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Vision for a
Practical Aid to Model Community

* A computation model is validated and verified
with respect to not just the system it represents,
but also the Model Requirements, specifying
the intended use and characteristics of that
model.

* This vision is to make the generation of those
Model Requirements easier, more complete,
and more successful than would otherwise be
the case—using the Model VVUQ Pattern.



Vision for a
Practical Aid to Model Community

* Vision of a guideline that includes a practical pattern for
the efficient and effective planning and generation of

computational models that have a higher likelihood of
VVUQ and successful service.

 The smallest set of ideas necessary to achieve that goal.

* Makes use of ideas used in Pattern-Based Systems
Engineering, a form of MBSE, for configurable models:

Pattern
Configuration
Process

Specific Project
Model Needs

Specific Model
Requirements

Model VVUQ
Requirements




Vision for a
Practical Aid to Model Community

 The foundation of this capability are the
computational model’s Stakeholder Features

and the computational model’s
Requirements. ..

Model Model

Model Remainder of
Stakeholder

Requirements Development, Model Life
Features ! including VVUQ Cvcle



Stakeholders for Models

Model Stakeholders
Model Model o el : N
Model User N Deployer- Environment
Developer Maintainer o o
Distributor Maintainer
Regulatory Model Use s
Authority Supporter Investor-
Owner

Model Stakeholder Type

Definition

Model User

A person, group, or organization that directly uses a model for its agreed upon purpose. May include technical
specialists, non-technical decision-makers, customers, supply chain members, regulatory authorities, or others.

Model Developer

A person who initially creates a model, from conceptualization through implementation, validation, and verification,
including any related model documentation. Such a person may or may not be the same as one who subsequently
intains the model.

Model Maintainer

A person who maintains and updates a model after its initial development. In effect, the model maintainer is a
model developer after the initial release of a model.

Model Deployer-Distributor

A person or organization that distributes and deploys a model into its intended usage environment, including
transport and installation, through readiness for use.

Model Use Supporter

A person who supports or assists a Model User in applying a model for its intended use. This may include answering
guestions, providing advice, addressing problems, or other forms of support.

Regulatory Authority

An organization that is responsible for generating or enforcing regulations governing a domain.

Model Investor-Owner

A person or organization that invests in a model, whether through development, purchase, licenses, or otherwise,

expecting a benefit from that investment. .

IT Environment Maintainer

A person or organization that maintains the IT environment utilized by a computational model.




Computational Model Feature Groups:
Configurable for Specific Models

Model Identity and Focus Model Utility

Identifies the main subject Describes the intended use, utility, and
or focus of the model. value of the model.

Model Scope and Content Model Credibility

Describes the credibility of
Describes the scope of the model.

content of the model.

Model Representation

Model Life Cycle Management Describes the representation
used by the model.

Describes the related model
life cycle management
capabilities.




Computational Model Feature Groups: 27 Features, in
6 Feature Groups, Configurable for Specific Models

Model Utility

Perceived Model Third Party

Model Identity and Focus

Modeled
Environmental
Domain

Domain Type

Modeled System Model Intended Model Ease of

of Interest

System of Interest

Use Value and Use Acceptance Use

LIFE CYCLE PROCESS SUPPORTED USER GROUP SEGMENT ACCEPTING AUTHORITY Perceived Model Complexity

(15015288) C_Lovel of Annual Use )

{ Value Level }

Model Scope and Content

Modeled Modeled System
Stakeholder External (Black
Value Box) Behavior

STAKEHOLDER TYPE

Model Credibility

Validated
Conceptual

Explanatory
Decomposition

Verified

Executable
Model Credibility

Model Envelope

Model Credibility

MODEL APPLICATION ENVELOPE Quantitative Accuracy Reference Quantitative Accuracy Reference

( Function Structure Accuracy Reference)

( Function Structure Accuracy Reference )
(Unceriamiy Quantification (UQ) Reierence)

Parametric Parametric Parametric
Couplings-- Couplings-- Couplings-- ((uncertainty Quantification (UQ) Reference )
Fitness Decomposition Characterization C Model Validation Reference ) (¢ Speed
Quantization

(¢
C Stability
C

Model Validation Reference

\NANY

Trusted

Physical Managed Model

Datasets

DATASET TYPE

Configurable
Pattern

Architecture

Model Representation

Executable
Model

Conceptual Model

Representation

Model Life Cycle Management

Representation

Executable Model Representation Type

Conceptual Model Representation Type:

( Conceptual Model Interoperability )

Model Versioning
and Configuration

(__Executable Model Interoperability )

Model Model

Model Cost

Maintainability

Maintenance Method

Deployability

Deployment Method

Management

CM CAPABILIY TYPE

Executable Model Model Model

Environmental
Compatibility
IT ENVIRONMENTAL COMPONENT

Design Life Cycle
and Retirement
Design Life

Availability

First Availability Date
First Availability Risk
Life Cycle Availability Risk




Computational Model Feature Groups:
Configurable for Specific Models

* The Stakeholder Features are configurable
Stakeholder expectations, intentions, and
valued aspects for a computational model:

— These can be “configured” like Lego® blocks, as a
form of checklist to rapidly create the stakeholder-
level expectations for a computational model.

— And from them, the more technical Requirements
for the model follow.



Model Identity and Focus

Modeled
Modeled System ;
Environmental
of Interest :
Domain
System of Interest Domain Type
Feature Stakeholder Model Type
Feature Feature 5 5 5 "; sleg sl 2 e 5 §
Feature Name Feature Definition . Attribute Definition 2 |lgsalsEl2s|2ElsElg sPE=| &
Group Attribute _g3g53£30§o§= ggﬂ,a
B B R EE B B
s /a = E Al= @z < E A g
Identifies the main subject or focus of the model
Modeled System . . . System of Name of system of interest, or class
Vodel o of Interest Identifies the type of system this model describes. Interest of systems of interest X X X X X
v Modeled . . Name(s) of modeled domains
and Focus . Identifies the type of external environmental . . R
Environmental . . . Domain Type(s) |(manufacturing, distribution, use, X X X X X
Domain domain(s) that this model includes. etc)

Refer to Slides 21, 27: In this V&V50 work, the Modeled System of Interest above
typically focuses on a manufacturing process (including material in process),
related to some manufactured product.




Model Intended

Use

LIFE CYCLE PROCESS SUPPORTED
(1S015288)

Perceived Model
Value and Use

USER GROUP SEGMENT

Model Utility

Third Party

Acceptance

ACCEPTING AUTHORITY

Model Ease of

Use

Perceived Model Complexity

C

Level of Annual Use )

( Value Level )
Feature Stakeholder Model Type
i y =
Feature S Feature . N & 5| sl28lgxl2als g
Feature Name Feature Definition . Attribute Definition 2 |5 &z E|l22|2E|s ? 2z 508 2
Group Attribute s 223|285z g|Es|EERe 8 &
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Describes the intended use, utility, and value of the model
The intended life cycle management
Model Intended . Life Cycle process to be supported by the
Use The intended purpose(s) or use(s) of the model. Process model, from the [SO15288 process X X X X X
Supported list. More than one value may be
listed.
User Grou The identify of using group segment
P Y oL s group seg X X| xf x| x
Segment (multiple)
Perceived Model |The relative level of value ascribed to the model, Level of Annual |The relative level of annual use by the X X X X X
Model Utility |Value and Use by those who use it for its stated purpose. Use segment
The value class associated with the
Value Level model by that segment X X X X X
The degree to which the model is accepted as . . .
Third Party authoritative, by third party regulators, customers, |Accepting The Idtentlty (ma).r be mutltlple) of X X X X X
Acceptance supply chains, and other entities, for its stated Authority reguiators, .agenc1es, c.us Omers,
supply chains, accepting the model
purpose.
The perceived ease with which the model can be Perceived Model |. . .
Model Ease of Use used, as experienced by its intended users Complexity High, Medium Low X X X X




Model Scope and Content

Modeled System
External (Black

Modeled
Stakeholder
Value
STAKEHOLDER TYPE

Explanatory

Box) Behavior Decomposition

Parametric
Couplings--
Characterization

Parametric
Couplings--
Decomposition

Parametric
Couplings--
Fitness

Trusted
Managed Model

Configurable Physical

Pattern

CONFIGURATION ID

Pattern Type

Datasets

DATASET TYPE

Architecture

Feature Stakeholder Model Type

Feature Feature 5 5 5 "IE,‘S | R 5 g
Feature Name Feature Definition . Attribute Definition s |5 &g Elasl38sE|lzsHE=| 2

Group Attribute — |z e|l=8|52|g el cs|S Qe 8| &
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Describes th

e scope of content of the model

Modeled
Stakeholder Value

The capability of the model to describe fitness or
value of the System of Interest, by identifying its
stakeholders and modeling the related Stakeholder
Features.

Stakeholder Type

Classes of covered stakeholders (may
be multiple)

Model Scope of
Content

Modeled System
External (Black
Box) Behavior

The capability of the model to represent the
objective external (“black box”) technical behavior
of the system, through significant interactions with
its environment, based on modeled input-output
exchanges through external interfaces, quantified
by technical performance measures, and varying
behavioral modes.

Explanatory
Decomposition

The capability of the model to represent the
decomposition of its external technical behavior,
as explanatory internal (“white box”) internal
interactions of decomposed roles, further
quantified by internal technical performance
measures, and varying internal behavioral modes.

Physical
Architecture

The capabiliy of the model to represent the
physical architecture of the system of interest. This
includes identification of its major physical

components and their architectural relationships.




Modeled
Stakeholder
Value
STAKEHOLDER TYPE

Parametric
Couplings--
Fitness

Trusted
Configurable
Pattern

CONFIGURATION ID
Pattern Type

Box) Behavior

Parametric
Couplings--
Decomposition

Physical

Architecture

Model Scope and Content

Modeled System
External (Black

Explanatory
Decomposition

Parametric
Couplings--
Characterization

Managed Model
Datasets

DATASET TYPE

Feature Stakeholder Model Type
Feature Feature 5 5 5 E sle sl 2> 5 §
Feature Name Feature Definition ) Attribute Definition N alz sl sl Elszlz sRE=| =
Group Attribute Z |28l 8|la8|gol=Ec| QT g &
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Describes the scope of content of the model
The capability of the model to represent
Parametric quantitative (parametric) couplings between
Couplings-- stakeholder-valued measures of effectiveness and X X X X
Fitness objective external black box behavior performance
measures.
The capability of the model to represent
Parametric quantitative (parametric) couplings between
Couplings-- objective external black box behavior variables X X X X
Decomposition |and objective internal white box behavior
variables.
Parametric The ct?gzi?lllty of the ;n.odel to ;epresb er:N
Couplings— qu?n . ive [pa.rame r.1c) couplings e. e.en . X X X
- objective behavior variables and physical identity
Characterization . .
(material of construction, part or model number).
The capability of the model to include managed
Managed Model P v . . 8 The type(s) of data sets (may be
datasets for use as inputs, parametric Dataset Type : X X X X X
Datasets o multiple)
characterizations, or outputs
The capability of the model to serve as a . .
configurable pattern, representing different A specific system of interest
Trusted g P - b ) g Configuration ID |configuration within the family that X X X X X X
. modeled system configurations across a common
Configurable . . o the pattern framework can represent.
Patt domain, spreading the cost of establishing trusted
attern model frameworks across a community of The identifier of the trusted
- . . Pattern ID . X X X X X X
applications and configurations. configurable pattern.




Model Scope and Content

Modeled Modeled System
Stakeholder External (Black

Explanatory

Value Box) Behavior Decomposition

STAKEHOLDER TYPE

Parametric Parametric
Couplings-- Couplings--
Decomposition Characterization

Parametric
Couplings--
Fitness

Trusted
Configurable
Pattern

CONFIGURATION ID
Pattern Type

Managed Model
Datasets

DATASET TYPE

Physical

Architecture

Feature Stakeholder Model Type
& L =
Feature . 5 5 gl & 8l g 5|2 2ls )
Feature Definition . Attribute Definition 2|z &g E[2E]22 §? 2s08| 2
Attribute _gggsgeﬁggggggga
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pes the scope of contefit of the model
The capability of the model to represent
Parametric quantitative (parametric) couplings between
Couplings-- stakeholder-valued measures of effectiveness and X X X X
Fitness objective external black box behavior performance
measures.
The capability of the model to represent
Parametric quantitative (parametric) couplings between
Couplings-- objective external black box behavior variables X X X X
Decomposition |and objective internal white box behavior
variables.

The capability of the model to represent

Parametric titati i li betw

Couplings-- quf'm 1. ive (pa.rame .1c) couplings e. e'en - X X X
- objective behavior variables and physical identity

Characterization

(material of construction, part or model number).

The capability of the model to include managed

Managed Model datasets for use as inputs, parametric Dataset Type The type(s) of data sets (may be X X X X X

Datasets L multiple
characterizations, or outputs ple)

The capability of the model to serve as a
configurable pattern, representing different

A specific system of interest

Trus.ted modeled system configurations across a common Configuration ID |configuration within the family that X X X X X X
Configurable . . s the pattern framework can represent.
Pattern domain, spreading the cost of establishing trusted /

model frameworks across a community of Pattern ID The identifier of the trusted X X X X X X

applications and configurations. configurable pattern.




Model Envelope

MODEL APPLICATION ENVELOPE

Model Credibility

Validated

Verified

Executable
Model Credibility

Quantitative Accuracy Reference

Conceptual
Model Credibility

), ),

Quantitative Accuracy Reference

( Function Structure Accuracy Reference )

( Function Structure Accuracy Reference )
(Uncertainty Quantification (UQ) Reference)

(Uncertainty Quantification (UQ) Reference)

C )

Model Validation Reference Speed

Quantization

Stability

Y Y Y
\NAN

Model Validation Reference

- Feature Stakeholder Model
Tupe
e - - U o= =
Feature . Feature . . l_g|l_ 2] :lAE|5E2 L
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Describes the credibility of the model
The capability of the model to meetits Model
a1 . Model ] )
Model Envelope Credibility requirements over a stated range Application The range over which the model is X X X X X X
[envelope] of dynamical inputs, cutputs, and Envelope intended for use
Larametervalues '
Quantitative The specification reference
Accuracy ' describing the quantitative X X X % X
Reference accuracy of the conceptual model
compared to the cverem of interect
Function The specification reference
Structire describing the structural (presence
Validated s hehaviors ,
shoate The validated capahbility of the conceptual Accuracy or absence of behaviors) accuracy X X X X X X
Conceptual . of the conceptual model compared
portion of the model to represent the System of | Reference i
Meodel . . . tothe svetem of interect
L Interest, with acceptable Credibility . -
Credibility Uncertainty The specification reference
Quantification ::ll:—su:r'ﬂ:.rngthe degree m-" N X X X X % X
(UQ) Reference uncertainty of the Credibility of the
conceptualmodel to the cvretem of
The reference documenting the
Model Validati
R:Il'-E:Eﬂ:EL ¥ alidation of the co nceptual X X X X X X
model's Credibility to the system of|




Model Envelope

MODEL APPLICATION ENVELOPE

Model Credibility

Validated

Conceptual

Model Credibility

Quantitative Accuracy Reference

Verified

Executable
Model Credibility

Quantitative Accuracy Reference

( Function Structure Accuracy Reference )

( Function Structure Accuracy Reference )

(Uncertainty Quantification (UQ) Reference)

(U ncertainty Quantification (UQ) Reference)

( Model Valid ation Reference

)

Speed

./

Quantization

YY)

Model Valid ation Reference

),
Stability )
)

- Feature Stalkeholder '::.:dzl
] b 3 o =12 1 H
Fgature Feature Name Feature Definition Fe.a_ture Attribute Definition =3 Il ] . 2 2|2 €| cfi= E
roup Attribute = - EE R EE B
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Quantitative The specificaticn reference
Accuracy dezcribing the quantitative X X X X X "
Reference accuracy of the executable model to
Model the conceptualmodel
Credibility The specification reference
Structural describing the structural (presence
Accuracy orabsence of elements) accuracy of ff X X X | X X X
Reference the executable model to the
%ﬁe&erence
Uncertainty describing the degree of
Quantification  |uncertainty of the Credibility of the X X X X X
Verified [UQ] Reference |executable model to the conceptual
Exerutshle The verified capahbility of the executable portion modal _ _
of the model to represent the System of Interest, The specification reference
M'}d'_ﬂ - with acceptable Credibility. Speed decscribing the execution run time X X X X X X
Credibility [zpeed] for the executable model.
The specification reference
Quantization deccribing the quantization error o b x X x ¥ X
the executabl e model.
The specification reference
decscribing the level of stability of
Stahility the accuracy and uncertainty of the X X X X X X
executable model error
characteristice
The reference documenting the
Medel Validation | verification of the executable -
Reference model's Credibility to the X X XX X X
COoRC




Model Versioning
and Configuration

Model Life Cycle Management

Model

Model
Maintainability

Maintenance Method

Model Cost

Deployability

Deployment Method

Management

CM CAPABILIY TYPE Development Cost

Executable Model

Operational Cost

Maintenance Cost

Deployment Cost

),
),
),
),

Retirement Cost

C
C
C
C
C

ife Cycle Financial Ri59

Model
Design Life Cycle

Model
Availability

Environmental
Compatibility
IT ENVIRONMENTAL COMPONENT

and Retirement

Design Life

First Availability Date

( First Availability Risk )
(Lite cycle Availability Risk)

Feature Stakeholder Model Type
= & =
Feature . Feature . . 5 gl s|28|lges|l2es o
Feature Name Feature Definition . Attribute Definition g < &l _3’ % 3 8 g ? 2508 s| 2
Group Attribute S |l=el=eEla2ls | e 8| A
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Describes related model life cycle management capabilities
Model Versioning . . . .- e
) . 2| The capability of the model to provide for version |CM Capability The type(s) of CM capabilities
and Configuration ) . . . X X
and configuration management. Type included (may be multiple)
Management
Executable Model The capability of tk.u? m(?del to be.z compatibly IT -
. supported by specified information technology . The type(s) of IT environments or
Environmental . R e Environmental X X
C tibili environment(s), indicating compatibility, c ¢ standards supported
ompatibiiity portability, and interoperability. omponen
Model Desien Lif The capability of the model to be sustained over an
Model Life Cycle ode . esigh Lite indicated design life, and retired on a planned Design Life The planned retirement date X X
and Retirement .
Management basis.
The relative ease with which the model can be The type of maintenance
maintained over its intended life cycle and use, . methodology used to maintain the
Model . et Maintenance , o et
L based on capable maintainers, availability of model's capability and availability X X
Maintainability . . Method .
effective model documentation, and degree of for the intended purposes over the
complexity of the model intended life cycle.
Th f method used to depl
The capability of the model to support deployment y t}fpe 0. meto . useato cepioy
Model . . . e Deployment (possibly in repeating cycles) the
e into service on behalf of intended users, in its . s X
Deployability o . Method model into its intended use
original or subsequent updated versions .
environment.




Model Life Cycle Management

Model Versioning
and Configuration

Model

Model
Maintainability

Maintenance Method

Model Cost

Deployability

Deployment Method

Management

CM CAPABILIY TYPE Development Cost

Operational Cost

J
Maintenance Cost )
Deployment Cost )

J

Retirement Cost

C
C
C
C
C

ife Cycle Financial Ri59

Model
Design Life Cycle

Executable Model

Model
Availability

Environmental
Compatibility
IT ENVIRONMENTAL COMPONENT

and Retirement

Design Life

First Availability Date
( First Availability Risk )
(Lite cycle Availability Risk)

Feature Stakeholder Model Type
£ I =
Feature S Feature . L 5 5l sl28lgsleels o
Feature Name Feature Definition . Attribute Definition g = als £| &2 5|3 £ g ? 2508 =
Group Attribute Z |l el 8|l2d|lgo|l=EcS|E=RE g &
z|2c|22(2E|REleEl220 28
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Describes related model life cycle management capabilities
The cost to develop the model,
Development including its validation and X
Cost verification, to its first availability for
service date
The cost to execute and otherwise
Operational Cost |operate the model, in standardized X
execution load units
The financial cost of the model, including -
Model Cost . . Maintenance o
development, operating, and maintenance cost Cost The cost to maintain the model X X
The cost to deploy, and redeplo
Model Life Cycle Deployment Cost proy ploy X
updates, per cycle
Management -
Reti t Cost The cost to retire the model from X X
ctrement L.os service, in a planned fashion
Life Cycle Risk to the overall life cycle cost of X
Financial Risk the model
First Availability | Date when version will first be X X
The degree and timing of availability of the model |Date available
Model for its intended use, including date of its first First Availability | Risk to the scheduled date of first X X
Availability availability and the degree of ongoing availability |Risk availability
thereafter. Life Cycle Risk to ongoing availability after X X
Availability Risk Jintroduction




Model Representation

Conceptual Model Executable

Model
Representation
Conceptual Model Representation Type) Executable Model Representation Type)
( Conceptual Model Interoperability ) ( Executable Model Interoperability )

Representation

Feature Stakeholder Model Type
L L g
Feature N Feature . . 5 5| 5[S5]gx|22ls g
Feature Name Feature Definition . Attribute Definition E < 2l 2|2 5|3 £ g ? 250 Es| 2
Group Attribute = R EE EE R RS
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Identifies the type of representation used by the model
Conceptual
Model The type of conceptual modeling X X
The capability of the conceptual portion of the Representation |language or metamodel used.
Conceptual Model . .
. model to represent the system of interest, usinga |Type
Representation . . - e
specific type of representation. Conceptual The degree of interoperability of the
Model conceptual model, for exchange with X X
Model Interoperability Jother environments
Representation Executable
Model The type of executable modeling X X
B table Model The capability of the executable portion of the Representation |language or metamodel used.
?{Zci;estatfone model to represent the system of interest, usinga |Type
P specific type of representation Executable The degree of interoperability of the
Model executable model, for exchange with X X
Interoperability |other environments




Generation of
Model Stakeholder Features

e The Model Stakeholder Feature Pattern is

configured for a specific project by populating
or depopulating the pattern’s generic

Features, and setting the values of its Feature
Attributes:

Specific Project Conpf?ttjer;r’lion
Model Needs °
Process

Specific Model
Requirements

Model VVUQ
Requirements

20



System Reference Boundaries:
Computational Modeling Domain

O

Overall Model System

1
1
1
12 | . - iz
28 Computational Modeling System ig O
Siz ( z
Bl | g
Model Life Cycle IT Hardware E%
Configuration & -----'r_:'i Model User
Deployment Manager | (—J H 5 3
1 [0}
E Model Authoring Model Execution Model CM &
| = Software Software Distribution Software uger
S8 S —
me
%_g__‘__ I:nlplemenlts
® R — realization\for Intended
\¥/ Model Datasets Model N\ V¢
(Inputs, Outputs, Verification

Computatipnal Model

Devejoper

(Model Tdoling SME)

O

Conceptual
Modeler

Automated Implementation of Model

sethodel Type((i Model_Frame0);

Configurations)

=

|enydasuo;

Underlying Model (Automation Independent)

Physics-Based Model

Data Driven Model

Relationship mddel

Represents
Adequately

Use

%

el

From: Huanga, Zhanga, Dinga, “An
analytical model of residua stress for
flank milling of Ti-6A4V”, 15th CIRP
Conference on Modeling of Machining
Operations

DAL
W/
L)

< Observes

for Intended

Real Target System to be Modeled

Residual Stress for
Milling Process

System
of Interest
External .
“Actors”
_ System
Component
sublject
Observation System
Model Instrumentation System Observes Adeq“ate'yy

Validation

Relationship

Data Collection System

< Confirms Ade

(Hybrid Models combine both the above)

< Implies

Data Analysis System

O

tely

Data Analyst/Scientist
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Requirements for Models

* Requirements for a specific computational model are the
basis of subsequent validation and verification of the model.

 The Requirements for a computational model are implied by
the Stakeholder Features (see above), but with more details
configured into them.

* Approximately 75 configurable general Requirements for
Models have been identified and traced to the Stakeholder
Features, in the current draft of the Model VVUQ Pattern.

» After these have been further vetted and polished in this
project, they provide a rapid start way to generate a high
quality set of Model Requirements in a production project.

Model Model Remainder of

Model _
Stakeholder F i e—— Development, Model Life

Specific Project
Model Needs

Features including VVUQ Cycle

General General
Pattern ~27 Pattern ~75




Requirements for Models: Example Extract

Requirement Group

Model Requirement
Name

Model Requirement

(configure further as needed) |~

Explanation, discussion

2.2 External Behavior Model

External Interfaces

The Model shall represent the external
Input-Outputs exchanged during
interactions with Domain Actors, and the
external Interfaces through which they are
exchanged.

Input-Outputs are flows of energy, force, mass, or information, exchanged during the
interactions noted above. These flow through Interfaces. Examples of Interfaces include
radiating or absorbing surfaces, mechanical connections or fasteners, hydraulic connections,
electrical connectors, liquid-liquid or liquid-solid boundaries, keyboards, displays, chemically
active interfaces, sensors, actuators, biologically active interfaces, etc.

External Interactions

The model shall represent all the significant
external interactions that the system of
interest has with its listed environmental
actors, listing which actors are involved in
each interaction.

All behavior, and all the laws of the physical sciences, is in the context of Interactions, consisting
of the exchange of energy, force, mass flow, or information, leading to state change in the
interacting entities. Representing Interactions is accordingly central to Physics-Based Models. In
addition, Data-Driven Models represent discovered and compressed description of the external
appearance of those interactions, even though no underlying physics-based cause may be
included. So, both types of models require that the models include identification of all the
external interactions that the subject system has with its environmental actors. "Significant" in
this requirement is always evaluated in terms of its impact on the modeled system stakeholder
measures of effectiveness. Note that this requirement is not about interactions that are internal
to the system of interest. Those are only of interest for certain types of models, and covered in
another section later below.

Parasitics--External

The modeled external interactions shall
include any parasitic aspects which arise
from choice of internal design, materials,
technologies, or solution approach but
which were not otherwise required by the
primary intended system purpose, where
significant from a stakeholder perspective.

These are in principle a subset of the External Interactions referred to in the preceding section,
but are noted here so that they are not overlooked. Some interactions that a system has with its
environment may be “accidents” of its design, selected technology, or the environment itself.
For example, a mechanical structural member (a part) may contribute parasitic or “stray”
electrical capacitance that impacts the electronic behavior of the system. In engineered (human
designed) systems, these interactions might be considered to fall in the category of
“unintended” interactions, but they are just as real as those intended, and may have large
technical and stakeholder impacts. Failure modes are a part of this behavior.

Dynamical Variables--
External

For each identified Interaction, the model
shall include the dynamically changing
quantities significant to the interaction, for
both the System of Interest and the External
Actors in the Interaction.

Static Parameters--
External

For each identified Interaction, the model
shall include the static or slow changing
quantities characterizing the system’s
performance of the interaction, for both the
System of Interest and the External Actors in
the Interaction.

The external behavior Interactions identified above are further parameterized by technical
Measures of Performance, providing numerical or other measures that quantify the external
behavior of the system objectively, without regard to stakeholder-judged “goodness”. Typical
measures of this type include position, temperature, pressure, rates of change of those
variables, mass flow rate, timing, or other technical measures. These parameters include the
variables of physics and what technical instrumentation tries to measure. They are further
divided into “fast changing dynamic variables” that describe system dynamics, and “slow
changing static parameters” such as heat capacity, power ratings, mechanical dimensions or
geometry, etc.
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Backup, References

* From INCOSE/OMG MBSE Patterns Working Group

http://www.incose.org/ChaptersGroups/WorkingGroups/transformational/mbse-patterns

http://www.omgwiki.org/MBSE/doku.php?id=mbse:patterns:patterns



http://www.incose.org/ChaptersGroups/WorkingGroups/transformational/mbse-patterns
http://www.incose.org/ChaptersGroups/WorkingGroups/transformational/mbse-patterns
http://www.incose.org/ChaptersGroups/WorkingGroups/transformational/mbse-patterns
http://www.incose.org/ChaptersGroups/WorkingGroups/transformational/mbse-patterns
http://www.omgwiki.org/MBSE/doku.php?id=mbse:patterns:patterns
http://www.omgwiki.org/MBSE/doku.php?id=mbse:patterns:patterns

An Old Subject, Renewed

* Guidance on generating Requirements for any system is
a decades-old subject, with lots of literature, so might
seem to be settled.

 However, the rise of Model-Based Engineering (MBE,
MBSE, etc.) has dramatically changed our understanding
and related practices for the better, as we describe
systems with the language of science and mathematics,
not just structured prose alone.

* This has reminded us what all models, computational or
otherwise, must tell us for purposes of engineering or
science.



What Is the Smallest Model of
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Abstract. How we represent systems is fundamental to the history of mathematics, science,
and engineering. Model-based engineering methods shift the nature of representation of
systems from historical prose forms to explicit data structures more directly comparable to

those of science and mathematics. However, using models does not guarantee simpler
representation--indeed a typical fear voiced about models is that they

Minimality of system representations is of both theoretical and practical interest. The
mathematical and scientific interest is that the size of a system’s “minimal representation™ i
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may be too complex.
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to attract a 10:1 larger global community of practitioners. And so, we ask: What is the smallest
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* A System is a set of interacting components:

— By “interact”, we mean exchanging energy, forces, mass flows, or
information, resulting in changes of state:

—_——

—

- System
External .-~
“‘Actors” |
System
Component

— So, a (Manufacturing or other) Process is a type of System (but not
all Systems are such Processes):

Material In
Transformation

Material In
Transformation

Material In ‘
Transformation ‘

Manufacturing
System

Manufacturing

System System |

 The “Black Box” view of a system sees only its external behavior

* The “White Box” view of a system sees its internal interactions
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Physics-Based Model

e Predicts the external behavior of the System of
Interest, visible externally to the external
actors with which it interacts.

e Models internal physical interactions of the
System of Interest, and how they combine to
cause/explain externally visible behavior.

e Model has both external predictive value and
phenomena-based internal-to-external
explanatory value.

e Overall model may have high dimensionality.
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From: Huanga, Zhanga, Dinga, “An analytical b g

model of residual stress for flank milling of Ti-
6AI-4V”, 15th CIRP Conference on Modelling
of Machining Operations
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Data Driven Model

e Predicts the external behavior of the System of
Interest, visible to the external actors with which it
interacts.

e Model intermediate quantities may not correspond
to internal or external physical parameters, but
combine to adequately predict external behavior,
fitting it to compressed relationships.

e Model has external predictive value, but not internal
explanatory value.

e Overall model may have reduced dimensionality.
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Hybrid Model: Both Data Driven and Physics-Based

e Predicts the external behavior of the System of Interest, visible
externally to the external actors with which it interacts.

e Models (some aspects of) internal physical
interactions of the System of Interest, and how
they combine to cause/explain (some aspects
of) externally visible behavior.

o Model has both external predictive value and
(some) phenomena-based internal-to-external

explanatory value.

e (Some) model intermediate quantities may not
correspond to internal or external physical parameters,
but combine to adequately predict external behavior,
fitting it to compressed relationships.

e Model has external predictive value, but (for some
aspects) not internal explanatory value.
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