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Office of Naval Research
Affordability Science and Technology Research Project 

INTRODUCTION AND CONTENTS

This brochure was originally assembled for presentation to a number of universities in order to solicit their advice, expert opinion and participation regarding the development of a new science of affordability.  Since the original distribution of the brochure, some updates have been incorporated, but the basic content remains intact.  Thus, the contents serve as an overview of Affordability Science and as a strategic plan for the growth and implementation of affordability research.  The brochure includes the following:

· The Science of Affordability – slide presentation defining affordability, explaining Affordability Science and outlining the planned research and development program.

· Appendix A:  Affordability Measurement and Prediction Program – document reflecting the proposed research program and associated transitions into development and future application.

· Appendix B:  Affordability for Innovative Defense Operations and Support – draft paper explaining the origins, definitions, concepts, and disciplines associated with defense system affordability as perceived by the Office of Naval Research.  It also explains the National Affordability Roadmap that portrays a process for defining, selecting, and achieving affordable defense systems.

· Appendix C:  National Affordability Roadmap – an iterative series of decisions and actions designed to develop or improve the affordability of defense systems.
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The Science of Affordability

Affordability Research and

Development

Office of Naval Research
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Overview

•

What do we mean by “affordability?”

•

Why are we interested in affordability?

•

What is our approach to the science of

affordability?

•

What have we accomplished so far?

•

Why are we here?
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Which One Can You Afford?

Why do you want it? (P)

When do you need it? (P)

How will you pay for it? (P)

How reliable must it be? (C)

What is the purchase price? (C) What can you pay? (C)

What are the life-long maintenance and support costs? (C)

What will be its value when you no longer want or need it? (C)

P = preference         C = constraint
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Definition of Affordability

•

Affordability has three dimensions:  life-cycle cost, performance quality,

and availability when needed

•

The attributes of each dimension are interdependent and strongly

influenced by a multitude of external variables

•

Affordability must be viewed in the context of all systems that can or

could  meet requirements

•

“Affordability” represents the optimum solution domain in this

 multivariate

problem -- the best choice with given constraints

Process

Cost

Cycle

Time

Operation

Support

OPTIMUM PERFORMANCE

PROCESS

PRODUCT

LIFE CYCLE COST REDUCTION
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•

  performance

•

  cost effectiveness

•

  availability

Affordability is:

  

The optimal combination of

PERFORMANCE

OPERATIONAL

AVAILABILITY

Performance-Driven

Extreme (Min)

Budget-Cost

Ratio Extreme

(

Min

)

Crisis-

Driven

Extreme

(

Min

)

Objective Affordability Domain

Optimal Combination

BEST VALUE

COST UTILITY

(TOTAL BUDGET/COST)

Affordability Trend Vector
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Two Dimension Example

PERFORMANCE

COST UTILITY

INDIFFERENCE CURVES

TECHNOLOGY
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POINT
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Current Conditions

•

There is strong pressure to reduce spending

while retaining effective defense posture

(high performance and readiness)

•

Threats have changed

–

become less predictable

–

thus new requirements

•

Technology continues to advance  --

tendency to be more expensive

•

Classic affordability is usually considered only

in terms of acquisition or known support costs
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Affordability Shortcomings

Affordability has never been measurable

or predictable -- it is characterized by

–

qualitative variables

–

mixed motivations

–

political imperatives

–

few advocates

–

weakly integrated background/theory

–

questionable assumptions
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Assumptions

Supportable

 assumptions are needed in many areas, i.e:

•

Characterization of threat

•

Vulnerability to threat

•

Response requirements

–

Speed

–

Precision

–

Power

–

Launch platform capabilities

•

Level of technology required to respond

•

Level of casualty acceptance (opponent and self)

•

Mobility 

requirements

–

Deployment speed

–

Flexible response

–

Support platform capabilities
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How should we approach

affordability?

?

•

 Maintain the status quo?

•

 Evolutionary change?

•

 Revolutionary change?
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Potential Solution

•

Redefine affordability from customer point of view

•

Develop new affordability science

•

Leverage procurement and down-stream

affordability through S&T

•

Reform affordability culture

•

Develop affordability measurement and prediction

capability

•

Apply to decision-making and improvement
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Directions in Affordability Science

AFFORDABILITY

R&D

SCIENCE

ROADMAP

IMPLEMEN-

TATION

Mathematics

Ops Research

Sociology

Economics

Engineering

Case Studies

Measurement

Prediction

Methodology

Communication

Publications

Application

Validation

Expansion

tools

techniques

databases

historical

concurrent

decisions

input/output

Research

complexity

quantification theory

advanced simulation

State of Art

decision

dynamics

quantification

processes

Networks
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Affordability Science

•

Affordability measurement and prediction

–

developing true measures of effectiveness

–

measuring interdependent attributes to assess relative value

–

predicting future relative value of alternative approaches

•

Affordability decision-making

–

selecting the optimum or most affordable alternative from among

viable alternatives to meet requirements

•

Affordability improvement

–

making a chosen alternative or an existing system more

affordable

DETERMINE

REQUIREMENTS

IMPROVE

AFFORDABILITY

SELECT

AFFORDABLE

ALTERNATIVE

AFFORDABILITY PREDICTION AND MEASUREMENT TOOLS AND METHODS
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Structure for Implementing

Affordability Science

The National Affordability Roadmap
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Affordability Measurement

and Prediction

•

Develop quantitative measures of

effectiveness for National

Affordability Roadmap activities

•

Institutionalize human decision-

making processes in measurement

and prediction methodology

•

Formulate the science of

affordability
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Affordability Decision-making

•

Rigorously differentiate technical, sociological, and

political forcing functions

•

Apply quantitatively sound prediction methodology

to decision analysis

•

Firmly quantify and assess

requirements and differentiate

from political imperatives

•

Perform hard assessment of

historical and current case

examples

Enablers 

Dual-use

Applicability

Product

Technology

COTS/GOTS

Process

Technology
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Affordability Improvement

•

Assess national technological capabilities,

products, and processes

•

Identify emergent

technologies for maximum

affordability leverage

•

Apply strict quantitative

performance analyses

Operational
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Affordability Measurement

& Prediction Research

•

Goal: to develop fundamental understanding

of mechanisms of interaction critical to

analysis and optimization of relationships

between performance, life-cycle cost and

availability dynamics of advanced systems

•

Broad areas of investigation:

–

Procedure:  understanding stimulus-to-response

functions

–

Integration and Synthesis:  characterizing cross-

functional relationships of fuzzy parameters
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Research Objectives

•

Develop basis for affordability science

–

define elements of affordability

–

document foundation principles supporting affordability

•

Create roadmap of critical issues and needs leading to

validated measurement and prediction methodology

•

Create a decision methodology for confident, reliable

selection of affordable system alternatives

•

Implement and institutionalize affordability

–

build affordability expertise network

–

establish academic affordability “chair”
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Research Solicitation

•

Two categories of research

–

Broad program development and coordination of

basic and applied affordability science research

–

Focused research into critical elements of

affordability science and technology

•

Mechanisms for research

–

Development of academic, scientific, and

industrial partnerships

–

Award of contracts, grants, cooperative

agreements, or “other transactions”
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Current Status

•

Refined and added depth to the National

Affordability Roadmap

•

Conducted survey of academic and industrial

sources regarding status of affordability

science research and application

•

Formed an Affordability Measurement and

Prediction Integrated Process Team (IPT)

•

Developed a draft Broad Agency

Announcement to solicit research
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Potential Research Areas

•

Multivariate

 analysis and quantification

•

Dynamic decision theory

•

Non-linear optimization

•

Complexity sciences -- chaos/complexity modeling

•

Economic theories of increasing returns

•

Distributed, interactive modeling and simulation

•

Mathematical/statistical quantification of risk

•

Characterization of affordability parameters

•

Affordability metrics

•

Planning science or art of planning
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Objectives of Visit

•

Ultimate affordability science objectives:

–

development of affordability technology tools for

•

affordability measurement

•

database structuring and population

•

prediction of future system affordability

–

integrate tools and techniques into

 overarching

affordability technology

•

Immediate objectives

–

identify associated ongoing efforts

–

pinpoint potential contributors to development

–

define productive research directions

–

gain insight into creating new body of knowledge
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What can you provide?

•

Knowledge:

–

what has been done in the area of affordability?

–

who has been pursuing associated endeavors?

–

what has been documented or published?

•

Insight:

–

what sciences and disciplines might apply?

–

are the basic premises sound?

–

does this promise to be productive research?

•

Direction:

–

how should we proceed?

–

what sciences and disciplines should be pursued?

–

who should be involved?

–

how should research be structured?
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Bottom Line

•

Are we going in the right direction?

•

What should be your role in this research?

•

Who would you like to work with in this role?

•

What can we do to facilitate your

participation?

•

What is the next step?


Appendix A
AFFORDABILITY MEASUREMENT AND PREDICTION RESEARCH PROGRAM

AFFORDABILITY MEASUREMENT AND PREDICTION RESEARCH PROGRAM
Proposed research program and associated transitions into exploratory development, advanced development and systems development.

Research Task:

To develop a fundamental understanding of the mechanisms of interaction critical to the analysis and optimization of relationships between performance, life cycle cost and availability dynamics of advanced systems. The systems considered are all warfighting and support systems enabled by emerging technological developments.


(The required research effort may be likened to the understanding of the fundamental equations of stimulus-to-response of a complex system. This is equivalent to determination of the "F=ma" as an essential and fundamental contribution to the development of all mechanical systems. The affordability model may be built but may never be optimized without an understanding of the"F=ma" basis.)

Need for Research:

Affordability modeling includes a significant number of scientific areas, ranging from the hard areas of technological performance assessment to the soft areas of human decision dynamics. The background analysis performed to date has shown a deficit of basic definitions and concepts. Fundamental relationships between basic parameters such as cost and availability are lacking in the field. There are few assumptions or hypotheses that have stood the test of any analysis. Contacts with leaders in the field have to date revealed few conclusions but rather a significant uncertainty in basic understanding. The following proposal supports the need for basic research in a number of scientific areas and the clear need for a well established transition program for the application of research results in the development of higher level predictive capabilities under a thoughtful program of concurrent development at several levels. Concurrent development of theory and application requires pre-planned programming of transitions and the identification of all critical research elements in any future development program.


The development of this field of research will involve an association at multiple levels of performance, with research into basic mechanisms and verification of theory through the application of advanced applications and existing primitive models and empirical data assembled through case studies. The basis of successful implementation of this field of study into meaningful systems applications rests entirely upon the results of the research foundation. The relationships between these elements are indicated in Attachment 1.


Our assessment of the state of the field of research shows evidence of need in two broad areas of investigation. These are generally classified as: Procedure; and, Integration & Synthesis. Procedure involves the understanding of specific stimulus-to-response functions. An example of a major unknown in this area is the procedure associated with individual decision making and priority setting even under circumstances where all input variables are seemingly known. The area of Integration & Synthesis involves the cross functional relationships where more often than not the output parameters of one system and the input requirements of another system are both fuzzy. Functional relationships are required in the interactions as much as in the intrinsic behavior of systems or components of a system.

Areas of Research Investigation:

Procedure: The discipline of Procedure includes all areas of analysis of systems that have non-deterministic components or character. The mechanisms may be linear or highly non-linear in any of their constituent variables, they may be statistically defined or evaluated, but they all have a non-deterministic character that is normally known as "fuzzy" or "chaotic." Specific areas of research into mechanistic understanding are required for:


Measurement and Representation


Loosely Constituted Variables


Probabilistic Functional Relationships (Mathematics of p( F) = q(m) r(a). )


Multi variant fuzzy decision dynamics


Non-deterministic Optimization Theory


None of these areas has reached a state of technical development sufficient to provide the understanding necessary to construct the solution space appropriate to the problem definition.


Integration & Synthesis: Single parameter functional relationships are at the heart of the understanding of output-to-input responsiveness; however in this field of investigation, constitute only the tip of the technical requirement. Multi-variate analyses of complex interactions is a higher lever of conceptual development that may often deviate from the basic characteristics of response understanding at a second order level of chaos. Research into Integration & Synthesis is required in the following (non-exhaustive) areas of technology:


Uncertainty - Sensitivity Interaction Theory


Group Responsiveness Theory


Decision Dynamics Theory

State of the Technology:

Expertise in this area of science appears to be divided into three basic philosophies:



Systems Analysts



Organizational Theorists



Decision Dynamicists


These three philosophies have numerous overlapping interactions, but there seems to be a clear distinction between the basic characteristics by the known theorists and practitioners in this area. The identification of these classifications is based upon initial readings and interviews with leaders in this field. A rough classification of the various area for the primary contributors to this background research is provided in Attachment 2, based upon the following proposed definitions:


Systems Analysis is the exploration of interrelationships between components of a system, where the primary accent is upon the characteristics of the components in mutual relationship.


Organizational Theory is the exploration of the interrelationships between components of a system where the primary emphasis is placed upon the ever changing interactions and poorly defined associations between the components. The character of the fundamental unit is generally accepted as understood.


Decision Dynamics deals with the interactive character of elements within the component, not excluding the expanding nature of interaction implications.

Research Proposal:

The initiation of research into the understanding of the basic characteristics of affordability requires a significant about of continuing background development to ensure that we are on the right track. This background development will be performed by ONR with the help of University resources. An initial outline for the continuing Background Development is presented in Attachment 2.


The proposed initial Research and Theoretical Development Program is presented in Attachment 3. It is expected that this research would be performed predominately by Universities under current Grants authority. The results of the research are essential to the development of future affordability tools and must therefore requires a well organized transition program related to concurrent development of predictive models.


The proposed program for Concurrent Development is presented in Attachment 4. This appendix shows only the very first thoughts in the concurrent development program but does establish and outline for critical path analysis. It is expected that this effort will be conducted b Universities and Industry.


Verification and Validation is one of the final requirements of the Research and Development efforts. The outline for the verification program is presented in Attachment 5.

Attachment 1:  Structure for Affordability Measurement and Prediction S&T
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Attachment 2:  Background Development
The process of developing affordability measurement and prediction is almost equivalent to building a new Science and Technology field. A large body of potentially significant supporting sciences exists and is in a state of continuous development and improvement. Preliminary review of the contemporary scientific pursuits reveals that affordability as a positive product of technology emergence may conform to the concepts and theories embodied in the sciences of complexity. However, synthesis of associated fields is in its infancy and relationships between basic understanding of related phenomena and their application to affordability are missing. Therefore, this research endeavor is characteristic of the invention of a new field of research science.

Background development activities are as follows:

· Define functional affordability attributes that are associated with life cycle cost or cost of ownership, operational performance quality, availability for initial employment as influenced by production cycle time, and readiness as indicated by availability to - perform specific missions when needed.

· Determine the basis for developing models and theories that relate to the affordability attributes. Investigate decision dynamics, Multi-attribute decision-making, entropy, chaotic decision theory, fuzzy logic analysis and decision theory, non-deterministic optimization theory, complexity theory, economic theory (i.e. increasing returns) and other theories that may be applicable to the development of an affordability measurement discipline.

· Identify discipline and subject matter experts in those fields and disciplines considered to be applicable to affordability modeling research. Identify academic institutions that are likely to contribute to the research and development of a body of new knowledge in affordability measurement and prediction. Identify those academic disciplines (e.g. mathematics, operations research, economics, engineering economic analysis, sociology, organizational development) most likely to contribute to the development of a robust measurement and technology base.

Develop the basic construct for theoretical foundation, modeling of relationships, and development of fundamental research areas. Perform a first cut at characterizing each affordability attribute parametrically with respect to each of the other defined affordability attributes

· Build a continuously improving bibliography and develop in-house understanding of basic phenomena and interrelationships

· Develop strong networks between principal developers, scientists, researchers, and the affordability implementation and user community through consortia, seminars, and other (electronic and personal) interaction and interactive media.

Attachment 3: Theoretical Development

Develop the theoretical foundation for the understanding of the appropriate location of probabilistic inclusions in a system process. The practical character of this investigation is the understanding of the differences between a deterministic solution to a probabilistic process as opposed to a probabilistic assessment of a deterministic process. The ultimate product of this research will be a non-deterministic probability system.


Develop a theoretical mathematical model of the relationship between uncertainty and sensitivity in a non-deterministic Multi-variate interactive system. Initial explorations in this area indicate a wealth of theory in each of the areas separately, especially in uncertainty, but no development of the connectivity between them.


Theoretical model of expert estimation and the concept of expert analysis of estimates as an integral part of the estimation process improves the estimate accuracy.


The field of complexity is an emerging science that relates the interaction of phenomena at the boundary between deterministic and chaotic systems. Research in this area will develop an understanding of autocatalytic systems that display the dynamic property of increasing complexity with evolution through interaction. This is somewhat akin to the reverse of entropic processes that evolve to more uniform characteristics with time. The sciences of complexity are based upon complex adaptive systems and display fundamental laws of emergence where autocatalytic clusters produce new order in a system. The relevance of this work to affordability is found in the evolution of the dynamic interactions between performance, cost and availability, following disturbances to initial conditions.


Develop a relationship model for fuzzy negotiation under which the characteristics of the objectives are variables dependent in a non-linear, non-deterministic way to the state of the system and all appropriate higher order Multi-variate derivatives of the system parameters.


Yerkes-Dawson research into the theoretical relationships between performance as a dependent variable and stress and experience as the independent variables. The empirical results in this area demonstrate the optimization of performance in the stress / experience (temporal) domain and show that decision making requires an appropriate level of stress and a compatible level of experience to be most effective. Theoretical modeling will concentrate upon the actual stimulus-to-response characteristics of the stress / performance mechanisms in individuals and in collected systems.


Mind Mapping is an applied technology designed to provide a coherent structure to decision process by examining the characteristics of the human individuals concept relationship building processes. The process has been innovated by Tony Buzan and documented in "Use Both Sides of Your Brain," and "Mind Mapping." Basic research would be conducted to establish the fundamental understanding of the effectiveness of this proven tool for visualization of the human thought process. Theory will provide the structure to allow the extension of the technique to complex interactions between multiple participants in the decision process.


Groupware functional analysis will provide a basis for the synthesis of ideas performed under anonymous and introverted conditions where the final synthesized results are applied to limited proprietary but non-anonymous applications. Research will establish the relationships between the introverted concept generation process and the extroverted synthesis process in decision analyses..


Characterization of quantification of value (not cost, but value) of elements in a system that has an overarching objective of performance requirement. (What was the value of the horse shoe nail to the King that lost his kingdom.) The theoretical activity is the development of sequential value added models based upon requirements that are removed to planes of influence beyond the area of element influence. The reverse engineering in this process is the construction of value of elements from the model of elemental relationships and the assesment of the worth of the product or objective

Attachment 4: Concurrent Development

Identify, modify (where applicable), and develop existing or near-term maturing technologies that will enable an effective decision support system to be delivered to end users.


In order to curtail the development cycle time, undertake these tasks in successive stages concurrently with the basic research. These stages will begin when there is sufficient fundamental understanding of basic concepts, relationships and theory relating to affordability. This basic understanding should facilitate the application of relatively mature, but innovative technologies (i.e. virtual prototyping, advanced/distributed simulations, etc.).


The integration of new technologies into the emerging/undefined overall structure of affordability will be challenging. The end product(s) will need the portability and reuse characteristics that will enable it to scale horizontally across project type, function, and scope. The measurement and prediction program should study the current state of existing methodologies and technologies that are in current use by Naval managers and planners. The goal is to maximize the leverage obtainable from existing technologies and methodologies.


Data base development and population will be a critical task in successfully implementing the tools that are developed. Parametric analysis that is performed in the earliest phase of research should identify critical variables that impact affordability to the greatest extent. Data should be collected that enables the analysis of current affordability programs that directly correlate to those critical variables. This data set may or may not currently exist (e.g. VAMOSC?, INRIS?).


Establish the current Affordability programs as the "laboratory environment" for conducting this concurrent research and development. Establish and apply parametric evaluation criteria for these programs as they are identified by the measurement and prediction research.

Attachment 5: Verification and Validation

Use the tools developed under Attachment 3 and the Data Bases developed under Attachment 4 to verify that the tools perform to requirements on past approaches to affordability. This involves consistency checking for individual tools as well as interpretability of tools in a past-predictive environment.


Develop an overall systems approach to using these predictive tools for affordability of future systems. Integration of the tools is carried out under this task including redevelopment where necessary to resolve interface issues.


Develop protocols for tool validation including documentation, test criteria, success criteria and final evaluation. Validate the tools, both individually and in groups, by applying them to ongoing programs

Appendix B
AFFORDABILITY FOR INNOVATIVE DEFENSE OPERATIONS AND SUPPORT

AFFORDABILITY 

for

INNOVATIVE DEFENSE OPERATIONS AND SUPPORT
Introduction


The United States has proven throughout the twentieth century that we can produce anything we need in terms of advanced technological capabilities as long as:

· we don’t violate any of the physical laws of the universe,

· we make those basic discoveries needed to underlie the technology, and

· we are willing to pay the price.


The first two requirements are fundamental to advancing technology -- they are inviolable.  This paper addresses that third requirement for advanced technology and the recent change in our national attitude regarding our willingness to pay any price for the systems, products and services we desire.


Let’s trace the evolution of technological development over the past thirty years, focusing on willingness to pay the price.

· We succeeded in our manned and unmanned exploration of space in our solar system and we were willing to pay the price.

· We brought our national standard of living to a peak in 1990, but it is now on the decline.  We were willing to pay the price then:  we are seemingly not willing to pay the price any longer.  

· We have made such advances in health care and nutrition that our human failings are now more mental than physical.  We were willing to pay the price for health care and nutrition, but we have not yet developed scientific understanding of mental health sufficient to bring it to the same level of success.  Are we still willing to pay the price?

· We continue to use technology to improve our physical security and to ensure the full blessings of life, liberty and the pursuit of happiness through information control, access, and communication.  In the past, we have been willing to pay the price.  Now that price is becoming rather high and may become prohibitive.

· And, we have created the greatest security and defense system the world has ever seen and used it with extreme care in the promotion of our national security interests.  All of this has been at an enormous price.  That willingness to pay for this defense system is now open to criticism and is subject to serious debate on all fronts.


This track record tells us that our government and the citizens it represents are taking a different view of spending.  Rather than “top performance at any price” we now want “effective performance at a reasonable price.”  This new view is often qualified by “if we really need it and there is money in the budget.” In other words, we want affordable systems.  A key point here is that an affordable system is related to more than just price--it depends on the ability (or willingness) to pay the price for a desired outcome.  This implies that we can make a system more affordable by reducing the cost of procuring and operating the system, changing the level of performance required, and/or making funds available at the expense of other systems or services.  The first two actions affect price, while the last action reflects ability or willingness to pay.


Our premise is that prices are excessive and excessive prices are avoidable.  The approach our society evolved for the procurement of systems had been tuned to a national attitude that now has changed.  Whether that approach was proper or could be justified is not the main issue.  The issue is that the methods of developing technology and procuring systems can and must be changed to meet a new affordability paradigm.  We can and must decrease development, procurement, operating, and support costs.  At the same time, we must increase the investment in technology in order to enable more affordable systems.  In other words, we need to make our technology affordable.  The result is a dual payback:  more benefit for less.


This paper is therefore justifiably directed toward an understanding of the requirement for advanced technology that provides affordable results.  Equally important, it focuses on how we might achieve affordable defense systems through development of science and technology tools, techniques, and broad methodology.

Definition  of Affordability

In today's environment of scarce resources, system acquisition costs and, in particular, operation and support costs, must be reduced while retaining high levels of systems performance. Affordable systems must be developed and procured while the defense department responds to national and economic security objectives. To adequately discuss development and procurement of an affordable defense system, we need to resolve the true character of affordability.


For our purposes, “affordability” is the optimum point in the multi-parameter characterization of any activity where the objective is to drive performance and availability to maximum values and to drive costs to minimum values.  Affordability is a concept that we usually tend to define most successfully in terms of our personal experiences.  When our financial resources are limited, we have to make choices between wants and desires, and we set some level of need and performance before we determine that we have the financial means to pay the cost of an item.  In other words, we intuitively relate affordability to cost, budget, timeliness, availability and performance, rather than just cost.


We can draw a parallel between this personal concept of affordability and a defense operating and support concept of affordability.  We used to pay premium prices for systems because we needed or wanted them and had the funds to develop, procure, and support them.  Now we have limited funding resources, and we must view system affordability in terms of more than just cost.  We must also consider true need, level of performance, and budget realities.  Thus a working definition of affordability must include all these factors.

Affordability - Working Definition

Affordability is the characteristic of a system that enables it to be procured when it is needed, supported so it remains available as needed, and operated at the level of performance quality desired within the (life cycle) budget allocated to all systems being procured and operated. While system affordability is measured primarily in terms of life cycle costs, each system must effectively perform the mission which it was procured to perform, be available to perform that mission, and be supportable to ensure mission readiness. More specifically, an affordable system is one that meets procurement and operating cost targets, procurement cycle time targets, operational effectiveness targets (including reliability), and readiness targets.

Why Are Operations and Support of Systems Expensive?

Systems have been expensive because of the way we have committed to factors that adversely affect affordability.  These factors include cost, performance, process, schedule, budget, and risk.  These factors represent both positive and negative constraints on design, procurement, operation, and support of systems.  Although, characteristically, we address each factor separately, considerable interaction between these factors compounds the adverse effects and demands that we determine an optimum solution domain within which all characteristics are acceptable.  To date, we have failed to adequately analyze defense system affordability largely because we lack metrics or measures of merit for qualitative characteristics such as performance.  This single challenge to successful affordability analysis affects each of the following differential causes.


One major cause for expensive systems has been early commitment to cost during the acquisition stage.  Early cost commitment may be due to early obligations to design, processes, contracts, or other future actions; allocations to in-service costs; application of old procurement paradigms and non-value-added activities; inappropriate risk reduction trade-offs; and penalties for contractual changes when these changes cannot be avoided.


A second major cause of high costs is late commitment to performance.  As the system design progresses, new performance requirements are added, sometimes with little regard for the marginal utility of the performance in relation to cost.  Frequently, deployment and support performance requirements are not considered until after the design is established, causing continuous engineering changes to accommodate these requirements.


The third major cause of excessive expense is late commitment to processes, particularly engineering, production, and support.  Since process designs affect and are affected by system design, this late commitment often results in system redesign or suboptimal process design, both with accompanying high costs.


Although system acquisition is predicated on rigid program schedules and milestones, lack of commitment to firm schedules with short cycle times is the fourth cause of expensive systems.  Schedule slippages are the norm, and result from attempts to recover from early cost commitment and late performance and process commitment, as well as ineffective risk reduction actions.


Lack of commitment to an effective, balanced risk assessment and management program is the fifth cause of extremely expensive systems.  Risk has two facets:  one is the calculated chance of failure we take to achieve high payoff in performance.  The other is the risk reduction process that assesses the probability and potential impact of various failure possibilities and attempts to reduce exposure to those potential failures.  Frequently, commitment to high payoff risk does not occur early enough (if at all), while risk reduction methods may not be sufficiently intense throughout the procurement cycle.


Finally, the traditional constraint of committing to no more than a one year budget makes affordability planning and decision-making somewhat tenuous.  This uncertainty extends beyond dollar resources -- it also affects availability and application of personnel and material resources that have a marked impact on system affordability.


These methods of committing to acquisition factors are impediments that have a direct, detrimental effect on follow-on operations and support.

Affordability Drivers.


Each of the above factors alone can have a significant effect on system affordability.  It stands to reason that the combination of effects will be exponential rather than linear.  The above paragraphs described the potential adverse affect on system expense, or cost.  Since affordability is defined in relation to total system performance and availability of competing funds, as well as total life cycle cost, additional factors should be considered that can make systems more affordable.  These factors are affordability drivers.


For convenience, we have classified affordability drivers as commitments, enablers, and enhancers.  Commitments are those drivers that provide positive constraints that result in achieving affordability.  Enablers are those affordability drivers that have the potential to make future concepts or alternatives affordable.  Enhancers are those affordability drivers that can make an existing product or process more affordable.  


Commitments, when effectively applied, can become system affordability drivers instead of impediments.  These affordability drivers include:

· Cost -- related to design, production, operation, and support expense

· Performance -- related to mission, operating parameters, reliability, availability, quality, and “goodness”

· Process -- related to design, production, deployment, employment, and support methods

· Budget -- related to short and long term resource availability and distribution plans

· Risk -- related to chance of failure and potential payoff

· Schedule -- related to cycle time and milestones


Enablers are those drivers that can make the system feasible by offering new or improved performance capabilities or facilitating significant cost savings.  These affordability drivers include:

· Market -- related to size of customer base, therefore size of production runs

· New Technology -- related to improvements in product size, rate, capacity, quality, etc.

· Existing Products/Processes -- related to transfer of existing, useable technology

· Metrics -- related to realistic measures of merit


Enhancers are those drivers that can make an existing or emerging product or system, and the associated processes, more cost effective:  in other words, better performing and/or less costly.  These affordability drivers include:

· Enterprise Infrastructure -- related to implementation of IPPD/IPT and concurrent development/cycle-time reduction, as well as management data bases

· Commercialization -- related to broader commercial/military use at system, subsystem, component level

· New Product and Process Technology -- related to improvements in product, process, performance, support

· Architecture -- related to improved hardware and software integration, flexibility, reusability, product and process performance

· Methodology -- related to better design, production, support, documentation, deployment, modernization methods

· Decision-support Capability -- related to more appropriate decisions based on information and analysis rather than opinion

 THE NATIONAL AFFORDABILITY ROADMAP


We need to be able to portray the process of defining, selecting, and achieving an affordable defense system from the generation of the system requirement through the fielding of the system.  We have generated the National Affordability Roadmap to define this process and provide a structure within which truly affordable national defense systems might be acquired. Such an affordability roadmap includes planning, allocation, prediction, evaluation, and decision activities. Implementation of the National Affordability Roadmap will result in quantifying all the elements of affordability, measuring and projecting the expected affordability of alternative concepts and designs, and enabling decision-makers to select the most affordable alternative and approach to acquiring and supporting a defense system.


Our overall approach to affordability is illustrated in figure 1.  The two primary segments of the affordability roadmap involve selection of the most affordable alternative and improvements to make selected alternatives more affordable.  Selection of the most affordable alternative includes a range of outcomes from concept to detailed design.  Affordability improvement can be applied to the result of the first segment of the roadmap, to systems selected by other methods, or to operational systems already in the field.  Thus the segments can be applied independently, sequentially, or concurrently.  
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Figure 1.  Overall Affordability Approach

Selection of Affordable Alternatives


The segment of the National Affordability Roadmap that deals with selecting the most affordable system alternative incorporates a logical decision-making approach.  In other words, the need for the system is established, required and available resources determined, operating parameters defined, costs estimated, viable alternatives established, evaluation criteria defined, and alternatives analyzed.  Figure 2 reflects an interactive diagram of the activities essential to the selection of an affordable system alternative.  We identify this as the affordability decision-making roadmap.


This segment of the roadmap represents the process for selecting an affordable system. The first part deals with the activities necessary to define the need and pose viable alternatives to satisfy that need.  Military requirements can ultimately be traced back to some real or perceived threat.  These threats are associated with complex and dynamic political, economic, social, and military power factors, capabilities, and relations between and among this country and other nations.  Future requirements must be based on projection of threats and the accompanying environment, often many decades hence.


In response to these future requirements and considering projections of future resources and budgets, we can generate viable system alternatives.  These alternatives will be affected by tomorrow’s political imperatives--national debt, political party in power, and potential congressional set-asides--that primarily influence budget allocations; and industrial imperatives such as profit motives, skill bases, production capability and capacity, and foreign sources.  Operational definition, which reflects expected operating scenarios and conditions along with required levels of performance, will temper the viability of some system alternatives.  Likewise, life cycle process cost projections will impose limitations on alternatives, particularly in light of budget and resource allocations and desired performance.
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Figure 2.  Affordability Decision-Making Roadmap


The key to choosing the most affordable concept or approach from among viable alternatives resides in the testing of each alternative to see how affordable it could be in relation to other alternatives, or to find the optimum solution point.  In addition to evaluating cost projections and performance potential, we can analyze each alternative regarding commercial application, insertion of new or emerging technologies, and use of existing and proven off-the-shelf components and software.  These considerations, which we call affordability enablers, have the potential to strongly leverage future performance increases and cost reductions.


After all viable alternatives are assessed, we complete the decision-making process.  The most affordable system concept or approach will be selected by applying measures of effectiveness to cost, performance, risk, and expected return on investment for each alternative.  This becomes the point in the roadmap where we first commit to performance and cost for the selected system.


As shown in figure 2, we may recycle through the decision-making elements of the roadmap to refine the concept or approach to achieve an affordable system design.  During this application of the roadmap, alternative designs would be generated, cost projections updated, and operational factors refined.  Again, we may consider each alternative design in terms of affordability enablers, complete the decision-analysis completed, and select the most affordable system life-cycle design.


The outcome of this segment--selection of the most affordable alternative system concept or design--is not an end in itself.  But it offers the best opportunity to begin the acquisition process with a concept or design that ultimately will result in fielding an affordable system.  The second segment of the affordability roadmap represents the process of achieving an affordable system through affordability improvement.

Affordability Improvement


This second segment of the National Affordability Roadmap is composed of activities that can make the system concept or design selected in the first segment more affordable during acquisition and life-cycle support processes.  If the first segment of the affordability roadmap does not produce the most affordable system concept or design, this affordability improvement segment becomes critical.


Figure 3 illustrates the affordability improvement segment of the affordability roadmap.  In this segment we concentrate on five areas of affordability enhancement which are applied to research and development and production phases of system acquisition.  Simultaneously, we conduct performance analysis in an iterative fashion during both phases.
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Figure 3.  Affordability Improvement Roadmap

We start this segment of the roadmap by considering the option to use commercial products for the system.  A product may be useable in its final form and become the affordable system, or a subsystem or component of the affordable system.  Alternatively, we may suspect that the commercial option can be improved, so we subject it to affordability enhancement tests to see if we can make it more affordable.  The result could be a variant of the commercial option that is even more affordable.  In any case, it must still perform as specified to be considered an affordable option.


During performance analysis, we consider performance in terms of operational effectiveness, mission flexibility, deployment effectiveness, intersystem compatibility, reliability, supportability, availability, and interoperability, as well as environmental compatibility.  Certainly, part of the analysis addresses trade-offs between these factors, since marginal changes in performance frequently trigger significant changes in cost.  This analysis is performed cyclically throughout system research and development and production, and relies on continuous feedback from the acquisition process during those phases.  Performance analysis results are used to help update the operational definition of other systems that will undergo the affordability decision-making segment.


Affordability enhancement is similar to the affordability enabling activity in the first segment.  Again, this is a continuous process that is conducted throughout system research and development and production phases, and depends on up-to-date cost projection inputs along with a variety of technical information.  In this process, we consider management for affordability using such techniques as integrated product and process teams and process maturity methods.  We evaluate the feasibility of commercialization of the system or part of the ship, while maintaining complete relevancy to the Navy requirement.  We look at the availability and feasibility of inserting new technologies that will not only make the system more affordable to own and operate, but also can reduce acquisition cycle time and reduce cost, schedule, and performance risk.


Integrated hardware and software architecture can be a major system affordability enhancer, by allowing greater flexibility and adaptability to unique situations while maintaining a standard hardware configuration.  Other system architectural affordability considerations include potential improvements in development, reuse, and software documentation processes.  


System process methodology enhancement is another area with the potential for high payoffs in affordability improvement.  Process enhancement considerations cover the spectrum from traditional design-to-cost to modern virtual manufacturing activities and we apply them to all processes throughout the system acquisition cycle.


The affordability enhancement segment of the affordability roadmap provides a framework for considering multiple methods for improving systems.  When we exercise this segment of the roadmap, we may do so in an evolutionary or revolutionary fashion -- in other words, we may use the Deming approach to continuous improvement or the reengineering approach to radical improvement as indicated in Figure 4.   Figure 4 also illustrates how the affordability improvement segment stimulates an expanded operational and cost data base for future system and other system affordability, by providing feedback to the roadmap’s operational definition and cost projection activities.  


We structured the complete national Affordability Roadmap, shown in figure 4, so that we could bypass any activity that is not applicable.  We also structured it so that we could iterate any part of the roadmap as often as needed to achieve desired results.  Of course, the proof of the roadmap will be in its successful application.  That will depend on work to be accomplished. Here we offer a new, comprehensive approach to acquiring an affordable system.
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Figure 4.  National Affordability Roadmap with Evolutionary and Revolutionary Improvement Approaches
Proposed Assessment Process


The proposed assessment process uses the affordability roadmap to provide structure and direction to assessment efforts.  A number of decision processes, tools, and techniques will be used to establish metrics and assess system affordability.


The key metrics used in the assessment of system affordability are the qualified affordability drivers addressed earlier.  These are: cost; performance; process; budget; risk; and, schedule.  Budget is a factor that must always be a consideration; however, it is not something a program manager can control.  Since budget may be dictated by Congress or other higher authority, our focus is normally on the remaining five drivers.


The affordability assessment will be done by an integrated process team, similar to the way a war game is performed.  Experts in the appropriate disciplines are grouped and their subjective evaluations of the different aspects of the system’s affordability are collected and appropriately quantified.


The process is conducted in the two segments previously discussed, selection of the affordable alternative and affordability improvement. A detailed explanation of what information is evaluated in each step of the roadmap is attached as an appendix to this paper.  The first segment, selection of the affordable alternative, is conducted in the following manner using the affordability decision-making segment of the roadmap:

· A wargame is conducted to assess and to develop the considerations for National and World Order, Threat, Requirements Definition and Operational Definition.  This leads to a listing of alternatives that can fulfill requirements from an operational perspective.

· Each of these alternatives are assessed in terms of the other factors shown in the roadmap, including Resource Allocation, Budget Allocation, Political Imperatives, Industrial Imperatives and Cost Projections. This assessment will confirm the immediate viability of each alternative.

· For each of the viable alternatives, the team reviews the impact of the affordability enablers such as dual-use applicability, product technology, process technology, COTS/GOTS and any other significant enabler.

· In parallel with this review the team baselines the viable alternatives.  The baseline is in terms of cost, performance, schedule, risk and process.  Performance is derived from the wargame analysis. Cost, schedule, risk, and process is derived using a comparison method against an existing system selected by the team.

· Commitment to high risk enabling technologies is evaluated regarding the impact on downstream product and process affordability.  These technologies are researched, reviewed, and considered in terms of potential payoff rather than potential failure.  As a separate exercise, a top-level analysis of performance, cost, and schedule risks is conducted.  Risk exposure is predicted and likely results of potential risk mitigation schemes is evaluated.

· When the analysis is completed, the alternatives are then assessed to identify the best alternative.  The best alternative becomes the most affordable solution, and the baseline for affordability improvement.


The process to assess affordability improvement uses the affordability improvement segment of the roadmap. The following steps are taken

· For any emerging or operational system,, the impact of R&D on affordability is evaluated.  This is done against affordability enhancers such as enterprise infrastructure, commercialization, product technology, process technology, architecture and methodology.  The impact on affordability drivers is assessed, including the potential risk exposure and implementation of risk mitigation options.  An example is a new hull material that is stronger, lighter and easier to manufacture.  This may shorten manufacturing cycle time, reduce cost, and improve performance.

· Next the impact of affordability enhancers on production is evaluated.  The above affordability enhancement categories are considered but in this case they are focused on production aspects of affordability.  The primary drivers affected are cost, schedule, risk, and process.  Performance should not be affected.

· On completion of the process, the result is compared to the baseline for the same design concept and an assessment of the improvement in affordability is made.  The cycle is repeated as needed to evaluate new ideas in affordability enhancers.  

Conclusion
A full assessment of affordability of a system development has not been done.  This approach represents a low risk affordability assessment process.  Office of Naval Research Code 36 is being tasked with development of affordability prediction and measurement.  The effort is being led by {name}, Director of Industrial Outreach.

Appendix C
NATIONAL AFFORDABILITY ROADMAP
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Affordability Shortcomings

Affordability has never been measurable or predictable -- it is characterized by

		qualitative variables

		mixed motivations

		political imperatives

		few advocates

		weakly integrated background/theory

		questionable assumptions
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Affordability Decision-making

		Rigorously differentiate technical, sociological, and political forcing functions

		Apply quantitatively sound prediction methodology to decision analysis
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		Firmly quantify and assess requirements and differentiate from political imperatives

		Perform hard assessment of historical and current case examples



Enablers 















Dual-use

Applicability

Product

Technology

COTS/GOTS

Process

Technology

Infrastructure














_978183663.ppt
*



Research Solicitation

		Two categories of research

		Broad program development and coordination of basic and applied affordability science research

		Focused research into critical elements of affordability science and technology

		Mechanisms for research

		Development of academic, scientific, and industrial partnerships

		Award of contracts, grants, cooperative agreements, or “other transactions”
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Current Status

		Refined and added depth to the National Affordability Roadmap

		Conducted survey of academic and industrial sources regarding status of affordability science research and application

		Formed an Affordability Measurement and Prediction Integrated Process Team (IPT)

		Developed a draft Broad Agency Announcement to solicit research
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Objectives of Visit

		Ultimate affordability science objectives:

		development of affordability technology tools for

		affordability measurement

		database structuring and population

		prediction of future system affordability

		integrate tools and techniques into overarching affordability technology

		Immediate objectives

		identify associated ongoing efforts

		pinpoint potential contributors to development

		define productive research directions

		gain insight into creating new body of knowledge
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What can you provide?

		Knowledge:

		what has been done in the area of affordability?

		who has been pursuing associated endeavors?

		what has been documented or published?

		Insight:

		what sciences and disciplines might apply?

		are the basic premises sound?

		does this promise to be productive research?

		Direction:

		how should we proceed?

		what sciences and disciplines should be pursued?

		who should be involved?

		how should research be structured?
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Bottom Line

		Are we going in the right direction?

		What should be your role in this research?

		Who would you like to work with in this role?

		What can we do to facilitate your participation?

		What is the next step?
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Potential Research Areas

		Multivariate analysis and quantification

		Dynamic decision theory

		Non-linear optimization

		Complexity sciences -- chaos/complexity modeling

		Economic theories of increasing returns

		Distributed, interactive modeling and simulation

		Mathematical/statistical quantification of risk

		Characterization of affordability parameters

		Affordability metrics

		Planning science or art of planning
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Affordability Measurement & Prediction Research

		Goal: to develop fundamental understanding of mechanisms of interaction critical to analysis and optimization of relationships between performance, life-cycle cost and availability dynamics of advanced systems

		Broad areas of investigation:

		Procedure:  understanding stimulus-to-response functions

		Integration and Synthesis:  characterizing cross-functional relationships of fuzzy parameters
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Research Objectives

		Develop basis for affordability science

		define elements of affordability

		document foundation principles supporting affordability

		Create roadmap of critical issues and needs leading to  validated measurement and prediction methodology

		Create a decision methodology for confident, reliable selection of affordable system alternatives

		Implement and institutionalize affordability

		build affordability expertise network

		establish academic affordability “chair”
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Affordability Improvement



		Assess national technological capabilities, products, and processes



		Identify emergent technologies for maximum affordability leverage

		Apply strict quantitative performance analyses
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Directions in Affordability Science
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Structure for Implementing Affordability Science

The National Affordability Roadmap
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Affordability Measurement and Prediction

		Develop quantitative measures of effectiveness for National Affordability Roadmap activities

		Institutionalize human decision-making processes in measurement and prediction methodology 

		Formulate the science of affordability
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Affordability Science

		Affordability measurement and prediction

		developing true measures of effectiveness

		measuring interdependent attributes to assess relative value

		predicting future relative value of alternative approaches

		Affordability decision-making

		selecting the optimum or most affordable alternative from among viable alternatives to meet requirements

		Affordability improvement

		making a chosen alternative or an existing system more affordable
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How should we approach

affordability??





		 Maintain the status quo?

		 Evolutionary change?

		 Revolutionary change?















UNKNOWN-0



UNKNOWN-1
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Potential Solution

		Redefine affordability from customer point of view

		Develop new affordability science 

		Leverage procurement and down-stream affordability through S&T

		Reform affordability culture

		Develop affordability measurement and prediction capability

		Apply to decision-making and improvement
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Assumptions

Supportable assumptions are needed in many areas, i.e:

		Characterization of threat

		Vulnerability to threat

		Response requirements

		Speed

		Precision

		Power

		Launch platform capabilities

		Level of technology required to respond

		Level of casualty acceptance (opponent and self)

		Mobility requirements

		Deployment speed 

		Flexible response

		Support platform capabilities
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Definition of Affordability

		Affordability has three dimensions:  life-cycle cost, performance quality, and availability when needed

		The attributes of each dimension are interdependent and strongly influenced by a multitude of external variables

		Affordability must be viewed in the context of all systems that can or could  meet requirements

		“Affordability” represents the optimum solution domain in this multivariate problem -- the best choice with given constraints
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Two Dimension Example 





PERFORMANCE

COST UTILITY

INDIFFERENCE CURVES

TECHNOLOGY

CONSTRAINTS

MOST AFFORDABLE

POINT














_978183617.ppt
*



Current Conditions

		There is strong pressure to reduce spending while retaining effective defense posture (high performance and readiness)

		Threats have changed

		become less predictable 

		thus new requirements

		Technology continues to advance  --  tendency to be more expensive

		Classic affordability is usually considered only in terms of acquisition or known support costs
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Affordability is:

  The optimal combination of 

		  performance

		  cost effectiveness

		  availability
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Overview

		What do we mean by “affordability?”

		Why are we interested in affordability?

		What is our approach to the science of affordability?

		What have we accomplished so far?

		Why are we here?
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Which One Can You Afford?





Why do you want it? (P)

When do you need it? (P)

How will you pay for it? (P)

How reliable must it be? (C)

What is the purchase price? (C) What can you pay? (C)

What are the life-long maintenance and support costs? (C)

What will be its value when you no longer want or need it? (C)

	P = preference         C = constraint
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The Science of Affordability

Affordability Research and Development



Office of Naval Research














