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Overview

• LCS & Mission Module Definition, History, & Status

• Complexity of SoS Development 

• Metrics –Good, Bad, & Ugly

• SRL –what is it & why use it?

• Lessons Learned 

• Summary
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Littoral Combat Ship (LCS)
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• Optimized for warfighting in the littorals

– Unique designs for unique environment

– Fast, maneuverable, shallow draft

• Targeted at critical capability gaps

– Reconfigurable single-mission focus

– Mines; small fast surface craft; diesel 
submarines

• Modular Open Systems Architecture approach

– Flexible system for dynamic battlespace

– Advanced unmanned air, surface, and underwater 
vehicles

– Onboard sensors, weapons, command and control 

• Naval and Joint Force multiplier

– Operational flexibility for sea superiority and assured 
access 

– Integral member of future surface combatant family of 
ships

– Fully netted with the battle force

Littoral Combat Ship 
Interface Control 
Document

Navy Need: small, fast delivery vehicle with 
integrated focused mission package



Statement A: Approved for Public Release, Distribution is Unlimited

Mission Packages Defined
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From a System to an Acknowledged System of Systems

Ref: DoD System Engineering Guide for Systems of Systems, V1.0, Aug 2008

• Complex in Governance & 
Acquisition

• Composed of systems 
doing activities in ways 
that they may not of 
originally been intended 

• Design requires balance 
and interfaces become a 
key management issue
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Unique SoS Acquisition Management Needs

• SoS acquisition management represents a significant increase in 
complexity over traditional system acquisition

• Development requires that significant numbers of new and existing 
technologies be integrated to one another in a variety of ways

• Poses challenges to traditional development monitoring tools and 
cost models due to the need to capture integration complexity and 
the level of effort required to connect individual components

• A high degree of inter-linkage between components can also cause 
unintended consequences to overall system performance as 
components are modified and replaced throughout the system life 
cycle

6

The result of this acquisition management paradigm shift has 
been significant schedule and cost overruns in SoS programs
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Program Office Role and Needs

• PEO LMW / PMS 420 is responsible for the development, acquisition, and 
sustainment of modular, swappable Mission Modules to be used on the Littoral 
Combat Ship (LCS)

• Mission Modules leverage considerable amounts of technology from existing 
programs of record, while also requiring development of new integration 
software and components

• Keys aspects of the project include not only monitoring the status of technology 
development, but also the maturity of the numerous integrations between those 
technologies and external interfaces

• This has resulted in a very complex and diverse System of Systems (SoS) 
engineering activity with a need to obtain quick and accurate snapshots of 
development maturity status, risks, and performance

7
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Use of Metrics

Used by Program Managers Today

• Technology Readiness Level

• Integration Readiness Level

• Manufacturing Readiness Level

8

MRL Definition

1 Manufacturing Feasibility Assessed

2
Manufacturing Concepts Defined

3 Manufacturing Concepts Developed

4
Capability to produce the technology in a laboratory 

environment.

5
Capability to produce prototype components in a 

production relevant environment.

6
Capability to produce a prototype system or 

subsystem in a production relevant environment.

7

Capability to produce systems, subsystems or 

components in a production representative 

environment.

8
Pilot line capability demonstrated.  Ready to begin 

low rate production.

9
Low Rate Production demonstrated. Capability in 

place to begin Full Rate Production.

10
Full Rate Production demonstrated and lean 

production practices in place.

PM Need:
Insight!

http://en.wikipedia.org/wiki/File:NASA_TRL_Meter.jpg
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What is a Metric from the PM Viewpoint

Definition of METRIC

1 plural : a part of prosody that deals with metrical structure 

2: a standard of measurement <no metric exists that can be applied 
directly to happiness — Scientific Monthly> 

3: a mathematical function that associates a real nonnegative number 
analogous to distance with each pair of elements in a set such that 
the number is zero only if the two elements are identical, the 
number is the same regardless of the order in which the two 
elements are taken, and the number associated with one pair of 
elements plus that associated with one member of the pair and a 
third element is equal to or greater than the number associated with 
the other member of the pair and the third element 

Synonyms: bar, barometer, benchmark, criterion, gold standard, 
grade, mark, measure, standard, par, touchstone, yardstick

9 http://www.merriam-webster.com/dictionary/metric
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Any metric is Fallible 
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TRL 6. System/subsystem model or prototype 
demonstration in a relevant environment

But a fuller definition is: Representative model or 
prototype system, which is well beyond the breadboard 
tested for TRL 5, is tested in a relevant environment. 
Represents a major step up in a technology's demonstrated 
readiness. Examples include testing a prototype in a high 
fidelity laboratory environment or in simulated operational 
environment.

Except at formal external reviews most values reported 
seldom have the detailed analysis supporting the value 

assigned by the owner

http://rds.yahoo.com/_ylt=A0S020xW.KRMmkcAU9qJzbkF;_ylu=X3oDMTBwZm9pczhlBHBvcwM1BHNlYwNzcgR2dGlkA0kxMjlfNzk-/SIG=1iqltgt31/EXP=1285966294/**http%3a//images.search.yahoo.com/images/view%3fback=http%253A%252F%252Fimages.search.yahoo.com%252Fsearch%252Fimages%253F_adv_prop%253Dimage%2526va%253Dhuman%252Bbody%252Boutline%2526vm%253Dr%2526fr%253Dyfp-t-701%26w=600%26h=1000%26imgurl=upload.wikimedia.org%252Fwikipedia%252Fen%252Fa%252Fab%252FOutline-body-aura.png%26rurl=http%253A%252F%252Fpicsdigger.com%252Fdomain%252Fstealthfusion.com%252F%26size=29KB%26name=com%2b-%2boutline%2bof...%26p=human%2bbody%2boutline%26oid=372a218066cb9d0d8307712c8aa85241%26fr2=%26no=5%26tt=6110%26sigr=11fv3tlml%26sigi=11s02fupr%26sigb=134emo37f
http://en.wikipedia.org/wiki/File:NASA_TRL_Meter.jpg
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So Why do we use Metrics?

• metrics aid in providing 
insight, especially when time 
critical decisions must be 
made with imperfect or 
incomplete data –trends, 
notional rankings, etc.

• Need the ability to 
understand the impact of 
incremental development & 
acquisition choices within the 
systems comprising the SoS

The road of life twists and turns and no two directions are ever the same. 
Yet our lessons come from the journey, not the destination.‖ –
Don Williams, Jr. (American Novelist and Poet, b.1968)

Details of brake performance matter but the metric of  interest is will your 
cars stop if you hit the brakes

http://rds.yahoo.com/_ylt=A0S020st_qRMnHsAInmJzbkF;_ylu=X3oDMTBxcXUxMmthBHBvcwMxMgRzZWMDc3IEdnRpZANJMTI5Xzc5/SIG=1inagmpbr/EXP=1285967789/**http%3a//images.search.yahoo.com/images/view%3fback=http%253A%252F%252Fimages.search.yahoo.com%252Fsearch%252Fimages%253Fp%253Dwindy%252Broad%2526js%253D1%2526ei%253Dutf-8%2526vm%253Dr%2526fr%253Dyfp-t-701%26w=800%26h=600%26imgurl=image52.webshots.com%252F152%252F8%252F60%252F12%252F2673860120072039234eEJvbb_ph.jpg%26rurl=http%253A%252F%252Ftravel.webshots.com%252Fphoto%252F2673860120072039234eEJvbb%26size=113KB%26name=The%2bWindy%2bRoad%2bD...%26p=windy%2broad%26oid=f411cc64f5bd83080a72f08f83e75a4b%26fr2=%26no=12%26tt=81400%26sigr=11qbqg2k0%26sigi=121m0pm0f%26sigb=12pnmic9o
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Metric Challenges in a SoS

• TPM – how do you track developmental 
performance measures for systems you don’t 
own? 
– Sharing of data across POR’s

– What does compilation of the data mean for the SoS?

– Issue of using a system different then original design concept –
validity of metric 

• TRL –what is the one number? 
– multiple systems, multiple options for doing the missions

– different interfaces & end uses

– multiple technology developmental states within the SoS 

12
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So Why Develop & Use another Metric?

Needed Insight that other metrics presently don’t address 
• Performance/Risk related to the Inherent Integration Complexity of a SoS
• Needed ability to compare options/impacts in a SoS where task 
accomplishment could be done in multiple ways

Localize/Re-Detect

ENGAGEMENT

TRACK

Search/Detect/Classify
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Note: Spiral Alpha ASW capabilities on hold – used for example purposes only
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System Maturity Model (SMM) Methodology

14
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Ordinal Math – on no!

– intuitively or deductively you’re doing it; we combine technologies & 
capabilities of varying maturities and often provide a single ranking 
of the inherent risk in terms of a metric

15

• Ordinal numbers are rank order numbers & can not be 
subject to mathematical operations

What’s is the TRL, MRL, SRL, Pick your RL of a new car, ship, missile?

The numerical value of the SRL is a
point indicator, the usefulness comes 
from a having a methodology that 
allows rapid comparisons of options & 
allows trends to be monitored so the 
detailed questions can then be asked  

http://rds.yahoo.com/_ylt=A0S020zG.KRMe0cApBajzbkF/SIG=13gs4fqaj/EXP=1285966406/**http%3a//image.vetteweb.com/f/26856798%2bw750%2bst0/vemp_0909_08_z%2btoy_car_model%2bparts.jpg
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―String‖ Analysis Incorporated

• Operational strings were created that identified the components 
required to utilize a single function of the system

• Assessment of the SRL for each of these options allows for a better 
understanding of the maturity of each operating configuration

• Understanding the true status of the system on an operational 
string level allows for the opportunity to field initial capability earlier 
and then add to it as other strings mature

Complex systems often offer numerous options for conducting operations
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Supports Gathering of Insight wrt Options

18

By having defined architectures & 
integrations, the impact of a single 
technology change area/option can 
more easily be explored and insight 
into its impact on the SoS understood 
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Where we need to improve
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Software Integration – a multiple

of potential issues within one box

Incorporating all Integrations- focus on 
primary integration can miss key 
issues not viewed as high risk

UISS Craft UISS SweepMVCS-R
MVCS 

(Shipboard)

66 6

5 5 6

6

5

MPCE

7

MPAS7

ASW MP Spiral Alpha Messaging 
Structure
Note: Spiral Alpha ASW capabilities on hold – used for 
example purposes only
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Concluding Thoughts

• System of Systems (SoS) implementation is an integration and 
management challenge.

 Critical need to manage interfaces well.

 Metrics can support but existing metrics are less useful at SoS then 
System level 

• SRL Methodology has been shown to be highly adaptable and 
applicable to a wide variety of PMS 420 SoS development efforts 
but like all metrics can mislead if used beyond its capabilities

– If TRL & IRL are not correct then GI=GO.

– The math can hide the impact of a single technology 

– Use for insight & trends –another tool in a PM’s toolbox

– Supports PM with I&W data and insight into trades and impacts of 
technology options

20
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QUESTIONS?
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Abstract
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Abstract: Over the last several decades, the nature of acquisition has changed. The delivery 
of capabilities has shifted from a systems focus to the development and fielding of system-of-
systems (SoS). The Littoral Combat Ship (LCS) Mission Modules Program Office (PMS 420) is 
an example of this shift in that PMS 420 was charted to develop, integrate, modularize, 
deploy, and sustain focused warfighting capabilities by combining existing systems into a 
system of systems for Surface Warfare, Anti-Submarine Warfare, and Mine Countermeasure 
missions. To help control this development and understand the state of capability maturation 
and integration, PMS 420 has worked collaboratively with the Stevens Institute of Technology 
and Northrop Grumman on the development and implementation of the System Maturity 
Model. The System Maturity Model uses the traditional Technology Readiness Level and an 
Integration Readiness Level to calculate a value defined as System Readiness Level.  The 
System Readiness Level provides the Program Manager with a single point value used to 
define the state of the System of System combined maturity. This methodology is built upon 
a defined architectural representation of the capability and  provides the Program 
Management team with insight into the probability that the focused warfighting capability can 
be delivered when the development of the individual system capabilities are not within the 
Program Managers direct control. PMS 420 has been using this tool over the past several 
years. From its conception to the present significant lessons have been learned by Stevens 
and PMS 420 in the application of the SMM. This briefing will provide and overview of the 
methodology used by PMS 420 in implementing the SMM and review lessons learned from 
that implementation.   


