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Four Reasons To Be Optimistic About the State of System 
Engineering & Decision Analysis Within Defense Acquisition & 

One Survey 
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Senior Leadership Directing Use of System Engineering Tradeoff 
Analysis 
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Life Cycle Commitment, System Specific 
Knowledge, & Costs 

Change is easiest early in lifecycle 

Significant life cycle 
cost is incurred late 

Commitment to an 
approach builds rapidly 

Knowledge of the system lags 
behind commitment to approach 

Blanchard, B. & Fabrycky, Systems Engineering & Analysis, 5th Edition, Prentice-Hall, 2011 



OSD Directs System Engineering Tradeoff Analyses  
Be Conducted Early in the Lifecycle – MS A 

“Milestone (MS) A: You will establish an affordability target to be treated by 
the program manager (PM) like a Key Performance Parameter (KPP). This 
affordability target (initially, average unit acquisition cost and average 
annual operating and support cost per unit) will be the basis for pre-MS B 
decision making and systems engineering tradeoff 
analysis. This analysis should show results of capability excursions 
around expected design performance points to highlight elements that can 
be used to establish cost and schedule trade space…” 

Directive for Better Buying Power – Obtaining Greater Efficiency and 
Productivity in Defense Spending.   NOV 3, 2010. Under Secretary of 
Defense for Acquisition, Technology, and Logistics, Dr. Ashton Carter 



OSD Directs System Engineering Tradeoff Analyses  
Be Conducted Early in the Lifecycle. 

 
“Milestone B:  You will present a systems engineering tradeoff 
analysis showing how cost varies as the major design parameters and 
time to complete are traded off against each other. The analysis will pay 
due attention to spiral upgrades. You will recommend for my approval to 
establish and document, in the Acquisition Decision Memorandum (ADM) 
and in the program baseline, an 'Affordability Requirement' for acquisition 
cost and for operating and support cost.  This requirement will be the 
functional equivalent of Key Performance Parameters (KPPs) for baseline 
establishment and monitoring. You will provide cost tradeoff curves or trade 
space around major affordability drivers (including KPPs when they are 
major cost drivers) to show how the program has established a cost-
effective design point for these affordability drivers.” 

Directive for Better Buying Power – Obtaining Greater Efficiency and 
Productivity in Defense Spending.   NOV 3, 2010. Under Secretary of 
Defense for Acquisition, Technology, and Logistics, Dr. Ashton Carter 



Directive to  
SE Handbook Crosswalk 

Directive for Better Buying Power – Obtaining Greater 
Efficiency and Productivity in Defense Spending.   NOV 3, 

2010. Under Secretary of Defense for Acquisition, 
Technology, and Logistics, Dr. Ashton Carter 

System Engineering Tradeoff Analysis is called out twice in the 
seven page “Directive for Better Buying Power – Obtaining 
Greater Efficiency and Productivity in Defense Spending.”   No 
other  System Engineering Process is mentioned in the Directive.  
Curiously, the INCOSE SE Handbook dedicates less than 5% of 
the 370+ page document to this important process. 



Multiple Objective Decision Analysis Offers Sound Foundation for 
System Engineering Tradeoff Analysis 
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The Systems Decision Process can be used 
in each stage of the system life cycle. 

Highest payoff 



The Systems Decision Process was developed 
provide decision support for key system decisions.  

Parnell, G. S., Driscoll, P. J., and Henderson D. L., Editors, Decision Making for Systems Engineering and 
Management,  2nd Edition, Wiley Series in Systems Engineering, Wiley & Sons Inc., 2011  

The mathematical 
foundation of the SDP is 

Multiple Objective 
Decision Analysis and 

Life Cycle Cost Analysis. 



The mathematical foundation of 
the SDP is Multiple Objective 

Decision Analysis and Life 
Cycle Cost. 

 
We begin with system 

functions, requirements, and 
risks. 

 
The two key components of the 
trade space are value and cost. 
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UNCERTAINTY	MODELING

DETERMINISTIC	VALUE	MODELING

Providing	a	means	for	evaluating	any	candidate	solution	
based	on	the	value	provided	beyond	the	requirements.

PROBLEM	DEFINITION

Research	and	stakeholder	interviews	to	gain	relevant	multiple	perspectives	on	the	system	decision	problem.	

Functions	are	mapped	to	requirements	to	ensure	all	system	requirements	are	met

SYSTEM	REQUIREMENTS
Derived	from	research	and	stakeholder	

analysis

NUMBER,	DEFINITION,	REFERENCE

SYSTEM	FUNCTIONS
Reflect	what	any	system	must	do	to	be	considered	

successful	from	stakeholders’	perspective
NAME,	DESCRIPTION

VALUE	MEASURES:
Capture	required	performance	from	the	

stakeholders’	perspectives

VALUE	MEASURE,	DESCRIPTION

VALUE	FUNCTIONS
Mathematical	functions	
translating	scores	to	value	

CURVE

DETERMINISTIC	LIFE	CYCLE	COST	MODELING

Evaluating	the	total	system	life	cycle	costs	for	system	trade	
studies	and	project	funding	request.

	FINAL	PRODUCT:	A	comprehensive	deterministic	and	probabilistic	modeling	framework	that	assesses	
candidate	solutions	candidates,	important	risk	elements,	and	provides	insights	to	the	systems	decision

SWING	WEIGHTING
Imposes	DM-specified	

importance	and	range	impact	
to	value	measures
SWING	WEIGHT	

TOTAL	VALUE
Identifies	the	estimated	total	value	
return		for	each	candidate	solution

MODEL,	VALUE	

MAJOR	COST	DRIVERS:
Specific	design	elements

DRIVER,	DESCRIPTION

COST	ESTIMATING	
RELATIONSHIPS	(CER):
Mathematical	functions	relating	
system	parameters	to	costs

DATA,	CER,	etc.

LIFE	CYCLE	COSTS
MODEL,	ESTIMATES

Intermediate Product: DETERMINISTIC DECISION TRADE SPACE

A 2-dimensional representation of life cycle cost versus total value that identifies trade space efficient solutions

PROBABILISTIC	LIFE	CYCLE	COST	
MODELING

Identifies	and	estimates	the	impact	of	
uncertainty	associated	with	cost	driver	
estimates	affecting	life	cycle	costs.

PROBABILISTIC	VALUE	MODELING
Identifies	and	estimates	the	impact	of	

uncertainty	on	total	value	for	trade	space	
efficient	solutions.

PROBABILISTIC	RISK	MODELING
Identifies	and	estimates	the	impact	of	
risk	event	occurrence	on	total	value	
return	estimates	for	trade	space	

efficient	solutions.

MAJOR	COST	COMPONENTS:
Common	system	costs

COMPONENT,	DESCRIPTION

MAJOR	RISKS
Identify,	categorize,	assess

RISK	REGISTER



Mathematics of Multiple Objectives Analysis 
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General Purpose Decision Support Tool Prototype Automates 
Common Tasks 
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Initial Vision Fulfilled 

In the Spring of 2010 we provided a vision for a decision support tool suitable 
for initial business case assessments of military technology investments.  Since 

then, we have developed a prototype. 



Introducing AAMODAT 

AAMODAT is a MS Excel based applications that automates decision 
theory computations, data management, trade-space visualizations, and 
report generation thereby increasing decision efficiency and effectiveness. 
Key Features 
•  Enables Efficient Creation of Value Functions 
•  Automates Swing Weight Matrix Calculations To Generate Priority Weightings 
•  Captures Key Design Features Of Considered Alternatives 
•  Creates Structured Score Sheets To Capture Voice of the SME 

–  Captures Rational for assessment 
–  Automatically maps performance score to value space using value 

functions 
–  Allows scores to be entered as probability density  functions to account 

for uncertainty 
•  Generates Compelling Tradespace Visualizations 

–  5 dimensional scatterplots 
–  Decision heatmap 
–  Radar graphs 
–  Tornado graphs 

•  Conducts one-click sensitivity analyses 



Next Step for AAMODAT 

•  AAMODAT prototype will be tested by Cadets 
and Professors at the USMA at West Point 
during the 2012 – 2013 Academic year 

 
•  AAMODAT will be refined based on early user 

feedback.  



Major Acquisition Program Utilizing Multiple Objective Decision 
Analysis 
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•  Who:  Developed for PM GCV through an ARDEC 
lead collaboration with PEO GCS, Sandia National 
Labs, and Booz Allen Hamilton, the Infantry 
Fighting Vehicle (IFV) Whole System Trade 
Analysis Tool (WSTAT). 
 

•  What:  WSTAT is a decision support tool that 
integrates outputs of otherwise separate 
subsystem models into a holistic system view 
mapping critical design choices to consequences 
relevant to stakeholders. 
 

•  Why:  IFV is a complex system with many 
interrelated subsystems.  Finding the sweet-spot 
among competing objectives is a non-trivial task.  

PM GCV Is Using a Multiple Objective Decision Analysis 
Model To Conduct System Engineering Tradeoff Analyses  

Input 
Stakeholder 

Objectives 

Input design 
choices and 

relationships 

View  
Holistic System 
Consequences 

in terms of 
stakeholder 

value 



Seeking to Shape Requirements to Balance All Five Elements 
of Stakeholder Value 

Performance	

Unit	Cost	

Development	
Risk	O&S	Cost	

Growth	
Poten0al	



Decision Support Model Construct 
Decision support 

model captures and 
synthesizes outputs 

from individual 
analyses into trade-
space visualizations 
designed to facilitate 

rapid and complete 
understanding of the 

trade-space to 
stakeholders and 
provide drill down 

capability to 
supporting rationale.   

Individual Analyses – System Cost Estimates, Lethality Estimates, Survivability 

Estimates, Mobility Estimates, Risk Estimates, etc.  
 

System Alternatives vs. Fundamental 

Objectives Matrix 

Stakeholder Value Scatterplot 

(Performance, AUMC, Development Risk, 

Growth Potential, O&S Costs) 

Sensitivity Analyses 

Head to Head Comparisons 

Value Curves 

Priority Weightings 



Senior Leadership Communications 

•  PM GCV 
•  PEO GCS 
•  ASAALT MILDEP 
•  Director of MCoE CDID  
•  Director of TRAC WSMR 
•  Army G3 
•  CSA 



Survey to help understand tradeoff analysis data sources and 
aggregation techniques to aid decision makers. 
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Please	answer	the	following	two	ques;ons	by	placing	a	check	
mark	in	the	appropriate	box	to	the	right.	

0	-	5	

6	–	10	

11	–	15	

16	–	20	

21	–	25	

>	25	

1	 How	many	years	experience	do	you	have	within	system	engineering,	opera0ons	research,	
or	acquisi0on	management?	

2	 With	how	many	system	engineering	tradeoff	analyses,	analysis	of	alterna0ves,	or	other	
tradeoff	analyses	have	you	been	involved?			

Survey of Analytical 
Approaches for System 
Engineering Tradeoff 
Analysis 

3	
When	involved	with	system	engineering	tradeoff	analyses,	analysis	of	alterna;ves,	or	other	
tradeoff	analyses,	what	percentage	of	the	;me	do	you	use	the	following	techniques	to	obtain	
your	data?	

0	

1%
	-	20%

	

21%
	-	40%

	

41%
	-	60%

	

61%
		-	80%

	

81%
	-	100%

	

A	 Subjec0ve	opinion	from	subject	maWer	experts	

B	 Engineering	/	Physics	based	models	(aerodynamic	models,	ballis0c	models,	etc.)	

C	 Item	Level	Performance	Models	(	Probability	of	detec0on,	Probability	of	hit,	probability	of	defeat	given	a	hit,)	

D	 Test	&	Evalua0on	Data	

E	 Opera0onal	Data	

4	
When	involved	with	system	engineering	tradeoff	analyses,	analysis	of	alterna;ves,	or	other	
tradeoff	analyses,	what	percentage	of	the	;me	do	you	use	the	following	analy;cal	techniques	to	
combine	data	to	assist	decision	makers?	

0	

1%
	-	20%

	

21%
	-	40%

	

41%
	-	60%

	

61%
		-	80%

	

81%
	-	100%

	

F	 Do	not	combine.		Provide	all	data	separately	

G	 Two	or	Three	dimensional	plot	of	most	important	measures	(Measure	A	vs.	Measure	B	vs.	Measure	C)	

H	 	Analy0cal	Hierarchy	Process	

I	 Quality	Func0on	Deployment	

J	 Mul0ple	Objec0ve	Decision	Analysis	(Value	Focused	Thinking)	

K	 Opera0onal	Effec0veness	Models	(Force	on	Force	VigneWes),	or	Business	Models	

L	 Other	

5	 How	oZen	was	the	decision	maker	sa;sfied	with	the	following	elements	of	the	tradeoff	analysis	
product?	

0	

1%
	-	20%

	

21%
	-	40%

	

41%
	-	60%

	

61%
		-	80%

	

81%
	-	100%

	

M	 Number	and	Quality	of	Alterna0ves	

N	 Reliability	of	informa0on	and	models	 		

O	 Credibility	of	aggrega0on	mathema0cs	/	logic	(if	used)	

P	 Recommenda0on	&	ac0on	plan	


