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Bottom Line, Up Front

The real issue is a lack of a Navy-wide System
Engineering & Analysis Process

System Engineering & Analysis applied horizontally across
programs enables determination of appropriate modularity
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RDA CHENG Charter * CHIEF

SYSTEMS
[ENGINEER

Mission

Senior Advisor to ASN (RDA) for System Engineering, Software Development
and Net-Centric Integration and Interoperability

Duties / Responsibilities / Authorities

System Engineering / Software Development Net-Centric Integration and Interoperability

* Application and assignment of policies, * Policies, processes and practices
processes, practices

 C4l and IT systems overall combat weapon
Application of new techniques and practices architectures

Participate in milestones reviews * Develop 1&l processes

Health of Workforce * OSD, Joint and Coalition and Federal

0SD, Joint and Coalition representatives Ll

Other
« Modeling and Simulation
* Technology Protection

- * Updated, in review with ASNRDA

NDIA 8" Annual SE Tech Conf (Final)(5 April 07



Capability-Based System Engineering  Roa

Com pIeXIty %l_\l(lg',FEMS

[ENGINEER

Navy Concepts (4)

: sea shield A

Mission Areas (22)

et e PUmw

Capability Areas (236)

RTeRe "¢’ % o R -

Systems (+400)

Platform/Facilities
(+1000)

EY PR Y 8

Force Packages (4)

D S

Carrier Strike Group  Expeditionary Strike Group TBMD Surface Action Group

Globally Networked, Distributed Combat Force

Composed of: Multimission systems on multimission units deployed in multiple force packages

SE Tech Conf (Final)(5 April 07)



Joint Interoperability Challenge ks

SYSTEMS
[ENGINEER

Force Battle
Mission Application Command

Air Force Command &

Global Homeland Global Control
Constellation

Protection

Miccinn Strike Securitv Mobilitv  ERC
- Mdﬁ.'r?;t?ggm Strate_gic Operational
Mission Enabling Enabling Reach
Navy
. S )
Navy Concepts (4) Sea Strlke Bagi?]g Sea Shield puee..

Mission Areas (22) ‘Qk ‘ i \’\
Capability Areas (236) k \m J @ , K
Platform/Facilities X 7
(+1000) \ \% .> —7 “

/\ N -/. &
Force Packages (4) / W /, \

Carrier Strike Group Expeditionary Strike Group TBMD Surface Action Group

Systems (+400)
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Recommendations

*ASN (RD&A), with VCNO and ACMC, take lead in developing a Naval-
wide System-of Systems Engineering function that follows a top-down,
Interactive, recursive, system synthesis & analysis process to define
requirements.

*CNO & CMC identify driving factors for modularity and develop Naval
policy and guidance for implementing modularity.

*CNR lead as technology change agent for:
- Development of methodologies for understanding complex systems,

enabling modular design

- Experimentation with modular systems to support acquisition spirals

- Development of M&S tools to enable system of systems engineering
analysis

- Development of advanced concepts & tools for software optimization
& reuse

Naval Research Advisory Committee  NDIA 8™ Annual SE Tech Conf (Final)(5 April 07)



[RpA

Capability-Based System Engineering G

SYSTEMS
[ENGINEER

Translates
Operational Concepts = Capabilities
Force Focus

I / Joint Force \

Platform / Net Centric Translates

Naval Force and Platform
Systems Engineering
PDMs, CSEs, CEMs

Capabilities = System Requirements
Capability Focus
Systems, Components, Equipment,

Translates Materials, Software, etc.
CO m pO ne ntS System Requirements = End ltems ’_I_ AES !

System Design, Build, Test Focus

Requires Alignment of Multiple Processes, Process Owners and Products l

NDIA 8" Annual SE Tech Conf (Final)(5 April 07)



§ for Researe,

[RDA

CHIEF
SYSTEMS
[ENGINEER

Product Baseline |
| Functional Baseline M Defines Detailed Design Requirements Updated Product Baseline
| Basis For Contracting & Defines Performance And Design For Each Configuration |tem - Detailed Includes All Approved Design
[ Controlling System Design Requirements For Each Design Documentation (Type C Product Changes And System Modifications
| (Type A System Specification) Configuration ltem Of The System Specification: Type D Process
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| Specification) I‘
\
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\ |
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|
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|
|
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|
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/ A Physical Configuration Audit (PCA) |
System Engineering Requirements |
{ System Level Configuration Item Level Detailed Level Medifications For Improvement
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| Analysis Analysis —l Detailed Modification(s) —l ‘
. Functional i_..|Refined Requirements Design
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Synthesis Of |
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Modification

13 e * Detailed
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B
}
]
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Engineering Enterprise - S0S - System &

A A A [ENGINEER
Mission AX - Ah System of Systems Development i Operations &
Concept Capabl_llty & Demonstration Deployment Support
Refinement Maturity - ; s . Mission Execution Sustainment /
ystems Integration / Capability Demonstration Disposal
Proposed SoS Process
N bty i

Enterprise
Level
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Development System Development
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System Engineering: Enterprise Leve (=

SYSTEMS
[ENGINEER

Enterpr e  Mission / Force focus, addresses Force evolution responsive to

Level warfighting concepts

« Establishes foundation for transitioning from “As is” to “Vision” Force
« Allocates capability solutions to current and future Force units

System-of-Systems

v « Applies key warfighting principles
3 - Flexible deployment options
m - Scalable capability increments
B - Unit survivability
- Applies architecting principals to develop capability solutions
; - Establishes the initial trade space and risk tolerance for satisfying
) capability needs
System Level R — N —— e e S —
______ - 5 = w ,
N P L e S o W e Ny A e
N N R .

NDIA 8" Annual SE Tech Conf (Final)(5 April 07) 12



System Engineering: Enterprise Leve (=

SYSTEMS
[ENGINEER

Syt

L 2y
\ S
e

E = \_:r
Enterprise -
Level 5

Architecting the fuzzy front-end of System Engineering

System-of-Systems
Level

______________

Portfolio of Systems

TeiprEimniiesaiessy RN s S NS
-

System Level

NDIA 8™ Annual SE Tech Conf (Final)(5 April 07) 13
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Evolution Planning Cuier

SYSTEMS
[ENGINEER
Vision

To Be
As Built
Navy Concepts (4) ‘ Sea Strike ngi?\g Sea Shield FORCERet

Ny E L\
Mission Areas (22)

Capability Areas (236)

JoRw
N, R
[ A

Systems (+400)

Platform/Facilities
(+1000)

Force Packages (4)

Carrier Strike Group Expeditionary Strike Group TBMD Surface Action Group

Align Capability and System / Unit Evolution Paths

NDIA 8" Annual SE Tech Conf (Final)(5 April 07) 14



e Flexibility
e Survivability
« Multi-mission

e Scalability

. . . . . RDA
Operational Architecting Principles ¢

TEMS
[ENGINEER

Constitute and Re-constitute Force
Fight and Survive or fight hurt
Assign / reassign Missions in Real/time

Support range of Operations/OPTEMPO

15



« Modularity
 Connectivity

o Simplicity

« Economy
 Correspondence
e Continuity

* Layering

e Sustainability

« Compatibility

 Security

NDIA 8" Annual SE Tech Conf (Final)(5 April 07)

System Architecting Principles i

SYSTEMS
[ENGINEER

Loosely Coupled Federation

Only essential communications between elements
Best for operation and acquisition

People, material and funding

Best match to Navy structure, mission, operations
Consistent Information, decision Rules

Support Hierarchy — Command Thru Weapons
Maintain capability, survival and readiness
Constructive to existing systems

Must be sign in

16



System Engineering: SoS Level ~ Gie

SYSTEMS
[ENGINEER

Tyse

\U% Capability focus, addresses capability solutions across Force units —
Enterprise .

Level System vis-a vis platform perspectives

Creates SoS acquisition portfolios as capability solutions and capability

evolution strategy
System-of-Systems

Level : e
eve « Allocates SoS system functions and performance, and identifies
AN
interfaces based on sound systems engineering principles
|+ Serves as basis for aligning system development efforts and assessing
= SoS execution progress
 Develops the Capability Evolution Description
System Level = To————————weeee—eees =
______ — — - -
L SR S e N A e N
N N .. ..

NDIA 8" Annual SE Tech Conf (Final)(5 April 07) 17



System Engineering: SoS Level ~ Gie

SYSTEMS
[ENGINEER

Enterprise

Level Portfolio Engineering: The bridge to systems

- Functional analysis

- Operating state and mode analysis

- Sequence and timing analysis

- Manning training and logistics concepts

System-of-Systems |
Level

Portfolio of Systems

Seem TahrprSinmitemissasy SN, S NS
S -

System Level

NDIA 8™ Annual SE Tech Conf (Final)(5 April 07) 18
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Engineering Capability... Crir

SYSTEMS

+ Time Allocations
¢ Error Budgets

¢ Fault Tolerance /
Reconstitution

¢+ Human System Integration
¢ Integrated Team Training
+ Safety

. -="4‘

)
imﬁ""‘f‘fiﬂ

SITOA i

Harpoon

NDIA 8" Annual SE Tech Conf (Final)(5 April 07)



Naval System of Systems Engineering
Guidebook
Vol 1

Naval System of Systems Engineering
Guidebook
Vol 2

April, 2006

NDIA 8" Annual SE Tech Conf (Final)(5 April 07)

[RpA

System of Systems Engineering  Cue

SYSTEMS
[ENGINEER

Naval SoSE Guidebook

Developed to support Mission level capability-
based acquisition decision making

Presents best practices for capability-based
acquisition and systems engineering

Provides processes, methods, and tools to aid
interoperable and integrated systems

Particularly suited to System of Systems or
Family of Systems

Supports Naval or Joint Force Operations

20



System Performance Document

Table of Contents
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[RpA
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System Specifications

SYSTEMS
[ENGINEER

| System 2
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Test and Evaluation Master Plan
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2 Partll -

3 Part Il -

4 Part IV -
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Annexes
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Table of Contents
System Identification
Integrated Test Program Summary
Development Test and Evaluation Outline
Operational Test and Evaluation Outline

Test and Evaluation Resource Summary

System N
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DODAF
Mission Architecture

Large Scale SoS Capability Evaluations

[RpA

g Mission Threads TestScrlpts

<

Near / Mid / Far Term
Capability Assessments

>

¢

v

CHIEF
SYSTEMS
[ENGINEER

Deployment
Preps Post
OPEVAL (SoS)

In Service Fleet
Exercises
(SoS)

| Experimenting || DT || OT | !| OPEVAL
' | (System and
i | SoS)

i (System and SoS) |

|&I Capability Package Assessments

Infrastructure
(Fn/OA Exp, DEP + ..., Models, Simulations)

Procedures / Practices
(Fn/OA EXxp, etc)

NDIA 8" Annual SE Tech Conf (Final)(5 April 07)
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Integrated SoS Life Cycle Roa

CHIEF

Interoperability Test Strategy Systens
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Concept Refinement & System Development & Demonstration Production & Operations
Technology Development v P Deployment Support
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[RpA

Using the SoS Guidebook Crier
[ENGINEER
* ASW
— Mission ==>Capability ==>So0S RDA CHENG Engaged
* MIW
— Mission =—> Capability = SoS Starting to Engage
+ S|AP
- S0S —— Capability => Mission  Engaging via SEP
¢+ [AMD

- S0S ==> Capability =™> Mission  Exploring

* Leverage Army FCS SoS Plan

| SE Tech Conf (Final)(5 April 07) 25
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System Engineering: System Level cuer

SYSTEMS

Enterprise
Level i

___________

System-of-Systems
Level

TyRewm

« System focus, addresses system development within traditions

+ Allocates system requirements to sub-system component level

+ Asses execution from portfolio perspective

* Understands the effect of changes during program acquisition

* Informs decision makers of consequences of individual

DoD 5000 series context

configuration items and people, parts and programs

and evolution

portfolio program changes on the capability fielding plan

System Level

NDIA 8" Annual SE Tech Conf (Final)(5 April 07)

e e R _‘ﬂu__________tif _______ R
- = —~ SsesswL

_______________________ e e W e, .

N N B .

[ENGINEER
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Current Initiatives ChlEF

SYSTEMS
[ENGINEER

A

Coalition

Force |&I Management

ISP
NR-KPP
Architecture

Joint Force < -
. Capability Package
Assessment
SoS Guidebook System Assurance
L Naval Force and Platform —
. Systems Engineering Modeling and
System Engineering Plan PDMs, CSES, CEMS Simulation
Software Process
Improvement SE Competency
Management

Systems, Components, Equipment,
Research and Materials, Software, etc.
Technology Protection | TAEs

NDIA 8" Annual SE Tech Conf (Final)(5 April 07)
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What Is Needed? CHIEF

SYSTEMS

+ A good construct for Architecture
— Capture of the “As-is”

— Basis for the “Vision”

* Engineering processes, methods and tools that
support the Enterprise and SoS levels

+ Collaborative management tools for decisions

+ Experienced Systems Engineers

Government /Industry Commitment to make it Happen

| ech Conf (Final)(5 April 07)

[ENGINEER

28



[RpA

Capability Roadmapping CHer

NDIA 8" Annual SE Tech Conf (Final)(5 April 07)

Requirements

Needs __/’ Needs J Needs A | Needs

Desires

Requirements Requirements Requirements

Desires _» | Desires _¥ | Desires

SYSTEMS
[ENGINEER
Near Term Mid Term Far Term Farther Term
20062008 2008 - 2013 2013 plus 2020
Science & Technolo
gyﬂ S & T Roadmaps
»n  R&D I £
S 5
@ Program of Record
i ]
(g Install
In-Service Platform/Unit Platform/Unit Platform/Unit
Install Plans Install Plans Install Plans
Disposal
Warfighting Doctrine J—v ' HAe
‘s Concepts mentat'o
(e Plans, Plans, Plan
O . —
= Operational Capabilities —
a
o Gaps
@) Key Performance
Parameters
c_cg Specifications and l
= Standards
< Evolutions Evolutions Evolutions
(&)
(a1}
|_
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