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NDIA System of Systems SE Committee

* Mission
* To provide a forum where government, industry, and academia can share

lessons learned, promote best practices, address issues, and advocate
systems engineering for Systems of Systems (SoS)

* To identify successful strategies for applying systems engineering principles
to systems engineering of SoS

* Operating Practices

* Face to face and virtual SoS Committee meetings are held in conjunction
with NDIA SE Division meetings that occur in February, April, June, and
August



Simple Rules of Engagement

* | have muted all participant lines for this introduction
and the briefing.

* |f you need to contact me during the briefing, send me
an e-mail at sosecie@mitre.org.

* Download the presentation so you can follow along on
your own

* We will hold all questions until the end:

| will start with questions submitted online via the CHAT
window in Skype.

* | will then take questions via telephone; State your name,
organization, and question clearly.

e |f a question requires more discussion, the speaker(s)
contact info is in the brief.



Disclaimer

 MITRE and the NDIA makes no claims, promises or guarantees
about the accuracy, completeness or adequacy of the contents of
this presentation and expressly disclaims liability for errors and
omissions in its contents.

 No warranty of any kind, implied, expressed or statutory,
including but not limited to the warranties of non-infringement of
third party rights, title, merchantability, fitness for a particular
purﬁose and freedom from computer virus, is given with respect
to the contents of this presentation or its hyperlinks to other
Internet resources.

» Reference in any presentation to any specific commercial
products, processes, or services, or the use of any trade, firm or
corporation name is for the information and convenience of the
participants and subscribers, and does not constitute
endorsement, recommendation, or favoring of any individual
company, agency, or organizational entity.
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Background

Mission success requires a careful
orchestration between mission
planning, engineering, and
analysis of the mission, and an
acquisition strategy that acquires
systems, and assembles system of
systems for mission-capability
satisfaction.

The challenge is to develop an
enterprise framework

that demonstrates continuity of
mission capabilities from the
Strategic Objectives and Policies
to the individual platforms.

Accomplishing a mission has always been a SoS endeavor, but
“knitting” the multiple systems together has frequently been left to

small communities of systems or to the operators themselves.




Commonality Among Mission-Based Disciplines

Mission Planning

dentiy mission capabiltie « Address the problem
Mission Operations(scenarios) Mission from a mission
Capabilities *  Capability-Based Planning Capabilities o
Defined © Assessiisk provided  (Ccapability-based)
\ perspective.
vission Enci 0 -+ System of Systems Is
gineering ystems Integration . .
© Eraluates mission ' Develops System of fundamental to mission
Operations(atenarios) | * Engineersand operations and ultimately
Defines the mission manages capabilities . . . .
(capability) architecture and interdept(.atndert]cies aChleV|ng mission
amaong constituen
systems SUCCesSS.
Mission
Capabilities

Specified




|V|ISSIOn Planning

« Describes a method for employing joint
(or single service) mission capabilities
to achieve a stated objective within the

Mission BT <\ context of a specified operating

Outcomes =< = : . g
environment or against specified force
challenges.

» |terative design process that includes:
— Mission Analysis
— Course of Action (COA) Development
— COA Comparison and Analysis
— COA Determination and Approval
— Orders Production

Planning is the art and science of envisioning a desired future and
laying out effective ways of bringing it about.

- Marine Corps Doctrinal Publication (MCDP) 5, Planning




Mission Engineering

« Mission engineering treats the s
end-to-end mission as the Oﬂg;gg',ggs
system.

« Mission engineering addresses
the system of systems (SoS) in
the mission context.

— Cross cutting functions
— End-to-end control
— Trades across systems

Reference: Dahmann, J., S. Doskey, and A. Tolk (April 21, 2020). Mission
Engineering, Systems Engineering and Systems of Systems Engineering.

Mission engineering is the deliberate planning, analyzing,
organizing, and integrating of current operational and system
capabilities to achieve desired mission effects.

- Gould 2016




Lead Systems Integratlon (LSI)

* Directed by Congress in 2008
rationa Public Law 110-18.
Mlssmn

Outcomes = o — B . Assert and execute system, SoS,
and stakeholder trade space to
affordably optimize a collection of
Interoperable platforms and nodes
acting as a single system to
achieve a mission capability.

Lead Systems Integration — An acquisition strategy that employs a
series of methods, practices, and principles to increase the span of both
management and engineering acquisition authority and control to acquire

system of systems or highly complex systems.




Intersection of Mission-Based Disciplines

. Capability Based A

[ 000 siategic Guidance

Mission Planning
» |dentify mission capabilities
o * Develops Concepts of .
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Initial » Evaluates mission » Develops System of
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LS| Enterprise Framework

LS| Enterprise

Framework L S
— Provides a framework to é-,;@ -
identify and manage YA
StakehOIderS bOth %g@é@& \;9\@&% System /’ e System —"’S;gfen:\‘~ System
horizontally and 23| / S Sy oSy Ca, e G
onzoh.aty LS AN A 4 o/
vertically $2° /° e
23 \Q@ 4
— The framework spans - of §@4# _ﬂ/ —h/ -—L/——h/
S )
four levels HCH
@\ 2
* Enterprise Capability 23 ?\39"0 >
Level £2
+»» Mission Wholeness Level
s System Level

+» Allocated Sub-system
Level

Mission success requires analysis at several level of the LSI

Architecture simultaneously.




Ten Layers within the Four LSI Enterprlse Levels
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 The LSI Framework contains
a ten-layer model within the
four enterprise levels.
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« The LSI Framework provides

the decomposition from 2. Sub-Systems
strategy to system elements
to analyze mission success. 1. Assemblies and Components

=
g



Capability-Mission Lattice
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Lattice is used as an integrating construct for

identification of capability requirements and the development of capability

solutions.




LSI Framework + Capability-Mission Lattice

NN NSNS SSSSSSSSSSSSSSS

Capability L cicrets asks e —— ig
L | e= 0 3
1~ Requesttor &3
=~ £
\ Management) ) B . .. Capability Requirements @l @ 0 demmme e =
Q
Wholeness III] 5
revel _ s S
oo, A
......... to tech in need of TMRR. Pport p—
S ys te m . 1 n?:tchlu totech |
\ _ readyforemp !
* Capability
_____ = Y i Solutions
A“OCﬂtEd 2. SUh-SVStems (_Land Systems ] [ SeaSystems | [ AirSysten{s ) [ space Systems ] (IT/Cyber Systems |
Sub-System A Logstes/Susta )
Level 1. Assemblies and Components

The combination of the Framework and the Capability-Mission
Lattice provides a roadmap of how strategies are implemented.




Uses of The LSI Enterprlse Framework

Enterprise
Capability
Level

Mission
Wholeness
Level

Program/
System
Level

Allocated
Sub-System
Level

2. Sub-Systems

1. Assemblies and Components

R NN SSSSSSNSSSSSSSSSSS

Testing that mission-capability needs
adequately support the strategic
objectives.

Ensure the strategic objectives, policies,
and guidance are supported by the
current, or future, portfolio of systems.

Assist in making prioritization and
budget decisions.

|dentify enterprise capabilities that are
not being addressed or are overly
addressed.

|dentifies technological trends and
outliers.

|dentifies functions, systems, and
services that exist within the Enterprise.



Application
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MarmeCos Force Design 2030

« LSI Enterprise Framework can help determine the best means of reducing
infantry battalions while proportionally reducing the organizations dedicated to
supporting these battalions.

There is an assumption that the Marine Corps will not receive additional resources in the out-

years.

The Marine Corps must divest certain existing capabilities and capacities to free resources for

essential new capabilities.

Enterprise
Capability Level

MNational, Theater, Service
Strategic Policy and Vision
Documents

Warfare Areas (e.g. Air, Sea,
Ground, Space, Cyberspace)

Warfare Mission Threads (e.g.
Strike, Counter-Air, Amphibious
Assault)

Consolidated Mission Capabilities
(e.q. Joint Capabilities)

Mission SoS Operations (e.g. Close Air
Wholeness Support)

Level SoS Systems Architectures (e.g.
Carrier Strike Group) (ROC/POE)
Platform Types (e.g. Arleigh

Program/ Burke (DDG-51) Class, F-35)
System
Level

Specific Systems (e.g. DDG-10

Allocated
Sub-System

Specific Sub-systems (e.g.
Propulsion, Radar,
Communications, Guns)

Level
1. Assemblies and Components

Specific Assemblies and
Components (e.g. Receivers,
Transmitters)

Command Element Divestment
3 law enforcement battalions

Ground Combat Element Divestment:
3 Battalions
2 Reserve infantry battalions
Propased reduction per infantry battalion of
approximately 200 Marines.
16 cannon artillery batteries
14 increase of rocket artillery batteries
Zero tank companies
3 increase of Light Armored
Reconnaissance (LAR) companies
2 Assault Amphibian (AA) companies

Air Combat Element

= 18 active component fighter attack
WMFA) squadrons, with a reduction in
the number of aircraft per squadron to
10

* 3 active component medium tiltrotor
(WMM) squadrons

* 3 active component heavy lift helicopter
(HMH) squadrons

2 active component light attack

helicopter (HMLA) squadrons

* 1 increased active component aerial
refueler transport (WVMGR) squadrons

* 3 increase active component unmanned
aerial vehicle (WMU) squadrons




Summary
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The LSI Enterprise Framework: A potential Government LSI
enabler to “think and act differently

) Description of the

National

« The LSI Enterprise Framework can =%, Mk
be used to show the continuity of i o
mission-capabilities from strategic
objectives to individual systems.

« The framework will assist the
Resource Sponsor with portfolio
management (top-down
perspective).

« The framework will aid the program
level LSI with requirements
discovery and mission level insights

(bottom-up perspective).
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Lead Systems Integration Supplemental




Lead Systems Integratlon (LSI)

 LSI Function - Assert and
execute system, SoS, and
stakeholder trade space to
affordably optimize Integrated
Warfighting Capabilities across
the SoS lifecycle.

— The roles of the LSI are similar
to the roles of any Systems
Engineer (SE) or System
Integrator (SI). The primary
difference is the span of design
and integration authority that
persists throughout system or
SoS acquisition and lifecycle.

Graphic Source: www.meicompany.com

Key objectives: Affordability; Speed to the Warfighter; Agility;
Maximize the Value of Complex Systems.




The LS| Enterprise Framework

Management

LSI Touchpoints
Organizational

Functions — . . .
e — Understand organizational dependencies
) - Resource A’Htx:amn‘/ Re-Allocation Internal and EXternal
v Business IS __
© — — - “Who is involved and their equities,
i i = . . . . st
1 Englneerlng E - Technical Integration / IntereSts! relatlonSh'ps’ or 'mpaCts
— Interface Control .
? . LSI Architecture
1 TeSt - Requirements Management /
CONEMPS Development .
. . - System Deficiency Management * “LSI Touc,’ po’nts:
- Logistics - $ What any LSI does”

(Labs / Flight Test) RN
»

Operations & Sustainment Q
(Man / Train / Equip)

Empower decisions
(organizational authority
and conflict resolution)
via governance to
@ achieve capability —
using Universal
Enabling Resources
aligned to LSI touch
points - within the
context of the
Stakeholder Architecture

Align and leverage
resources to enable LSI

functions

>

Enterprise

Boundary | Boungary| Boundary| Boundary

Mission

LS| Governance
Program

“How an LSI makes decisions and enacts those decisions”

Resource
Manageme

Component

(,

Universal Enabling Resources

“Four universal and inter-related elements span every level and affect
every Key LSI Touch point/ product for the LSI function”




LS| Touchpoints in the Enterprise LS| Framework

Management

LSI Touchpoints
Oranlzatlonal LS| Process Management
e s
=
Resource Allocation / Re-Allocation

Configuration Management

Business

Engineering

Technical Integration /
Interface Control

Architecture Definition

re Definit
Requirements Management /
CONEMPS Development

LSI Function

Test

= 173 z A
R ] System Deficiency Management E: LSI Touch pOIntS.
LOg'St'CS (Labs / Flight Test) RN - What any le doesn
Operations & Sustainment Q

(Man / Train / Equip)

Mission Capability
e -

Enterprise

Mission

Boundary | Boungary| Boundary| Boundary

Program

Component

LS| Touchpoints: highest payoff points of control or influence —

aligned across the enterprise



G Lead Systems Integration (LSI) Touchpoints

Lead Systems Integratlon (LSI) Touchpomts ‘ LS| Touchpoints (1)

LS| Touchpoints (4)

Asynchronous Configuration Management

+ LSl Process Management
~ Accountable for mission wholeness, Pl b ik —
7 - e ; = LS/ must establishimaintain overal So =
Typical Organizational L5 Touchooints 5 b
Funcions e LS| Touchpoints (5)

LSI Function

Enlsrprlss Architecture Definition
LSl should “own™ overall architecture

~ Architecture defines LS| interfaces for

3 L S I TO uc h 0 | nt Enterprise Funding & Schedule Alignment
Assert & exectite system, — LSl should consider dynamic funding

Engmn::anng Functions systems of systems, and S g o changes across multiple programs it tory, fight

o stakeholdertrade. Att ri b utes an d may not contiol ey challenge In complex 808 environments
.« Technical Anal aﬁordab(yom,mze ”M(ated i 14 LSImust align multiple asynchronous LSImust determine impact of deficiencies at

hedules it may not control
*  Requirements Analys war fighting capabilities across 3 3 I e
LSI may create and use a resource
- fuchiecure thasystas of syt e Principles J , ey raragamen
cycle g simul
Test Functions Live, Virtual, Constructive (LVC) environments
. Verification & Validation e ——— = ; + Codependent Systems of Systems Risk Management stem deficiency management methodologies & tools is an LSI enabler
il Requirement: gement / isibllity to risks, issues, and opportunities across sub-programs /
CONEMPS D sub-systems making up the capability enables trade space - Operations and Sustainment (Man  Train / Equip)
apRyeen Support system architecture equally as critical as engineering-based
r , . = s engineering-base
Facilitie - y to combine & normalize rieks across diferent functional, operational, or mission architectures
Manning / Training ( L progrm ek fatng sysiems 4o jaéorm rade space menagement ~ Assess existing stakeholder / constituent system DOTMLPF synergies
Maintenance ament to minimize logistics footprint
Supply Eouin) ~ Resource and monitor sustainment cost evaluations continually during
a systems of systems development and throughout fifecycle

Unclassified

LSI Touchpoint
Methods &
Practices:

e Multidisciplinary — apply at any
. Responsibilities” “level” of LSI

LSIUnique role (*) | LSI Tou. Tools
points

Scaaton e LSI Roles and Responsibilities (2)

Identifies highest payoff points of
"“’“ LSI control or influence to assert

LSl Unique role (*) |LSI Touch | Products Tools

—— and execute trade space —

TRE Enginest toinclude Aca. Strategy. Comm,
et et muliple SOS: Test Parng,  Resouce Alocaton,  Wanwslepot Exchange, Test
of meney Test Conduct, Mgnt, of Funding/Schedule,  Interoperabilty TMRT, iReport,

Emu T aligned across the enterprise

Acquisition
PM)

SOStest results Fiight Test)
Logistics Similarrole astraditional LSl ProcessMant,  SupportabilityAnalysis
acquisition but for complex  Acq Strategy, Comm, Plan, Life Cycle
whichincludesmutiple Resource Allocation,  Suppont Plan Envronment mm
systemswithvarious supply,  Funding/Scheduie access to ven
support and training Risk, CM, Ops & ata), DECKPLATE
requirements Sustainment roject

Enables organizational agility




® LSI Architecture Core Elements
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. "““'“'"‘u ey e e Stakeholder
« Stakeholder Definition / Characterization > I=r ] ‘ | ey Identification /
— Define and characterize all stakeholders via PMT-401 stakeholder e ““E"” 2 Characterization
analysis matrix and SoS coupling/cohesion analysis ' ?om'mgftu".“"n:k.?:t‘""f"‘"'ﬂq"” il = Source: DAU PMT-401
» Stakeholder “Physical Architecture” model B e ‘ Stakeholder Management,
— Aggregation of static organizational charts which define levels o\ R SoS coupling/cohesion
formalized / administrative stakeholder interactions & empowerment the LS o e e e

Stakeholder “Functional Architecture” model

— Dynamic Systems model that aggregates actual stakeholder
interactions and data flows

Stakeholder “Process Model”
— Enables governance framework, processes, and adjudication methods
Includes Iayered enterprise coordination/communication strategy,

Stakeholder “Physical

Architecture” model
Existing formal organizational
charts...

Stakeholder Charter

— Defines roles/responsibilities to enable enterprise governance
decisions within the Enterprise LS| Framework

Stakeholder
“Functional

Architecture” model
e.g. Dynamic systems
modeling

The Architecture
iInforms LSI processes,
communication methods,
and governance strategies
In order to best influence
trade space

Stakeholder

“Process Model”
Combination of steps 1
through 3, applied at any
level of the LSI effort
across a “Stakeholder
trade space”

SOURCE: NPS Cohort 2 Report, 2015
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Stakeholder “Architecture” / Management
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Typical
Organizational
Functions

Business
Engineering

Test

Logistics

Management

LSI Touchpoints
LS| Process Management
Resource Allocation / Re-Allocation

Configuration Management

Technical Integration /
Interface Control

LSI Function

Architecture Definition

re Definit
Requirements Management /
CONEMPS Development
System Deficiency Management
(Labs / Flight Test)

Operations & Sustainment
(Man / Train / Equip)

terprise LS| Framework
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@ Align control or influence of key LSI Activities across the Enterprise

Understand organizational dependencies

Internal and External
“Who is involved and their equities,

interests, relationships, or impacts”

Stakeholder Architecture

Enterprise

Boundary | Boungary| Boundary| Boundary

Mission

Program

Component

rise Capabi_[ity
- = “LSI Touch points:
What any LSI does”

Mission Capability
e -

Stakeholder “Architecture” / Management: Who is involved

and their equities, interests, relationships, or impacts



LSI Archltecture Challange
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« Constituent systems are developed asynchronously

« LSl architecture must guide and inform simultaneous and distributed
concept development, technology development, and system
engineering and manufacturing.

GRAPHIC SOURCE: Herdlick, B. (2012). Establishing an Operational
Context for early System-of-Systems Engineering Activities



Universal Enabling Resources

R N SNSNSSNSSS

R NSNS SSSSSSNSSSSSSSSSSS

Management

Typical
Organizational

LSI Touchpoints

LS| Process Management
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@ Align control or influence of key LSI Activities across the Enterprise
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| I
Eunctions - Understand organizational dependencies
) - Resource Allocation / Re-Allocation Internal and EXternal
L Business 5 __
= P . for
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. . = . lati hi . ts”
I Englneerlng E - To?‘.hm:a\ mlngram‘m/ lntereSts’ relations ’ps’ or ’mpac S
—_— nterface Control -
? ] = Stakeholder Architecture
-
1 TESt - Requirements Management / rise Capability
CONEMPS Development = 3 » .
3 ] - System Deficiency Management * LSI Touch pOIntS.'
s LOgIStICS - (Labs / Flight Test) &\, What any LSI does”
Operations & Sustainment QQ
(Man / Train / Equip) Q ~
S pability

~o Mission Ca
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Mission

Boundary | Boungary| Boundary| Boundary

Program

Resource
Align and leverage Managemen
resources to enable LSI

functions

Component

Universal Enabling Resources
Universal Enabling Resources: four universal and inter-related elements span every level
and affect every LSI touch point required for the LSI function and mission
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Universal Enabling Resources

« “Universal Enabling Resources” are resources any LSl uses to
support LSI-unique execution at each of the “LSI touchpoints” —to

assert and execute trade space

 These four fundamental enablers apply at any level in the Enterprise
LSI Framework

SOURCE: NPS Cohort 2 Report, 2015




Governance Objectives in the LS| Enterprise

Framework

“Governance is the structure and relationships among key stakeholders
that determine an organization’s direction and performance.”

Invigorating Defense Governance, A Beyond Goldwater-Nichols Phase 4 Report: Kathleen H. Hicks, March 2008

« Provide the set of decision-making criteria, policies,
processes, and actions that guide the responsible

organizations (within the stakeholder architecture) to L emeneminem——
achieve Enterprise SoS goals and objectives

cccccc

« Define communication paths and decision authority
within the stakeholder “architecture” for conflict resolution

e« Charter decision bodies to alter the actions of individuals T:n:ai‘;;‘Z‘{f:,z!:;é?éi'u;‘.iEg.lizﬁﬁ:‘:::"e‘f.:ﬁ;;:e
. . . own to i eprogra_ms‘t e must manage the
and organizations in support of the LS| effort "and demand division between providers and

customers*, and the dynamics of a diverse
stakeholder community.

* Invigorating Defense Governance, A Beyond Goldwater-Nichols Phase 4 Report
rch

 Governance derives from the agreements between key prft=a
stakeholders, at all levels of LSI, on how to achieve a
common goal

Governance Considerations: “The Framework in Motion”

How any LSI makes decisions and enacts those decisions

SOURCE: NPS Cohort 2 Report, 2015



The LS| Enterprise Framework in Review

Management

LS| Touchpoints @ Align control or influence of key LSI Activities across the Enterprise
Organizational

Functions — . . .
e — Understand organizational dependencies
) - Resource A’Htx:amn‘/ Re-Allocation Internal and EXternal
v Business IS __
© — — - “Who is involved and their equities,
i i = . . . . st
1 Englneerlng E - Technical Integration / IntereSts! relatlonSh'ps’ or 'mpaCts
— Interface Control .
? . LSI Architecture
1 TeSt - Requirements Management /
CONEMPS Development .
. . - System Deficiency Management * “LSI Touc,’ po’nts:
- Logistics - $ What any LSI does”

(Labs / Flight Test) RN
»

Operations & Sustainment Q
(Man / Train / Equip)

Empower decisions
(organizational authority
and conflict resolution)
via governance to
@ achieve capability —
using Universal
Enabling Resources
aligned to LSI touch
points - within the
context of the
Stakeholder Architecture

Align and leverage
resources to enable LSI

functions

>

Enterprise

Boundary | Boungary| Boundary| Boundary

Mission

LS| Governance
Program

“How an LSI makes decisions and enacts those decisions”

Resource
Manageme

Component

(,

Universal Enabling Resources

“Four universal and inter-related elements span every level and affect
every Key LSI Touch point/ product for the LSI function”
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 Funding is at the program (system) level

— Power and decision authority follows money

— Organizations that are doing it, take it out of hide
« LSl is an unknown career path

— LSI framework and tasks have been identified but career
path is not

« Mission Integration occurs at the policy and operational
levels, but not engineering level

* Policies need to change to shift authority to SoS level

— S0S are not Programs of Record and do not have
mandated design reviews

— S0S governance must be clearly defined, sourced, and
allocated



