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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

2NDIA 8th Annual SE Tech Conf (Final)(5 April 07)
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RDA CHENG Charter *RDA CHENG Charter *

Mission
Senior Advisor to ASN (RDA) for System Engineering, Software Development 

and Net-Centric Integration and Interoperability

Duties / Responsibilities / Authorities
System Engineering / Software Development

• Application and assignment of policies, 
processes, practices

• Application of new techniques and practices

• Participate in milestones reviews

• Health of Workforce

• OSD, Joint and Coalition representatives 

Net-Centric Integration and Interoperability

• Policies, processes and practices

• C4I and IT systems overall combat weapon 
architectures

• Develop I&I processes

• OSD, Joint and Coalition and Federal 
representation 

Other
• Modeling and Simulation
• Technology Protection 

* Updated, in review with ASNRDA 
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CapabilityCapability--Based System EngineeringBased System Engineering 
ComplexityComplexity

Navy Concepts (4)

Mission Areas (22)

Capability Areas (236)

Force Packages (4)

Platform/Facilities
(+1000)

Systems (+400)

Sea Strike Sea
Basing Sea Shield FORCEnet

...
SQS-53C

Globally Networked, Distributed Combat Force 
Composed of: Multimission systems on multimission units deployed in  multiple force packages

Globally Networked, Distributed Combat Force 
Composed of: Multimission systems on multimission units deployed in  multiple force packages

Carrier Strike Group Expeditionary Strike Group TBMD Surface Action Group



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

DA
HIEF
YSTEMS
NGINEER

Mission

Sub-Mission

Capability

Force Package

Platform/Facilities

Systems

Force 
Application

Battle 
Command Protection

Army LandWarNet

Mission

Sub-Mission

Capability

Force Package

Platform/Facilities

Systems

Global 
Strike

Homeland 
Security

Global 
Mobility

Air Force Command & 
Control
Constellation…

Mission

Sub-Mission

Capability

Force Package

Platform/Facilities

Systems

Joint and 
Multinational 

Enabling
Strategic 
Enabling

Operational 
Reach

Marine Corps FORCEnet

Joint Interoperability ChallengeJoint Interoperability Challenge

…

…

Navy Concepts (4)

Mission Areas (22)

Capability Areas (236)

Force Packages (4)

Platform/Facilities
(+1000)

Systems (+400)

Sea Strike Sea
Basing Sea Shield FORCEnet

...
SQS- 
53C

Carrier Strike Group Expeditionary Strike Group TBMD Surface Action Group

Navy
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PersistentPersistent 
ISRISR

CommonCommon 
OperationalOperational 

PicturePicture
CombatCombat 

IDIDDeconflictionDeconfliction SituationalSituational 
AwarenessAwareness

Joint AccessJoint Access 
andand 

DenialDenial

Joint LandJoint Land 
OperationsOperations

Joint Maritime / Joint Maritime / 
LittoralLittoral 

OperationsOperations

FireFire
ControlControl

Joint Air Joint Air 
OperationsOperations

7NDIA 8th Annual SE Tech Conf (Final)(5 April 07)



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



9NDIA 8th Annual SE Tech Conf (Final)(5 April 07)

DA
HIEF
YSTEMS
NGINEER

Systems / Systems / 
ComponentsComponents

Requires Alignment of Multiple Processes, Process Owners and ProductsRequires Alignment of Multiple Processes, Process Owners and Products

Enterprise Enterprise TranslatesTranslates
Operational Concepts Operational Concepts CapabilitiesCapabilities

Force FocusForce Focus

Capability FocusCapability Focus

System Design, Build, Test FocusSystem Design, Build, Test Focus

EnterpriseEnterprise

SoSSoS / / FoSFoS
Platform / Net CentricPlatform / Net Centric

CapabilityCapability--Based System EngineeringBased System Engineering

TranslatesTranslates
Capabilities Capabilities System RequirementsSystem Requirements

TranslatesTranslates
System Requirements System Requirements End ItemsEnd Items

CoalitionCoalition
ForceForce

Joint ForceJoint Force

Naval Force and PlatformNaval Force and Platform
Systems EngineeringSystems Engineering
PDMsPDMs, , CSEsCSEs, , CEMsCEMs

Systems, Components, Equipment,Systems, Components, Equipment,
Materials, Software, etc.Materials, Software, etc.

TAEsTAEs



10NDIA 8th Annual SE Tech Conf (Final)(5 April 07)

DA
HIEF
YSTEMS
NGINEER

System Engineering ProcessSystem Engineering Process
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Enterprise
Level

System-of-Systems
Level

System Level

...

Acquisition Portfolio

Functional
Area Analysis

Functional
Needs Analysis

Analysis of
Alternatives

Technology
Development System Development Production

Functional
Solutions
Analysis

Engineering Enterprise Engineering Enterprise -- SoSSoS -- SystemSystem
Mission
Concept

Refinement
Capability
Maturity

System of Systems Development 
& Demonstration

Systems Integration /  Capability Demonstration

Deployment
Mission Execution

I II III Operations & 
Support

Sustainment / 
Disposal

A B C

DoD 5000

Proposed SoS Process
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Enterprise
Level

System-of-Systems
Level

System Level

...

Acquisition Portfolio

System Engineering: Enterprise LevelSystem Engineering: Enterprise Level

• Mission / Force focus, addresses Force evolution responsive to 
warfighting concepts 

• Establishes foundation for transitioning from “As is” to “Vision” Force
• Allocates capability solutions to current and future Force units
• Applies key warfighting principles

- Flexible deployment options
- Scalable capability increments
- Unit survivability

- Applies architecting principals to develop capability solutions
- Establishes the initial trade space and risk tolerance for satisfying 

capability needs
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Enterprise
Level

System-of-Systems
Level

System Level

...

Portfolio of Systems

System Engineering: Enterprise LevelSystem Engineering: Enterprise Level

Architecting the fuzzy front-end of System Engineering
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Evolution PlanningEvolution Planning

Align Capability and System / Unit Evolution PathsAlign Capability and System / Unit Evolution Paths

Vision

To Be

As Built
Navy Concepts (4)

Mission Areas (22)

Capability Areas (236)

Force Packages (4)

Platform/Facilities
(+1000)

Systems (+400)

Sea Strike Sea
Basing Sea Shield FORCEnet

...
SQS-53C

Carrier Strike Group Expeditionary Strike Group TBMD Surface Action Group
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Operational Architecting PrinciplesOperational Architecting Principles

• Flexibility

• Survivability

• Multi-mission

• Scalability

Constitute and Re-constitute Force

Fight and Survive or fight hurt

Assign / reassign Missions in Real/time

Support range of Operations/OPTEMPO

.

.

.
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System Architecting PrinciplesSystem Architecting Principles

• Modularity

• Connectivity

• Simplicity

• Economy

• Correspondence

• Continuity

• Layering

• Sustainability

• Compatibility

• Security

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
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Enterprise
Level

System-of-Systems
Level

System Level

Acquisition Portfolio

System Engineering: SoS LevelSystem Engineering: SoS Level

...

• Capability focus, addresses capability solutions across Force units – 
System vis-a vis platform perspectives

• Creates SoS acquisition portfolios as capability solutions and capability 
evolution strategy

• Allocates SoS system functions and performance, and identifies 
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
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Enterprise
Level

System-of-Systems
Level

System Level

System Engineering: SoS LevelSystem Engineering: SoS Level

...

Portfolio Engineering: The bridge to systemsPortfolio Engineering: The bridge to systems 
-- Functional analysisFunctional analysis 
-- Operating state and mode analysisOperating state and mode analysis 
-- Sequence and timing analysisSequence and timing analysis 
-- Manning training and logistics conceptsManning training and logistics concepts

Portfolio of Systems
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Engineering CapabilityEngineering Capability……

Time Allocations
Error Budgets
Fault Tolerance / 
Reconstitution
Human System Integration
Integrated Team Training
Safety
–
–
–

Horizontally Across Platforms and SystemsHorizontally Across Platforms and Systems
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Naval System of Systems Engineering
Guidebook

Vol 1

System of Systems EngineeringSystem of Systems Engineering

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

Naval System of Systems Engineering
Guidebook

Vol 2

April, 2006

Naval Naval SoSESoSE GuidebookGuidebook
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Relationship to SystemRelationship to System 
DocumentationDocumentation

System Performance DocumentSystem Performance Document
System SpecificationsSystem Specifications

Test and Evaluation Master PlanTest and Evaluation Master Plan
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Near / Mid / Far Term
Capability Assessments

DODAF
Mission Architecture

DA
HIEF
YSTEMS
NGINEER

Mission Threads Test Scripts

OPEVAL
(System and 

SoS)

Deployment 
Preps Post  

OPEVAL (SoS) 

In Service Fleet
Exercises

(SoS)

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

Procedures / Practices
(Fn/OA Exp, etc) 

DT         

Large Scale SoS Capability EvaluationsLarge Scale SoS Capability Evaluations

I&I Capability Package Assessments

Experimenting OT         

(System and SoS)
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Integrated SoS Life Cycle 
Interoperability Test Strategy

“Conceptual”
SoS DoD 5000

System A

System B 

System C 

System D 

System DoD 5000

Mission
Concept

Refinement
Capability
Maturity

System of Systems Development 
& Demonstration

Systems Integration /  Systems Demonstration

Deployment
Mission Execution

I II III Operations & 
Support

Sustainment / 
Disposal

B CA

CA B

C

B C

SoS – initiated  Spiral 

Technical 
Baseline

System
Specification Functional

Baseline 

Allocated
Baseline 

Product 
Baseline

Concept Refinement & 
Technology Development

System Development & Demonstration
Production & 
Deployment 

IOCMS-CMS-B

Production
Baseline 

Prototype
Early 

OA
M&S

Tech Demos EDM Demos   System  Demos

Incremental 
Improvements

Follow-on  
DT/OT&E

Operations
Support

A
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Using the Using the SoSSoS GuidebookGuidebook

ASW 
– Mission         Capability          SoS

MIW 
– Mission          Capability          SoS

SIAP 
– SoS Capability           Mission 

IAMD 
– SoS Capability           Mission

Leverage Army FCS SoS Plan

RDA CHENG Engaged 

Starting to Engage 

Engaging via SEP 

Exploring 
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Enterprise
Level

System-of-Systems
Level

System Level

Acquisition Portfolio

System Engineering: System LevelSystem Engineering: System Level

...

• System focus, addresses system development within traditions 
DoD 5000 series context

• Allocates system requirements to sub-system component level 
configuration items and people, parts and programs

• Asses execution from portfolio perspective
• Understands the effect of changes during program acquisition 

and evolution
• Informs decision makers of consequences of individual 

portfolio program changes on the capability fielding plan



27NDIA 8th Annual SE Tech Conf (Final)(5 April 07)

DA
HIEF
YSTEMS
NGINEER

Current InitiativesCurrent Initiatives

SoS Guidebook SoS Guidebook 

System Engineering PlanSystem Engineering Plan 
Software Process Software Process 
ImprovementImprovement SE Competency SE Competency 

Management Management 

Modeling and Modeling and 
Simulation Simulation 

I&I Management I&I Management 
ISPISP 
NRNR--KPPKPP 
ArchitectureArchitecture

Research and Research and 
Technology Protection Technology Protection 

CoalitionCoalition
ForceForce

Joint ForceJoint Force

Naval Force and PlatformNaval Force and Platform
Systems EngineeringSystems Engineering
PDMsPDMs, , CSEsCSEs, , CEMsCEMs

Systems, Components, Equipment,Systems, Components, Equipment,
Materials, Software, etc.Materials, Software, etc.

TAEsTAEs

System Assurance System Assurance 

Capability PackageCapability Package 
AssessmentAssessment
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What is Needed?What is Needed?

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 HappenGovernment /Industry Commitment to make it Happen
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Farther Term
2020

Far Term
2013 plus

Mid Term
2008 - 2013

Near Term
2006 - 2008

Capability Capability RoadmappingRoadmapping

Program of Record

Requirements
Needs
Desires

Requirements
Needs
Desires

Requirements
Needs
Desires

Requirements
Needs
Desires

Specifications and 
Standards

Key Performance 
Parameters

Operational CapabilitiesOperational Capabilities

Warfighting Doctrine 
Concepts

Disposal

In-Service

Install

R&D

Science & Technology

Ex
pe

rim
en

ts

Sy
st

em
s

Op
er

at
io

na
l

Te
ch

ni
ca

l

System
Evolution

Platform/Unit
Install Plans

Platform/Unit
Install Plans

Platform/Unit
Install Plans

Managed
Evolutions

Managed
Evolutions

- DISR
- NCIP,S
- KIP’S

Managed
Evolutions

Platform/Unit
Install Plans

System
Evolution

Capability
Fielding Plan

Experimentation
Plans

Experimentation
Plans

Experimentation
Plans

Experimentation
Plans

S&T
Plan

S&T
Plan

Capability
Evolution

Description

S & T Roadmaps

Experimentation
Plan

Capability
Gaps

Capability
Gaps

Capability
Gaps

Campaign
Plan

Current
Capabilities
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