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1. Motivation
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How about behaviour ?
(non-standard behaviour)

Manifest-Version: 1.0
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Domain model of PN ‘””‘“’“’“‘* -

M

PetriNet

‘ context Arc inv:
‘ " ( self.source.oclIsKindOf(Place) and

self.target.oclIsKindOf(Transition) )

. or
7 Object | ( seff.source.oclIsKindOf(Transition)
and
:)etri net mOdel A self.target.oclIsKindOf(Place) )
1 source
/ Glossary: . \ Node < Arc

A Petri net consists Of name: String [<
places N 1 target
Transitions
Arcs
Tokens | Transition Place 0—* Token

“Meta model” for Petri nets
(as a UML class diagram + OCL)
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Syntax (abstract and concrete)
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graphical /
concrete
syntax

‘Petrinet

‘Transition

source
S —

:Arc

target
—>

:Place

target

:Arc

source

‘Token

‘Place

target

P

abstract syntax
(as an object diagram)

source

N

"Arc

target |,
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Graphical Syntax/Editor?
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Place ? |
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concrete syntax
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Define a Petri Net Type |

( self.source.
self. target.

or

( self.source.
self. target.
not ( self.type.text = ArcTypes::inhibit ) )

B PetriNetType 2]

[from pnmlcoremodel)

HPlace  [7]

[from pnmlcoremodel)

DTU Compute
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H Arc [7]

[from pnmlcoremodel)
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public class InhibitornetsArcFigure extends ArcFigure {
[...]
private void setGraphics () {
RotatableDecoration targetDecorator null;
RotatableDecoration sourceDecorator = null;

if (type.equals (ArcTypes.NORMAL)) {
targetDecorator = new ReisigsArrowHeadDecoration() ;

} else if (type.equals (ArcTypes.INHIBIT)) {
CircleDecoration circleDecoration =
new CircleDecoration();
circleDecoration. setLineWidth (this.getLineWidth()) ;
targetDecorator = circleDecoration;

} else if (type.equals (ArcTypes.READ)) {
targetDecorator = new ReisigsArrowHeadDecoration() ;
sourceDecorator = new ReisigsArrowHeadDecoration() ;

Coordinating Interactions: ECNO
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Benefits of Modelling

‘ DTU Compute

M

= Better understanding

= Mapping of instances to XML syntax (XMl)
(canonical exchange format for instances)

= Automatic code generation for

= Standard

(observers S 2
« Transactiony R abO“\‘
- Database act YOV

N
= Graphical edit pet?
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e.g. a Petri net simulator?
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There—ate no notations
for modett g yahaviour!
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DTU Compute

Challenges

M

Adequate modelling methodologies
= Coarse grain behaviour
= Fine grain behaviour

Mechanism for integrating and coordinating behaviour beyond invocation
(calls of procedure, function, method, or service)

Integration with
= existing software (legacy, manually created, generated)
= other models (structural & behavioural)

= Stuck with thread- and invocation-based thinking

Coordinating Interactions: ECNO 15



2. The Event Coordination Notation

M

‘ DTU Compute

Motivation

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

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

(Meta-modelling /

domain Modelling

= Model behaviour on a high level of N¢luding behayjoy,
abstraction (domain level): 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 16



2.1 Example: Vending machine
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Control
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< Slot

*
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\*

1

Safe <
Panel "
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Brewer
* < Output
Coffee Tea
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Instance: Object Diagram

:Coin

:Coin

:Coin

v

: Safe

\ 4

N

=
—
=
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‘ OTU Compute DT
itial configuration: J
current situation
: Slot
:Coffee
< :Control S
:Coffee \ :Output
‘Panel .
i > :Tea
al
Object diagram asS usu
_J
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=
—
=

COO rd I n atl O n D I ag ram rtment of Applied Mathematics and Computer Science §
— \
cts
. We call obje . Events (event types) .
lements now! . otion annotatio
© = Coordinall fication
o event type + quantitic
annOtaﬂOﬂ
Coin °"| return_: ALL
_ pass: 1
InsertGUI <* SlOt Coffee: 1
pass *> Insert reset: ALL ::“eg: ALL Brewer
return_ |finsert: 1 raryrn | PSS! 1 Control > coffee .
- < «|tea /cup_ln. 1 Outout &V
S f 1 Feassest COﬁee reset * p
afe < _ :
— ieaa:] o cup_in cup_in
ass cCup_out «
P Panel ®"' " |pass 4
coffee., |coffee:1 reset
tea tea: 1 Coffee Tea
o cancel: ALL
cancel.
Coordinating Interactions: ECNO 19
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... + Event declaration prinent o plea vateitics na Computerscece | S
ion insert(C(_)in cc_)in, Slot slot) coffee()
. Event (type) declarall pass(Coin coin, Slot slot) tea()
eters return(Slot slot) cancel()
= Param reset_()
cup_in()
Coin °¥ return_: ALL cup_out()
_ pass: 1
InsertGUI <* SlOt Coffee: 1
pass *> Insert reset: ALL ::“eg: ALL Brewer
return_ Jinsert 1 roryrn | Pass:1 | Control > coffee ) b i1
T " | tea <——— OQutput V'
Safe |¢ reset tea - cup_in
pass: 1 | cup_in P_IN cu
cance
ass . Cup_out
P Panel ¢ | pass 4
coffee., |coffee:1 reset
tea tea: 1 Coffee Tea
v cancel: ALL
cancele
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Interactions
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:Qutput

Coordinating Interactions: ECNO

Coin
: ”| :Slot
Coin S .Coffee
: | | - >
- Pass ] | < g:,m‘ \
- Safe | pass Pass | [:Coffee
DAL [T | —~ <
[ pass 1 coffee: 1 LCOﬁee]
‘Panel | coffee l
i —_ —>> :Tea
coffee coffee: 1 coffee: 1 \

21




Interaction - AO——— L
L i‘(’kﬂ'ﬂ‘(‘iﬂ 0 /—"\D[?‘ICC Mathematics anc (,‘CW’]DUN?T Science
aC I O S Ekkart Kindler z
Interaction =
|ocal behav
coordi
Coin
_ > - Slot
Cain > :Coffee
= =’ L | :Control >
| pass 1€ ‘ < I T \ '
[\ P 1 pass pass :Output
—*. oo K 1 :Coffee
Safe |
Dass coffee: 1 COﬁee]
. ) ‘Panel l coffee l
— —>D\S ~ > :Tea
coffee coffee: 1 I \ ]

Coordinating Interactions: ECNO
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M

Interaction = +
local behavior

k coordina

return: ALL
return i 5
. Slot

:Coin >~ A -Coffee
{ return || | :Control | > reset
return B va S _\ :Output
return: ALl reset ‘Coffee .
: Safe | — _reset i > <
reset
Panel ||| cancel || T Tea | /
~— =t ’ii
cancel: ALL
cancel reset
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L O Cal b e h a.VI ( ) u r ) C Offe e Department of Applied Mathematics and Computer Science
) Ekkart Kindler

with an explicitly

Elements are objects

Lmodelled life-cycle

N

_/

r = reset();

-

Coordinating Interactions: ECNO

ready

1

=
—
=

M

Ezvent bindind J

C= cufi;é{];

brewing

—O

Cup = cun_in{] .
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LO Cal b e h aVi O u r " C O i n Department of Applied Mathematics and Computer Science z
u Ekkart Kindler >
impaort di.dtu.imm.se.ecno.engine. ExecutionEngine;
final ExecutionEngine engine = ExecutionEngine.getlnstance(); -
self.getSlot().remove(islot); U\Cﬂon J
i = insert(self, none); —
o p = pass(self, none);
init end
inserted
r = return_({none); self.getSlot (). add(r.slot);
Coordinating Interactions: ECNO 25
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Local behaviou r: Contr0| ‘ E{E;E?E&Eif\pmiod Mathematics and Computer Science §
()
p = pass{nnne.nan]; C = EﬂffEE{]:
—————
p= pass{nung,nﬂnE]; t = tea();
¢ = cancel(); r = reset();
=
—
Coordinating Interactions: ECNO 26




Local behaviour: Slot

self.getCoin( !}.E'.I'EE{ )< 2

i = insert(none, self);

p = pass{none, self);~

res = reset();

Coordinating Interactions: ECNO
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Ekkart Kindler

Department of Applied Mathematics and Computer Science

)
—
e

M

E}ond'\f\oa

self.getCoin( ). add(i.coin);

self.getCoinl ).remove(p.coin);

self.getCaoinl).clear();

)

return

reset

—
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" DTU Compute DTU
Interactions \ ' . ‘

S

Interaction = .
local behavior

k coordina

return: ALL
return [
. Slot

:Coin S S

return

{ﬁ@) < —|.:Control | > \
return < ' .
7 N
return: AL | reset " Coffes :Output
: Safe [« \ ) _reset || - 3
reset
:Panel — Lcancelj | "T/
— >> . lea
'—

C
cancel: ALL
cancel reset
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2.2 ECNO: Basic Concepts | &

= ElementTypes (Classes)

EventTypes with
= parameters

- Event type Control

coffee: 1
tea: 1

=
—
=

M

insert(Coin coin, Slot slot)

Global Behaviour: Coordination annotations for references

Brewer

eset: AL
7

= Quantification (1 or ALL) coffee

tea
cancel
pass
reset

= Event binding (with parameter assignment)
= Condition
= Action

i = insert{none, self);

Coordinating Interactions: ECNO

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

coffee tea
reset
cup_in

""" self.getCoin(). add(i.coin);

Local behaviour (life-cycle): ECNO nets (or something else)

29
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2.3 Extensions (cntd.) |5

M

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

L
[4 coffee |
e

Coordinating Interactions: ECNO 30



=
=

Department of Applied Mathematics and Computer Science
Ekkart Kindler

Behaviour inheritance

‘ DTU Compute ‘

M

[<L> insert ] [# pas: | [<L> |'eturnj d = drink();
{cnin: CninJ coin: Cain slot: Slot ready

slot: Slot slot: Slot r = reset();
brewing
4 Coin 4 Slot -

return_- =ALL
[] coin //_D

|:| ~—_ 4 Control cup = cup_in();
pass-=0ME slat
N‘tJONE I:' I:' \'\ ] reset->4LL /
reset-=ALL
) brewer
slot pass->0ONE (] *E"W” % Output
- / cup_in->C0ME
pass-=0
drink- >ONE H gy []
% Safe 4 Panel

drink- = OME brewer
safe e

: O
- e S e

cancel-=ALL
. - “ CoffeeBrewer < TeaBrewer
(Clearer separation | L] 0
& coffee < tea
of life-cycle Of ]

¢ = coffee();

general brewerl
pehaviouf and

_kcoﬁee specifics-
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Event Inheritance

‘ DTU Compute

=
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M

Question: Would we like to have multiple inheritance

on event types?

Problems:

= \WWe could never be sure
that two event types that
were meant to be different
are different!

= We would not know which
event type an instance of
subtype would represent!

Coordinating Interactions: ECNO
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Event Extension

DTU Compute DTU
Department of Applied Mathematics and Computer Science >
Ekkart Kindler >

X

tea blend

Coordinating Interactions: ECNO

tea_temp

—

.

—> Two forms of inheritance on

event types!

_/

N
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2.4 Example2: Petri nets

‘ DTU Compute
Jepartment ot Appliec M

M

o
QD/V \ How can we model that
fire @ behaviour in ECNOs?
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

Coordinating Interactions: ECNO 34



Petri net: Abstract Syntax

DTU Compute DTU
Department of Applied Mathematics and Computer Science b4
Ekkart Kindler >

H petrinet
— - o—————
U“* . U“*
nodes inurce m?t” ares
H Node = = H Arc

= name : EString

target In
e
H Place H Transition
owner
0.1
D“*
tokens
H Token

Coordinating Interactions: ECNO
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Example2: Petri nets | i

Ot @
@/f-<@

remove add

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

Coordinating Interactions: ECNO
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ECNO Semantics of PN |

)

4 Transition

DTU Compute

bee ) peee]

[ —Jemove- =ALL

in

r

Femove

[ add | [ remove |
T [ Arc 1 T4 Place
out target
hdd H———dd->ALL hdd H——" _qd->0NE bdd |

—\rerruzru'e-}DNE

f = firel); r = removel); a = add();

a = add():

r = remove():

SOurce

1

Department of Applied Mathematics
Ekkart Kindler

=
—
=

and Computer Science

M

L

tokens

Femove H——_

remowe-=0MNE

4 Token

------ self.setOwner(null);

Coordinating Interactions: ECNO

r = removel):™

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

final PetrinetsFactory factory = PetrinetsFactory, eINSTAMCE;

----- self.getTokens().add{factory.createToken());
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i

e (e (e (e (el

~ Tragition: 1 ~ Transition: 1 ~ Transition: 1 ~ Transition: 1 ~ Transition: 1
% fire fire fire fire

~ Transition: 2 mLL n:2 ~ Transition: 2 ~Transition: 2 ~ Transition: 2
fire re fire fire fire

- Transition: 3 - Transition: 3 ~Transition: 3 ~ Transition: 3

5 -w: i ] 5
fire fire ] fire fire

fire fire fire fire fire

~Transition: 4 ~Transition: 4 ~Transition: 4 ~Transition: 4

t4

t3 (@) t2
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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

: 0.0 O 87 B B oo, Ehem
3 ¥ | A S o o a ¥ ! - -
: - exit1 : Transition [11] B I |A~&~ 7~ —>~|B|Bivcel~is~|T| { B~ 3 v |[100% [ SVN Reposit...
] " O || [d] semaphor.petrinets_diagram &2 =
7 | ¥ Palette I>
o | [ "eq2: Transition [16] s« enterl enter? ’E @ e -
- enter? : Transition [22] ——— 4 Transition
/ o
4 Token
roexit?2 : Transition [26] ——
:
reql reqd
l4! a_net.behaviourstates
L2 a_net.petrinets exitl exit2
@ a_net.petrinets_diagram
|@ semaphor.behaviourstatﬁ| L3
[ semaphor.petrinets
[d] semaphor.petrinets_diagram
EE, .classpath 2188
[ .project 2067 - i
4 m 3 1 b
5% Qutline 22 = @ = 5[ Problems | I ECNO: Engine registry &2 = Console} & History\l & Search} = Propertieq o & oo | G i | x =0
- - Engine name Resource name/path
o :I:| ﬁj [7] Enginel platform:/resource/APetriNetEditorinl SMinutes.runtime/run/semaphor.behaviourstates
o® semaphor.behaviourstates - APetriNetEditernl SMinutes.runtime/run
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3. ECNO: Semantics | R s e

M

= Can be formalized in mathematics
(done for core concepts = ECNO Technical Report)

pm————————

f t 1 | return: ALL
Hreturn Lo

‘ &5 Slot

7 :Coffee
Slot =s
(- :
return: ALL|! reset m\| : Output
- Safe [ rese !: g

‘Pane| [cancel: ALL]fi
>
cancel)—

cance
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M

= The semantics of ECNO could, probably
be expressed in ECNO itself! |

m\ave a sketch (but not fully \
worked out yet).

Idea similar to PN semantics;
needs most of the advanced
Kconcepts (except inheritance)J
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4. Conclusion

DTU Compute

Department of Applied Mathematics and Computer Science >
Ekkart Kindler >
| |
= Plug-in - test.ecnos model/ Nachinet ecno_diagram - Eclipse SDK [
File Edit Diagram MNavigate Search Project Run Sample Window Help
= B~ HEF @~ o S
[Segoc Ul o 2B A& s~ B~ 3~ a% -
[£ Package Explorer 2 E|v = 8 ||%] vendingMachine 3 L4 VendingMachinelnstancexmi 52 =B
E&- test.ecno.model 1202 [hitps://svn.imm.diu.dk/se2/svr « 1 - & platform:/resourcestest.ecno.model/model/VendingMachinelnstance xmi
< & Pl g
Qﬁ src 1199 [k G | < Vending Machine
i) E:(;r:p:.ecsno‘ven.dmglr?;;hma.automata 1199 o - } H coin ‘ } 5 panel | H output : :l(;t
oftecbrewerjava L2 | afe
[#} 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
¥} Passjava1199 [ 1 [ 1 =
% REtulJ'n java1199 == EAnnotation link | P
i} example.ecno.vendingmachine.instances 1199 2 [@\endingMachineG o £ »
g in . diagram &7 VendingMachineBeh ) Page: Control &2 1
[#y VendingMachinelnstance,java 1199 2 2tz g WL
[J} VendingMachinelnstanceManual.java 1313 il 4 | ne Palette 4
#} example.emfivendingmachine 1199 U % S~
] aample.emf.vendingmachine.imgl .li.:JQ & ElementType p = pass(none,none); ¢ = coffee(); () Place
#} example.emfivendingmachine.util 1199 % Con & oot EventT, 0O
5 JRE System Libi JavaSE-16 return_-=ALL < EventType Transition
= JRE System Libery 121256 L] O LMo
=i Plug-in Dependencies § 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 -
eset->AlLL o
) VendingMachine.ecore 1199 ot % K aremer T 4 Reference (% RefPlace
% VendingMachine.ecorediag 1199 S 7 7 O M < Parameter
@, VendingMachine.genmodel 1199 O O c= cance!(); r = reset();
5% VendingMachineBehaviourModels.pnml 1348 . O * _
[ VendingMachineCoordination.ecno 1162 + safe 3 P crawer
|2 VendingMachineCoordination.ecno_diagram 1 safe
4} VendingMachineCoordination.ecnogen 1202 i [ = T a n Ot
[4) VendingMachinelnstance.ecnoinstancegen 11¢ — B ette r aS | I | e O r
cancel-=ALL

VendingMachinelnstancexmi 1199
g

[ notes1
— n | 3

4 |

57 Outline 2

5[~ 8]«

[ Problems | = Properties

4 ElementType

Prope
Core By
EClass
Appearance Gui
MName

Find release ECNO Tool
http://www2.compute.

— yet published release of
version 0.3.3!

k/~ekki/projects/ ECNO/

dtu.d

__/
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Next Steps

Coordinating Interactions: ECNO

DTU Compute

)artme the PN
o
<=

|
| £:| Demonstrator for an ECNO based Workflow Engine : | = :
Worklist Viewer ' Usemame
Password

[] Debug

Process Library

Logged in as: Jack (Customer)

Inbox

Error Management Process
Online Book Purchase Process

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

Cases (involved in)

& Start

Work in Progress

Error Management Process (initialzed)
Online Book Purchase Process (1)
Online Book Purchase Process (initialized

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

= GUI modelling (DSL for GUI for ECNO applications)
= Better IDE support & debugger

= Case studies
= Efficiency / distributed execution
= Standard adapters for other technologies

= Methodology & education
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