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What do you think when you hear/read...?
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Mass mock-up Pedigree

Breadboard
Fidelity

Prototype Final product

How do we determine validity of representativeness?
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Verification 7
» ...of adherence to * Awareness of the
system requirement correspondence
o act|v|ty using a between the VM and the
verification model (VM) justification of the
. AVM is an (often) ascertain of the

adherence of the
system design to
corresponding system
requirements

abstract representation
of the system design (or
final product)
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Systems Engineering Transformation vy
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Systems Engineering is in the midst of a

Modern MBSE: Descriptive transformation
. Long, * The practice still largely remains

5 Do CORE, 1992 G.Booch, et Al document-based (DBSE)

Object’ Unified Modeling Language o Despite model-based (|\/| BSE)
Frocess (UMD, 1995 tools and methods existing since
Methodology ] the early 1990s

e Systems Modeling Language « A systematic literature review of
: (ML), 2001 ~1,300 articles suggests that
s - i ' MBSE is serving as a conduit to
11 GENESYS 20PrS. Dam, 1 enable transformation to the

| J |
y 117 LML 2013 | digital paradigm (Digital
e N A Engineering/DE)

Trajectory of MBSE: Keystone enabler to engineer systems within the digital paradigm
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~Metamodel of T3SD Wymorian Systems Theory:
Problem - . Implementation «  Mathematical Theory of
*. bounds o &Testing Systems Engineering
E : « Theory of Modeling and

Simulation

« Tricotyledon Theory of
— System Design (T3SD)
results in .* aka theory Of MBSE

Component Theory of problem
.......... (formulation) spaces

................. _ Buildable
Design
$ g

Model-Based
Systems
Engineering

Functional
Design
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For verification models... v 4
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*Start thinking in terms of morphisms
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Homomorphism

z1 72 73

(A) - (B) (@)
74 74 1 25 76
— 4x —_1T— 2x 2x > " X 8x >
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Homomorphism

(A)

{on, off}
—>

77 (B) 78

p S
{light, no-light} ' — ]
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Isomorphism @
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71

(A) (B)
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Coupled system morphism

{on, off}

(A) 712 (B) 713 (C) 78

{light, no-light}

Ti?
o
'
l

l@

l
o)

l

{mechanical force}

» 714 =

{mechanical force}

y

v
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Coupled system morphism

(A)

{on, off}

712

{light, no-light}

{mechanical force}

—>

{mechanical force}

(B)

o

—ul@

713

y

714 =
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Parameter morphism

(A)

{1,2,4}

4x

71

{4,8, 16}
>
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(B)

{1,2,4}

2X

74

{2, 4,8}
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Parameter morphism i 4
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(A) 78 (B) 721

— — — —
> w > B

Force:0.5 N  msssssssssss) Torque: 0.5 Nm

Color: yellow EE—— Color: blue
Wavelength: 570-590 nm Wavelength: 450—-495 nm

Lumen: 1000 Lumen: 200
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models

 Transition from
implicit to explicit
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~Metamodel of T3SD

Problem -

Space of Functions - .
*.,bounds
*

Functional
Design

 Verification is about [Fresres

confidence

Systems
Engineering
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Paul Wach — paulw86@vt.edu

Thank You! Questions?
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Currently Exploring

* How “should” verification models be
derived?

— Currently exploring the framing of verification
within the context of systems theoretic
morphism
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Verification is about confidence

Research uses systems
theory to frame the
argument for confidence in
the systems design
adherence to system
requirements through an
analogous verification
model observed within the
context of the verification
requirements.

*Start
thinking in
terms of
morphisms

System Requirements

| IF-2
{light_yellow, ne.tight}

L ] — 1

Verification Requirements VIRGI I I IJK I E CH.

System Design

Verification Models
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A look at SE model-based practice

Does the “satisfy”
relationship mean that the
system design actually
satisfies the requirement?

Does the “verify” relationship
provide exclusion criteria for
acceptability of verification
models?
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«requirement»

«satisfy» /

Id ="1"
Text=""
7 AN
\ «verify»
\

What is the theory
underpinning these
relationships?

«block»

System Design
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«testCase»
Verification Model
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Systems Theory Perspective: %
System and System Requirements i
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* Anopen system is defined as a doce p——— - L TT——
tranSformatlcn Of InQUtS Into OUtQUtS : Power Grid : System of Interest : Ext. Environment

transferred through interface(s) | |

| I
| 1: Bectrical Pow er '

« All system requirements can be modeled
as desired transformations of inputs into
outputs through desired interfaces i 2: ight ABC

1. Functional: what the system must do E U

2. Performance: how well the system must
perform its functions :

3. Resource: what the system may Input Output
consume to perform its functions at the —>| System [——>

required performance
4. Environment: settings or contexts in

which the system must perform its “Transformation ™

functions |
Function
Process
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