack |
Success message (brochure)
¥ -
[ Pick
Litle baggage? ([ Pk e ntepas ]
on ¥
| Drop notepad in backpack |
<+ [Success message (notepad)




Models at Runtime — Execution

Start packing

v First reserve the tokens at: it/

Determine object positions

wooeL

[ i ]
Depending on haw much baggage the
‘ participant has announced / available they

woor ¥
[erw o]

o ¥

[ e |
¥

Success message (booklet)

ooz
No baggage? 96» Pick up brochure I
uooeL

¥

¥

Success message (brochure)

wooeL

Finished packing

BT

Select baggage amount | get more oress thingsthat ake up space.

OMLAR ~Roh

yooe.
T 6] Pick up notepad ||
([ orop notepad in backpack ||
uopeL
7 ¥
n || [Success message (notepad)

OMLAB

www.omilab.org

Try yourself with a similar scenario:

Robotic Arm:
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How you can use custom functionalities and what we are working on

EXTENDING BEE-UP

OMEAB
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Strategy: priority then random
Cold trans - based on probability

lterations: 120 \x _;"
Show log:  no Delay: 0,2 k4
One Multiple || Delayed Initial state
iteration | |iterations | |iterations

assignment system
(simplified version)

OMLAB

WWWBHABISrg

Using an External Service -

Used Model

e y
%B—» ]

Requested Asé;ﬁn 1
1bedroom  bed room

Ha-a to Evade to 2

Use 1 bed
room

|

1 bed

Stud;ms in
1 bed rooms

{ .

2 bed Rooms
rooms used with 2 beds

Auaiabl Evade bed room rooms used  with 1 bed
grants i
Studen}s want  Student applied Sludrems Student- Students Requested Assign 2 Use existing Students in
to apply for Summer waiting-list Application  needing room 2 bed room bed room 2 bed room 2 bed rooms
School approved i T
ad
7 (o —
/ | ) .
v %
A v o Opennew?2  Space in "open”
Simulation run 1 Simulation run 2 Student- Students b‘;d room pz bed mafﬂ
Application rejected
. rejected T
Describes the hotel
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Using an External Service — Setup

W LoLA Petri Net Verification

““;" flola/index himl). To enable integration of the LoLA functionality, the LoLA t

The implementation depends on conc:

[ Authentication I

Pre-processing:

REST service call \

< |

gliglbyi byl

g 2 3
# Fistthe body that i sent
CC"Modeling" GET AT MODEL
PN_PLACE TRANSITION_NET (modelid) st_resulttr_ptnet
IF (ecode <> 0)

# We don't have to explicty print the eror here

T

Server running
Web-Service

)
SETL map_reqi(map()
SETL map_req["network Jstr_ptnet)

Endpoint:

Method: (<)
[post El

Lol

-o Execution details defined in an
[ s object (Attribute Profile) in the Bee-

CC *AdoScript” ERRORBOX ("The response did'treturn 2 \"Success\” codeAn” +

Retumed code: * + STR val_httpcode)
LsE

TR Up tool.

CC *AdoScript” VIEWBOX text:(map_respbody{result'])
)

gyl

OMLAB

www.omilab.org

= k(/_ The LolLA ADOXxWEB API is an implementation of a webservice wraj
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Using an External Service — Execution

4 BeUp 15 Moduling ool (i) - ot eetions (et Net)

63 Model it View Brocestosts Exties Window Hidp Export =

Select which external functionality should be executed. &

LI Er LR T
(s Windw ey Bipor
4 Usersettings.. Cl
Change password...
Userstatus..
B Cument cariguntion
Messages.
[ Execute Extemal Funchionalty |
| Execute AdoScript (EDTEO)

| At mosling syt | 50%

& 0 Atribute profiles

Add profile.

Add folder,

Edt..

Attribute Profile with B
execution details

eling Toolkit

Tola: reading net r Close
Iole:finished parsing
lola: closed

lola: 24/65536 symbol table entries, O collsions

I preprocesang net
I Computing forward-conficing sts e
Iola: computing back-conficing et z
I tsets Bt

I 15 placcs 3 tanstions,  signfcant places g

: EADLOCK) Lo
Il formus ength: 13
I checking reachablty of deadlocks

: (~encoder
I sing 3 bytes per marking, with O nused bits
e wting  prefesore (-sre)

Iola: checking a formula (--check=modelchecking)
lole: finished preprocessing
lola:

Iola: The net satisfies the given formula,
Tola: 251 markings, 250 edges

862 characters | Ln 19 Col7

OMLAB

www.omilab.org

Please specify which formula o test
EF DEADLOCK

Checking for Deadlock
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What makes Bee-Up tick and how

UNDER THE HOOD

OMLAB

www.omilab.org

UNDER THE HOOD
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Under the Hood — Modelling Languages

Shows a simplified excerpt of BPMN

T Flow Node

Message
Y

. Message Flow ) -
Actiity
" 7S S
Task Exclusive Inclusive Parallel
sl Gateway Gateway Gateway 3 =
r
: B PM N Throw Event Catch Event
Intermediate Intermediate
Throw Event =t fatben Catch Event
Should not link a Function to a
Function or an Event to an Event, even Function
with several Operators inbetween. /
EPC Control Flow
Operator <
= ™
2 i Event Concept
XOR Operator OR Operator AND Operator
t Characteristic
Connector
Entity E R
z - L
specialize
Weak Entity Commectr ) | T T T -
- l Tyve has
Relationship | e .| TTTTTTTEEOT
T Key
Attribute preien connects

>

Shows a simplified excerpt of UML

Use Case Diagram

Classifier
Class Diagram -~
Classifier Y
n Property Actor
i - Use Case
(T ) C
> - > Operation 2 *(
) Extend
super class is Abstract Include

Activty Diagram

UML | |-

Actity Node

Typed Element

o w X
Activty Edge / )
a4 Control Node Object
7w Node
Control Flow JR Action TS
Object Flow | Pin
Iniial Node / JoinNode | | Fork Node
Final Node | | Decision Node Merge Node
Start and End must be of P t 1
difierent types (Place to etri
Transition or Transition to Place). N t
Place  |o—— Arc ——| Transition
H H Ak
. v I x
Weight Hot/Cold  #Ready
Token
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Under the Hood — Modelling Lanauaaae fittina inta ADOyy

e s crmierics = ADOXX Metamodel < oicns -
instances of Class attibute e
Shows a simplified excerpt of BPMN Here ‘Conceps'are used for Modsling (AtRep)
Posion _ 4----- & Notebook |classes: ‘Connectors'are used for
T e Message He e o (AttrRep) "Relation classes' and ‘Characteristics' are Notation
Paricipant low Node = | Notion | Used for Attrbutes" from the meta‘madel. (GraptRep)
> i
Soquence Flow Model painter_+-~" _ (GraphRep) |
y [ _pconstruct_ | “isinsice
N ‘Message Flow S
Actity Gateway ]
" T A - Subsequent ) —5| _ D-event_ |- -] _LibraryMetaData__
! o0 n |
= Exclusive Inclusive Parallel Uses _D_end_ ! =" [ ModelTypeMetaData_
- Gateway Gateway Gateway = i |
I o __D_variable_assignment_object__ | 4 i L
i =\ i
Throw Event Catch Event it N r_| S resource_
e — pctity_ |-~ _Neutral_slement_ ]
3 P = i fo-| _D_variable_ |*%
Intermediate Intermediate Pecision_ | --4-=| _ Paralety_ ] o< (Bots variable
End Event Start Event i
Throw Event Catch Event = i e i
Stat_ |-4o| | Merging_ -~ __D-random_generator_ |
(| Subaraph_ [_container_ |1 || ¢
v n 1
arame | _D_sggregation_ Sets

‘parameter

Shows a simplified excerpi<

i Message Flow
of BPMN implemented

—| __D-construct name

Al
o) _D_swimlane_

T

Subsequent D—e| _D event_ |- + 1 Description

Execution Time

EndEvent |->| _Dend_ |-t

h i+~ | __D_container__

-|_D_aggregation_

Simulation (Path /
Capacity) implemented

Costs N _D_VEHame\_ass‘gnmm—mm_ ' ®Catch / $
s e | P | | on these classes
Necessary e ] e -y ‘;‘; _ s
adaptations e e aBPMN

Exclusive Non-exclusive
Gateway Start Event Gateway (converging)

e | jmplementation
J
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Under the Hood - Fitting BPMN and EPC and ...

Use same (super-)classes
to allow uniform simulation

Shaws a simplifiedexcerpt Message Flow ) —3| _D-construct_ |- 1 name
of BPMN implemented -
o ] Fa—
Container,
T == = ‘Subsequent N _D_event_
EndEvent |-»| _Dend_ |- S =
i D_aggregation, I |
Execution Time | = — {1 Description -
= __D_variable_assignment_object_ | -~ H Iy Execution Time EndEventy |- _Deend /|5 e
. ] : name
Costs “ 4 Thow i &S Pool Fosg !
| _D_variable_assignment_object_ | -~
> JCK‘V"LM
Type { t i Message i
x| | Decision -] _Pamleity_ < i Funciomd-~=» | "_Acthity_ |-~ | _Neutral_element _ | <----|  Event
Task _Start_ _Merging__ XOR Operator | ----->| _ Decision__ | - __Parallelity_ | <---| Parallel fork
i x X
: i | r— Start Event | ---»| _Stant__¢Zw| | _Merging_ | <~--| Parallel merge
Exciuse i lon-exclusha
Non-exclusive Gateway
Gateway Start Event ey et E PC

a BPMN implementation

implementation
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Is

Under the Hood - Deciding additional deta

¥ Draw the ent
CLIP_ROUHDR

e

18_oFE

o o s e Graphical
i Representation

Basic Task

%

Senice
Task

cabh) 73:0.2em o

- x:(tabuos0. lcs) v {eab Manusi

Task

(rabx0s0. 18} ¥

i

% Multi-instance

1x0+0. 1om)

loop Script Task

BITMA? *ab:\\=fb_bpe: {oabyoso. Lem) wio.
} ELSIF (zaskrype = “Ha
P “dbi\\xb_t

abxi+0.12) ¥ (Baby?

tem w

zabx0+0. Lem) v (zabyd+d. dem) ¥

Attribute

Representation $

enablea: ((sTsskType = “Daez™) O
iess rule™) OR (aTaskType = °s:

Po—

OMLAB
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Self-control questions

+ Which modelling languages does Bee-Up comprise?
+ How do the modelling languages in Bee-Up work?

+ How to query information

+ How to run a capacity analysis

* How to simulate a Petri Net

* How to derive SQL code from an ER diagram

+ How to perform a RDF export

+ How to extend Bee-Up using external services

OMLAB

www.omilab.org
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Craving for more?

Dimitris Karagiannis
Heinrich C. Mayr
John ylopoulos Editors

Domain-

Specific
Conceptual
Modeling

Concepts, Methods and Tools

& springer

OPEN | MopELS W
LABORATORY ‘,“J) ~

OMLAB et

OMLAB

www.omilab.org

Detailed information on the conceptual background are also
available in D. Karagiannis, R. Buchmann, P. Burzynski, U.
Reimer, M. Walch (2016) “Fundamental Conceptual Modeling
Languages in OMILAB" in “Domain-Specific Conceptual
Modeling”, Springer (2016)

Check out the “IMKER” case study on
under Publications

Download Bee-Up for free at:
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