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Digital engineering is a key enabler for highly effective

development of MOSA-based architectures.

= This MBSE process provides confidence that MOSA-based architecture
development will result in cost and schedule savings as required.

©)

...Provides confidence for
realization of more highly
effective implementation

©)

...Increases probability of
efficient systems engineering
practice

...Establishes traceable
relationships between SE
artifacts in one location

©]

...Easily sustains integrated
project data integrity during
changes

A digital engineering approach...
15-20 July - 2023 www.incose.org/symp2023 #INCOSEIS



Validation of MOSA-related architecture decisions prior
to the design phase reduces the risk of program failure.

@®

System designs based on

MOSA-compliant
architecture averts rework
and delays.

Assess the architecture
before deriving systems

designs. 9

@

Make the system
architecture the target
for MOSA assessments.
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Our approach uses MOSA QA criteria to evaluate
architecture requirements prior to system design.

3

Perform
Model-Based
Develop Assessment

Evaluable

Prioritize Criteria
Business
Objectives
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Define applicable MOSA Quality Attributes (QAS).

|dentify and understand the business and
technical priorities for MOSA integration.

Interface
Transparency
iAffordabiIity l 1) .
perational . -
Capability Configurability
Affordability
! Interoperability ’ /\

Extensibility

Ensure mutual stakeholder
understanding and agreement.

Supportability

Functional
Adaptability

Understand how MOSA
is being integrated into
the architectural design.

Prioritize
Specified

Business
Objectives




Ensure sufficient coverage of business drivers

Research, analyze, down-select an applicable body of MOSA QAs. o

Transparency
——

—

| Affordability | Operational f‘ Configurability i
Capability I

—

-

Affordability

0

| Interoperabilty Supportability
—
Waintairnarrm D
aintainability | o
bllltyf/, Portability
Functional —
Adaptability

rall

S

Upgradeability

, Lower OV€
. Systelm Cost

Is the “Business Obijectives”
view sufficiently, clearly

MOSA Business Objectives View indicated?

«business priority»
«business objective Affordability
Lower Overall System Cost
«business priority» «business priority» «business priority»
Functional Adaptability Upgradeability Operational Capability

«MOSA attribute» «MOSA attribute» | | «MOSA attribute»|  «MOSA attribute» «MOSA attribute» | [(MOSA attribute | «MOSA attribute» «MOSA attribute»
_Modifiability | |Resuability-Modularity| | Extensibility | Supportability) |Maintainability| = Ayailability Ease of Integration Configurability

Prioritize
Specified
Business

«MOSA attribute» «MOSA attribute» | | «MOSA attribute» «MOSA attribute» «MOSA attribute» «MOSA attribute»
Interchangeability| = Adaptability Extensibility Installability Portability | |Interoperability

Objectives




Deconflict MOSA QA redundancy.

Are the program priorities for MOSA completely and distinctly specified by the selected
MOSA QAs?

MOSA Business Objectives View . . ) . .
Is the “Business Obijectives” view

S S sty clearly and distinctively specified?

Lower Overall System Cost

«business priority» «business priority» «business priority»
Functional Adaptability Upgradeability Operational Capability

o : Is the “Evaluation View” (technical
«MOSA attribute» «MOSA attribute» «MOSA attribute»| | «<MOSA attribute» | | «MOSA attribute» | [(MOSA attribute» «MOSA attribute» «MOSA attribute» S e Va ua |On IeW ( eC nlca )

Modifiability Resuability-Modularity| Extensibility Supportabilityl Maintainability Availability Ease of Integration| Configurability

= ified?
«MOSA attribute» «MOSA attribute»| |«MOSA attribute» «MOSA attribute» «MOSA attribute» «MOSA attribute» CI e a rI y S p e C I fl e d .

Interchangeability Adaptability Extensibility Installability Portability Interoperability
MOSA Compliance Evaluation View

bdd [Model] MOSA Quaity Attribute Evaluation Model[ MOSA Qualty Attribute Evaluation Model ] J

«business priority»

Focus on coverage of | cousiness abjeiives. Affordability

Lower Overall System Cost

concepts, not semantics. — e I B

«business priority» «business priority» ‘ «business priority»

Operatlonal Capablllty Functional Adaptability | Upgradeability

«MOSA at’trlbute» [ «MOSA attrlbute» «MOSA attribute» «MOSA attribute»| |«MOSA attribute» ‘ «MOSA attribute»
Configurability Interoperability Reuseability Extensibility | Supportability) Maintainability
«MOSA attribute» «MOSA attribute»
Interface Transparency Portability

Prioritize
Specified

Business
Objectives




In summary, first step is to firmly establish the basis

and focus for MOSA application.

MOSA Compliance Evaluation View

bdd [Model] MOSA Quality Attribute Evaluation Model[ MOSA Quality Attribute Evaluation Model :,'

«business priority»

«business objectives Affordability
Lower Overall System Cost

——————— !

Q—t

«business priority» «business priority» «business priority»

Operational Capability

«MOSA attribute» «MOSA attribute»
Interface Transparency Portability

MOSA Business Objectives View

«business priority»
«business objective Affordability
Lower Overall System Cost

‘—0

«business priority» «business priority» «business priority»
Functional Adaptability Upgradeability Operational Capability

«MOSA attribute» «MOSA attribute» «MOSA attribute»| [«MOSA attribute» | | «MOSA attribute» QWSAjmbme,; ~ «MOSA attribute» «MOSA attribute»
Modifiability Resuability-Modularity = Extensibility Supportabilityl Maintainability Availability Ease of Integration| Configurability
«MOSA attribute» «MOSA attribute»| |«MOSA attribute» «MOSA attribute» «MOSA attribute» | «MOSA attribute»
Interchangeability| | Adaptability Extensibility Installability Portability IInteroperability

bdd [Hode] MOSA Qualky Atirbute Eval

Functional Adaptability Upgradeability

«MOSA attribute» «MOSA attribute» «MOSA attribute» «MOSA attribute» | | «MOSA attribute»
Configurability Interoperability Reuseability Extensibility | Supportability. Maintainability

«MOSA attribute»

What is the business
motivation for MOSA?

Are the selected MOSA QAs
sufficient?

Is the trace from MOSA QAs
to priority clear or at least
characterized?

Transparency,|

Affordability |

Operational ”
Capability Configurability
| l l
- |

~

| Upgradeability |
\

Prioritize

Specified
Business
Objectives
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Prioritize
Business
Objectives
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Develop sets of evaluable MOSA-QA criteria to assess
architecture requirements.?

» For each QA, identify

specific evaluable * Provide a spectrum to .
criteria of the content aid in performing the » Together, the criteria for a
2-1 under review. 2.2 evaluation. given QA should combine
2 3 to fully reflect the whole
= of the QA.

 Ensure that the
criteria are aimed at
the right content and

2.4 perspective.

1520 Jdly - 2023 whwAr.incose.org/symp2lg



Develop sets of evaluable MOSA-QA criteria to assess
architecture requirements.?

MQA-Configurability MQA-Maintainability

E.g. Criterion: Architectures requires ability to adjust
parameters of software systems without
recompilation.

MQA-Extensibility

E.g. Criterion: Architecture fosters addition of new
functionality without requiring changes to the
fundamental baseline architecture.

E.g. Criterion: Architecture fosters the use
of explicit interfaces

MQA-Portability

E.g. Criterion: Architecture fosters clear
definition of interfaces for potentially-
replaceable components

MQA-Interface Transparency

E.g. Criterion: Architecture requires disclosure of
component interface behaviour

MQA-Reusability

E.g. Criterion: Architecture fosters reuse of
products in other platforms without
modification

MQA-Supportability

E.g. Criterion: Architecture fosters development of
built-in-mechanisms for ensuring quality control

e Wt

MQA -Interoperability

E.g. Criterion: Architecture fosters a service-
oriented paradigm for component interaction.

SRONO,
ONONO

1
15-20 July - 2023 www.incose.org/symp2023 #INCOSEIS ﬁfﬁh"%'“%qw%
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STEP 3.1

Develop MOSA Evaluation Profile Model

15-20 July - 2023 www.incose.org/symp2023 #INCOSEIS
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The MOSA evaluation profile model serves as the
kernel of the model-based approach.

_ _ MOSA Attribute Legend
Model representations of business [ Configurability

drivers, quality attributes and criteria are [ Extensibility
color-coded for ease of identification. I Interoperability

\ : ; | Ol InterfaceTransparency
e [ Maintainability
[ Portability
(] Reusability
] Suppotability

MOSA
Evaluation
Profile Model

MOSA QA
Profile Metric Suite Library

1 ! 1

Contains MOSA  Contains MOSA Contains MOS"_\ QAs,
stereotypes and  metrics elements. MOSA-QA-criteria

elements, and MOSA QA
Evaluation tools.

customizations.

Perform

Model-
Based

www.incose.org/symp2023 #INCOSEIS Asseaii
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STEP 3.1.1

Develop Model-Based Assessment Tools

15-20 July - 2023 www.incose.org/symp2023 #INCOSEIS

17



Create evaluation tools to facilitate mapping and
verification of evaluation results.?

R-C: Requirements-to-Criteria
C-R: Criteria-to-Requirements

1. QA Evaluation Matrix Tool Requirements are Ioaded_ by setting
l the scope of R-C Evaluation Table. 2. R-C Evaluation Tool

| {

Text MOSA QA Criteria MOSA QA Criteria Text MOSA Quality Attribute
This is requirement 2

|

Legend

" compliant

This is requirement 9

This is requirement 10.

This is requirement 8

[] Sample 2 Requirements

TRl WA Confiurabity C-R Evaluation Table comes 3. C-R Evaluation Tool

+E-] MQA-C Criteria-1

=] MQA-C Criteria-2 preloaded \xlth MQA'criteria.
Name Text Compliant Requirement Requirement Text Requirement id

+E-] MQA-C Criteria-3

~E] MQA-C criteria-4 -
EN MR MOSA Attribute Legend: (] Configurability [J] Extensibility [] Interoperability (] Interface Transparency [J] Maintainability [J] Portability [] Reusability [] Suppotability
= -Extensibility

+E=] MQA-E Criteria-1
{ MQA-C 2 rc requires : just systems during runtime

{ MQA-C
| MQA-C Criteria-4 Architecture requires multipie physical configurations of hg

MQA-Extensibity ‘ MQA-E Criteria-1 Architecture fosters adaion of new functionaity without requirng

MQA-Extensibity (] MQA-E Critenia-2 Architecture fosters addition of new functionaiity without requiring

Perform MQA-Extensibiity (=] MQA-E Criteria-3 Architecture fosters loose/low coupling
Model-

Based
Assessment G MQA-ExtensiDity { MQA-E Critena-$ Architecture use widely-adopted open standard

MQA-ExtensiDity J MQA-E Critena-4 Architecture fosters abity to configure services at run-time



Create evaluation tools to facilitate mapping and
verification of evaluation results .

6. Executive Summary Tool

4. Compliance Matrix Tool
\ 4

Legend Sample MOSA Qualy Atrutes : , Compliance Matrix Tool Name Execuive Summary
Complies With - ] MQA-Extensibility— S} -] MQA-InteroperabilityT comes preloaded with E] MQA-Interface Transparency
;
H REER. B ! ! < MQA-Criteria. ] MQA-Maintainability
o
o 4
g 616151010 (& E] MQA-Reusability
= 4 & & & & <& < < & < .
0 0 0 0O 0 © o o o o ¢
S S S S = R = : EJ MQA-Configurability
Sample 1 Requirements ] 1“ 17 ) ol
= . ] MQA-Extensibility
T Executive Summary
eq
Req 1 Tool comes pre'oaded ] MQA-Interoperability
Req5 .
e with the MQAS —) ] MQA-Portability
Req7
Sample 2 Requirements E MQA-Supportability

5. QA Evaluation Metric Suite

{

3 é s m  Evaluated Mocsa:“ n Applicable 4 Traced ,, Configurability ,, Extensibilty ,, Tr::\temrc;\c 1 Interoperabilty ,, Maintainability ,, Portability ,, Reuseability ,, Supportability
S Scope 7 Requirements “ P - QA Criteria“— Requireme|“— Criteria “~* Criteria “— Csnl::ria Y o Criteria “~  Criteria “— Criteria “ Criteria “~ Criteria

| Sample 1 Requirements

2 2022.09.29 11| ] Sample 2 Requirements

Perform

Model-

15-20 July - 2023 www.incose.org/symp2023 #INCOSEIS Based U




STEPS 3.2 & 3.3

Perform Model-Based Evaluation

15-20 July - 2023 www.incose.org/symp2023 #INCOSEIS
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Set up the evaluation model using any one of four

model configuration patterns.

MOSA

Evaluation
Model

AY

/
(Cuses)) , \\ (Cuses))

\
\

Architecture

Model MOSA Profile &

Library Model

Architecture

Model

Requirements T

1. Create a new model, i.e.
MOSA Evaluation Model

2. Bring in Architecture model
and MOSA Profile Model as
project usages.

15-20 July - 2023

Architecture

Architecture
Requirements
Model

I

1. Set Architecture model as
MOSA Evaluation Model.

2. Import Requirements and

MOSA Profile models.

Architecture
Requirements
Model

MOSA Profile &
Library Model

Architecture
Model

X

\

: (Cuses))
\

!

Set Architecture Model
(containing requirements) as
MOSA Evaluation Model.
Bring in MOSA Profile
model as a project usage.

www.incose.org/symp2023 #INCOSEIS

MOSA Profile &
Library Model

Architecture
Requirements

MOSA Profile &
Library Model

Set Requirements model
as MOSA Evaluation
Model.

Bring in MOSA Profile
model as project usage.

3

Perform

Model-
Based
Assessment




Perform the evaluation:! create mappings between
QA-criteria and requirements using the mapping tools.

Column Element Type:

A drop down menu from Which Matrix comes preloaded aant : Duruooo:columnto;ow' sr;ov;immnuzul

Legend E-[] 1081 Requirement y—y———— T T T T 1

to pick a compliant Requirement with QA-Criteria. e
facilitates rapid mapping. \

Requirement
Name Text Compliant Requirement Requirement Text = P

I MOACCriteria-1  Achitecture requires abilfy to adjust parameters of software systems |

E] moa-C criteria-2 Architecture requires ability to adjust systems during runtime. & Req 6
1 MeA-C Criteria-3 Architecture requires ability to perform physical adjustment of hardware

E MQA-C Criteria-4 Architecture requires multiple physical configurations of hardware

Q MQA-E Criteria-1 A(cﬁ!leclure fosters addition of new functionality without requiring

Q MQA-E Criteria-2 /-\}cn:(ecn]re“los’(ers‘admn‘ori 61 név.v lunc(;o.nal;(y without requiring

Q MQA-E Criteria-3 Architecture fosters loose/low coupling.

E MQA-E Criteria-4 Architecture fosters ability to configure services at run-time.

olo|(~Nlo olslw/ v

Q MQA-E Criteria-5 Architecture use widely-adopted open standard.

=)

] MQA-E Criteria-6 Baseline architecture interface is knowable/open

Q MQA-E Criteria-7 Architecture abstracts technical responsibilities into layers.

)

Q MQA-IT Criteria-1 Architecture requires disclosure of component interface behavior.
Q MQA-IT Criteria-2 Architecture requires disclosure of component interface data format. d I
Q MQA-IT Criteria-3 Architecture requires disclosure of component interface data meaning / | [g] a n co u m n s

g MQA-IT Criteria-4 %c‘h?{‘eclﬁr‘e d ot for exceptions to required disclosure of a uto m at i ca I Iy po p u I ate o n ce a QA-C ri te ri a is

] MQAIT Criteria-5 Architecture fosters the capture and expression of dependencies

] MQA Criteria-1 Architecture fosters a service-oriented paradigm for component selected from the drop down menu.

E] MQa- criteria-2 Architecture fosters an ordered data sharing paradigm (e.g

Nloo| R ®

@

£ MeA- criteria-3 Architecture requires adherence to data sharing paradigm
] MQA Criteria-4 Architecture facilitates a data sharing paradigm that handles data

N
S o

sl e ]

Elma
Elma
=

Elma
Elma
Elma
Elma
Elma
Elma
Elma
Elma
Elma
Elma
Elma
Elma
Elma
Elma
Elma
Elma
Elma

MOSA QA Criteria MOSA QA Criteria Text MOSA Quality Attribute
< . E=] MQA-M Ccriteria-1 Architecture fosters the use of explicit interfaces E=] MQA-Maintainability
The Communication ] MOAM Criteria.3 Architecture fosters high cohesion in grouping of functional responsibilities [ MOA Interoperabil
Manager shall provide an ki Architecture uses widely-adopted open standards Interoperability
open standards based E= MQAI Criteria-5 Architecture fosters development of infrastructure or framework functionality E=] MQA-Reusability

communication interface for E—] MQA-R Criteria-6 Architecture requires disclosure of component interface behavior E=] MQA-Interface Transpareng

Architecture requires disclosure of component interface data format

i i i MQA-IT Criteria-1
communication with Q Architecture requires disclosure of component interface data meaning / context (e.g. via data m¢

devices.. E=] MQAAIT Criteria-2

Perform E=] MQA-IT Criteria-3

Model-

ot www.incose.org/symp2023 #INCOSEIS 22




Perform the evaluation:* use the MOSA QA Compliance
Verification tool to expedite verification of results.

| The compliance matrix
E is preloaded with QA
criteria.

The compliance matrix auto-
populates in real-time with the

results of an ongoing mapping
activity.

in e i
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Perform the evaluation:** compute the level of QA
compliance using the QA Evaluation Metric table.

Total number of applicable

: : : Total number of QA-criteria
Scope field is set to compile Q QAs requirements map to.

metrics for single specification requirements map to.

ST 2, Applicable QA Criteria| % Applicable MOSA Q As g, Sty
Requirements Criteria

= Scope

- Specification

_ Specification

Total number of criteria per QA
to which requirements trace to.

A

Total number of
requirements evaluated

Extensibility Interface i Interoperability Supportability

Maintainability i Portability 2, Reuseability Criteria M s

Criteria Criteria

o

Criteria Transparency Criteria Criteria

Perform

Model-

necesdil www.incose.org/symp2023 #INCOSEIS 24




Perform the evaluation:3” compute the level of QA
compliance using the QA Evaluation Metric table.

Scope field is set to compile Total number of Actual number of requirements
metrics for multlple specification evaluated reqUirements. traced to a QA.

w Evaluated |, Applicable QA | , Traced  Applicable MOSA Q | Configurability_‘i
“4 Requirements | “~ Criteria “J Requirements | “~ As T Criteria '

Framework Specification :

L]
] Manager Spedfication

] Resource Spedification

Total number of criteria per QA
to which requirements trace to.

A

1 Interoperability ,, Maintainability | ,, Portability | ,, Reuseability | ,, Supportability
Criteria Criteria

v | v v w1

Criteria Criteria Criteria

www.incose.org/symp2023 #INCOSEIS 25



Perform the evaluation:* Interpret, summarize, and
capture findings in the model.

Name Executive Summary
= D t H h th h H h d H ‘ HCC fosters a high degree of interface transparency.
e erl I ”ne W e er a Ig y I I le |U| I I y B HCC-MQAdnierface Disclosure of HCC interface behavior, data format, and data meaning is specified implicityly

for HCC connectors via required compliance to applicable open standards

or IOW threshold WaS met by each HCC fosters a high degree of maintainability.

g HCC-MQA-Maintainability HCC speicifit ofimprovements and upgrade its requirement for SBC or OpenVPX compliance to

Transparency

y . . widely-adopted VITA open standards and chassis hosting processing cards.

QA S Crlte rl a HCC fosters a high degree of reusability / modularity.
g HCC -MQAR bil This assessmentis based on the assumption that the HW components and standards supported by the
. . . - -Reusability HCC are in fact widely-adopted open standards and therefore meet or exceed the indicated Reusability
[ ] O d t th t t - criteria. Also the specifications call for discrete changes to components, so as not to affect other systems
r indicate that it was non
fosters a moderate degree of configurability.

. . . ) HCC implicitly requires ability to perform physical adjustment of HCC components and allows greater than
I n d Icatlve g HCC-MQA-Configurability one HCC component physical instantiations. The firsttwo configurability MQA criteria are inapplicable to

HCC since they are software-related
HCC fosters a moderate degree of extensibility.

This asse: entis based on the assumption thatthe HW components and standards supported by the
g HCC-MQA-Extensibility HCC are in fact widely-adopted open standards and therefore meet or exceed the indicated Reusability

criteria. Coupling is called for to be limited, however the specificity of the degree and method to this could be
expanded upon
HCC fosters a moderate degree of interoperability.
For HCC, the usage of military standar ata formats, and widely-used protocols means that itis more
likely that HCC compon: will be naturally compatible with each other, and not require significant
adaptation
e

£ Hee-Maa-interoperability ssment s based on the assumption that the standards supported by the HCC are in fact
y-adopted open standards and therefore meet or exceed most of the listed Interoperability criteria. If
this is not th: se, then the HCC in GCIA-compliant platforms will be significantly le: teroperable
because their interface behavior, format, and semantics will require more effort to understand and integrate

H C C S pec n foste rs a m od e rate d e g ree of: :%%’?est:jlrrz:Lﬁzd;r;‘:n‘;zgge:l::fggna::gyéonnector specifications. Mandating considerations for

lowering coupling between interfac increases likelihood of usability in other systems. However, the
Q HCC-MQA-Portability specificity of the degree or method for limiting this could be expanded upon to increase the real-world

Configurability

Usage of common computing fosters execution of components on generic computing environments.
Connectors are also standardized.

HCC fosters a moderate degree of supportability.

L] s C is sf iz¢
HCC Spec. fosters a high degree of: oM supporaity b e resmamor o
.
Reusability

HCC Spec. is non indicative for

Extensibility

HCC C-R MOSA Evaluation Executive Summary Tool for a Hardware Bertorm

Model-

Common Compute (HCC) Specification Based

Assessment




Conclusion
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In conclusion, this digital engineering tool provides early
confidence that an architecture fosters MOSA principles.

\

 Is highly robust

Can be tailored for
any program

Is systematic

Can be used for multiple | '
architectural paradigms =+

L\

. Provides user-specific
= flexibility

04 §

Offers a unique value
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