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System of Analysis (SoA) — A kind of Digital Thread

* Model representation of the system involved in data analysis, storage, etc. relating to some system or mission

* Analyses often involve multiple models, simulations, domains, etc.
* Multiple models can interact in different ways (share common parameters, inform one another, etc.)
« Different levels of abstraction can occur in a broad analysis context
« Domain, System, and Mission models and Measures of Effectiveness (MoE) can be used in the same analysis context

* As an analysis increases in complication, the ability to verify analysis structure increases in difficulty
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System of Analysis is a Graph

(Partial) representation of a digital thread as simple,
directed graph

Mission MoE®Impact Angle

« Edges represent sequencing information

System of Analysis (SoA) — A directed graph Mission Mof-6lic
representation of data flow through intermediate
models to high level analysis objectives

Graph-Based Analysis can provide insight:
* Cycles in the directed graph

* QOrder for automation

b Comp|eXIty Geome®y Model System and }

Simple graph analysis only looks at simple edges

Manu# Input
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SoA Ontology - Reusable markup to tag an SoA graph “‘7@

SoA_is_related_to
exactly 1

SoA_has_component some SoA_has_component some

[ Somimput ] OIS RGP e So e retedo ([ oA 1)
v exactly 1

SoA_has_component some
A 4
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Digital Engineering Framework for Integration and
Interoperability (DEFII)
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p vy

1Dunbar, D., Hagedorn, T., Blackburn, M., Dzielski, J., Hespelt, S., Kruse, B., Verma, D., & Yu, Z. (2023). Driving digital

« Direct: Access via SWT interfaces like query engines,
verification shapes, etc. Engincering, sye 31662, hitpsi/ /o org/ 101002 sye266a oo models withontologies. Systems

2Dunbar, D., Hagedorn, T., Blackburn, M., & Verma, D. (2024). A Three-Pronged Verification Approach to Higher-Level
Verification Using Graph Data Structures. Systems, 12(1), 27. https://doi.org/10.3390/systems12010027
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The Problem — Large Scale Multi Model Analysis &

R e u S e cantilever-type spring

payload rope Mission MoE: Impact Mission MoE: Flight Mission MoE: Impact
bucket P frame Angle Time Velocity
A A A

Catapult Use Case System MoE: Range

\

IEStra]'n]‘ng P Rpanjwani3, CC BY-SA 3.0
rope <https://creativecommons.org

* Five Models

System MoE: CEP

A

/licenses/by-sa/3.0>, via

« Descriptive (SysML) Wiimedis Commons

 Geometry (CAD Model using CREO)

ire Simulation Mode
(MATLAB)

7

XY Analysis Model
(Python)

System and Mission
Models (SysML)

« Fire Simulation (MATLAB)
« XY Error Model (Python)

Fire Error Analysis
Model (Python)

* Fire Error Model (Python)

» Models are connected in a non-linear Manual Input

fashion Geometry Model

(CREO)
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SSVL Verification Applied to SoA Well-Formedness (Three Prongs) @

Prong 1: Description Logic Reasoner

Scenario Scenario

1) Functional SoA_terminated_to_target
09de70c2-dOdfd-4599-8ebe-1d11:°aab%l?j7d61_SoA
. ' - SoA_terminated_to_target 69ec40fc-3edd-4635-8e56-
SR tsq Alrthe.mpI\I/rllpéjtf 9 AlE Description Logic Reasoner f21431071a86_SoA
imutation iViode 09de70c2-0dfd-4599-8ebe-1dfaab9b7d61_SoA
SoA_terminated_to_target a4f578a8-ce36-4417-ad15-
81f982ebf855_SoA

C10

Prong 2: Closed World Constraint Analysis

Scenario Scenarlo

Removed CircularErrorProbability Violation: Requirement 7 - Value Property: 'CEP' is not tagged with
(CEP) from objective Closed World Constraint Analysis a loaded ontology term

Prong 3: Graph Based Analysis

Scenario Scenarlo

Cycle from Iml_?glcgth\{eloaty to Pin Graph Based Analysis Cycle Detected
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Abstract System of Analysis (SoA)

par [Block] SoA[ Assessment Flow Diagram | J
Value Properties identified as [Oiecive 1 | (Oiecive | [Ghieciv s |
Obijectives of the SoA
MISD 3 : MISD 3 F-“::na
analysis_tool : String T [ provided
Intermediate Analyses defined —— 1 ——_
through model interface e T I e _
specifications within SysML B o -
|“ysh_wolrsm‘ng T ":u—m‘:s:‘g.ms
- .- e F\mlsm in1MISD2 -szlsoz
_ Subsystem A : Subsystem A Subsysfem B : Subsystem B | Subsystefn £ : Subsystem C |
Value Properties of System Vaiue Property 1 e — Vae gy 3|
Under Analysis

Dunbar, D., Hagedorn, T., Blackburn, M., & Verma, D. (2024). A Three-Pronged Verification Approach to Higher-Level Verification Using Graph Data Structures. Systems, 12(1), 27.
https://doi.org/10.3390/systems12010027

Cilli, M. V. (2015). Improving Defense Acquisition Outcomes Using an Integrated Systems Engineering Decision Management (ISEDM) Approach [PhD Thesis]. In ProQuest Dissertations and Theses.
http://ezproxy.stevens.edu/login?url=https://www.proguest.com/dissertations-theses/improving-defense-acquisition-outcomes-using/docview/1776469856/se-2?accountid=14052
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Potential for SOA model reuse

par [Block] SoA[ Assessment Flow Diagram ] J

out1MISD3 out2MISD3
| |} B Feature Diroction
MISD 3:MISD 3 . rw
vales [l provided
analysis_tool : String
[ inmnsosq : ' ;
in4MISD3
D3
.ounmsm out2MISD1 I
MISD 1: MISD 1 MRSD 2 : MSSD 2
values T
tool: S :
SOSiySl_tool : Sking analysis_tool : String
!nmsm in2MISD1 -

in1MISD2  iIn2MISD2
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Potential for SOA model reuse

par [Block] SoA[ Assessment Flow Diagram ] |

/ out1MISD3 out2MISD3 \

o = raneoincion || o ]| SOA
MISD3:MISD 3 .M
valuas i
analysis_tool : String Il provided
in1MISD3 ———_r
IN2MISD3 .\ ena
out1MISD1 out2MISD1 SRIANSD2
|
MISD 1: MISD 1 MRSD 2 : MSSD 2
) values TN
analysis_tool : String analysis_tool : String

K !-1mso1 .inzmsm lmmsoz -hzmsoz /
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Potential for SOA model reuse

par [Block] SoA[ Assessment Flow Diagram ] |

-

out1MISD3 out2MISD3 \

analysis_tool : String

\_ Euwusoa. u ._ meso)

n2MISD3  amisD3
outIMISD2

oo 1o Full SOA

==—| « Individual
Model

—
out1MISD1 out2MISD1
MISD 1:MISD 1
values
analysis_tool : String

MISD 2 : MISD 2

\ !-wusm in2MISD1

velues
analysis_tool : String

in1MISD2  in2MISD2 /
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Potential for SOA model reuse

par [Block] SoA[ Assessment Flow Diagram ] |

-

\ !-wusm in2MISD1

( out1MISD3 out2MISD3 \
s s oo 1o Full SOA
— [ ovied .
i ”‘i" P w * Individual
\_ in1MISD3 y,
B — in2MISD3 1n3MISD3 ;L MOde
- o uso: - * Mode
analysis_tool: String anaiysis_tool: Sting Metadata
=]

“in1MISD2  iIn2MISD2 /
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Semantic Model Component Library (SMoCLib)

o ) ) 'E" Y Y Y Y ' Y Y Y -
« Extends the Digital Engineering Framework for 8|2 2 §
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. = 4
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5 o B
- - . < \ J \ AN AN J CD U)
« Attachment to modeling tool via plugin N D — B
7 . ” Mapplng ifi i
» Enables approach for “correct-by-construction Interface | Pecified Model Interface Direct Interface
approach to SoA development \ A A J
e R
Automated Reasoning (Logic and Rules Based)
\ <
e )
Ontology Aligned Data
g _/
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Theoretical SMoCLIb Workflow In DEFII

Extract Reusable

Components

Annotate
Components

Reuse
Components

[ Descriptive Model with Verified
System of Analysis

!

SMoCLib

4

Descriptive Model J

So0A models can be extracted and stored as
ontology-aligned data

Further annotations can add context to the model
for searchability and dynamic model requirement
creation

Models can be imported into a new system model
for use

Authoring is not limited to Descriptive Model —
displayed this way to emphasize reuse

Model is extracted as a full SoA
Reuse can happen at multiple levels of abstraction
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Implemented SMoCLib Workflow in DEFII

Triplestore ] ( SysML Model Mapped to SoA
(Data Storage) | Ontology and Verified via SSVL

!

: Triplestore Protégé
SMoClLib [ (Data Storage) ][ (SWT Editor) ]

Python RDFLib Library
(Glue Code) (read/write RDF triples)

g DEFII
(Model Access, Parsing,
Interoperability)

\.

SSVL
(Model Verification)

Python MTIP XML Plugin
(Glue Code) (Batch SysML Model Editing)

4

[ MaQICD_faW_ _ ] SysML Model with SoA J

(SysML Authoring/Viewing)
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Models Stored in SMoCLIib

» Can be dlstrlbu_ted ) S_egment out Distributed Semantic Model Component Library

sensitive materials or into

separate repositories Meta - Model

_ Component Library

« Extensible — can always add more depends_on n depends_on

facts depends_on
° T00| Agnostic — Need Only add Model Component Model Component Model Component

. Library Library Library

proxy to new authoring tools

« Can be versioned via git (text . depends_on T. S -
depends_on depends_on depends_on
based) ' N |
) i Model Component Model Component Model Component Model Component

« Searchable via linked data Library Library Library Library

- Graph and logical queries

Distribute models in SMocLib and use graph to track
dependencies
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Ontology View of Components with Tailored Requirement

Active ontology = Entities = Individuals by class = DL Query = SHACL Editor =

Class hierarchy: Model Authori IUIET TR Annotations  Usage
N e B OO Asserted Annotations: Organization 1 Authority
'. -D'n'l.'Thlng Annatations
: SoA Instance Element rdfsdabel
SoA Structural Element o ization 1 Authori
@ SoA Analysis — nl
@ SoA Connector shaclShape
) SoA Model SoA: ModelAuthorityPerModel
) SoA Model Metadata a shcNodeShape ;
o sh:targetClass SoA SoAModel ;
) Model Fidality sh:pl-:-WEd:wS:EA con ha
) 504 Maodel Tool Specification SICPAU JOIORTII_0oMmponan ; L
0 SoA Structural Intermediate Element :::ﬂlﬁgm‘:ﬁfmﬁ: .[ shiclass SoA:ModelAuthority] ;
@ S0A Termination Point sh:message "Requirement Viclation: All Models Must Have Model Authority Metadata”
1.

Description: Organization 1 Authority F[IE®E §Property assertions: Organizatio
Typed Dbject property dddertiond

# 'Model Authority'

Data property assertions
Same Individual As
Direct instances: Organization 1 Authority = = = Nagathve obiect proparty assartions
" ﬁ Different Individuals
For: '. 'Model A.l.l'[hﬂl'itf Negative data prope rty assertions

Organization 1 Authority
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Distributed Component Library for Catapult SOA

SoA.owl

SoA Ontology Definitions Meta - Model

Component Library

depends_on depends_on

depends_on

catapultModels.owl! errorModels.owl

Model Interface Specifications Geometry Model ErrorXY Model generalModels.owl
Fire Simulation Model FireError Model MISD1
MISD3 MISD2
A T
T T I td\c..'p\c..-n-::ls_nn
—
depends_on depends_on  depends_on depends_on

catapultSoA.owl
Systems of Analysis Catapult Analysis
SoA

abstractSoA.owl
Abstract SoA
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SMoCLib — Cameo Plugin

« Automated construction of SoA within a SysML system
model

« Correctly stereotypes elements based on implementation
of DEFII

o ® Import Model Specifications

Import Model Interface Specifications

« Enables mix/match of different elements from previous

Import individual models from component library repository or file

analyses
P T e URL to DEFII Server: http://127.0.0.1:8060
Import Full System of Analysis (SoA) Repository Name: soa_component_library
Import a full SoA from component library repository or file [ Retrieve Models from Repository J
URL to DEFIl Server:  http://127.0.0.1:8060 Name Description
fireErrorModel  Model Interface Specification for pythonic Fire Error model
Repository Name: soa_component_library ErrorXY Model Interface Specification for ErrorXY pythonic error model
MISD 2 Model Interface Specification for MISD 2
[ Retrieve SoAs from Repository ] matlab Model Interface Specification for Fire Simulation in MATLAB
_ MISD 3 Model Interface Specification for MISD 3
Name . Description . . . . creo Model Model Interface Specification for CREO geometry model
Catapult Analysis SoA Catapult SoA - includes four analysis models: geometry, fire simulation, and two error models MISD 1 Model | f S ification for MISD 1
Abstract System of Analysis Abstract System of Analysis - used in the CSER Paper. Have 3 analysis models. odel Interface Specification for
Import from File Close Import Import from File Close Import

e
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Verification of Method — Import Components

Import full SoA, model metadata, and an additional model
interface specification

Dynamically add requirements to global set

Verify seeded defects are detected and remedy model

| Order | Type |
Full SoA Import Import Catapult SoA
— Model Metadata Import Model Authority Metadata

“ Model Interface Specification Import  MISD1 Model Interface Specification

m

“ All Model Interface Specifications shall have Model Authority information
Model Fidelity attached to Model Interface Specifications shall be specified as
“Low,” “Medium,” or “High”

Scenario Description Constraint Violation Messages (via SHACL)

Il Formed Version of SMoCLib Imported Model Closed World  Requirement Violation: All Models Must Have Model Authority Metadata

SMoCL.ib Imported Model with Violations
Corrected

Pass None

Constraint Value does not match pattern '*Low$ | *Medium$ | AHigh$S'
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Conclusion

« Three-Pronged Verification in expanded SSVL gives opportunity for robust analysis
* Previous use in Well-formedness analysis
« Can be extended to provide verification functionality to many problem spaces
« SMoCLIB extends SSVL approach by permitting efficient reuse of models
« Allows association of metadata, rules, etc. for reuse with each model

» Distributed storage of model data, import into models as needed
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