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Modelllng Slmulatlon and DeS|gn Lab

* started in 2001 (after > 10 years at Ghent University)
* expertise in Modelling and Simulation
applied to Software Engineering
* on average 3 Ph.D., 10 M.Sc., 1 PostDoc
* fundamental research => prototypes => deployment



Modelling, Simulation and Design Lab

* applications of domain-specific modelling (and simulation)
software design
environment
traffic

* domain-specific visual modelling
specification of reactive behaviour
link concrete and abstract syntax

* meta-modelling and model transformation (GG)
* theory/foundations:

new formalisms, multi-formalism modelling
formalism transformation



DSM: Wastewater Treatment
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DSM, model transformation, experiment management,
optimization, model storage, distributed simulation,



Modelica (www.modelica.org)
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Meta-Model

l

Modelling and Simulation Based Design
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Meta-modelling Traffic
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Dchart modelling of
reactive behaviour

of a visual

modelling environment

... has spawned a whole
new thread of research

on the modelling, analysis
and synthesis of advanced
user interfaces ...
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synthesized Traffic-specific modelling environment
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Explicitly model model transformation (using GG)

Rule 2 (Order 2): FlowTo2PNTransition
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Result of transformation: Traffic dynamics in terms of Petri Nets

: %IE_SEN _dep

top_S2W_dep

urnl_CAP

bot_W2E_dep

bot N25_dep



———— P [turn1_CAP, cars(2), bot CAP, top CAP, tum2_CAP]

bot W2E s all possible behaviours

v

[tum1_CAP, cars, bot W2E , top CAP, turn2_CAF] {- —_— 4f I I ( I 1 )

| or analysis (e.g., liveness
‘ bot_W2E_dep

i * B
‘ . [cars, turnl, bot_CAP, top_CAP, turn2_CAP] 4 ST
‘ :E top,_arr '”'bot'_-WEE__@_r_r_

TDP_SEN__@_EEE?____;___M < B DYV
= ‘} furn1_CAP, cars, bat_CAP tum2_CAP, ta_N_or_W] [turml, bat W2E top CAP, turn2_CAP]
top_S2W_dep bot-W2E arr top_arr top_S2N_dep
x —= top_S2N_dep
» [tum1_CAP. turn2, cars, bat CAP. top CAF] 5 [turn1_CAP, bat W2E, tum2 GAP, &_N_ar W]
bot N2S_arr B bbtWEE;_@_r [ top_S2W_dep ---'561:W2E__qep

bot N2S_dsp il

P [turn1_CAP, cars, bp_CAP, turn2_CAP, bot_Nz28] [tum1_CAP. turn2, bat W2E, top CAR] furn 1, bt CAP. furnz. AP, fm. Lo W]

bot_ WEE dep 1?_E752W_dep
top_S2N_dep o

[urn2, turn1, bat_ CAP, bp_CAP]

_top-ar— bot_N2S_arr

[fturm1_CAP, urn2, bat AP, ©_N_ar W] [turn1, top CAP, tum2_CAP, bat_N2S]
bot N2S arr top_arr

bot_N2S_dep i
- _“ -

Top_SEN_déﬁ T fwrnl_GAP, tum2 CAP, bot N2S, to_N_ar W]

top_S2W_dep

w
bot_NZ2S_dep ! [tum1_CAP, turn2, top_CAP, bat_N23]




1.0 x[turnl CAP] + 1.0 x[turnl] =

iy

1.0 x[cars] + 1.0 x[bot W2E] + 1.0 x[turnl] +

1.0 x[to N or W] + 1.0 x[turn2] +
1.0 x[top CAP] + 1.0 x[to N or W]
1.0 x[turn2 CAP] + 1.0 x[turn2] =

1.0 x[bot CAP] + 1.0 x[bot W2E] +

1

1

.0 x[bot N2S]

1.0

.0 x[bot N2S]

1.



Cable Drum

modelling of physical systems
collaboration with The Mathworks
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ClassDiagrarmsy3 " TransformationToolbar

Edge _%} 3 n

T e .
3£ E = ﬂﬂ%%ﬂﬂﬂj New Edit| New Help| New€fain | NewMotor| Mew CableDrum| New Loas|
Tases T | =| S| 5| m| =| 83| &

|

Editing ATOM3Constraint X Attributes:
- Type =2 String
o Klam trines
o R | :
Set Spaces Per Tab 7
mgm checkType £+ POST condition EEEQTEET - 6 &1a:
Ed]t]ng ﬁcvﬂltﬂgﬂs. L if self.Type.getValus(] !'= "SF" and self.Type.getl: 2l Graghical A ﬂ
V1= reEes taphical_Appearance edi
3 T { self.Type.setValue("SE"] E£5_2_| di=Source, min= 0. max=1 A"
fl_,lr‘||:h|:|r‘| [ ] iprint "Sorry! Please wake sure the type is either 3 cardinlty Edit
F (Flow Source) or 3E (Effort Source) '™ -} |
" alue 110.0 New | Tv0e tpe=Sting it value=5E || ptributes
y Name type=5tring ni value=ES “Type
attibutes Edt [[Valu tpe=Float nit value=0.0 _Narmie
Uit type=Sting initvalue=olls ;
fquHE a0.0 function type=Shing inl value=constant ~|- ‘S.ISI‘I
-Out:: {
BGTupe|Se e [ ]2 o
Constraints Edit - ‘OutT_N
-In_Iyp
Mame [AC Yoltagel - o
— Hew [fotatetiiowEnd - conns = == || - directi
Type  |ACSource¥oltage_E e = crions
= rotate
|| = setinC
display edit Cardinali
OF. Cancel 0 E “ToEni
stract r e
I ' 0ocA edit
oK. Cancel
oK Cancel S

i |
I‘ O I l |Ednmg ‘Ci/atom3/Uzer Formalisms/BondGraph/BondGraph_CD_MDL py' (not modified) \Edmngtvansf % (not modified) in file ' ormalisrme/BondGraph

Attributes



Dsheet: the Designed Spreadsheet
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modelling of queueing systems
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simulation
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(software) process modelling

At different levels of abstraction:
* “‘management” level (planning)
* “operational” level (orchestrating) Freter 1

Using most appropriate formalisms: /g

* Forrester System Dynamics

* Process Interaction é@ , ! i
o DEVS 1 W1 PH ) = .

C
* Statecharts
o LA PH2 R E
l

Continuity between
abstraction levels, formalisms !




Modelling, Simulation and Design Lab

* applications of domain-specific modelling

* domain-specific visual modelling
specification of reactive behaviour
link concrete and abstract syntax

* meta-modelling and model transformation (GG)
challenges: (meta-) model evolution,
model version control, inverse transformation, ...

* theory:
new formalisms, multi-formalism modelling
formalism transformation
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