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SE Modernization: Broad Synergy Across SERG/AIRC Efforts

SE Modernization Focus Areas

(Initial Scope)

Key Enablers

[

Cross Cutting

SYSTEMS ENGINEERING RESEARCH CENTER

Model Centric Engineering — surrogate pilot project to evaluate
details of DE, Navy NAVSEM process model

DE Metrics — framework for quantifying DE/MBSE benefits, SE
community working group

Digital Data Management & Analytic Strategy — pilot data
strategies combining mission engineering, digital engineering,
acquisition baseline data, etc.

Army Common Architecture Strategy support — government
reference model/MOSA strategies

Space Force Agile Transformation — direct experience supporting
government agile transformation, metrics

Agile Program & Project Management — agile processes as
applied to systems and hardware intensive programs

Developing Capability Requirements — improving the timeliness
and agility of capability requirements across acquisition pathways
Digital Transformation in Test and Evaluation for Al/ML,
Autonomous, and Continuously Evolving Systems

Systems Engineering Modernization and Acquisition-Enabled DE
Workforce — embedding MBSE/M&S competencies, simulations
into DAU courseware, DE Bootcamp

Frameworks
to Guide
Decisions
for Program

Managers
and PEOs

Legend:
SERC/AIRC
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How?

Lack use cases for

We envisioned a new ol e We drafted a roadmap of

mental model for
integrats legacy / modeling approaches N meor Lack authoritativese sh dones licenting cotf N not tha underlying data
programs/platforms "\ enfology . Y e soorces o dera 8 N 4 \
Meed PM consumable sad enterprisa o9 fo fyitem A managomant odels
visuolization standards  culfure change model flaw srategy Lack axample

, .
Lo O ey Isues
. recommendations to
V&V processes Lack widely standard
demonstrated digital ~x— shared Slow uptake
cases & examples fools/methads N sty em o modernized
.
Ways & Means Share o Mo, Qi @ systems engineering
—— leamed ~— SEIRProcesses — Reference . ihilities and
Implementation

Adoption
Meed I processes in DoD
leed examples
e il Need examples
o o of of realized

efficlencies

data/ medel
portfolios

Lack documentad

quality

\MPrOVEMENTs  Aust deal with gaps in
ata & missing medels

lack revised  obsalafe, nesd
examples of o8 views

acquisition Not anough use
artifacts

systems engineering in
a fully digital, iterative
world that:

Lack collaboration /| ack means = program
lessons learned 7~ 1o view /

g, /) S modernized systems

learned oo trom decision
artifacts to data

Lock IP/date

profaction Lack consistent incentives . M In
processes
Lack CMm Lack culture for sharing e l l I n e e rI
procasies data & modals

Need more agile, Need agreement

Policies do not
incentize the PMs continuous data & on means to . .
to adopt new model dev't e Highlighted items are
approaches approaches modals workforce related
1. Converges 3
'ife C CleS Pervasive How-to guides
y Al for Data/Model- £
Common CB‘m‘Ta?n Semantic A‘éqr‘"_s'“f’_" driven Seamless & Efficient
* Ontological at gt integration| Strategy D, Acquisition/Engineerin
isiti I basis for SE Ontology O " q 2 g
Acquisition and asis for = - Situational P Integrati
Ergmooring | _1 qanies pon \ Sy rocess negain
Digital Integrative Digital SEP Analytics A System
Cognver ence 1 Lexicon for SE Dagﬁhnoam / DBVSQE_DPS Digital
2. Iterates a different order of Build-L goce | S o o
. Iterates a different order of bulid-Learn- Conlrac\tyo{z iecutable
We captured a set o P IS Ve 0,

\Centric Contracting Dashboard Continuous

Measure for each acquisition pathway that e > Saade o Contnuo S
. Reference / Teaming
. . . . Collaboration __-\.ADEIXWG Contracting |mplementations Development ! g
e ouhaeddn interrelated issues/ pain g Bl AN
Contracts and \ Implementations  Style Guide GRA & models
- = DEE T & Standard Assessment
Data and Tools Data Integrated

points/ challenges to )///

Domain

N ? SEMod
Reference Lessons v Digital
. 0 . N L d and other
é implementation of this rpmentaton. x_ new TR e

4 and Common Se DE Metrics, Digitalized

Patterns ~ . MosA SEMod o
~ Lessons (") Adoption
[ l I le nta l I IO e Controlling the 2™~ «, Learned/~ Model
/ Digital Agile S~ Agile @ pECE
Lifecycle =~ Ligthods _ Current State

Workforce & Culture

Measure
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So...How Do We Enable Improved Acquisition with DE?

Requires Ontologies to build
common understanding

Agile Mindset Model-Based Data Centric

Exemplar Reference

data and models implementations will

e EEaeE provide templates to help
feh programs get started

lterative Approach with

The Supra-System
Revised Acquisition

_ Mental-model
- a continuous

iterative process

- seamless & efficient
transfer of data and
models

“Knowledge needs to

be liberated from the

artifacts”
Dr. Steve Jenkins

JPL/NASA (Retired)

Comprehensive MBSE/DE Pain Points identified, SE Modernization Roadmap ﬁ

Distribution Statement A. Approved for public release. Distribution is unlimited. Cases # 23-S-2511
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What Does an Agile Mindset Mean to SE and DE Modernization?

Results from the SERC/AIRC and SEl Workshop: Agile for HW-Intensive Systems:

1. Intentionality
in Design:
|
Thoughtful

Decomposition
and Partitioning

|
MOSA Precedes
Partitioning

Control | /F’s
and API’s

2. Shift
Learning Left

Front-End
Investment

in Test

Front-End
Investment
in Infrastructure

SYSTEMS ENGINEERING RESERRCH CENTER

3. Avoid “Single-

Milestone Completion is
Buying Down Risk, not —

Eliminate
Stovepiped
Acquisition Stages

Batch” Mindset

Measuring Progress

Operational
Need
Identified

Initial
Operational
Capability

New Capability Delivery Cycle Time: 9 - 26 yrs

PPBE & iciti ;
JCIDS Ceere e T ACUSItIOh [major programs]
Contracting
<1—3yrs>< 3yrs { 05-2yrs 4 5-20yrs >

Measure User
— Satisfaction

Improve
Flow from

Warfighter Need
To Capability

Production &
Sustainment

Refactor Work

Steams — 4. Deliver Working Like R&M
I . Software Analoti
Deploy Dedicated _ — Frequently — Embed Analytics

IT /Analytics Teams In the Product
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* Cyclic nature of modern SE

Still milestone-based

SE core principles in every Acquisition pathway

Flexible system life cycle entry points:
Learn-Build-Measure (MCA)
Build-Measure-Learn (Mid-Tier, SW, UON)
Measure-Learn-Build (Sustainment)

* Continuous lterative Development processes
(around the circle)

* Continuous Data Management and
Transformation processes (at the core)

Measure

Distribution Statement A. Approved for public release. Distribution is unlimited. Cases # 22-S-0026 & 23-S-1760 7



Use Gases & Workforce development: How- to guides & training

How to How to capture Mission Integration into a Government Reference Architecture?
i MCA Pathway
:jetalr;(test S°5‘d‘“me: | {-ﬂo How to develop a Software Capability Needs Statement
o ? (s\y\’o“ww portfolio . v that also governs long-term software architecture?
eXperlencAeAé A, Oes o 0"3\‘3‘;;?'7 g 1 oy

How to do a comprehensive AoA with persistent
results into digital modeling for risk management?

How to develop a digital TEMP & get it approved?

Who owns the data and models!?

LOE 1 -SEMOD BoK & Data

Community of Practice Storage
Layer

How to develop a digital SEP & get it approved?
LOE 2 - Policy & Guidance

Review & Update

b°hsformd\\°“
LOE 3 - Model Based Artifacts,

Data Workflow System Mode®

DisCiplinary Mode'®

Milestone

S et How to develop an RFP for managing the
pevelopment digital data and model design process?

LOE 4 - Roadmaps & Framework

(Iterative Mental Model )

LOE 5 - Digital Acquisition
Thread Exemplar &

LOE 6 - Workforce: DE/SE Topic
T el e W R Where do data and models live? Who manages the ecosystem?

How to government and contractor collaborate around data and
models to accomplish appropriate rigor and risk management?
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Ways & Means To » Policy and Guidance Initiatives
Accelerate Adoption * Exemplar Implementations

Share Lessons Learned * Data & Models Throughout the Life Cycle S mless & Fhaent

Data Flows &
Improved Acquisition

Modernized SETR » Data Governance to Support Decisions ‘ Decisions
Processes » Agile Continuous Model Development

Build Reference * Uninterrupted Tool Flow
Implementations * Model Usage/Governance

Distribution Statement A. Approved for public release. Distribution is unlimited. Cases # 22-S-0026 & 23-S-1760



Acquisition &
Engineering Digital

Convergence
Workforce Development

‘Reference Implementations
& Common Patterns

Seamless & Efficient
Acquisition & Engineering
Process Integration

Distribution Statement A. Approved for public release. Distribution is unlimited. Cases # 22-S-0026 & 23-S-1760 10



Acquisition with DE Recommendations

Digital Data and Models are living artifacts not “Technical Data.”

* The central tenet of Digital Engineering is collaboration around data and models. Government and
Contractors have shared workflows in development and sustainment programs.
> The DEAE framework must be planned and managed to ensure configuration
management and visibility into authoritative sources of data and models,
particularly across the DoD acquisition and contractor boundaries.

* Viewing Contracting for DE as technical data and computer software (per the FAR) is insufficient to
meet the intent of the DE Strategy.
> Further use of pilot programs at the service level necessary to mature this
contracting interface. Additional research recommended to consolidate lessons
learned and build a “playbook” for standardized approaches.

* Data and Models should be managed as program software components.

> Recommend development of an equivalent to or update of the Software
Development Report (DD Form 3026-1) to include digital data and model
identification, resources, and development progress.
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Main Element: Digital Engineering and Acquisition Ecosystem (DEAE)

. / . o . . f ’
* Must be recognized as a necessary part of the | Mobocturing (||| Deposed | Reolzed  apib
. (¥ Ecosyste b Physical System
system development, or provided at an ‘ | \\’(MW
. v : Softwar
enterprise level Deployoble sobtware  SFHTR

|-
= Digita!
SL{/Stew\ Modejs L Simulations A < P Twins

* An Enterprise Information System (DoDI ;
5000.82) [ ! i}. ;|
Acauisition Digital Engingering Tool Infrastructure Support

* Must support the full range of functions to Eeosretegl, S Jigetter)
which it will be applied, as articulated in the Tooling to Guide DEE Contracting AR ="
SEP — not necessarily the entire product (e \ﬁ
ifecycle ETT a

* Data deliverables must be carefully T e [ (O i
considered e ;

* Decision analysis framework, when fully
articulated, can assist in decision making for

data and tools - B —_—
SEP: Systems Engineering Plan
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Areas of Near-term benefit (by Acquisition Function)

1. Life Cycle Logistics: ensuring that authoritative data and models and their use are included
In the product support strategy and made available to the logistics and supply domain

2. Engineering and Technical Management: developing the ASOT and associated DEAE

3. Program Management: planning and budgeting for data and models, selecting acquisition
pathways and defining appropriate DE model-based review processes, staffing the program
office with sufficient digitally skilled program office personnel

4. Test & Evaluation: V&V requirements and operational assessment with and of models,
capturing appropriate digital test artifacts

5. Business Financial Management/Cost Estimating: reflecting costs of and potential
savings of DE in the complete, executed lifecycle of a system

6. Contracting: incorporating data and model exchanges, and digital review processes into the
Statement of Work (SOW), defining data and model exchange and delivery requirements

7. Audit: ensuring appropriate management of program digital artifacts so curation is possible

SYSTEMS ENGINEERING RESERRCH CENTER SERC RESEARCH REVIEW 2023 | NOVEMBER 15



Next Steps

* Contracted to the Air Force to accelerate adoption of Acquisition with DE though
establishment of an Industry Advisory Council and transformation roadmaps.

* Continue to collaborate across AIRC research tasks to develop an overarching
roadmap for digital transformation of the
acquisition, and eventually sustainment
processes, focusing on the benefits of
digital-enabled acquisition.

Industry Digital
Association Acceleration

@ Data Standards/Ontologies/Style Guides to Enable DMM Consortium (IAC) Consortium (DAC)
© Policy and Enforcement for DMM DAF, Army, FFRDCs, UARCs, A focused OTA industry
9 Integration of Acquisition Functions industry (primes, small consortium with a limited

businesses, tool developers, number of primes & cloud
O DMM/DE Infrastructure and Environment & SW vendors) service providers
© Workforce Development and Training for DMM (Impacting

Culture)
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Backup Slides

SYSTEMS ENGINEERING RESERRCH CENTER SERC RESEARCH REVIEW 2023 | NOVEMBER 15



Generalization
The Supra-System Model

“System Experience”
should be captured in
stored data and used ‘

to continually update or Data - The supra-system lifecycle: what
remake our models SI'_Z’;:‘* drives the experience of the system

9}

<
%, \’g\“’
%o .
Nsformat\®

Authoritative Sources of Data and Models are
associated with the System not the Program,

and must consider all internal and external Adapted from: Thullier and Wippler, Finding the Right Problem, in Large Scale
. . Complex Systems and Systems of Systems, ISTE, 2011
I'fecyde drivers von Bertalanffy, General System Theory, New York: George Braziller, 1968
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Notional View

Full SE Modernization Life Cycle

* Cyclic nature of modern SE
. . 5 f MCA Pathway
* Still milestone-based (o :
. e . 1 )
* SE core principles in every Acq pathway {s\)??ok s NC‘&,, RUON Pathway
MO 0!
* Flexible system life cycle ent ints: \ /- 002! pnalyi Gy o
exible system life cycle entry points: ms ¥ O et Ofgans Mooty oag, Ny,
. 10C ) 't 97
Learn-Build-Measure (MCA) & S oot Sy O AW Py
. . . RGN
Build-Measure-Learn (Mid-Tier, SW, UON) ?O ) A e
S & Milestone
Measure-Learn-Build (Sustainment) Q) £ &5 Material
,"\ og ‘9\ @s" M[OP.“’”"MI Mo Solution
* Continuous lterative Development processes (around 9 3§ § ég w &
. = I
the circle) N _g .
. . Z f« MTA Pathway
* Continuous Data Management and Transformation O &3 g
— ora
processes (at the core) S i 77\
w“oox
ﬁ ° o) &
\?7 % R r’°”‘fovmc‘"°° >

Milestone
Decision Point:
Development

System mode™

D"ﬁplhory Mode's

Learn > Needs analysis & Planning

MS
TRR

Build > Implementation

Measure > Test, Evaluation, Support

Data & Models
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Pain Points Fishbone

Lack Lack use cases for e
il
& & downstream use of
. process governance
integration data and models

Lack ability to Inconsistent Lack standardized Gov’t reference

SE Mod goal:

Ways & Means
seamless & efficient

to Drive (Share Lessons

Modernize

Stovepiped,
unintegrated
tool flows

systems engineering

integrate legacy taxonomy/ modeling approaches, qrchitectgre ~ \—Whoowns XT
programs/platforms . ontology Style guides immaturity Lack authc;rétatlvg the data?
Poor mission asa risk sources o mzt(:?els
Need PM consumable Need enterprise model to managemen
visualization standards culture change system model t strategy Lack example
fbystem focus data/ model Lack
Lack revised ic obsolet Lack documented - acceptance
Lack ack revise IS obsolete, quality portfohos ,
ac examples of need SoS ; t ) N\ V&V processes
contract acquisition NotiRWSeh use Improvements \yst deal with gaps in Slow uptake
approaches/ artifacts 2 s | data & missing models £ modernized
emplates et Gl ) i of modernize
Reference

digital flows

Adoption

L Learned

SETR Processes

Implementatio capabilities and

e — ; | ns processes in DoD
Lack effective compliance /Lack Need examples Lack examples Lack training ) 5 collaboration
requirements momentum for galﬁ’;%};irg} of realized of modernized in PMO'’s lessons learned,” It_cz;f/kiem\/]ve/anS p;ggram
: et R -~ offices
Need breadth & depth Need nee value Elieieneies Need data !(rg)srgwatu re Lack model extract data
of experience, staffing / €xperienced Means to value the Means to value visualization Sutomation  abstraction Not easy to drill
Multiol q leaders digital artifact multidiscplinary Nee®@®IS /- .. strategies lessons down from
ultiple concepts an Need PEO- (thread/ twin) rigor automatio Ll LackI /058 decision artifacts
pathways maturing separate level earl lif | Reduce barriers/ waterfall/ ; .
evel early Ifecycle cost of entry View that dile milestone protection Lackoatatistent
Overcome stovepiped adopters Need to have & Lack cost is for SW only f|%)ws processes/— |ssues ab SUERHYERSE data resides
DE/I\/IE/!\/IOSA/AgHe Funding adopt measurement/ estimation  MOSA as enabler for MOS?S? ure Lack CM Lack culture for sharing
guidance constraints & strategies methods  adaptability & change established processes data & models
. e Irities :
Policies do not Do not Need more agile, Need agreement
incentivize understand continuous data & on means to o _
programs to the return model dev’t chare data & Highlighted items are
adopt new on workforce related
TR T, approaches models
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Pervasive How-to guides

; Al for Data/Model-
. . Common T;r)‘(t;ggri“"%r Semantic Aggu'ts't'on iven Seamless & Efficient
.y Ontological Data oE arnd meo . Integration  pHITCBY —t Acquisition/Engineering
Acquisition and basis for SE and Strate and Acq Situational -
. . I Acq Model-based Process Integration
Engineering c . Executable
Digital \ Brigirpaoln glglﬁil SEZ Contacts—p icion Digital
. Dashboar igita
Convergence \ Ontology Collaborative Analytics Assistants
\ Contractin mital TEMP
Model- Agile igita ) ] .
\ Centric  Contgacti Dashboard _ Libraries A Continuum
\ Pilots Digital SE. O Continuous Human-Al
Collaboration DEIXWG Contracting I Refere?cts lterative ~Teaming
around Digital \ e Reference mpleme;l aI |o(;15.d ODeveIopment Traonfsrr:(ljgdrglt;on
\ Implementations tyle Guides GRA
Contracts and \ & Standard Assessment Daa | q
Artifacts \ DEE Data and Tools ™= —= | Data Integrate
\ Model Reus
Open- Ecosystem “How to
L . 4
Ve Pl Domain  senMod and Corp akilset
Reference MOSA Digital ore skillse
] N GoV't Ref, Ontolagies other
Implementations So Archs w
and Common Mission/SoS & MOSA —— Digitalized
Patterns Supra-system SEMod DE
lifecycl Lessons Adoption
Controlling the ~ o Learned Model
: Digital Agile S~ Agile DECF
@ Available Lifecycle = Mgthoded - Current State
O Research in progress
Workforce & Culture

(O Research needed
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Digital SE Modernization Roadmap

How-to guides

' ' . ition processes . Sea.m.lc.ass & Ef.f|C|en.t
Acauisiti q data & model driven acqu - Acquisition/Engineering
cquisition an Pervasive : . tion P I [
. . . automa rocess Integration
Engineering ital ontology Al, and extensive
Digital o Acquisition digita
Convergence

A Continuum

Collaboration
around Digital
Contracts and

Artifacts Data Integrated
Reference N
Implementations N
and Common D N Digitalized
N
Patterns <
Controlling the

@ Available Digital Agile
O Research in progress Lifecycle

Current State

O Research needed

Workforce & Culture
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AIRC A COUISTION INNOVATION AREAS OF NEAR-TERM BENEFIT
A RS (BY ACQUISITION FUNCTION) -1

Each of the current seven managed acquisition workforce areas, at a minimum, have a role to play in the
DE transformation of acquisition and sustainment practices, to benefit from the continuum of digital
artifact availability and use:

1. Life Cycle Logistics: ensuring that authoritative data and models and their use are included in the
system Life Cycle Sustainment Plan (LCSP), lifecycle cost analyses, and the government/contractor
product support analyses and strategy and made available to the logistics and supply domain.

2. Engineering and Technical Management: developing the ASOT and associated DEAE per the
lifecycle management plan, as documented in the program Digital Engineering Implementation Plan
(DEIP), as a main part of the Systems Engineering Plan (SEP).

3. Program Management: planning and budgeting for data and models across the full lifecycle, defining
and managing program office requirements that are consistent with the use and expected benefits of
DE, selecting acquisition pathways and defining appropriate DE model-based review processes,
staffing the program office with sufficient digitally skilled program office personnel in appropriate
functions, defining data exchange requirements for data and models across the spectrum of their use,
defining and tracking DE activities in earned value management systems (EVMS) as well as
Integrated Master Plan (IMP) and Integrated Master Schedule (IMS), defining a DE measurement
plan and inspecting program digital artifacts delivery for completeness and consistency.
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Each of the current seven managed acquisition workforce areas, at a minimum, have a role to play in the
DE transformation of acquisition and sustainment practices, to benefit from the continuum of digital
artifact availability and use:

4. Test and Evaluation: defining and planning the verification and validation (V&V) requirements and
operational assessment with and of models, using data from live events to update models and the
collective ASOT, capturing appropriate digital test artifacts in the ASOT, developing the digital Test and
Evaluation Master Plan (TEMP).

5. Business Financial Management/Cost Estimating: DE data and models integrated into cost
modeling, updating cost estimation models to reflect the relative resource (time, budget, and
personnel) costs, cost avoidance and potential savings of DE in the complete, executed lifecycle of a
system, including but not limited to development, production, and sustainment.

6. Contracting: incorporating DE processes, data and model exchanges, and digital review processes
into the Statement of Work (SOW), defining data and model exchange and delivery requirements,
defining program DEAE requirements.

7. Auditing: ensuring appropriate management of program digital artifacts so curation is possible.
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Thank you

Stay connected with SERC Online: Email the presenter: Tom McDermott

Yy in O B2 tmcdermo@stevens.edu

Email the research team:
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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/
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