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What to do you think when you hear/read...?

Mass mock-up
Pedigree

Breadboard Verification Model

Fidelity
Prototype

Based on what relationships do we define verification models?

Are the relationships explicit/implicit and/or descriptive/analytical?
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*Is this intuitively consistent with current SE practice?

What iS Veriﬁcation? **Do we mathematically define these relationship?

**What assumptions are made?

Base on what relationships do we define verification models?

<<Verification Requirement>>

<<System Requirement>>

<<System Design>> <<Verification Model>>
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Define research question ]¢

1[ [1] Literature Review }47 —b[ Characterize current state, including gaps

Based on what relationships should we define verification

models?

Hypothesis:

We should defineverification
models (VM) based on theoretical
relationships to/from/between:

* System Requirements (SR)
* Verification requirements (VR)
* System Designs (SD)
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Review of the literature reveals gaps
as well as potential theoretical
foundations

Wymorian Systems Theoretical Lineage

A.Wayne Wymore
Mathematical Theory of Systems

Engineering, 1967 \
B.P. Zeigler
Theory of Modeling and
Simulation (Discrete Event
A.Wayne Wymore System Specification [DEVS]),
Model-Based

1976

Multi-formalism,
Multi-resolution modeling

B.P. Zeigler
Theory Modeling and
Simulation, 2000

Systems Engineering,

1993 \

A. Salado, PWach

True Model-Based Requirement B.P. Zeigler
(TMBR), 2018 Theory Modeling and
l, ISimuIation 2019
I Paul Wach’s Dissertation and Beyond I




Theory of Problem Spaces of Functions

wblocks Q ablocks Q ablocks Q

¢ WymoriansyStemS Theory: : Power Grid : System of Interest : Ext. Environm ent

> An open system 1s defined as a
transformation of inputs into

outputs H

* All system requirements can be
modeled as required _ |
transformations of inputs into i U

1: Bectrical Pow er

: 2: light ABC

outputs

* Dissertation adds that aspects of ¢ mput | |Output |
verification requirement ma¥ be — | System [|——>
captured problem spaces o
functions

> Verification requirement problem
spaces (VRPS%

“Transformation
Function

Process
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Further Wymorian Systems Theory

Theory of Modeling and Simulation Tricotyledon Theory of System Design
(DEVS)...computational systems theory (T3SD)...MBSE
. Problem Implementation
m morphlsm < IOFO’ Space of Functions "‘.’bounds bounds ’.ﬂ & Testing
Level 0 ) Verification
IO System < o » ]O System’ Functional _ Buildable
1

Design

1 Design
Level | */I p g

*
Network of < morphism . Network of
Systems Systems’

Level 2

L 4
- L 4
results in .*
L

Compénent
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HarnessingWymorian Systems Theory to address the
research questions

. ) (s . ( . — ]
Define research question < > 11 Literature Review | [« > Characterize current state, including gaps .
[ J L ) L * Mathematical

G System models (SM) St ru Ctu re S a re

independent of
[2] Create tabular mathematical models d oma | N

Instantiation

[ Problem spaces of functions (PSF)

Parameterization of and/or symbolic Parameterization of and/or symbolic
adjustments to PSF to form system " adjustments to SM to form system designs
requirements (SR) and verification (SD) and verification models (VM)

requirements problem spaces (VRPS)

[3] Instantiate mathematical models

* Manual:

> Mathematical proof
% SM adherence to PSF %+ Morphism between SR and VRPS
[ <+ SD adherence to SR [4] Prove tabular relationships % Morphism between SM } > B(p ert an d

< VM adherence to SR subsets and VRPS % Morphism between SD and VM
software validation

* Metamodel
summearizes
outcome

[5] Capture resultant metamodel

Graphic of verification artifacts and
relationships

Taxonomy of verification artifacts and
relationships

[6] Validate Results

% Software simulation models based on PSF
% Software simulation models based on SM
< Software proof of morphism

% Expert review of tabular-based work
+“ Expert review of software-based work
% Comparison of metamodel to SE practice

SYSTEMS
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‘Out of simplicity arises complexity’
-Systems Thinking Made Simple, Derek Cabrera

Both lights could

* “There be dragons” of starting be 2 state systems

with complexity rather than B el U X P
simplicity button,
» Considered: __~discrete

= [EGO/Arduino-based robots
= Drones/UAVs i =

> Simple \ B
> Discrete e

> Deterministic

> Open systems

Rotate Head,
Degree of on
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Tabular mathematical models and their instantiation

Problem spaces of functions (PSF) and PSF and Verification requirement

System requirements (SR) problem spaces (VRPS)
* PSF
> Seven subsets of one superset ° VRPS
> Defined at Level 0 > Instantiated subsets of PSF
* SR VRPS1 — n1
> Instantiated superset of PSF ” S plzzd .
> On/off~commands > VRPS2 — OIl/Off/YG HOW—hght
> Yellow-light 2
> Water-resistances > VRPS3 — water resistance
* SRsubsets > VRPS4 — on/off/blue-light
> Explore assumptions oftreating individual SR as > VRPSS — 0/1

orthogonal
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Tabular mathematical models and their instantiation

System Models (SM) System Designs (SD)
* SM * SM instantiated to form SD
> Thirteen SM > SD1 — 2-state, L1
> Seven defined at Level 1 (no- > SD2 — 3-state, [2
components defined) > SD3 — paired with SD1
> Six defined at Level 2 > SD4 — paired with SD2

(components and coupling)
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Tabular mathematical models and their instantiation:
Verification Models

* VM1 ° VM7 * VM13
> SD1 > 0/1 »> Hand-radio
° VM2 o VM8 * VWM14
> SD2 > Blue-light, 2-state > Pressure vessel
° VM3 e VM9 ° WIS
~ SD3 > Blue-light, 3-state > Dry-bag
* VW4 e VMI10 * VWM16
> SD4 > RGBink pen > Dry-bag w/ fireflies
° VM5 e VMI1 ° W17
> SDI-based, water-proof > bizza > Water-proofhand-radio
. VM6 . WMo * VMIS
> Yellow-light, 2-state > Submarine w/ yellow-

> fireflies light

SERC DOCTORAL STUDENT FORUM 2022 | NOVEMBER 17




Verification Model Morphic Conditions (VMMC)
...for equivalence between VM and SD

Morphism(s) may occur at:

H hi A — P ——— = ———— > L0 between PSF/SR/VRPS
omomorp ISM mapplng O e preserva [e]g o) equwa ence ne mechnanica sprlng (o) > Ll/LZ between SM/SD/W

between a pair of system specifications of the same  another mechanical spring
algebraic structure

m Summary description Notional example

Parameters are associated with:

Isomorphism Is a homomorphism with a one-to-one mapping Mechanical spring to electric » mput/output (/O) items

circuit > physical nterfaces (IF)
Parameter A mapping of the preservation of equivalence Parameters of the mechanical e VMMC define conditions of
morphism between parameters spaces of a pair of system spring to parameters of the desired edigree between the

specifications electric circuit VM and %D, examp les:

Identity Is a parameter morphism with an equality between  Parameters of a mechanical » L1 homomorphism
parameter parameter values and units spring to parameters same (or > 12 identity isomorphism
morphism potentially another) mechanical | .

cpring Note(s):

> BEquivalence vs equality

Identit Is an isomorphism with equality mapping in The same mechanical spring to . .
. v il S e R ieal Spring > Pedigree vs fidelity
isomorphism underlying mathematical structure and parameter the same mechanical spring

space

il BYRIEMS  SERC DOCTORAL STUDENT FORUM 2022 | NOVEMBER 17



Resultant Metamodel
of Verification Artifacts?

SR

<<System Requirement>>

VRPS
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Resultant Metamodel
of Verification Artifacts

<

<<Verification Requirement>>

<<Verification Requirement Problem Space>>

<<Morphism>>
<<Refers to>>

<<Verification Model Morphic Condition>>
<<Sets conditions for>>

<<Adheres to>>

p <<Verification Model>>

<<System Requirement>>

<<Bounds>>

<<Bounds>>

<<Morphism>>

<<System Design>> <
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«requirement»

Research Outcome

7 N
«satisfy» / \ «verify»
/ \
/ \
i . «block» H «testCase»
[ ) Comparlson to State Of SE prachce System Design / Verification Model
confirms uniqueness of research
> Eg.;SysMLv1.6 implicit/descriptive ?
versus explicit/analytical

<<Verification Requirement>>

<<Verification Requirement Problem Space>>

<<Refers to>>

<<Verification Model Morphic Condition>>
<<Sets conditions for>>

<<Adheres to>>

<<Verification Model>>

* The results suggest that VM should
be defined based on:

> Mathematically characterized
interrelationships between SR, SD, and
VR consisting of VRPS and VMMC <<Bounds>>

<<System Requirement>>

<<Bounds>>

* Gap in SEresearch/practice identified
and new area of study opened

. <<Morphism>>
<<System Design>>

* SYSTEMS
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| Stay connected with us online.
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Paul Wach
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https://www.linkedin.com/company/systemsengineeringresearchcenter/
https://twitter.com/SERC_UARC
https://www.youtube.com/channel/UCj4FvYXhmNOtjin_ToD3NWw
https://sercuarc.org/
mailto:paulw86@vt.edu
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