M&S Workshop ‘ONE SIMULATION MODEL IS NOT ENOUGH?!’, Univ. Rostock, 2019/23/04

SPECIFICATION & EXECUTION OF
SIMULATION MODELS &

EXPERIMENTS
(with focus on engineering)

Thorsten Pawletta, Artur Schmidt
(Sven Pawletta, Christina Deatcu, Birger Freymann,
Hendrik Folkerts, Georg Kunert, David Jammer)

Research Group

(EA

Computational
Engineering & Automation

Thorsten Pawletta
thorsten.pawletta@hs-wismar.de
www.cea-wismar.de
www.cea-wismar.de/pawel



4 1

Outline

1.

2
3
4.
5

Introduction & Motivation

SES/MB Approach & Extensions (eSES)

From Experimental Frames (EF) to Experiments
Automation of Experiments

Conclusion & Further Works

2" to 4" are based on the submitted (10/2018) PhD Thesis:
Artur Schmidt, Variantenmanagement in der Modellbildung und
Simulation unter Verwendung des SES/MB Frameworks.

M&S Workshop ‘ONE SIMULATION MODEL IS NOT ENOUGH?’, Univ. Rostock, 2019/23/04



i 1. Introduction & Motivation 9

The RG CE(A)

We are engineers with focus on the dev of comp. methods and
tools for solving engineering problems.




1 1. Introduction & Motivation 3

Our Methods & Tools

* Methods
* M&S (DEVS, SES/MB, ..))
* Control engineering
* Distributed & parallel computing
* Machine Learning (NN, RL, ...), ...
* Software
* SCEs: MATLAB/Simulink, Octave, Open Modelica, ...

* Python, C, ...
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Why is the Topic Important for Eng.?

* Today's cars have more than 50 single electronic control units
(ECU); each may be instantiated in many different ways.?

* Soft. dev. of ECU is a model-based process = f€aN\ top

- - - obstacle
- - position

Typical problems/requirements using the
example of a power window controller (PWC)? 4

— bottom

) Sebastian Oster, Feature Model-based Software Product Line Testing,
PhD thesis, Darmstadt, 2011.
2 The MathWorks, Power Window Controller Example, MATLAB/Simulink Doc.
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Model-Based Dev of PWC

Window system Several variant submodels

Switches - 1. ODE. modeling diff. levels of detalil
% L2 using diff. modeling methods
by s T * Various experiments to find

" & = = best configuration
o Window world screening, ..., optimization
0 »ENSS| ,.ODE
gear angle | raw fl ne
@ object_present

Simulink_3D_Animation View

Detect_obstacle_endstop

O

P, witn QDE  ==p X Statechart »Statechart yStatechart reset
@y Ymewrgy o=} Nmeeogrse »granular heoee fing X2)
move_up amature_current endsiop 4 )1\ » obstacle

@ Continuous _ )®
s ... and more non-variant submodels
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ONE MODEL & ONE EXPERIMENT (METHOD)
ARE NOT ENOUGH to design perfect controllers!

Need to manage various models and experiments.
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Our Goals

* Improvement of today‘s model-based dev process using the
System Entity Structure / Model Base (SES/MB) approach

Status: ,SES as an organizer of models & frames**
(FAMILY of MODELS)

1. Extension of the SES/MB approach to a
FAMILY of MODELS and EXPERIMENTS (in short E)

2. Infrastructure for experiment automation

) B.P. Zeigler, Multifacetted Modeling and Discrete Event Simulation, Academic Press, 1984.
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SES/MB Approach
‘ Systems ‘
I
l separation of specification l
Structures Components

I

System Entity Structure

=

B
pruning l

Pruned Entity Structure

formal

- linkage

R

Model Base

[

T

build

Executable Model

A sc ]

SES specifies a
family of models
(structures, params)

MB organizes
configurable,
composable
basic models

pruning derives a
unique model config

build generates an
exec. model config
for a simulator
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SES/MB Approach eSES Extensions
Systems
I
separation of specification .
l l « SES Variables
Structures Components SES Functions
l l * SES input
interface
System Entity Structure Model Base  variable config of
I | | _formal | L u d node attributes
I | [ 1 finkage 14 A -‘ﬂl- B -ﬂ;} C dj (couplings,
selection rules,
eSES | variables)
prunmg(SE%VarSettmgs) * Semantic constrains

Executable Model o e -
Pruned Entity Structure Specific mb Attribute

| | r-'j
| I_I_I build _,|. 5 ._.|. c .|_>
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10
Concept of Experimental Frame (EF)"?
g
Context .« Yo "~ | Model Under | Model Under Study
(MUS)
Experimental Frame
Experimental Frame (EF)

EF defines the context for using a model
(circumstances of experimentation)
* Objectives, boundary conditions, ...

* Different EF for one model
* One EF for several models
 Modular, hierachical structure of EF

1) B.P. Zeigler, Theory of Modeling and Simulation, John Wiley & Sons, 1976

2) Fig. in accordance with M.K. Traore, A. Muzy, Capturing the dual relationship between simulation models and their context.
Simulation Modeling Practice and Theory, Elsevier Pub.,14(2006)126-144.
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Concept of Experimental Frame (EF)"?

e T Simulator
" modeling T2
Context .« - N | Model Under | Model Under Study
(MUS)
Experimental Frame
Experimental Frame (EF)
Simulation Model

EF & MUS - Simulation Model
which is executed by a Simulator

1) B.P. Zeigler, Theory of Modeling and Simulation, John Wiley & Sons, 1976
2) Fig. in accordance with M.K. Traore, A. Muzy, Capturing the dual relationship between simulation models and their context.
Simulation Modeling Practice and Theory, Elsevier Pub.,14(2006)126-144.
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Common Implementation of EF

11

—
Ig

Simulation Model

In(t) Model Under Study

Ou(t)
>

— Generator

]

)—»

Experimental Frame

Acceptor

V(t)

OM(t)

Transducer

>

>

—1

—
Of

Experiment (E) provides input vals {l_, I_.} for Simulation

Model & Simulator and gets output vals {O_, O_} from both.
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(1) Structures and Classes of Experiments

__________ o Eter | EXPERIMENT CLASS
; Sin;ulation Model i Simple
results imulation E Sl > : . _ .
——  nethod o | - {Simulation Method}
us Pt [ | EF | > Mod. parameters

* Simulation Method provides input vals to Simulation Model &
Simulator and gets output vals from both.
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(2) Structures and Classes of Experiments

__________ o Eter | EXPERIMENT CLASS
| ; Sin;ulation Model i Simple
results imulation £ >l > : . ) _
—  lathed o | - {Simulation Method}
flus Pt [ | EF | > Modify parameters
. |
.......... o simulater | * Complex

Simulation Model i {SimUIation MEthOd,

IM IE -
results|  Experiment el simulation — Experiment Method}

Method Ou Method ok > Modify parameters
{Pent ) {Psu}

< EF o
1

* A supervisory Experiment Method (e.g. optimization) drives the
Simulation Method.
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Ex. of Complex Exp. - Sim-based Param. Optim.

{Gopt;
(901}

Optimization Method

Report

A

solution

i B L

- start point 9, € ©

3 :
- search space infofmation ©

|
- search algorithm parameters :
- tolerances for termination condition i
|
|

Simulation Model

Simulation Method
Specity 9\ | configuration )
(additional) > < I v T
system configurations _/ | rﬁo—d-el-e-xéc-u-’u?)ﬁ]

(’\ . 2
f(9)) . datacollection |

< N ____
ermination \ . analysis 1
condition ><| | 77777 v T
- evaluat \1

SR P

] 4 g

: 3
- simulator speciffc®parameter
- simulation time

f(S5)

EF
Sl - >
—~{ G ]

_L_'__________

Pyl

LA =

(G

<
<

Computation of
objective fcn value
in transducer(T)

Experiment Method (Optimization Method) interface
corresponds to methods in numerical libraries
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(3) Structures and Classes of Experiments

SES/MB EXPERIMENT CLASS

 Simple
{Simulation Method}
> Modify parameters

 Complex
{Simulation Method
Experiment Method}
> Modify parameters

. 9e0 9e0 . _
L “ethod o | ™ | o | s - Family of Models
{0 € Pey} A {Psy } h {SESIMB
) Simulation Method
Model management using SES/MB Experiment Method}
provides a Simulation Model (structure & > Modify structures

H . L > Modi t
parameter config), representing a specific odify parameters

member of the Model Family
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(4) Structures and Classes of Experiments

EXPERIMENT CLASS
eSES/MB * Simple

MUSV2 MUSY 3 {Simulation Method}

T H H > Modify parameters
LA HXEDCH | complex

Experiment Simulation

I 1 1

] 1 |

.  Method 1 . : Method 1 {Simulation Method
. Experiment : . Simulation —M Experlment Method}
» Method 2 | . Method 2 | ' > Modify parameters
' . LR T H| * Family of Models

1 Experiment ' Simulation — i {SESIMB

bt ! + [ESthed™ : | Simulation Method

o [ 1 [l 4

" ! . i Experiment Method}

— »> Modify structures &
\_ > Modify Parameters

V

Y€l
Experiment ‘ : . .
1%p Simulation Simulation .
Teg7| Method Method |_ f(9) Model * Family of Mod & Exp
18 ¢ Pag? et " {eSESIMB

Model & Experiment management using eSES/ ."|3/|Odify structures

MB provides an Experiment config (Simulation > Modify parameters
Model, Simulation & Experiment Method) representing a > Modify Simulation
specific member of the Model & Experiment Family > and Exp. Methods
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Family of Models & Experiments (E)

means a set of various
 Models Under Study (MUS)
e Experimental Frames (EF)
* Simulation Methods

* Experiment Methods
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eSES/MB for a Model & Experiment Family (E)

Variant Analysis

\ 4

\ 4

Conceptual

Conceptual

Experiment Structures Experiment Components

Y

Variant Formalisation

Y

Formal

Formal

Experiment Structures Experiment Components

\ 4

Variant Implementation

\

System Entity Structur M

formal

o
odel Base

EF | MUS
GAT

Executable Experiment

-

8 EM 21 SM ::::SimMI

* SES specifies a family of

models & experiments (E)

MB organizes basic models
and components for
composing:

* MUS — Models Under Study
* EF — Experimental Frames
* SM - Simulation Methods

* EM — Experiment Methods

pruning derives a
unique E config

build generates an
executable E config
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Ex: Part of MB for Model & Experiment Family

ModelBase
. ExperimetMethod
. IScreening | i 3 cpc app  ygc
l : fp pp
l cpc cpc ;
| pcp Pep i qer vch P
| qresults crk 4qresults crK | {tsim}  crk
: {FSpace,N} {FSpace,design,res} ' : : ModelUnder
x : I Simulation Study(MUS)
. Elementary DesignOf | Method(SM)
' : Effect(EE) Experiment(DOE)
FES SRS S S S e s s Es s R s s S e A i
| SensitivityAnalysis : : .ExperimentalFrame
[ I R '
' : cpep cpep, L rGenerator : '
' {results crk dresults cr(: L 3 3!
: {FSpace,N} {FSpace,N,idx,te} I L : ;?p 9 ;?p g : :
. RandomBalance Sobol(SBL) | B yvc poutp Jve poutp X
' Design(RBD) . Lo {matType} {matType} L
| . ;
e K  PartTypeA(GPTA) PartTypeB(GPTB)
| Optimization ¥ o P e s i, e i B i s -
| I ITransducer '
I cpch cpcp . : :
| L
qresults qresults crg!.
. crf <o e outh P outh |
- {tol,SSpace,numOfGen, {tol,SSpace,Ta} | |+ '
: : crovType, mutType,popSize, Simulated : : 5 | :
| crovRatemutRate) Annealing(sa) | | PeakLoad(TPL) OverallWork(TOW)
I
|

GeneticAlgorithm(GA)
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EXx. Part of eSES specifying a Family of Models & Exp. (E)

ComplexExperiment

ComplexExperiment-Dec

{(EM.cpc,SM.cpc),(SM.ap, SimModel.ap), (SM.f, SimModel.f),(SM.vc, SimModel.vc);
(SimModel.out, SM.cr), (SM.cr, EM.cr), (EM.results,ComplexExperiment.results)}

eSES specifies a family of
Tyt || sminionted! models & experiments (E)

__________ o eiiieeeeooi.._.» SimulationModel-Dec .

{(SimModel.ap, EF.ap),(SimModel.f, EF.f); Wlth G
(SimModel.vc, EF.vc),(EF.gc, MUS.gc); .

(EF.pout, MUS.pin),(MUS.P,EF.P);

(EF.out, SimModel.out)}

ExperimentalFrame

...................................................... * 1 Model Under Study
i ExperimentMethod-Spec perimentalframe-De O e n er u
H (e s ) {(EF.ap, G.ap), (EFf, G.f), (EF.vc, G.vc); =
==sc-5creening; (T.out, EF.out), (G.pout, EF.pout), (G.gc,EF.gc); ® 4 E I I I t I F I I I
EM==sa-SensitivityAnalysis; (EF.P,T.P)} P P ¢ ¢ X e r I e n a ra e S
EM==o0pt-Optimization} ' ]
[ i :Generator Transducer

{matITrpe =100Cr6 } |

e 1 Simulation Method
(necplopesstons 8 Experiment Methods

Generator-Spec

ULl
PartTypeA

Par';lepeB PeakLoad ||OverallWork]
{mb = GPTA}||{{mb = GPTB} {mb = TPL} |[{mb = TOW}
IT IT I
Screening SensitivityAnalysis Optimization
{FSpace ={...}} {FSpace ={...}} {tol = 1e-3;
SSpace = {...}}

SensitivityAnalysis-Spec

{SA==rbd-RBD; Optimization-Spec
SA==sob-Sobol} | |(op‘r:=ga—»GeneticAIgorithm;

Screening-Spec

{SC==ee-ElementaryEffect;
SC==doe-DOE}

OPT==sa-SiulatedAnnealing}
A Random Sobol
Elementary| DesignOf Balgn_ceDe_sign {mb = SBL; | | l |
Effect Experiment {W—ESOBD' N = 500; | caietic Simulated
{mb = EE; {mb = DOE} = ¥ idx = first oder; : Annealing
N = 500} 1 te = yes} {Algborlt6hAm [mb = SA
= mb = GA; = SA;
D"efg’ ameﬁ,’fgf”%esign_ numOfGen = 1000; | Ta = 1000}
2 . crOvType = two point;
Di fract-FranctionalDesign} mutTyyppe - bit ﬂig}
FﬁilDesign Fract'itlanaIDesign
{design = full {design = fractional; OptParameter-Spec
resLevel = 4} {GA -Dejong;

GAP==gref-Greffenstette}
SES Variables Semantic Conditions

{EM,SC,DP,SA, EME({sc,sa,opt} SCE{ee,doe} De'jt'mg Grefe'rllstette
OPT,GAP,GE, TR} DPE&{full,fract} |SAE{rbd,sob} {popSize = 50; {popSize = 30;
: OvRate = 0.6; crOvRate = 0.9;
OPTE{ga,sa} GAPE{djgref} cr g ;
tRate = le- tRate = le-2
GEE{pta,ptb} 'TRE{pl,ow} mutRate = 1e:3})[ mutRate = 16-2}
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EX. PES specifying a Unique Experiment Config (E)

ComplexExperiment

Experiment-Dec

{(EE_SC_EM.cpc,SM.cpc),(SM.ap, SimModel.ap);
(SM.f, SimModel.f),(SM.vc, SimModel.vc), (SimModel.out, SM.cr);
(SM.cr, EE_SC_EM.cr), (EE_SC_EM.results,ComplexExperiment.results)}

SimulationMethod
{mb = SM;
tsim = 604800}

Simulati

onModel

ElementaryEffect_
Screening_ExperimentMethod
{mb = EE;

FSpace ={...};

N = 500}

Simulation

Model-Dec
{(SimModel.ap, EF.ap),(SimModel.f, EF.f);

(SimModel.vc, EF.vc),(EF.gc, MUS.gc);
(EF.pout, MUS.pin),(MUS.P,EF.P);

(EF.out, SimModel.out)}

|
ExperimehtalFrame ModeIUn'derStudy

{mb = MUS}

I
ExperimentalFrame-Dec

{(EF.a

p, PTB_G.ap), (EF.f, PTB_G.f);

(EF.vc, PTB_G.vc), (PL T.out, EF.out);
(PTB_G.pout, EF.pout), (PTB_G.gc,EF.gc);

(EF.P

,PL_T.P)}

PartTypeB_'Generator
{mb = GPTB;
matType = 100Cr6}

Pea kLoad_"I'ra nsducer
{mb = TPL}
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Ex. of an Executable Experiment Config
(built based on PES & MB)
ComplexExperiment SimulationModel
ModelUnder
4
ExperimentaIFramegc P
cpc—>{cpc apl—2E>Pap
results : P . f I gc Lp out Loutlout
results o - e ve el pout
{FSpace={...}, cr {mytType=100Cré}
= PeakLoad
N=500} {tsim=604800} PartTypeB_Generator T;ansdo:ce_r

Elementary Simulation

Effect_Screening_
ExperimentMethod Hethod
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Infrastructure

SES/MB Framework
SES MB

Experiment Control

* Experiment Control

es | activates generation
EM . SM. EF 'MUS
’_u,—_'_lj’__l_‘ GAT of a set of E by the
| pruning l eSES/MB ...
PES "ﬁ
— — Lt i
build * Experiment Control
activates execution
Experiment Execution Unit Of a SEt_Of E b - the
sequential ! parallel Execution Unit (real
! ' exec. env.)
E1 Enh |« | E1 En
. ' A | i
experiment| . Lo R * Experiment Control
results N s
E2 |-> Ei || [E2| | ! Ej | analyzes results and

reacts recursively
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Infrastructure
Experiment Control SES/MB Framework . Experiment CO“tI"Ol
SeSvariables|  SES MB activates generation
EM  SM: EF 'MUS
’_u,—_'_lj’__l_‘ GAT of a set of E by the
e | | pruning eSES/MB ...
PES R Hﬁ
" buid  Experiment Control
activates execution
Experiment Execution Unit Of a SEt_Of E b - the
E || sequential ! parallel Execution Unit (real
> ! ' exec. env.)
E1 Enh |« | E1 En
. ' A | )
Lexperiment] Lo R * Experiment Control
results et o
E2 |-> Ei || [E2| | ! Ej | analyzes results and

reacts recursively
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Experiment Control

SES Var/ab/e§

SES/MB Framework

SES

25

* Experiment Control

activates generation
of a set of E by the
eSES/MB ...

experiment
results

MB
EM /SM: EF /MUS
GA,T
lpruning
PES Hﬂ
— > E
build
Experiment Execution Unit
sequential ; parallel
1
E1 En | . | E1 En
: JE T -
\ - .
E2 |-->! Ej : | E2 ! Ej :
-t -

Experiment Control
activates execution
of a set of E by the
Execution Unit

(exec. comp. env.)

Experiment Control
analyzes results and
reacts recursively
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Experiment Control

SES Var/ab/e§

A

SES/MB Framework

SES MB

EM . SM. EF /MUS
G,A,T

26

* Experiment Control

activates generation
of a set of E by the
eSES/MB ...

\

lpruning l

PES Hﬂ

— E
build

! lgxperiment
results

Experiment Execution Unit

sequential ; parallel

E1 En
! A
\/ i

E2 | - > Ej !

Experiment Control
activates execution
of a set of E by the
Execution Unit

(exec. comp. env.)

Experiment Control
analyzes results and
reacts recursively
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Infrastructure

Experiment Control SES/MB Framework

SES MB

* Experiment Control
activates generation

[ EM . SM. EF 'MUS
’_u,—_‘_lj’__l_‘ GAT of a set of E by the
| pruming l eSESIMB ...
PES - j
— — Lt i
build * Experiment Control
activates execution
Experiment Execution Unit Of a Set_Of E b - the
sequential ! parallel Execution Unit (real
! ' exec. env.)
E1 Enh |« | E1 En
. ' A | :
expenment! Lo T * Experiment Control
results N s
E2 |-> Ei || [E2| | ! Ej | analyzes results and

reacts recursively
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Experiment Control SES/MB Framework

SESVar/ab/e§ SE! S

EM /SM/ EF /MUS
GA,T

E || l pruning

A

|

28

* Experiment Control

activates generation
of a set of E by the
eSES/MB ...

PES =1
[ I_I_I . "
build
Experiment Execution Unit
E || sequential ; parallel
> 1
E1 En | . | E1 En
1 ‘ 1
experiment . ! e SR PP
results y _——— ] -————
E2 |-->! Ej : . | E2 ! Ej :
-t -

Experiment Control
activates execution
of a set of E by the
Execution Unit (real

Prototypes by FG CEA

* MATLABI/Simulink/Simevents... : MATLABIDEVS

* WIP: Python/OpenModelica/FMI

exec. env.)

Experiment Control
analyzes results and
reacts recursively
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Conclusion & Further Works

v Approach for spec. of family of models & experiments
v Infrastructure for automation of experiments

v Prototypes in MATLAB & Python (WIP)

* Improvement of approach & prototypes

* More technical proofs by applications

* Acceleration of computation by DP methods

* Integration with learning methods (RL)



Yy

Experiment Control SES/MB Framework
SESVariables SES MB
> I I EM/SM. EF /MUS
[ |_|_| I l

l pruning

hank wa‘j translation —
- questions?

Experiment Execution Unit

E> I Ej !

' E> I Ej !

G  Cp———

E sequential : parallel
> I
Eq En | « [ E1 En
1
experiment :
results s i

|

I
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