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The (preliminary) schedule for the different parts of course can be found at http://www2.imm.dtu.dk/courses/021562
Jel12/material.html along with the deadlines for the deliverables and the slots for the presentations. All the material
the lectures and tutorials will be made available via these pages. On this web page, you will also find a rough work
for the project. The exact details will be fixed in the first week of the semester (when we know the exact number of
participants).

Please be aware that, in addition to the above slots, each participant is expected to invest about 12 hours per wee
the project and the tutorials (10 ECTS points correspond to an overall workload of 270 hours). This work, however, |
more flexible and a matter of vour individual and your group's work plan.

Objective

Sometimes, we are tempted to believe that making software is programming—just bigger. But, this is not at all true.
For developing software, we need good skills in programming, of course. But, this i1s not enough for successfully
completing a software project. Other skills are not less important:

social interaction and communication (orally as well as in writing),
soliciting and defining the exact requirements,

modelling the domain,

making architecture and design decisions,

analysing the models,

implementing the designed system,

testing it,

using state-of-the-art technologies (or to acquire new ones), and
project management.

The course on Software Engineering 2 (02162) will help acquiring these skills.

Structure
In order to acguire these skills, the course consists of three main parts: fectures, tutorials, and the project, where th
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= =L e L s

SE 2 (02162 el4), L10



1 . Wh at d I d yo u Iearn ? -. '.i'l Technical University of Denmark

Informatics and Mathematical Modelling
Ekkart Kindler

=

TU

i

= Objectives of this course:
Basic skills in software engineering!
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. much more than programming!

. listening and understanding!

. analytic and conceptual work!
.. communication!

. a social process!

. acquiring new technologies!

. a discipline with proven concepts, methods,
notations, and tools!

. and ever new technologies emerging!
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Software Engineering requires much
experience!

This experience
= can not be taught theoretically!
= will be provided in this course!

- tutorial
-> project
- and (only) backed by the lectures
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Practice the concepts, methods, notations and
Tools for software engineering

(improve programming skills)
understanding of the software engineering process

experiences with problems and concepts for
solving them

writing documents and creating models

use of methods and tools

practice communication and presentation skills
capability of teamwork and leadership

acquire new technologies
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" Imprecise requirements

= mistakable and unclear requirements
* inconsistent requirements

* changing requirements

= changing environments (software / hardware)
= different versions and configurations

* changing tools, notations, languages, methods,
concepts, technologies

= collective knowledge only
= communication

SE 2 (02162 el4), L10
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Branches:

= Development:
actual development of the software product

= Management:
Manage (control and improve) the development
process

= Quality management:
Planning and implementing measures that
guarantee that the software meets the required
guality

= Software maintenance:
Remove faults occurring in operation, adapt
software to changing requirements and
environments

SE 2 (02162 e14), L10 11
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uses
Method Notation
needs used in written in
needs
has
Phase Document
produces
is involved
Role works on
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" Purpose and roles of models in SE

= Model / View / Controller

View

Representation of model
and user interaction

queries 1
/ informs

on informs on
/ changes user interactions N

(
Model Controller
) Makes changes and calls
Domain model and makes changes functions of the model
functions
\_

\

selects

SE 2 (02162 el4), L10 16
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How to make useful UML models
= Domain model OOA
= Implementation OOD

= | earn to use new technologies
YOURSELF!

Eclipse / GlassFish / Webservices
Android / Derby / JavaCC /
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= Project Definition

= Requirements Specification
= rough
= detailed

= Systems specification

= Complete Models

* Implementation, Documentation \f
Handbook g\

X@ how
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= Project Definition

= Requirements Specification
= rough
= detailed

= Systems specification

= Complete Models

* Implementation, Documentation \f
Handbook g\

g‘@ detailed
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= Project Definition

= Requirements Specification
= rough
= detailed

= Systems specification

= Complete Models

* Implementation, Documentation \f
Handbook g\

g‘@ high cost
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= writing,
= talking,

= communicating, and
= organizing yourself

= work together

= version management
(other/better tools)
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= Quality
= Management
= Testing
= Reviews

= Many practical iIssues on programming and
solving problems

Dery, JPA
S A Y
yoN aCt ?/()\\Qe JerSey %

9y :
6®? 7) perSlStanC 155 pa\‘(\
debugge’ oTO lEn’(\’{\eS C
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" Integration and extension

= I[ntegrating features in existing software
(Plugln Mechanisms, ...)

= Developing parts in parallel
(based on a common model)
= Separating concerns

= Stepwise extension
(prototyping, agile)

SE 2 (02162 el4), L10
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= Software Specifications (incl. writing)
= Modelling & Meta modelling

= Quality mangament (incl. testing)

= Code generation
= Working together

= Management
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= MOF (Meta Object Facility)

= Software without Programming (EMF and
more) / code generation technologies

= Other technology: other application servers,
databases, service technologies

= Analyse, validate, verify these models, ...

= Other programming and modelling paradigms:
e.g. Aspect oriented Modelling

SE 2 (02162 e14), L10 27
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Advanced Software Engineering

Just to give you some idea
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= Modelling dynamic behaviour
(and generating code from that)

= Defining transformations

= Get completely rid of programming?!

SE 2 (02162 el4), L10 29



Example: Moving Shuttles

Track

-. ::-l Technical University of Denmark

Informatics and Mathematical Modelling

Ekkart Kindler

at occupied

=

TU

i

1 0..1

Simple

pred

Succ
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An Instance

:Simple

pred

Succ

_ at
t1:Simple

OCC

[ "
1
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pred

Succ

t2:Simple

pred
succ
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s:Shuttle
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Behaviour

:Simple

pred

Succ

_ at
t1:Simple
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before
<<delete>>

OCC

pred

succ at

t2:Simple

pred
succ

.Simple
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OCC

after
<<create>>
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Behaviour as Story Pattern

t1:Simple

at

-. % | Technical University of Denmark

Informatics and Mathematical Modelling
Ekkart Kindler

e

pred

t2:Simple

<<delete>>

f_} Story Diagrams:

FUJABA

e

_/

s:Shuttle
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= Master courses

= Systems integration (H.B.)
= Web Services (H.B.)
= Formal methods (A.H.)

= Advanced topics in SE (E.K., f15)

= Bachelor and master projects
(next week)

SE 2 (02162 e14), L10 34
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Coordinating Interactions
The Event Coordination Notation

DTU Compute

Department of Appli
Department of Applied Mathemati !
't of Applied Mathematics and Computer Science

The Event Coordination Notation.
DTU Compute Technical Report 2014-05,
May 2014.

ECNO home page:
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From lecture 1: Example
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File Edit Diagram Mawigate Search Project Run  Window Help
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@ simple. petrinets_diagramn

=i SE2-ExampleProject [inteqgrationkest t1
l=F SE2-Test

|.—[\j Project Explorer &3

< | pd \Z-:,,Tasks Bl console | E Properties &2
O " = [ 2B e
o Outline &2 = |i| = B & Transition t2
Cote Froperty
Mame
Appearance
i

& Resource - APetriNetEditorln15MinutesExamples/simple. petrinets_diagram - Eclipse SDK

2

A=

%}“.—(\:,Resource | >
B 8- i SN Reposto...

Palette 4

% Select

1+, Zoom

= Moke

4 Arc

<= Transitian
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E

Py
q
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]
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From lecture 1. Example

From this (EMF) model for Petri nets:
Generation of (Java) code for

o all classes

e methods for changing the Petri net

e |oading and saving the Petri net as
XML files (=XMI)

With this and some more GMF
information:

Generation of the Java code of a
graphical complete editor (with many
fancy features). No programming at all.

Almost all you need.to say
about a Petri net editor.

Model-based Software Engineering

% | Technical University of Denmark
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PetriNet

T

Object

A

Node |2

_X sourq

<
9 1 target

Arc

Transitionl

Place |‘—

Token

Transitionl

Place

Arc

Token
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How about behaviour ?
(non-standard behaviour)

PetriNet

A

Object

sou
Node Arc

ge 1 targe

Transition

Place I‘—

Token

=
©9-4 " public Notific:

4

Analysis

Coordinating Interactions: ECNO

Design

Implementan

Manifest-Version: 1.0
2

Bundl
B
3] i clss PtrNetmp xtends EObjectmpl impleets Pt
puny]  protected EList<petriNets Object> object;

B
Sund

package PetriNets impl;

}
return object;

lonChain elnverseRemove(InternalEOb)
org. switch (featurelD) {

org case PetriNetsPackage PETRI_NET _OBJECT:
org. return ((InternalEList<?2>]getObject() basicRemove(OMerE

}
return super.elnverseRemove(otherEnd, featurelD, msgs);

2734 public Object boolean resolve, pe) {
9 switch (featurelD)

org. case PetriNetsPackage PETRI_NET_OBJECT:
Apet] "
return getObject();
}
return super eGet(featurelD, resolve, coreType);
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e.g. a Petri net simulator?
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| £ ECNO: GUI
- req1 : Transition [1]

[F=8 Ech =<5

fire

i/semaphor.petrinets_diagram - Eclipse SDK
hate Search Project Run  5Sample Window Help

Eile| [ enter1: Transition [T]

(o5 =]
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o i A [ 320 o ) - )
: - exit1 : Transition [11] BI|A~&~- s>~ Birol~Bo-|8] < B~ 3 ~||100% fa SVN Reposit...
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]v | ¥ Palette I>
| | rea2:Transition [16] E enterl enter? ’E&&T

| »

fire

[
o
T
=
.n_

- enter2 : Transition [22] ————— /
fire /
roexit?2 : Transition [26] —— @ @ ®

fire

m

regl

l4! a_net.behaviourstates
L2 a_net.petrinets exitl exit2
@ a_net.petrinets_diagram
IQ semaphor.behaviourstates| L
[ semaphor.petrinets
[d] semaphor.petrinets_diagram

Eﬂ .classpath 2188

[ .project 2067 -

4 mn I

4= Arc
<= Transition
<4+ Place

4 Token

regl

Cio|@i|x=0

4
EE Outline &2 = @ =8 ‘E.l_L‘ Problems | =] ECNO: Engine registry &3 = Console} @ History\l Qn Search} =] Propertieq

Resource name/path
platform:/resource/APetriNetEditorinl SMinutes.runtime/run/semaphor.behaviourstates

Engine name

d /?j_@)]ﬂ [ Enginel

o* semaphor.behaviourstates - APetriNetEditernl SMinutes.runtime/run
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Motivation

= Given some object oriented software with (or without)
explicit domain model

= Model behaviour on top of it — and make these models
executable

= Model behaviour on a high level of abstraction (domain):
coordination of behaviour

- Integrate behaviour models with structural models

- Integrate different structural models and manually written
code (or code generated by different technologies)

Coordinating Interactions: ECNO 40



2.1 Example: Vending machine

Coin

N

Slot

W *

Safe

N

N

[ "
1

Panel

Coordinating Interactions: ECNO

\ 4

Coffee

Technical University of Denmark DTU

Informatics and Mathematical Modelling z

Ekkart Kindler o

|
- A
Class diagram as
usual
k J
Brewe
Contro > '
i * < Output

Tea

41
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- - |
Initial configuration; J
current situation
:Coln .
: ’| : Slot
:Coin S -
:Coin 5 . 3C0.ntro >
. < :Coffee
Safe
:Pane .
l , > :Tea
Object diagram as
usual

Coordinating Interactions: ECNO 42



Coordination Diagram SO

Technical University of Denmark DTU
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Ekkart Kindlet N\ >
|
. \We call objects Events (event types)
ts now! " :on annotations:
elemen dination a :
= Coor tification
- type + quan 1
event yp .
annotation
Coin®"' return_:
- ALL
insert.. < pass L Slot coffee: 1
T tea: 1 Brewe
return |insert: 1 otyrn | ALL [ Contro > coffee -
— € pass T : i tea cup_in: 5
— pass | * % < Outpuf
Safe | reset tea : cup in
pass: 1 | cup_in P e
cance
ass cup out
P Panel ¢V "| pass 4 P
coffee.,| coffee:1 reset
tea tea: 1 Coffee Tea
" | cancel: ALL
cancel..
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|
ration insert(Coi_n coi_n, Slot slot) coffee()
nt (t pe) decla pass(Coin coin, Slot slot) tea()
« Eve
. pParameters return(Slot slot) cancel()
reset_()
cup_in()
COinGUI return : cup—OUt()
- ALL—
insert.. < pass L Slot coffee: 1
pass 3 insert reset: tea: 1 | Brewe
: - ' t
return |insert: 1 return L ALL Contro rZT_eL s| coffee .
— [€passT I _ . tea cup_in: 1 5
- pass | * ! < Outpuf
afe _ :
bass: 1 tea | cup_in cup_in a
cance
ass cup out
P Panel ¢ *\ pass 4 pﬁ
coffee.,| coffee:1 reset
tea tea: 1 Coffee Tea
** | cancel: ALL
cancel.

Coordinating Interactions: ECNO
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Coin
: ”| :Slot
Coin S .Coffee
[ pass |<— < =¥ : ’ \ D
P /] ass :Qutput
pass P Coff
“Safe | ,/\\.‘Co ee
2de ° | % <
[ pass 1 coffee: 1 LCOffee]
:Panel |coffee|
o R F—— :Tea
coffee: 1 coffee: 1 \
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Interaction =
|ocal behaviof *
coordi
Coin
_ ”_:Slot
Coin > :Coffee
e —YE - J .Contro >
- pass < / < o X \ .
—— ass _Output
— | pass ] L] Coffee
L DAL [T |
il ffee: 1 COffEE]
pass : [_] c0 _](
L ‘Panel (Id»coffeej — /
- ] > .lea
I coffee: 1 I \ ]
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|
\nteraction_= .
|ocal behavior
coord'\na
return:
[return) 00
. Slot
:Coin Si7 S :Coffee
| :Contro ¢ > reset
4returnl@> < = - - ;
return:| reset (— L) Coff \ :Output
- Gafe |leALL ) LI'ESEtJ >!_' olree .
reset
:Panel ————| (cancel]|| L Ton ] /
cancel:
ALL  reset |
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Local behaviour: COffee  im wummi

r = reset();

ready

Coordinating Interactions: ECNO
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(Event bindingj

C= EﬂfEE[];

brewing

—O

cup = cup_in();
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impaort di.dtu.imm.se.ecno.engine. ExecutionEngine;

final ExecutionEngine engine = ExecutionEngine.getlnstance();

self, getSInt[jlemDvemlnt],( Acthn J

i = insert(self, none): engine.removeElemeant(self); ~
o p = pass(self, none);
init end
inserted
r = return_({none); self.getSlot (). add(r.slot);

engine. addElement (self);

Coordinating Interactions: ECNO
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p = pass{nnne.ngnE]; C = EﬂffEE{]:

il

p= pass{nung,nﬂnE]; t = tea();

¢ = cancel(); r = reset();

i
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onaltio
n
self.getCoin( !}.E'.I'EE{ )< 2
i = insert(none, self);| | self.getCoin(). add(i.coin);
p = pass{none, self);| | self.getCoinl ).remove(p.coin);
)
res = reset(); _
r = return_(self);”| |7 self.getCoin().clear();
reset
—
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\nteraction_=
|ocal behavior +

return:
return 11—
- Slot

:Coin Si7 S :Coffee
7 —| :Contro | >/ reset
return ¢ B F - —\ .
(— 1) :Output
return: || reset eset Coffee
reset
:Panel sl cancel||| S Ten ] /
~—1 A >> Tea
cancel:
ALL reset
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2.2 ECNO: Basic Concepts o
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= ElementTypes (Classes)
= EventTypes with

% | Technical University of Denmark
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i

insert(Coin coin, Slot
= parameters

slot)

Global Behaviour: Coordination annotations for references

coffee: 1 5
tea: 1 rewer
. Eve nt type Contro resgﬁ AT coffee
= Quantification (1 or ALL) cofiee rese
tea cup_in
cancel
pass
reset

= Local behaviour: ECNO nets (or something else)

= Event binding (with parameter assignment)
= Condition

] self, getCD.ir'.'r!J.s.fzer} < 2
= Action

i = insert{none, self);

self. getCoin( ), add(i.coind;

Coordinating Interactions: ECNO
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ECNO with its basic concepts has some
limitations, which makes modelling things in an
adequate way a bit painful.

= Sometimes, we want to extend event types

later
_

[ coffee |

l .
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Event Extension
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|

|

X

[ tea blend ]
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[ tea_temp ]

~ A
=> Two forms of inheritance
on event types!

k _/
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How can we model that

behaviour in ECNO
nets?

@/QD\ ©

N
o

remove k

Transition t enabled: Fire Transition t:
for ALL incoming Arcs a: for ALL incoming Arcs a:
for ONE source Place p of Arc a: for ONE source Place p of Arc a:
find a token find a token and remove it

for ALL outgoing arcs a:

for ONE target Place p of Arc a:
add a new Token
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e

i

H petrinet
_— S
U“* . U“*
nodes inurce m?t” ares
H Node = | H Arc

= name : EString

target In
e E

H Place H Transition

owner

0.1
D“*

tokens

H Token

Coordinating Interactions: ECNO
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=

TU

i

@/QD\ ©

remove

Transition t enabled: Fire Transition t:
for ALL incoming Arcs a: for ALL incoming Arcs a:
for ONE source Place p of Arc a: for ONE source Place p of Arc a:
find a token find a token and remove it
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|
[ add | [ remove |
4 Transition " 4 Arc 1 4 Place 4 Token
out target *

add - -..-'1.';|'1|' ALL add |- +—— add-=0MNE M fokens
_—‘xJ_'EI'I'I owve-=ALL _—\ remove- > OMNE __/l'/;ﬂuve -SOME

in source
* 1

r=removell | [ self.setOwner(null);

f =firel);r = ren!lu\re[]; a = addl}; a = add(};,

r = remove():

import dk.dtuimm.se.ecno.example petrinets.PetrinetsFactony;

final PetrinetsFactory factory = PetrinetsFactory, eINSTAMCE;

add--1 [ self.getTokens().add{factory.createToken());

r = removel):™
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1) o B ) 12 o B ] 2] o || -E ) ) =R EO =5 N E RS FoR 5
~ Traggition: 1 ~ Transition: 1 ~ Transition: 1 ~ Transition: 1 ~ Transition: 1
% fire fire fire fire
~ Transition: 2 mlLL n:2 ~ Transition: 2 ~ Transition: 2 ~ Transition: 2
fire re fire fire fire
~ Transition: 3 ~ Transition: 3 ~ Traggtion: 3 - Transition: 3 ~ Transition: 3
fire fire % fire fire
~ Transition: 4 ~ Transition: 4 ~ Transition: 4 -T: 4 ~ Transition: 4
fire fire fire fire fire
t
t
4
t (@
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£ ECNO: GUI E=N e =<

- req1 : Transition [1]

fire
i/semaphor.petrinets_diagram - Eclipse SDK El

File| r enter1:Transition [7] — | hate Search Project Run Sample Window Help

HE~ B~ Fil e ey Ef %% Debug »

B 7| A&~ Fv —~|By| Bi~vd~ia~|5] { H v 3 v ||100% {2 SVN Reposit...

'—n
o

4
v}

4
®

4

r exit1 : Transition [11]

|
T

o

[d] semaphor.petrinets_diagram &%

fire

&
d

“ | L2 Palette

enterl enter? ’E @ e~
4= Arc
<= Transition

r enter2 : Transition [22] ————
/ <4 Place
4 Token
roexit?2 : Transition [26] ——

fire
regl

regl

exitl exit2

=

| r req2: Transition [16]

| »

fire

[
o
T
=
.n_
i
=
.n_

m

l4! a_net.behaviourstates
@ a_net.petrinets
@ a_net.petrinets_diagram
|@ semaphor.behaviourstatﬁ| L3
[ semaphor.petrinets
[d] semaphor.petrinets_diagram

EE, .classpath 2188

[ .project 2067 - i

B Qutline 52 iz @ = 5[ Problems | 5 ECNO: Engine registry &2 . E Console} & History\l & Search} = Propertieq L= = | G i | ® =0

Engine name Resource name/path

[7] Enginel platform:/resource/APetriNetEditorinl SMinutes.runtime/run/semaphor.behaviourstates

o* semaphor.behaviourstates - APetriNetEditernl SMinutes.runtime/run
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= Plug-in - test.ecno.l 'model/ AachineCi .ecno_diagram - Eclipse SDK
File Edit Diagram Mavigate Search Project Run Sample Window Help
rs - B-0-Q- WG~ @ LGB
[Segoc Ul o 2B A& s~ B~ 3~ a% -
[£ Package Explorer 2 = ¥ = O |[%) vendingMachine &3 L4 VendingMachinelnstancexmi 52 =B
E&- test.ecno.model 1202 [hitps://svn.imm.dtu.d st a |l g 1 - @ platform:/resource/test.ecno.model/model/VendingMachinelnstance.xmi
(& src1199 I ¢ | < Vending Machine
i} example.ecno.vendingmachine.automata 1199 ‘ H coin ‘ ‘ 5 panel | H output 4 Slot
1} CoffeeBrewerjava 1235 (= Objects w I — 4 Safe
[#} Coin.java12:8 # EPackage ‘ o *_‘ ‘ I < Panel
[#} Control.java 1288 [ EClass slot | | coin 4 Control
[7} Outputjava 1285 - 0. 0. |, control 0.*, brewer 4 Coffee Brewer
(1) Slotjava 1233 & EDataType [ Esafe |33 [ Hslot |50t [ Econtrol | Brewer| Harewer | 4 Coffee Brewer
[} TeaBrewerjava 1285 2 EEnum I I i I IU . I } 2 ,’I } <4 Tea Brewer
[#y VendingMachineBehaviour,java 1286 {1 EAnnotation L < Output
i} example.ecno.vendingmachine.coordination 1 = 3 4 Coin
7} VendingMachineModel java 1312 (& Connections < 4 Cain
i} example.ecno.vendingmachine.events 1199 =+ EReference 4 Coin
[5) Insert,java 1199 “, Inheritance BilGeeeamewer }M‘ B #) platform:/resource/test.ecno.model/model/VendingMachine.ecore
[f} Passjava1199 [ 1 [ 1 =
@l Return_java 1199 == EAnnotation link | b
i ine.i 99| .
ki aample..ecno‘ven.dmgma.:hma.mstan.:asll,. £/ [d] VendingMachineC: no_diagram 1 7% VendingMachineBehavi ) Page: Contral 1 1
[#y VendingMachinelnstance,java 1199
[J} VendingMachinelnstanceManual.java 1313 il 4 © | sd Palette 4
#} example.emfivendingmachine 1199 U % S~
f} example.emf.vendingmachineimpl 1199 & ElementType p = pass(none,none); ¢ = coffee(); () Place
#} example.emfivendingmachine.util 1199 % Con & oot P »
=, JRE System Library [JavaSE-1 6] r.ﬂt.rr,a}_cl 4 EventType [] Transition
=i Plug-in Dependencies a =t 4 Cortol < CoordinationSet A Arc
[ META-INF 1199 U pass- »ONE (] ot 4 Synchronisation p = pass{none,none); t = tea(); Page
(% model 1202 Dﬁr—“:"i olo " -
resetes
& VendingMachine.ecore 1199 o %D P T < Reference (% RefPlace
% VendingMachine.ecorediag 1199 S 7 7 O M < Parameter
[B VendingMachine.genmodel 1139 5 O 0O ceCE L c = cancel(); r = reset();
% VendingMachineBehaviourModels.pnml 1348 /- 0 * )
N i . e + Fane O Link Label
[ VendingMachineCoordination.ecno 1162 = 3 crawer
|} VendingMachineCoordinstion.ecno_diagram 1 st O 7 Page Label
4} VendingMachineCoordination.ecnogen 1202 i [ tef->ONE e
L] VendingMachinelnstance.ecnoinstancegen 11¢ —
&) VendingMachinelnstancexmi 1192 cEnes-eAlL
[ notes1 i
4| — mn | »
5% Qutline 52 =] [j] =] A ¢ 1 [
=3 [2 Problems | = Properties 53 ._E Consale ¥ =B
I c 4 ElementType
Core Property Value |-
EClass [] Panel -> VendingMachineComponent —
Appeotance Gui [ true
MName 208

:

http://lwww2.i

\

' ' ' les):
of version 0.3.2 (mcludmg examp
™ mm.dtu.dkl~ekkilpr01ectsIECNOI
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Worklist Viewer

[] Debug

|£:| Demonstrator for an ECNO based Workflow Engine

g
H

Username

Password

Process Library

Error Management Process

Inbox

Logged in as: Jack (Customer)

Online Book Purchase Process

Start a new Error Management Process (1)
Start 3 new Online Book Purchase Process (2)

Cases (involved in)

Error Management Process (initialzed)

& Start

Work in Progress

Online Book Purchase Process (1)
Online Book Purchase Process (initialized

Place New Book Order — in Online Book Purchase Process (1)
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