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Navy Sinks Aegis Cruiser Ex-
USS Valley Forge

Navy Sinks Aegis Cruiser ExNavy Sinks Aegis Cruiser Ex--
USS Valley ForgeUSS Valley Forge
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Open Architecture:  
A Leadership Priority
Open Architecture:  Open Architecture:  

A Leadership PriorityA Leadership Priority

“We are transforming our acquisition 
organization and culture by making open 

architecture a business strategy, not just a 
philosophy.  We have a responsibility to deliver 
these critical capabilities for our Navy of today 

and tomorrow.”
-Dr. Dolores Etter, ASN(RDA)  

28 November 2006

“As Aegis expands to Open 
Architecture it will be introduced 

throughout our fleet…When I say open, 
I mean open systems, open competition 
and open the throttle.  I want to move as 

fast as we can.”
-Admiral Mike Mullen, CNO 

28 November 2006
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OA Business Model…
Radically Different

OA Business Model…OA Business Model…
Radically DifferentRadically Different

Mil Spec Open Architecture
Requirements driven Market driven
Specification focus Business plan focus
Rigid requirements Flexible requirements
Unique architecture Open system architecture
Owner controls evolution Market controls evolution
Stable design Constant changes
Ignore evolution Design for evolution (tech refresh)
Cost emphasis TOC emphasis 
Make custom hardware Buy from catalog
Develop software License software
Obsolescence Early-managed obsolescence 
Waterfall-style development Spiral development

USS Ticonderoga (CG-47) c. 1983
AN/UYK-7 processor

USS Ticonderoga (CG-47) c. 1983
AN/UYK-7 processor

1st IBM PC (1981)
4.77 MHz processor

1st IBM PC (1981)
4.77 MHz processor

Intel Pentium Extreme (2005)
1066 MHz processor

Intel Pentium Extreme (2005)
1066 MHz processor

199019801950 – 1970 Today

DoD leads 
computer 

technology 
development

Industry 
leads 

computer 
technology 

development
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Surface Domain OA GoalsSurface Domain OA GoalsSurface Domain OA Goals
Development of OA combat systems:
– Supports future ship classes: DDG 1000, CVN 21, CG(X)
– Supports backfit for ship classes with OACE: LCS, CG, DDG, 

amphibs, carriers
– Interoperable with current combat systems
– Modular to the component level
– Achieves commonality with other communities where 

practical: Sub, C4I, Air, etc.

Rapid and more affordable fielding of 
COTS refreshes and capability “block” 
upgrades
– Incremental forwardfit and backfit software reuse
– Periodic hardware and software upgrades at independent 

intervals
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PEO IWS Enterprise InitiativesPEO IWS Enterprise InitiativesPEO IWS Enterprise Initiatives
Implementation of key enterprise initiatives and consolidation of 
product lines has defined our evolutionary path since 2002.  The
Surface Warfare Enterprise was established in 2005.

IWS Enterprise Initiatives
• Open Architecture implementation in all 

combat systems
• Enterprise solution for Test & Evaluation 

efforts
• Integrated Warfare Systems Way Ahead 

Process and Products

IWS Enterprise Initiatives
• Open Architecture implementation in all 

combat systems
• Enterprise solution for Test & Evaluation 

efforts
• Integrated Warfare Systems Way Ahead 

Process and Products

SWE Goals/Functions
• Produce warfighting capability more 

efficiently
•

• Coherent and prioritized investment in the 
right capabilities

SWE Goals/Functions
• Produce warfighting capability more 

efficiently
•

• Coherent and prioritized investment in the 
right capabilities

BMD
• CG(X) Advanced Radar
• Cobra Judy Replacement 

(CJR)
• Multi-function Radar: X-Band 

and Volume Search Radar 
(VSR) (S-Band)

• COTS Multi-Mission Sig 
Pro(V)

Joint Integrated Fire 
Control (JIFC)

• NIFC-CA
• IABM: Joint Track 

Management (JTM) solution
• Cooperative Engagement 

Capability (CEC)
• SM-6

Transformational 
ASW

• Task Force ASW
• ASW OA: Common S/W and 

Architecture
• SQQ-89A(V)15
• Improved Performance 

Sonar (IPS)

Surface Domain 
Warfare Enterprise

• Development of OA Combat 
Systems

• Future Ship Classes
• DDG-1000, CVN-21, CG(X)

• Support Backfit with OACE
• LCS, CG, DDG, Amphib, CVN

• RCIP/COTS refreshes

Readiness
Cost

Providing enhanced warfighting capability by alignment Providing enhanced warfighting capability by alignment 
of IWS initiatives and the Surface Warfare Enterpriseof IWS initiatives and the Surface Warfare Enterprise



fASNE Keynote Address.PPT Slide 9 12/8/2006

Enterprise Ship Self Defense
T&E Strategy

Enterprise Ship Self DefenseEnterprise Ship Self Defense
T&E StrategyT&E Strategy

Integrated test approach merging 
common ship, element, and system 
requirements into the optimum set of 
tests
Maximize use of the Combat System 
Ship Qualification Trial (CSSQT) process
Focus on combat system variant vice the 
platform
Drive down cost of redundant T&E

Requires cultural change
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Neck Down of Combat Systems, 
Elements and Weapons

Neck Down of Combat Systems, Neck Down of Combat Systems, 
Elements and WeaponsElements and Weapons

Product line consolidation
– Warfare Systems “Neck Down”  - Reduce development and 

lifecycle cost

Enterprise solutions used across platforms 
vice platform specific

Eliminates redundant capability investment

Enable through Open Architecture
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CODE

OACE

Adjunct OACE

Apps

SSDS
OA

SSDS MK 1SSDS MK 1
SSDS MK 2SSDS MK 2

ACDS BLK 0ACDS BLK 0

Carrier / Amphibious

CNI

AOA/

New
Capability

New
Capability

New
Capability

CODE

BMD 3.1BMD 3.1
Aegis B/L 2Aegis B/L 2
Aegis B/L 5Aegis B/L 5
Aegis B/L 6Aegis B/L 6
Aegis B/L 7Aegis B/L 7

Apps Apps

Apps Apps Apps

Com
m

on
Com

bat System
Fam

ily

ACDS BLK 1

Apps Apps Apps
DDG 1000 /DDG 1000 /

TSCE TSCE 
CG(X)CG(X)

DDG MODDDG MOD

Surface Combatant  
OACE

CVN 21CVN 21

CG MODCG MOD

AmphibsAmphibs
CVNCVN

LCSLCS

LHA(R)LHA(R)
DeepwaterDeepwater

LCS Tacticos (GD) 
LCS COMBATSS21(LM)

RCIP
ONR
SBIR

OtherFMS

S&T
Reuse

Funded in FY09

Common 
Computer

Code Library
(SHARE)

Common 
Computer

Code Library
(SHARE)

OA Enabled Combat Systems 
Neck Down

OA Enabled Combat Systems OA Enabled Combat Systems 
Neck DownNeck Down

OA enables future combat systems neck down
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ASW Open ArchitectureASW Open ArchitectureASW Open Architecture

SURVEILLANCE
PASSIVE: SOSUS

SURTASS

PLATFORMS
AIR

P-8A
P-3C
MH-60R

SURFACE SHIP
CG-47
DDG-51
DDX
LCS (ASW MOD)

SUBMARINE
688
688I
SEAWOLF
VIRGINIA
OHIO

SURVEILLANCE
SURTASS
SURTASS (LFA)
SURTASS (CLFA)
ADS

SUBMARINE
ACTIVE:

BQS-6 BQS-12
BQS-13

BQS-11 BQS-15

PASSIVE:
BQS-6 BQR-7

BQQ-2
BQS-13 BQQ-10

CIRCA 1990

SURFACE SHIP
ACTIVE:

SQS-26 SQS-53C
SQS-35 SQS-53D
SQS-53A SQS-56
SQS-53B

PASSIVE:
SQS-26 SQS-56
SQS-35 SQR-17
SQS-53A SQR-18 
SQS-53B SQR-19
SQS-53C SQQ-28
SQS-53D

• From > 30  Designs to
− 1 Architecture
− 2 Software Supersets

• 4.5M SLOC Saved to Date

• From > 30  Designs to
− 1 Architecture
− 2 Software Supersets

• 4.5M SLOC Saved to Date

ARCI
Ph I-IV

SQQ-89 
A(V)15

SQQ-89 
A(V)15

Current
Active

Processing
Superset

Future
Active

Processing
Superset

Future
Passive

Processing
Superset

ARCI
Ph III-IV

Current
Passive

Processing
Superset

CIP

AIR
ACTIVE:

DICASS SSQ-62
ALFS AQS-22
EER SSQ-77/110
IEER SSQ-101/110

PASSIVE:
DIFAR SSQ-53

2006
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Notional SBT Engagement
MPM Investment 
Recommendations 

1.0
OACE Core 
Implementation
Common Combat   

System Architecture
RCIP
DD(X) TSCE
Warfare Systems

Engineering and
Integration (WSE&I)

2.0
Advanced Radar
SEWIP
NULKA Recert
SPY COTS Sigpro
SPQ-9B 
Advanced Surface

EW (Enterprise)
RDDL
CJR

3.0
SM-6
RAM P3I
ESSM
SeaRAM
MK-38 Mod 2 Chain Gun
CIWS  BLK 1B

5.0
Advanced ASW Sensor
Development

ARCI APB (A/T)
SQQ-89A(V)15 / SIPS
DD(X) IUSW
LCS Core USW
ASW Combat C2

6.0
OATM / JTM (CEC)
CEDS
ECDIS-N

7.0
OAET
NIFC-CA
OA / Fn Integration     

Validation 

PEO IWS Way Ahead Strategic OverviewPEO IWS Way Ahead Strategic Overview

Joint Integrated Air DefenseJoint Integrated Air Defense
Joint Theater Context (IFC)Joint Theater Context (IFC)

Revised as of: 11/21/2006

Networked 
Systems 
Distributed
Systems

Far-Term
(2012+) OACE OACE –– Open Architecture Open Architecture 

ComputingComputing
EnvironmentEnvironment

CAC2S CAC2S –– Common Aviation C2 Common Aviation C2 
System (USMC)System (USMC)

Enhanced Warfighting 
Capabilities

TBMD / Area AAW TBMD / Area AAW 
SPY-1 1A/B/D(V)

Fire Control RadarsFire Control Radars

Search RadarsSearch Radars

MK-92   SPQ-9AB CAS / STIR 
SPG-60 SPG-62    SPG-62

SPS-40
SPS-49
SPS-48E
CIWS BLK1B (BL1/2)

SPS-67 
SPS-73 Nav.
BPS-15/16 Nav.

SPS-48E
MK-23 TAS
SPS-55

SPY-1B,D(V) 
BMD Radar 
Upgrades

Near-Term

SPS-40
MK-23 TAS 
SPS-49A
SPS-48E
SPS-48G (ROAR)
SPS-73
BPS-15/16
CIWS BLK1B (BL1/2)
SPQ-9B-3D

Above Water Sensors

AEGIS BMD
Radar 

Upgrades

Mid-Term
(2012)

TAMD Radar 
Suite

(Solid State 
S-Band, HPD-X)

Far-Term
(2012+)

MK-23 TAS 
DBR
SPS-48G
SPS-49A
SPS-73
BPS-15/16

DBR
SPQ-9B-(3D)

DBR
SPQ-9B-(3D)

ASW Sensors
Current Fleet Radars

Electronic Warfare /  DecoysElectronic Warfare /  Decoys
SLQ-32    NULKA (Recert)

NULKA 
SEWIP

Advanced 
Surface Enterprise

EW

DBR
SPS-48G
SPS-49A
SPS-73
BPS-15/16

NULKA 
SEWIP

WSE&I Ship
Integration
CG
OACE Core
Implementation

“CG Mod Plan”
SPQ-9B
Aegis BMD
IFC

DDG
OACE Core
Implementation

“Proposed DDG
Mod Plan”

SPQ-9B
COTS D(V) Sigpro
Aegis BMD
IFC

CVN
OACE Core
Implementation

“Capstone Mod Plan”

Amphib Ships
OACE Core
Implementation

AAW PRACNI
CIWS BLK1B (BLK2)

DD(X)

LCS

CVN-21

Engage

POM 08 Core
Investment Priorities

Detect

Surface Combatant  
OACE

CODE

OACE

Adjunct OACE

Apps
SSDS

OA
SSDS MK 1SSDS MK 1
SSDS MK 2SSDS MK 2

Combat Systems

ACDS BLK 0ACDS BLK 0

Carrier / Amphibious

CNI

AOA

Next 
Generation

Next 
Generation

Apps Apps

Apps Apps

Apps Apps

Apps Apps Apps

OA Based Reusable Components

Com
m

on
Com

bat System
 

Fam
ily

Control

ACDS BLK 1

Planning Search,
Detect Control Engage Terminal Hand

Over Midcourse Pre-Launch

Weapon Doctrine /
Interceptability

Scheduling /
Engageability

System Reaction Time
Interceptor

Flyout Times

Cueing

Detect

Correlation /
Association

Categorization &
Characterization

EO
(Engage) Commit

Target Selection
Target Designation

Launch(s)
Discriminate

Kill
Assessment

Intercept(s)

Altitude

Exo

Endo

Keepout
Altitude

SBT Interceptor

Aegis

Cross Range

Defendable
Footprint Radius

Predicted
Impact Points

Threat AxisThreat Axis

TBM
Launch Areas

(Estimated)

TBM
Launch Areas

(Estimated)

TBM Trajectory

(Not to Scale)

Detections/
Tracking

ESSM

SM2 BLKIIIB

Planning Search,
Detect Control Engage Terminal Hand

Over Midcourse Pre-LaunchPlanning Search,
Detect Control Engage Terminal Hand

Over Midcourse Pre-Launch

Weapon Doctrine /
Interceptability

Scheduling /
Engageability

System Reaction Time
Interceptor

Flyout Times

Cueing

Detect

Correlation /
Association

Categorization &
Characterization

EO
(Engage) Commit

Target Selection
Target Designation

Launch(s)
Discriminate

Kill
Assessment

Intercept(s)

Altitude

Exo

Endo

Keepout
Altitude

SBT Interceptor

Aegis

Cross Range

Defendable
Footprint Radius

Predicted
Impact Points

Threat AxisThreat Axis

TBM
Launch Areas

(Estimated)

TBM
Launch Areas

(Estimated)

TBM Trajectory

(Not to Scale)

Detections/
Tracking

ESSM

SM2 BLKIIIB

JOINT INTEGRATED KILL CHAINJOINT INTEGRATED KILL CHAIN

Guns

Tech Enablers
Advanced IR Millimeter Wave 
Active RF Insensitive Munitions
Directed Energy/FEL

Advanced Exo-BMD

Advanced Active Missile

TSDESSM
RAM Blk II

SM-2 Blk IIIB 
SM-6

Advanced Self-
Defense Weapon

Future Missiles have to consider 
Multi-Spectral Analysis
Future Missiles have to consider 
Multi-Spectral Analysis

EXO BMD

AAD

SM-3 
Blk X

Distribution Statement D: 
Distribution authorized to 
DoD and DoD contractors 
only, Critical Technology 
(3/7/2005). Other U.S. 
requests shall be referred to 
the Program Executive Office, 
Integrated Warfare System.

Minor Cal SUW
• Mk 46 30mm
• Mk 38 25mm
• CIWS 1B

Far-Term

Major Cal SUW Weapons
• Mk 45 5”/54
• Mk 45 5”/62

Medium Cal SUW
• Mk 110 57mm
• Mk 75 76mm

Mid-Term

• Mk 45 5”/54
• Mk 45 5”/62 
• AGS

• Single Medium 
Caliber Weapon for 
SUW & AT/FP

• Single Minor Caliber 
for SUW & AT/FP

• CIWS 1B

Current

• Mk 45 5”/54
• Mk 45 5”/62

• Mk 46 30mm
• Mk 38 25mm
• CIWS 1A 20mm
• CIWS 1B 20mm

• Mk 110 57mm
• Mk 75 76mm

TSD

AAD

EXO 
BMD

RAM Block 0
RAM Block 1
Sea Sparrow 7M
Sea Sparrow 7P Blk I
ESSM

SM-2 Blk III
SM-2 Blk IIIA
SM-2 Blk IIIB
SM-2 Blk IV

SM-3
(MDA-developed)

NIFCNIFC--CA IOC 2014CA IOC 2014

OA / FORCENet Experimentation

Enhanced C2 Network and SA

Command & Control

VMS 9.0

CEDS

CEC P3I
Terminal
(2.1.7)

VMS 7.7 
(IBS/SIBS)
VMS 8.0 
(BPS-15/16)

OATM

CEDS
AN/UYQ-70

USG-2 (2.1.7)
USG-3 (2.1.7)

CG 47 Smartship (6.4.2)
CG 47/DDG 51-93 (7.4)
MCM 1 (7.7)
DDG 94-112 (7.6)
CVN (6.4.2/7.6)
LPD 17 (5.0)
SSN 688 (6.4)

AN/UYA-4
AN/UYQ-21 
TAC-4
AN/UYQ-70

CEC

ECDIS-N

CEDS

Neck 
Down

Enterprise

Joint
Solution

Sustain Current
Warfighting Capabilities

OACE Implementation
Manage DMS & 
COTS Obsolescence

(In-Service Systems)
Weapon Inventory
Neck Down Strategy
Lifetime Support / 
In-Service 
Sustainment

Littoral Warfighting 
Enhancements

AT/FP & GWOT
COTS D(V) SigPro
ASW
Amphib AAW PRA

Integrated Fire Control
C2
SM-6

Recapitalized Force 
Structure

DD(X)
LCS
CVN 21
CG(X)
LHA-6

Enterprise T&E

Protect Sea Base

CODE

2006 2007 2008 2009 2010 2011

Event
1

Planning

Development/
Integration

Execute/Assess

Report/Demo
(Alignment
With other Joint
And Navy Experiments
Where possible and
feasible

Land Based  IFC Demo 

Industry/Government Collaboration

Activities  Plan:
Quarterly IPR
Bi Annual Events

MIT
APL
IAT

RDA CHENG
RCIP

NAVSEA 62
VWL

PEO C4I/SPAWAR
PEO IWS/NAVSEA

PEO T/NAVAIR
PEO SUBS/NUWC

Weekly Telecons

IPR IPR IPR IPR
Event

2
Event

3

IPR IPR IPR IPR
Event

4
Event

5

IPR IPR IPR IPR
Event

6
Event

8

IPR IPR IPR IPR
Event

9
Event

10

IPR IPR IPR IPR
Event

12
Event

13

IPR IPR IPR
Event

14

Silent 
Hammer 07

JEFX 06
JTFEX 06

Trident Warrior 06
Sea Viking 06

Event/Task 
Prioritization
(Notional)

IPR

LB SBTDemoDIB Integration Demo IPV 6 Integration Demo BSN Integration Demo 

Event
15

“The road ahead …”
-

JTRS Integration Demo 

1OA_Fn Risk Reduction_13June 05

OA Enterprise Common Engineering Nodes View

SAIL
SQQ- 89
LAMPS
PAX 
River

TPS-59 
MTCSA
Camp 

Pendleton

ACDS
FFG

CDSA
DamNeck

AWACS 
30/35

Boeing
Seattle

THAAD
Huntsville

AEGIS 
LM

Moorestown

OATF

DEP

JDEP

SQQ-89

DD(X)

SSDS OA

PAC-3
SED

Huntsville

SUBS
AIR

Future 
(Under Construction)

Surface & C4I 
Joint /Coalition

CFn
Testbed

SSC PAC

AEGIS
SSDS
SCSC

Wallops

AEGIS 
ATRC/IWSL

NSWCDD

DD(X)

AEGIS OA
OATM

ACDS
SSDS

NSWCDet
San Diego

OATM
SIDA 

NAWCAD 
E2- HK2K 

PAX River

F-18
China Lake

FIBL
FNC
SSC

LANT

JITC

E-2C 
Group 2

SSC
San Diego

ESTEL

WAIF
LM Manassas

NUWC

Connect Government & Industry Engineering Nodes

VBL
Boeing

St Louis

Unclassified / Pre-DecisionalOA/FN Alignment/Integration 
Experimentation Process

Experimental Hypothesis/ Priority

Domain
Metric

Analysis

Measures of Effectiveness

Measures of
Performance

Measures of
Performance

Measures of
Performance

Warfighter
& Domain

Inputs

OA ET
Inputs

Integrated Product Team Deliverables:
1. Prioritized Engineering Assessment Candidate Topics 

List
2. OA/FN Risk Reduction Engineering Assessment(s)

• Event X Assessment Plan
• Event X Assessment Results
• Event X Demonstration

Engineering thru Spiral Experimentation Strategy
Directly supports the Navy Enterprise OA  Transformational Roadmap

2006 2007 2008 2009 2010 2011

Event
1

Planning

Development/
Integration

Execute/Assess

Report/Demo
(Alignment
With other Joint
And Navy Experiments
Where possible and
feasible

Land Based  IFC Demo 

Industry/Government Collaboration

Activities  Plan:
Quarterly IPR
Bi Annual Events

MIT
APL
IAT

RDA CHENG
RCIP

NAVSEA 62
VWL

PEO C4I/SPAWAR
PEO IWS/NAVSEA

PEO T/NAVAIR
PEO SUBS/NUWC

Weekly Telecons

IPR IPR IPR IPR
Event

2
Event

3

IPR IPR IPR IPR
Event

4
Event

5

IPR IPR IPR IPR
Event

6
Event

8

IPR IPR IPR IPR
Event

9
Event

10

IPR IPR IPR IPR
Event

12
Event

13

IPR IPR IPR
Event

14

Silent 
Hammer 07

JEFX 06
JTFEX 06

Trident Warrior 06
Sea Viking 06

Event/Task 
Prioritization
(Notional)

IPR

LB SBTDemoDIB Integration Demo IPV 6 Integration Demo BSN Integration Demo 

Event
15

“The road ahead …”
-

JTRS Integration Demo 

1OA_Fn Risk Reduction_13June 05

OA Enterprise Common Engineering Nodes View

SAIL
SQQ- 89
LAMPS
PAX 
River

TPS-59 
MTCSA
Camp 

Pendleton

ACDS
FFG

CDSA
DamNeck

AWACS 
30/35

Boeing
Seattle

THAAD
Huntsville

AEGIS 
LM

Moorestown

OATF

DEP

JDEP

SQQ-89

DD(X)

SSDS OA

PAC-3
SED

Huntsville

SUBS
AIR

Future 
(Under Construction)

Surface & C4I 
Joint /Coalition

CFn
Testbed

SSC PAC

AEGIS
SSDS
SCSC

Wallops

AEGIS 
ATRC/IWSL

NSWCDD

DD(X)

AEGIS OA
OATM

ACDS
SSDS

NSWCDet
San Diego

OATM
SIDA 

NAWCAD 
E2- HK2K 

PAX River

F-18
China Lake

FIBL
FNC
SSC

LANT

JITC

E-2C 
Group 2

SSC
San Diego

ESTEL

WAIF
LM Manassas

NUWC

Connect Government & Industry Engineering Nodes

VBL
Boeing

St Louis

Unclassified / Pre-DecisionalOA/FN Alignment/Integration 
Experimentation Process

Experimental Hypothesis/ Priority

Domain
Metric

Analysis

Measures of Effectiveness

Measures of
Performance

Measures of
Performance

Measures of
Performance

Warfighter
& Domain

Inputs

OA ET
Inputs

Integrated Product Team Deliverables:
1. Prioritized Engineering Assessment Candidate Topics 

List
2. OA/FN Risk Reduction Engineering Assessment(s)

• Event X Assessment Plan
• Event X Assessment Results
• Event X Demonstration
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International Cooperation in Support 
of CNO’s “1000 Ship Navy” Vision

International Cooperation in Support International Cooperation in Support 
of CNO’s “1000 Ship Navy” Visionof CNO’s “1000 Ship Navy” Vision

Ongoing work
– US-Spain C/S MOU and project 

agreements (CSSQT)
– US-Japan BMD Open 

Architecture Research

Projected new work 
– US-Spain project agreement 

(Combat System maintenance) 
– US-Japan BMD Open 

Architecture Development
– Aegis OA solution for the 

Australian Air Warfare 
Destroyer (AWD)

International Agreement for
Joint US-Spain Combat System 
Ship Qualification Trial (CSSQT)

International Agreement for
Joint US-Spain Combat System 
Ship Qualification Trial (CSSQT)USUS--Japan cooperation Japan cooperation 

for Multifor Multi--Mission Mission 
Theater Air & Ballistic Theater Air & Ballistic 

Missile DefenseMissile Defense

PlanPlan

Detect / ControlDetect / Control

EngageEngage

FMS programs of the past are evolving into FMS programs of the past are evolving into 
cooperative programs of the futurecooperative programs of the future
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