Model Management
For and By
Validity Frames
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Sclence

* Building models to explain the world

* Models 'evolve'
e Why?

* Because our new observations do not match the predictions from the
previous model anymore!

* Or maybe, our resolution has decreased, meaning the previous model
is not as accurate as needed now.

* In other words, 'the evolved experimental frame and requirements
are not within the model's validity frame'




disclaimer

 The model need not always be 'conceptual’, and the modelled system
need not always be 'real’

Real Model Conceptual Model

Real System

Conceptual
System




What?

* Model the experimental frame
 Model the validity frame of a model
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Why?
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How?

* Frame
* The set of circumstances of an activity

* Experimental Frame
* The set of circumstances in which an experiment takes place

* Frame Specifications (diverge from Zeigler)
e Descriptors of the Experimental Frame




What is an experiment, then?

frame :

ExperimentalFrame

sus : System

env : Environment

voi : VariablesOfinterest

* A set of activities :
* Performed according to a defined workflow (Y |:
* On a specific system Eraciipeinen ||
* In a specific environment — N
* Under specific conditions (the frame) | J_
* To obtain certain variables of interest el

: ProcessVaol ; -

Used to compute properties of interest

* Variable of Interest
* Experiment traces
* Observable inputs/states/outputs

I'm thinking maybe the environment comes embedded within the experimental frame specification

‘ poi : PropertiesOfinterest




What is an experiment, then?

* Property of Interest :
 The final property/outcome of a system (Y |: e
* May or may not be observable e (|| masmen
* Usually relates to goal and requirement | en Enveonmen

specification

voi : VariablesOfinterest

processVol . I/ dout

Silsio U ; 3 ‘ pol : PropertiesOfinterast

* Process Vol activity
* algorithm which takes Vol
e and computesthe final Pol

e e.g. calculating Gain from input and output
amplitude

* Note: could be an identity function

<show experimental specification of notch filter>




But why waste time describing experimental
frames when the topic is validity frames?




But why waste time describing experimental
frames when the topic is validity frames?

* Because the validity frame of a model is a subspace of its
experimental frame space!

] > b
a and b are experimental frame parameters .|'




Validity

* The state of a system that satisfies certain goals which are measured
as properties of interest.

* Representational Validity

* The measure of how closely a model represents the system it models.
* The property of interestis a function of the distance between the properties of
interests of the model and the system it models.
e So, it is a function of:

* The system-specific properties of interest
* The distance function

* The distance threshold .




Validation
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But that is not all!

* The validity is also a function of the experimental frame / context!

* For example, the Ohmic resistor model fails:
* In higher or lower temperature than the reference temperature

* At higher power S L Vi
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Validity Frames

* A validity frame is a construct that is explicitly a function of the
model/system's:
* Properties of interest
* The distance function
* The distance threshold

* And any other modular steps involved in validation

* For example, the processVol activity may be modulari.e. here may be different was to
compute the same Pol from the same Vol which may result in different outputs.

* It is a subset of experimental frame space.




Abstract Frames

e Abstract Validity Frame (AVF)

* The (possibly infinite) set of all experimental frames in which a model is valid

e Abstract Invalidity Frame (AIF)
* The (possibly infinite) set of all experimental frames in which a model is invalid

AVFF!” UAIJ-_CII e U.”H

Iy

AVEF, NAIF, =&
Hin Hn
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Concrete Frames

* Concrete Validity Frame (CVF)

* The finite set of performed experimental frames in which a model is deemed
valid

* Concrete Invalidity Frame (CIF)

* The finite set of performed experimental frames in which a model is deemed
invalid

CVF,

[y In




init noFrame

Validation experiment s\

rec
frameArray : <
ConcreteFramel...] )
din din
checkFrame model . Model
— sus: System e
: EvaluateExperimentFrame
dout
— env. SimulationFrame — | —|—

* At least one experiment and —

newFramedout envmodel :

n . I t ) n ef: Model
O e S I l I l u a I O ConcreteFrame of
env
‘h sus
ef <
. cout . '
performExperiment - performSimulation
: PerformExperiment - : PerformExperiment
env cin
dout
expPol : Pol
sus e t
din \L—| cout w
vl
. ) simPol : Pol
threshold : Real e\ / gﬁ
deltaFunction : J
i threshold Function _) deltaComp
+ApplyThreshold in : ComputePolDelta
<— delta : Real

N 2 J
Ycout ivf:
_ dout nferedValidityFrame!
validity :
i Boolean
din .
din
% — —
manFr cout infVE
: ManageFrame > : InferValidityFrame cout
cin
rel : Relation
din

din ’r din




At least one experiment and
onhe simulation

* The model models the

system

init noFrame

v ﬁ : rec
frameArray : <&
ConcreteFrame]...| i
_— —  din din
checkFrame model : Model
— Ssus: System o
: EvaluateExperimentFrame _
dout
dout
) st
Env%ﬁent SimulationFrame —
dout 4
newFranedout envmodel :
ef: Model
ConcreteFrame
enV\L ef
sus
ef <
performExperiment performSimulation
: PerformExperiment : : PerformExperiment
env cin
expPol : Pol
sus Jout
din
\I/ | vl ]
threshold : Real l,;..\/ }, simPol : Pol
deltaFunction : J
. threshold Function g deltaComp
& LA )] in : ComputePolDelta
<— delta : Real
N\ Z J
Ycout ivf:
dout nferedValidityFrame
validity :
) Boolean
din .
din
%
manFr cout infVE
: ManageFrame . InferValidityFrame cout

din 1‘ din

cin

rel : Relation |———>]
din




init noFrame

* At least one experiment and e i

— sus:System
SUS - 2ySTelm EvaluateExpenmentFrame

onhe simulation —

1 E — t SimulationFrame —|—
nvironmen
dout ~—
newFramedout envmodel :
ef: Model

ConcreteFrame
enV\L ef

model : Model

* The model models the

sus
system e d
performExperiment - performSimulation
: PerformExperiment [ : PerformExperiment
env cin
expPol : Pol
sus jout

* The experimental and g
simulation frame should
correspond

simPol : Pol

uiuv },J

deltaComp
: ComputePolDelta

deltaFunction :
Function

threshold
ApplyThreshold

<— delta : Real

A4 J
Ycout ivi:
d out InferedValidityFrame|
validity :
) Boolean
din .
din
% —_— ]
manFr cout
: ManageFrame > InferVaIldltyFrame cout
cin
rel : Relation
din

din 1‘ din




init noFrame

, VX rec
At least one experiment and ot —; i

checkFrame

model : Model
— Sus: System

O n e Si m u Ia t i O n dout : EvaluateExperimentFrame dout -

env: SimulationFrame ———|—|—

Environment

dout

A4
newFranedout envmodel :
ef: Model
ConcreteFrame
The model models the wl,
cin
sus
system e d
' cout ) )
performExperiment - performSimulation
: PerformExperiment [ : PerformExperiment
env cin
do
expPol : Pol
sus jout

The experimental and gl mpe—
simulation frame should
correspond

L.illv 5 l
)=

deltaComp
: ComputePolDelta

deltaFunction :
Function

threshold
ApplyThreshold

<— delta : Real

N Z J
Ycout ﬂ
The types of the Pols should o | )
be the same moe N o E ]
: ManageFrame c; InferVaIldlt Frame cout

din 1‘ din




 Compute Delta from Pol

init noFrame

A4 AN rec
frameArray : <&
ConcreteFrame]...| i
din din
checkFrame model : Model
— Sus: System o
: EvaluateExperimentFrame
dout
dout
_ st
— Env%-nent SimulationFrame ———|—
dout 4
newFramedout envmodel :
ef: Model
ConcreteFrame
—_— env
us
ef
performExperiment performSimulation
: PerformExperiment : : PerformExperiment
env cin
expPol : Pol
sus jout
din
\b | Vl ]
threshold : Real ""'\V’ simPol : Pol
deltaFunction :
threshold Function deltaComp
ApplyThreshold in

delta : Real l<—4
dou

: ComputePolDelta

| cout ivf

validity :

mankFr

: ManageFrame

Boolean
din
infVE
. . InferValidityFrame cout
cin
rel : Relation
din

d Outf nferedVr:TdityFrame




 Compute Delta from Pol
 Based on a delta function

init noFrame

v ﬁ : rec
frameArray : <&
ConcreteFramey...] )
din din
checkFrame model : Model
— Sus: System o
: EvaluateExperimentFrame
dout
dout
: sf:
— Env%ﬁent SimulationFrame ———|—
dout 4
newFramedout |  envmodel :
ef: Model
ConcreteFrame enV\L ef
sus
ef <
performExperiment performSimulation
: PerformExperiment : : PerformExperiment
env cin
expPol : Pol
sus jout
din
\I/ | Vl ]
threshold : Real l,;“\/ }’ simPol : Pol
deltaFunction : J
. threshold Function N deltaComp
& LA )] in : ComputePolDelta
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dout
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validity :
) Boolean
din .
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din
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 Compute Delta from Pol
 Based on a delta function

* Apply Threshold
* Non-negative threshold

init noFrame

v ﬁ : rec
frameArray : <
ConcreteFramey...] )
din din
checkFrame model : Model
— Sus: System o
: EvaluateExperimentFrame
dout dout
, st
— Env%ﬁent SimulationFrame ———|—
dout 4
newFramedout | envmodel :
ef: Model
ConcreteFrame
enV\L ef
sus
ef <
performExperiment - performSimulation
: PerformExperiment [ : PerformExperiment
env cin
expPol : Pol
sus jout
din
\I/ | vl ]
threshold : Real l,;“\/ y! simPol : Pol
deltaFunction : }J
. threshold Function deltaComp
+ApplyThreshold : ComputePolDelta

<— delta : Real

cout |dout “ACin

(

Ycout ivf:

cin v

d out InferedValidityFrame|

validity :
) Boolean
din
din
%
manFr cout
: ManageFrame > InferVaIldltyFrame cout
cin
rel : Relation
din

din 1‘ din




 Compute Delta from Pol
 Based on a delta function

* Apply Threshold

* Non-negative threshold
e Decides the amplitude of delta

init noFrame

v ﬁ : rec
frameArray : <
ConcreteFramey...] )
din din
checkFrame model : Model
— Sus: System o
: EvaluateExperimentFrame
dout dout
, st
— Env%ﬁent SimulationFrame ——— | —|]—
dout 4
newFramedout | envmodel :
ef: Model
ConcreteFrame
enV\L ef
sus
ef <

performExperiment - performSimulation

: PerformExperiment [ : PerformExperiment
env cin

expPol : Pol
sus jout
din \? ]

threshold : Real

simPol : Pol

threshold

deltaFunction :

ApplyThreshold

uiuv },J

din

Function deltaComp
in : ComputePolDelta
<— delta : Real
N Z J
Ycout ivf:
d out InferedValidityFrame|
validity :
Boolean

cout

mankFr

: ManageFrame

din 1‘ din

rel : Relation

A

»
cin E
din

din
% —_— ]
InferVaIldltyFrame cout




 Compute Delta from Pol
 Based on a delta function

* Apply Threshold

* Non-negative threshold
e Decides the amplitude of delta
* Boolean validity output

init noFrame

N/ 7N rec
frameArray : <
ConcreteFrame]...| i
din din
checkFrame model : Model
— Sus: System o
: EvaluateExperimentFrame
dout
dout
, st
— Env%ﬁent SimulationFrame ———|—
dout 4
newFramedout | envmodel :
ef: Model
ConcreteFrame enV\L ef
sus
ef <

performExperiment - performSimulation

: PerformExperiment [ : PerformExperiment
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expPol : Pol
sus jout
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simPol : Pol

ApplyThreshold

: ManageFrame

threshold : Real

threshold

deltaFunction :
Function

uiuv },J

deltaComp

manFr cout

in : ComputePolDelta
<— delta : Real
N Z J
Ycout ivf:
d out InferedValidityFrame|
validity :
) Boolean
din

din 1‘ din

rel : Relation

> InferVaIldltyFrame
cin
din

din
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 Compute Delta from Pol
 Based on a delta function

* Apply Threshold

Non-negative threshold

Decides the amplitude of delta

Boolean validity output
YAY! TASK COMPLETE!

init noFrame

N/ 7N rec
frameArray : <
ConcreteFrame]...| i
din din
checkFrame model : Model
— Sus: System o
: EvaluateExperimentFrame
dout
dout
, st
— Env%ﬁent SimulationFrame ———|—
dout 4
newFramedout | envmodel :
ef: Model
ConcreteFrame enV\L ef
sus
ef <

performExperiment - performSimulation

: PerformExperiment [ : PerformExperiment
env cin

expPol : Pol
sus jout
din \? |
simPol : Pol

threshold : Real

threshold

deltaFunction :
Function

ApplyThreshold

uiuv },J

deltaComp
: ComputePolDelta

N Z
Ycout

in
<— delta : Real
validity :
) Boolean
din

cout

mankFr

d out InferedValidityFrame|

: ManageFrame

din 1‘ din

rel : Relation

';E InferVaIldltyFrame cout
cin
din
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init noFrame

A4 AN rec
frameArray : <
ConcreteFrame]...| i
din din

checkFrame

model : Model

— Sus: System

* Need to manage the e

env: SimulationFrame ———|—|—

information that we have! _
(MOdeI management) Concr(%ﬁame newFramedout

envmodel :
Model

enV\L ef

 Create relations between
ef <
Concrete frame o i > e
i MOdeI expPol : Pol
sus lout
* with references to din § | _
. . . threshold : Real l,;..\/ Ve simPol : Pol
« Variable Processing function }J
deltaFunction :
* Distance function AppbTmeshod |, —Eeton e
* Threshold < | delta:Real
N Z Y,
cout  |dout Ycout ivi:

d out InferedValidityFrame|

validity :

* The relation is a validity or d
invalidity relation | A
ﬁel;rﬂ > InferValldltyFrame cout

cin

dout

rel : Relation

din

din din




init noFrame

v AN rec
frameArray : <&
ConcreteFrame]...| i
din din
checkFrame model : Model

* Make inferences from the [ SEE  ommstmmmentane. [,

concrete frame data

\

Sst:

— Env%:nent SimulationFrame ——— | —|]—
dout 4
newFramedout |  envmodel :
ef: Model
ConcreteFrame
—_— enV\L ef
sus
ef <
performExperiment performSimulation
: PerformExperiment : : PerformExperiment
env cin
expPol : Pol
sus jout
din
\I/ | Vl ]
threshold : Real l,;“\/ }’ simPol : Pol
deltaFunction : J
threshold Function g deltaComp
ApplyThreshold in

<— delta : Real

: ComputePolDelta

Ycout ivf

dout rnferedVEMtyFrame

din 1‘ din

validity :
) Boolean
din
manFr cout

: ManageFrame
cin

rel : Relation
din

din
% —
infVE
. InferValidityFrame cout
) S




Inferred Frames

* Inferred Validity Frame (IVF)

* The (possibly infinite) set of all experimental frames in which a model is
assumed to be valid based on CVF information and an inferencing algorithm
(based on domain-specific knowledge).

* Inferred Invalidity Frame (lIF)

* The (possibly infinite) set of all experimental frames in which a model is
assumed to be valid based on CIF information and an inferencing algorithm.

CVE,, C IVE, CIF,, C IIF,

Ln

CI.F]”” ﬁ IV.F};H — (I) CVPJ”” ﬁ IIPJ”” — (I)




Updating the Inferred Frame

The task of the validation engineer is to compute an inferred validity
frame as close to the abstract validity frame as possible




Case-Study

e Resistor and its models
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Case-study

 Notch filter

AMSAODSIQ
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<short demo of performing experiment on notch filter>
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