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» DEVS specification hierarchy
» Frame Interface — Frame Behaviour - Frame System

Frame inner structure
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Observation collector

Experimental Setup

Solver(s)
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» focus on activities
» process centric
» calibration, validation, verification

Denil, Klikovits, Mosterman, Vallecillo, Vangheluwe. 2017

Klikovits et. al. Modeling Frames stefan.klikovits@unige.ch




validity, substitutability, compositionality, comparability, reproducibility



focus on activity



calibration, validation, verification


Need a context
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ONE DOES NOT SIMPLY,

1GNORER MODELS CONTEXT

Klikovits et. al. Modeling Frames stefan.klikovits@unige.ch



What is it good for?

Modeling
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choosing models from libraries

model composition & decomposition
validation, verification, reproducibility, . ..
safety certification
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Let’s define a model creation frame... m

Frames

1. Context

O:

A: Colour sequence fixed.
A: Phase lengths constant.
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Let’s define a model creation frame... m

Frames

1. Context

C: Model must be a
state machine.
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Let’s define a model creation frame...

Modeling 9

1. Context
2. Activity

>

Klikovits et. al.

Frames

’

:Observe system
under study

:Conceptualise ]
:Model system
under study

éﬁ :Model

Modeling Frames
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Let’s define a model creation frame... m

Frames

1. Context
2. Activity

after(Ty)

>

Traffic light state machine
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Let’s define a model creation frame... m
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1. Context
2. Activity

after( Tg)

O: Create a model to learn ."
about TL timing.
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A: Phase lengths constant.

after(Ty)
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state machine.

Traffic light state machine

Klikovits et. al. Modeling Frames stefan.klikovits@unige.ch



All you need is ... frames!

Modeling
Frames 10J

All modeling activities performed in contexis!
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All you need is ... frames!
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All modeling activities performed in contexts!
Modeling Activity: (Inputs, Outputs, Process)
Modeling Context: (Objectives, Assumptions, Constraints)
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All you need is ... frames!

Modeling
Frames 10J

All modeling activities performed in contexts!

Modeling Activity: (Inputs, Outputs, Process)

Modeling Context: (Objectives, Assumptions, Constraints)
Modeling Frame: (Activity, Context, Frame*)
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Validation frame
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General Objective
Make sure that modeling assumptions hold!
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Validation frame
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General Objective
Make sure that modeling assumptions hold!

O Assert colour sequence is
fixed.

O Assert phase times are
constant.
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Validation frame
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General Objective
Make sure that modeling assumptions hold!

A 48 hours of data suffice.
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Validation frame
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Frames 11

General Objective
Make sure that modeling assumptions hold!

A

C Precision in seconds at
least.
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Validation frame
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General Objective
Make sure that modeling assumptions hold!
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4
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P
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0] *
:Compare :Compare
sequences durations
A
C
:Properties
satisfied

Validation process
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Frame types
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» Modeling Frame
» Validation Frame
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CF: modify parameter values, model similar to the real system



VF: model can fulfil purpose; produce required information



OF: adapt parameters - improve model (better performance, higher precision)



EF: execute model to test hypotheses, draw conclusions or gather data


Frame types

» Modeling Frame
» Validation Frame

» Calibration Frame

Klikovits et. al.
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Calibration process
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CF: modify parameter values, model similar to the real system



VF: model can fulfil purpose; produce required information



OF: adapt parameters - improve model (better performance, higher precision)



EF: execute model to test hypotheses, draw conclusions or gather data


Frame types

v

v

v

v
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Modeling Frame
Validation Frame

Calibration Frame
Verification Frame

®
!

:Model execution

]

:Data collection

]

:Data comparison

l

:Result assessment

®

Modeling Frames
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CF: modify parameter values, model similar to the real system



VF: model can fulfil purpose; produce required information



OF: adapt parameters - improve model (better performance, higher precision)



EF: execute model to test hypotheses, draw conclusions or gather data


Frame types

>

Modeling Frame
Validation Frame

v

Calibration Frame
Verification Frame
Optimization Frame

v

v

v
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:Parameter setting

]

:Model execution

l

:Data comparison

]

:Result assessment

®

Optimization process
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CF: modify parameter values, model similar to the real system



VF: model can fulfil purpose; produce required information



OF: adapt parameters - improve model (better performance, higher precision)



EF: execute model to test hypotheses, draw conclusions or gather data


Frame types

Modeling
Frames 12

» Modeling Frame [ :Mode?lsetup J
» Validation Frame 1

. . [ :Measurement setup ]
» Calibration Frame I
» Verification Frame ( :Data collection )
» Optimization Frame [ o in s J
» Experimentation Frame @

Experimentation process
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CF: modify parameter values, model similar to the real system



VF: model can fulfil purpose; produce required information



OF: adapt parameters - improve model (better performance, higher precision)



EF: execute model to test hypotheses, draw conclusions or gather data


Frame types
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Modeling Frame
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Verification Frame
Optimization Frame
Experimentation Frame
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CF: modify parameter values, model similar to the real system



VF: model can fulfil purpose; produce required information



OF: adapt parameters - improve model (better performance, higher precision)



EF: execute model to test hypotheses, draw conclusions or gather data


Basic Frames
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recurring subframes — not necessarily atomic
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MEF: setup, run, record



DCF: DC specification, measurement setup, observation, data adaption



DCF: data adaption, data comparison, assessment


Basic Frames

Modeling
Frames 13

recurring subframes — not necessarily atomic

’

) :Setup ]
» Model Execution Frame 1

:Run ]

L

:Record ]

®

Model execution process
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MEF: setup, run, record



DCF: DC specification, measurement setup, observation, data adaption



DCF: data adaption, data comparison, assessment


Basic Frames
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recurring subframes — not necessarily atomic

’

:Data collection specification

L

( )
» Model Execution Frame [ ‘Measurement setup J
( )
( )

» Data Collection Frame .
:Data observation

]

:Data adaption

®

Data collection process
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MEF: setup, run, record



DCF: DC specification, measurement setup, observation, data adaption



DCF: data adaption, data comparison, assessment


Basic Frames
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recurring subframes — not necessarily atomic

’

) :Data adaption ]
» Model Execution Frame 1

» Data Collection Frame ( ‘Data comparison

» Data Comparison Frame 1
:Assessment ]

®

Data comparison process
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MEF: setup, run, record



DCF: DC specification, measurement setup, observation, data adaption



DCF: data adaption, data comparison, assessment


Basic Frames

Modeling
Frames 1‘3

recurring subframes — not necessarily atomic

Model Execution Frame
Data Collection Frame
Data Comparison Frame

v

v

v
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MEF: setup, run, record



DCF: DC specification, measurement setup, observation, data adaption



DCF: data adaption, data comparison, assessment


Conclusion
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» avoid underspecified contexts
» specification framework
» formal basis
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Tool support + DSL

Frame types & basic frames
Frame logic

Complete case study

vV v v v
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improve usability, guide user



discover recurring frames



outlined, but not proven



best practices, frame usability
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Ontology
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Synthesis
System Activity [€——  Analysis

Inputs
Outputs
* Process
Modeling Activity

Optimisation

Validation
Calibration
Verification

Objectives

0 Assumptions

Constraints
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