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1 Introduction

Reads like a novel.  [Anonymous]

The purpose of this document is to discuss the foundations of the Cost As an Independent Variable (CAIV) methodology within the context of Total Ownership Cost (TOC) and to provide some guidance on the contractual, programmatic, cultural, infrastructure, and analytical measures that should be taken to successfully implement CAIV in a weapons system acquisition program.  While it may not “read like a novel” as the epigraph claims, it is meant to convey the invigorating challenge of CAIV and provide some help in meeting that challenge.

This first section begins with a general discussion of the CAIV problem.  The second section discusses the tenets upon which CAIV is founded.  The third section covers some of the cultural issues that must be addressed and infrastructure that must be in place for CAIV implementation to succeed.  The fourth section discusses the primary tools of CAIV (design trades, allocation, cost estimating and analysis, requirements analysis, et al.) and other related tools and disciplines.  Certain key ideas cut across these final three sections, and we choose not to waste time debating over what constitutes a “tenet” or a “tool,” a “practice” or a “process.”

It must be realized that CAIV is not in and of itself a step-by-step process, and that there is thus no recipe for implementing CAIV.  The CAIV process is the acquisition process.  The litmus test for successful CAIV implementation involves questions more like “Are we doing this?” and “Is this the way we operate, the way we do business?” than “Did we do the next step correctly?”  This guidance is meant to complement the Department of Defense (DoD) 5000-series, indicating the CAIV components of phases and milestones and fleshing these out a bit.  Many of the topics discussed herein may strike the reader as part of good sound program management (especially in section 3, CAIV culture and infrastructure), and there is certainly a great deal of overlap between the two.

Much information contained herein has been drawn from the commercial practice of Target Costing.  A CAIV Diagnostic Tool, developed in partnership with the Consortium for Advanced Manufacturing – International (CAM-I) Cost Management Systems (CMS) Target Costing Interest Group and paralleling their commercial Target Costing Diagnostic Tool, is available separately.  That tool has three major sections, Cultural/Infrastructure, Principles, and Processes/Tools, which roughly parallel sections 3, 2, and 4 of this document, respectively.  The reason for this discrepancy in order is that when discussing CAIV herein, we present the principles and tenets first, followed by program management-type enablers, whereas in the diagnostic, cultural and infrastructure issues should be considered first (and arguably will score highest for a general well-run program) before those items specific to CAIV and/or Target Costing are considered.
1.1 The CAIV problem

The entire study of economics is predicated on the principle of scarcity:  there are not enough resources to provide for all our “wants,” and hence priorities must be set and sacrifices made.  While it once appeared that the Department of Defense (DoD) would operate in an almost constraint-free environment, this is no longer (if it ever really was) the case.  Funds are limited and must be spent as close to optimally as possible.  (The phrase “best bang for the buck” is common, and while this has a very specific meaning in CAIV Trades as discussed below, it captures the CAIV spirit of balancing cost and performance nicely enough.)

One may take a CAIV-like view of the entire DoD, and this becomes quite daunting:  Billions of dollars must be properly allocated to a vast array of systems and support infrastructure to most closely achieve the goals of the department.  There are top-level activities such as Analysis of Alternatives (AoA) and Cost and Operational Effectiveness Analysis (COEA) which precede CAIV and are analogous to the Market Research and Product and Profit Planning parts of the Target Costing process (the commercial equivalent of CAIV).  However, herein we take a program-level view of CAIV implementation, just as TOCR takes a program-level view of TOC reduction (see the section on Mapping the cost reduction landscape below).

The CAIV problem then is this:  striving to optimize a system with respect to performance and cost, all the while aware that it is both but one system in a sea of other shifting, changing systems and an engineered combination of many subsystems which must be individually optimized, and knowing that the aggregation of many local optima is not necessarily a global optimum.

1.1.1 How can costs be reduced?

Since CAIV is essentially balancing the competing tugs of increasing performance (which usually costs money) and reducing costs (which usually entails performance reductions), it is helpful to briefly engage in a thought experiment about the handful of general ways it is possible to reduce cost.  We have singled out three below, though certain approaches will draw on two or all three of these methods.

1.1.1.1 Do less

Let’s face it, doing less is at the core of the CAIV approach.  We reduce cost by reducing performance – doing less – but we strive to do so in a way that the lost performance does not significantly affect our overall objectives.  We end up giving up something we never really wanted or something that would’ve been nice but we didn’t really need in the first place.  At times it can’t be helped, we have to suffer a loss of performance which is truly detrimental, but this is a last resort under CAIV.  It is only when we can’t afford all that we need that we should be forced to bite the bullet.  (What is truly maddening, of course, is when we spend money on capabilities that we don’t need, but it is beyond the scope of the CAIV program to eliminate congressional pork.)

1.1.1.2 Do things differently

One may also reduce costs by doing things differently.  This approach encourages thinking about requirements in the broadest possible sense.  An oft-cited example is that, given the need to write while on space missions, the Americans spent a million dollars to develop the zero gravity pen while the Russians simply used a pencil!  While it may sometimes appear that exploring the possibilities of doing things differently produces a clear winner, there are usually inherent cost-performance tradeoffs involved, and this idea is also central to the CAIV methodology.  Though the same essential capability was sought, it was most likely achieved to a different degree by various alternatives.  A fat grease pencil certainly will not write as clearly or efficiently as a sleek space-age pen, but is the increase in performance worth the large development cost?

1.1.1.3 Do things more efficiently

Doing things more efficiently is not central to the CAIV methodology, though it is certainly welcomed.  There is no sense in having two men do the work of one (unless they’re in a union!).  If any process, be it a business process, manufacturing process, management process, whatever, can be done better or more efficiently, costs can be reduced with no detriment to performance, and perhaps even an increase.  There is no tradeoff here; the new and improved way of doing things is clearly preferred.  The primary way in which these efficiencies are related to CAIV is in expanding the trade space, opening up a wider range of possibilities.  (You will see below that this is the same as shifting the extreme cost curve to the right.)

1.2 CAIV and TOC

As of November, 1998, two different definitions were established for Total Ownership Cost (TOC).  One was a new, revised definition of TOC at the Department of Defense (DoD) level:

DoD TOC is the sum of all financial resources necessary to organize, equip, sustain and operate military forces sufficient to meet national goals in compliance with all laws, all policies applicable to DoD, all standards in effect for readiness, safety, and quality of life, and all other official measures of performance for DoD and its Components.  DoD TOC is comprised of costs to research, develop, acquire, own, operate, and dispose of weapon and support systems, other equipment and real property, the costs to recruit, retain, separate and otherwise support military and civilian personnel, and all other costs of business operations of the DoD.

This is also known as “big TOC.”  The reduction of DoD TOC within operating constraints – TOC reduction with a small r, if you will – is a primary goal throughout the Department, from the highest levels on down.  At the program level, Program Managers (PMs) are charged to reduce a specific but broad set of costs:

Defense Systems TOC is defined as Life Cycle Cost (LCC).  LCC (per DoD 5000.4M) includes not only acquisition program direct costs, but also the indirect costs attributable to the acquisition program (i.e., costs that would not occur if the program did not exist).  For example, indirect costs would include the infrastructure that plans, manages, and executes a program over its full life and common support items and systems.

This is also known as “small TOC” (where “small” is by no means used in the pejorative sense).  TOC Reduction (TOCR), with a capital R, is usually meant to refer to a specific program of working to reduce TOC at the program office level following established processes (setting baselines, selecting initiatives, funding initiatives, etc.).  [The six steps in the DoN TOCR process are listed in the glossary, and the Air Force’s R-TOC process is detailed in their R-TOC Handbook.]

CAIV is a methodology for reducing the cost of new systems during acquisition by defining and exploiting a trade space of cost, performance, and schedule, as appropriately tempered by risk considerations.

A top-level view of the CAIV process is shown below.  Total resources and requirements must be allocated to individual systems and/or programs, and preliminary cost-requirement trades aid in this allocation.  (This is done within the context of the Future Years Defense Plan (FYDP) and is analogous to the Target Costing practice of multi-year product and profit planning, which examines products across all product lines and with a time horizon of several years.)  A reference system is provided, thresholds and objectives are mandated for cost and performance, and targets are set and decomposed.  An initial cost estimate is developed based on the reference (or legacy) system for what it would cost to meet the ORD (or come close to meeting the ORD) using “current structures and processes.”  This will inevitably result in cost and/or performance gaps which must be designed out.  Both the designed-centered cost-performance trades that are central to CAIV and the process improvements that are not work to reduce cost, thereby narrowing the cost gap.
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Figure 1 – The CAIV Process

The diagram shows at what level each activity should be taking place, from headquarters (HQ) to the program manager (PM) to the manufacturer (Mfr).  Note that no one in the government-industry partnership executing the program is allowed to trade off requirements, they are only allowed to trade off performance between the threshold and objective values.  Milestone Decision Authority (MDA) must give authorization to breach thresholds.  Furthermore, the initial cost-requirement trades must ensure that the targets set are rational, specifically that they are aggressive, achievable, and consistent.  For example, if targets are set by phase, having one phase for which requirements and targets are much more stringent than another makes that phase drive the program and makes the other phases largely irrelevant.

1.2.1 Mapping the cost reduction landscape

What has been is what will be, and what has been done is what will be done; and there is nothing new under the sun. [Ecclesiastes 1:9 (RSV)]

When new initiatives are introduced (e.g., CAIV in 1995, TOC in 1998), they have the tendency to seem to supplant previous initiatives and to want to be all things to all people – in short, they take the appearance of a panacea.  Rubes are taken in by lofty claims, and there is the danger of oversimplifying problems that are truly complex.  Cynics shrug off the initiative as the “flavor of the month” and choose to wait out the storm.  In either case, the true value of the initiative is largely lost because its scope was not properly defined from the outset.  We apply the principle that “that which tries to be everything to everyone ends up being nothing to anyone” and attempt to properly bound the application CAIV so that it can be the powerful tool it was intended.  [For further discussion on whether CAIV is a new idea or an old idea, see the Antidotes section.]

1.2.1.1 “CAIV is a verb, TOC is a noun!”

The title of this section is a quote attributed to Bob Jones of the Naval Surface Warfare Center Carderock Division (NSWCCD), and it provides a helpful mnemonic for sorting out the primary intent of CAIV and TOC with respect to acquisition of systems.  CAIV is a process [verb], a way to reduce costs.  TOC is a domain [noun], a set of costs to be reduced.  TOC Reduction is a program, a set of processes (of which CAIV is one).  TOCR seeks to change both what we acquire (usually addressed by CAIV) and how we acquire, operate, and support (addressed in a number of ways) in order to reduce cost.  Thus, CAIV is applied primarily to systems, things, nouns – what we shall call “Product” – whereas other TOCR methodologies often focus on processes, actions, verbs – what we shall call “Process.”  (For example, Activity Based Costing and Management (ABCM) seeks to reduce business process costs, and various logistics initiatives may seek to reduce support process costs.)  Mike D. Roberts of the Naval Sea Systems Command (NAVSEA) summarizes the new focus on process costs by saying “History says pay attention to the nouns [Product]; our intellect says pay attention to the verbs [Process].”  Of course, Product costs as addressed by CAIV remain extremely important.

The Product/Process duality is explored in the following section.

1.2.1.2 Product and Process – CAIV and TOC throughout the life cycle

The following “cartoon” shows the division of costs into Product and Process and the growth of cumulative system costs through the phases of the life cycle (Research and Development (R&D), Production, and Operations and Support (O&S)).  Reducing these costs clearly requires addressing both Product and Process throughout the life cycle, since choices in both domains can affect cost at all times.  Thus, mapping the cost reduction landscape requires bounding cost reduction methodologies in both domain (Product/Process) and time (life cycle phases).  In short, CAIV is principally applied to Product during Acquisition.
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Figure 2 – Product and Process – CAIV and TOC throughout the life cycle

The leverage in both Product and Process choices is greatest when these choices are made early, and concurrent design of Product and Process during R&D is highly encouraged.  That being said, CAIV is thought of as primarily applying to Product.  (Mentally add “…and its associated Processes,” if you wish.)  CAIV is all about cost-schedule-performance trades, and if you can define the trade space involving these parameters for various alternatives of a process decision, then such trades can be made.  However, keep in mind that the “performance” we’re talking about is that of the weapon system itself and how that performance is affected by the process (e.g., performance could be adversely affected by low availability due to a poor logistics support system), not the performance of the process per se.

The leverage of early design decision is central to CAIV and the related ideas Value Engineering (VE) and Target Costing (TC).  While Product decisions (e.g., mods) are made for fielded systems, this leverage is usually lacking, and such decisions would not be considered “core” CAIV, except possibly in the case where a major modification could be viewed as a mini-acquisition and CAIV principles applied.
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Figure 3 – TOC and CAIV – Domains of Application

1.3 Cost…

The C in CAIV stands for Cost.  This cost in fact refers to Total Ownership Cost (TOC).  It is not necessary to invent some cutesy acronym like TOCAIV, as some have done, but simply to keep in mind that one must take into account the entire life cycle cost (LCC) of the weapons system, including linked indirect costs, when conducting CAIV trades.

You can’t be fully effective in reducing costs (or properly balancing them with performance) if you don’t know what your costs are.  CAIV makes cost estimating and analysis more important than ever, especially estimating traditionally neglected costs such as O&S and indirect costs and relating cost models to relevant design parameters to facilitate CAIV trades.  The challenge is that programs are directed to manage to TOC, reduce TOC, and trade to TOC, but TOC databases essentially do not exist, though the services are striving to broaden their data, particularly in O&S.  If for whatever reason it is impossible to capture all of TOC, trades and decisions must strive at a bare minimum to include the effects of all knowable costs which fluctuate as a result of the trade-off candidates.  For example, if you’re designing a single-seat fighter, the personnel costs for the pilot will likely not affect CAIV trades, though they should still be included in a TOC Baseline.  A possible exception is if indirect costs, such as training, for that single pilot were affected by design choices.

1.4 …As an Independent Variable

“As an Independent Variable” captures the essential idea that cost must now be an input to the design process and not an output.  This is also the first principle of Target Costing, which is why that commercial discipline has so much to tell us about how best to do CAIV.  The little word “an” is important, as this reminds us that cost is only one consideration, along with performance and schedule, and that risk may affect any or all three.  (Clearly, if performance were not a consideration, we could “build” something that did nothing for free – the “Emperor’s New Battleship,” if you will.)

It may or may not be helpful to think about cost as being an independent variable in the strict mathematical sense, where it is traditionally plotted on the x-axis as the input to a function.  (We certainly do not mean “independent” in the statistical sense, for there is indubitably a strong correlation between performance and cost.)  One quickly realizes that CAIV involves a host of interdependent variables, and that the overall problem is to optimize a function of these variables subject to many constraints.  (In linear and nonlinear programming terminology, the function to be optimized is called the objective function.)  This introduces the problem of incommensurability:  mathematically, “having no common measure”; practically, “lacking a common quality upon which to make a comparison.”  This is one of the key problems of CAIV, namely that cost (measured in dollars) and performance (measured in various units) are essentially apples and oranges.  In the end, value judgments must be made – hopefully, aided by rigorous decision support tools and methods such as Quality Function Deployment (QFD) – to trade off between the two.  “How much is a knot of indicated air speed worth?”

CAIV principles and tenets

The principles and tenets discussed in this section are at the heart of CAIV, and you should strive to align all the processes in your CAIV implementation with this credo.  These ideas are drawn from both the seven DoN Tenets (especially the “fundamental, iterative actions” listed under the first tenet and the “top-down, bottom-up, continuous, and comprehensive process” described in the second tenet) and the “six key principles” of Target Costing as described in the CAM-I book.

The first section discusses the teaming and communications needed to conduct CAIV.  The second section discusses the priorities and decision criteria that are key inputs to the CAIV process.  The target costs that drive CAIV are the subject of the third section, while the fourth covers design-centered CAIV principles.  The fifth section treats making CAIV an enterprise-wide endeavor.  Finally, the sixth section discusses the life-cycle focus of CAIV.  These principles and tenets are illustrated in the figure below.
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Figure 4 – CAIV principles and tenets

1.5 Teams and communication

CAIV is accomplished by teams of empowered, committed individuals who together share the resources to successfully attack the problem.  DoD calls these groups Integrated Product Teams (IPTs), whereas CAM-I calls them “multifunctional teams for problem solving.”  Under whatever moniker, these teams must be the forum for cooperation among disciplines, and their members must develop “shared competencies” to be effective at CAIV:  engineers must learn to be conscious of cost, cost analysts must change their cost models to better enable the engineers to conduct trades, logisticians must communicate how support concepts and system design impact one another, etc.  Gone are the days when disciplines operated by sequential handoff of pro forma documents, such as the Cost Analysis Requirements Document (CARD) – informally described as “over the wall.”  Now they must operate in concert in order for CAIV trades to work.  No functional group will surrender its “core competencies” – cost estimators will still develop the cost estimate, engineers will still do detail design – but these capabilities must be wielded in a cooperative manner.  This is accomplished with continuous and clear communication, which must utilize all channels:  face-to-face, voice, e-mail, video teleconferencing (VTC), Integrated Data Environment (IDE), etc.  90% of the problems faced in CAIV are human problems, not technical problems.  That is one reason why the Navy CAIV tenets make it clear that CAIV is a management objective, not some kind of analytical trick.  (CAIV will not magically turn a poorly-managed program into a successful one, and while having a well-managed program does not ensure automatic CAIV implementation, it will certainly enable it to follow with less difficulty.)  This tenet is listed first here, and you must deal with your people first to successfully implement CAIV.

To test your readiness on this section, see Principles, Cross Functional Teams and Culture/Infrastructure, Team-Enabling Organization on the CAIV Diagnostic Tool.  To connect with commercial best practices, start with the section Principle 4. Cross-Functional Involvement in Chapter 2 (Foundations of Target Costing) of the Target Costing book.

1.5.1 IPT guidance

Correct construction and conduct of IPTs is central to both CAIV and the Integrated Product and Process Development (IPPD) process.  Teams were the most often used tool and were significantly correlated with every other Target Costing tool in the CAM-I Target Costing Best Practices Survey.  The Office of the Under Secretary of Defense for Acquisition Reform (OUSD(AR)) provides IPT guidance from its webpage at http://www.acq.osd.mil/ar/text/tipt.htm.

In Target Costing, cross-functional teams should include representatives from the disciplines of design and manufacturing engineering, production, sales and marketing, materials procurement, cost accounting, service, and support, and from such traditionally “outside” participants as suppliers, customers, dealers, distributors, service providers, and recyclers.  Unbalanced representation of disciplines is the most common problem found with teams.  The survey showed the following functional groups participated in TC teams, listed in order of decreasing participation:

· Design Engineering

· Operations/Manufacturing

· Accounting/Finance

· Purchasing

· Product Planning

· Sales/Marketing
· Quality Assurance

· Service Engineering

· Distribution/Logistics
This list reveals two common possible deficiencies in the composition of IPTs.  One is a lack of the customer involvement which is crucial for translating customer requirements to design.  (Those from the commercial world are quick to point out the difference between Marketing, which concentrates on discerning customer preferences and relating them to product development, and Sales, which concentrates on taking products that have already been developed and selling them, whether they align with customer preferences or not!)  The second is lack of involvement by Life Cycle Support (LCS), which could lead to the development of systems that are overly expensive to support.

There is no ideal prepackaged IPT structure to conduct CAIV, though you need both teams that are focused on more traditional activities such as system or subsystem design and cost estimating (these might be called Product Development Teams (PDTs) or Process Focus Teams (PFTs)) and multifunctional teams that cut across disciplines to address the sorts of problems crucial to CAIV.  This is what is known commercially as the matrix(ed) organization, with “vertical” silos of functional groups and counterbalancing “horizontal” teams that have a program or project focus, and such organization was seen in the CAM-I Target Costing Best Practices Study American site visit companies (Boeing, Chrysler, Caterpillar, and Continental Teves).  As for the question of where CAIV should “reside” within the organization, it should become clear, if it hasn’t already, that CAIV is carried out (and its success dependent upon) individuals throughout the distributed team.  It still helps to have a focal point for CAIV, as long as the team is not lulled into thinking that the entire process is going to be carried out by “the CAIV guy.”  This focal point can reside in the program management team, the systems engineering team, the cost team, the design team, or the like.  In Japan, Target Costing is housed in a department such as purchasing or logistics, or in a technical center, or is spread across several departments, or has its own independent one.

Once the team structure is established in an appropriate manner, with all stakeholders adequately represented on the cross-functional teams, roles, responsibilities, and processes must be clearly defined for the team.  Teams must be empowered to make the necessary decisions, entailing both authority and accountability, and representatives from other teams or disciplines must be able to commit for those external entities.  Teams should be formed and operate with a long-term view, with thought given to how staffing and work will change to support the system throughout its life cycle.  (See also Life cycle awareness below.)

1.5.2 Active vs. passive communication

A quick scan of sections in this document will make it clear that communication is vital to so many of the principles and processes espoused herein:  target costs are ineffectual unless they are communicated to the teams; priorities and the needs and wants of the warfighter mean nothing unless they are communicated to those who make the design decisions; a true government-industry partnership is impossible without communication between the two inherently different organizations; to leverage cost reduction opportunities of suppliers and related programs, there must be communication with those “outside” parties; all the cost analysis in the world is no good unless cost information is communicated to the right people in time to influence design; and so on.

The key to communication is to be active rather than passive as much as possible.  To use an analogy from information technology, this means designing a system to “push” information to the user, instead of relying on the user to “pull” information.  For example, team members should be notified of meetings instead of having to check a central calendar.  It is always best to work for the “supply” and “demand” sides of a problem, however, and so systems should be equipped with excellent search mechanisms to allow team members to discover information for themselves.  (Further discussion of related technical matters below under IDE.)

1.6 Clear priorities and decision criteria

A great many decisions (tradeoffs) are made in CAIV, and the priorities which drive these decisions must be made clear throughout the process.  Those who make design decisions at every level should apply criteria which follow from the criteria set forth for decisions by the highest-level decision maker.  The mission of the program should be evident to all, so that teams may strive toward this vision with excellence, but also so that when compromises inevitably must be made, there is no hesitation about what has to be given up and what has to be kept.

The priorities and decision criteria must ultimately be determined by the customer – the warfighter – and the voice of this customer must be heard continually throughout the process.  Customer requirements for quality, cost , and time are simultaneously incorporated in product and process decisions and guide cost analysis.  This process is enabled by the clear communications discussed in the section above, but there are also specific applicable tools for gathering customer requirements (Voice of the Customer – VOC) and for relating customer requirements and priorities to design features and functions (Quality Function Deployment – QFD), and these are discussed in the tools section below.  Whether these specific disciplines are used or not, there needs to be systematic tools and processes in place to capture and rank customer value-based requirements and disseminate this information throughout the team.

“Requirements” is a bit of a reserved word, and to an engineer usually indicates absolute specifications to which an item must be exactly built.  In CAIV, requirements should be stated in terms of performance as much as possible to allow designers the maximum leeway to consider different designs to achieve that performance.  Also, requirements should not be over-specified or specified to an undeservedly high level of detail (see “Tickle Me Elmo” Requirements).  The bottom line is that product feature and function enhancements should take place only if:  (1) they meet customer expectations; (2) the customer is willing to pay for them; and (3) the additions enhance warfighting capability, quality of life, or some other important metric.  Conversely, features and functions should not be traded away without the consent of the customer.

Many programs have found collocation to be very helpful in encouraging daily involvement of customer in design (see Government-industry partnership below).

To test your readiness on this section, see Principles, Customer Focus on the CAIV Diagnostic Tool.  To connect with commercial best practices, start with the section Principle 2. Focus on Customers in Chapter 2 (Foundations of Target Costing) of the Target Costing book.

1.7 Target costs

In a perfect world, CAIV could be conducted without target costs.  If cost and performance were correctly balanced in every trade, then the result system and its cost would be “right,” and we’d stroll off into the sunset and build it.  However, this is working on the “supply” side of the problem, namely addressing cost at the lowest levels and letting them roll up.  There needs to be corresponding top-down pressure on costs in the form of top-level cost targets which are decomposed to the sub-system and component levels and disseminated to the product teams designing these items.

The top-level targets are inevitably linked back to the federal budget, and thus they must be firmly grounded in affordability considerations, but they cannot be limited to just the FYDP, they must take the entire life cycle into account.  A standard procedure is to set targets for each phase, but if this is done, preliminary analysis during the HQ cost-performance trades should ensure that these phase targets are relatively balanced, lest one target be overly constraining and drive the entire CAIV process.  Targets can be stated in different units – total phase cost, annual cost, or unit cost (for example, dollars per steaming hour underway for ship O&S costs) – but when they are decomposed, they should be stated in the unit which makes most sense to the teams conducting low-level trades.  Targets should be “aggressive but achievable,” and the more the link between product feature and function and target cost is documented and explained, the more easily the targets can be enforced with the parties they affect (designers, subcontractors, et al.).  The targets should be made a management priority (see Leadership), and achievement of targets should be incentivized (see Incentives).

Finally, the use of targets should be disciplined, and this is an area where American commercial practice has been notoriously weak.  The Japanese, where the practice of Target Costing originated, generally do not revise or subsidize targets at all.  American practice allows the subsidizing of targets (that is, some teams are allowed to overrun their targets, provided that other teams underrun so that the overall target is met), but discipline should still be maintained to abandon projects where well-established target cannot be met.  In CAIV, this means that the resetting of targets, thresholds, and objectives by the MDA in between phases should be done carefully, rigorously, and sparingly.  The sad truth is that in DoD, we do not cancel programs.

To test your readiness on this section, see Principles, Price Led Costing on the CAIV Diagnostic Tool.  To connect with commercial best practices, start with the section Principle 1. Price Led Costing in Chapter 2 (Foundations of Target Costing) of the Target Costing book.
1.8 Leveraging creativity and intelligent design

CAIV is all about making intelligent design decisions and enabling and leveraging the creativity of designers and engineers.  These design decisions must now be tempered with cost (and schedule and risk) considerations, in addition to performance.  By expanding the trade space as much as possible, those making design decisions can seek the broadest array of alternatives to satisfy the required cost and performance goals.  This is the “do things differently” approach to cost reduction.

The key to leveraging design it to start early.  Most readers have probably seen one version or another of the figure below before (cf. Exhibit 2-1 Comparison of Committed and Incurred Costs in Ansari et al. and Figure 4-1. Committed Costs in Cooper et al.), but the essential point bears repeating – costs are committed to long before they are incurred, and thus the opportunity to influence costs lies primarily in the concept and design phases.
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Figure 5 – Cost Profiles for Manufacturers

This early focus means that product features and cost targets should be set during product planning and concept development stages, and systematic methods should be used to achieve target costs during the design development and production stages.  (These methods include, but are not limited to Value Engineering and Design To Cost.)  Designs should be reviewed by all stakeholders prior to release to production.  (This is intended to reduce post-design change activity, though the Target Costing Best Practices survey shows this as the lone benefit which is not consistently seen.)  Finally, products and manufacturing processes should simultaneously engineered to ensure producibility, through such processes as Design for Manufacturability and Assembly (DFMA).

There are some specific design techniques recommended by DoD to reduce cost while taking into account supportability and technical refreshment throughout the life cycle.  One is COTS insertion.  The use of Commercial Off-The-Shelf (COTS) products has been mandated to the maximum extent possible by DoD 5000.2-R.  This gives rise to several problems:  determining viable COTS substitutes for traditionally developed items, including the extent to which systems needs to be ruggedized or otherwise adapted for military use; performing cost trade-offs; determining the supportable lifetime for COTS; and including COTS refresh points in the Life Cycle Cost Estimate (LCCE).  A model developed by the Naval Surface Warfare Center (NSWC) Crane (IN) Division is useful.  Keep in mind that the “C” in COTS does not stand for cheap and that vendors are planning to make a living supporting their products.  One should not fail to consider COTS alternatives, nor should one assume that these alternatives are necessarily best without appropriate trade study analysis.

The second is Open Systems Architecture (OSA), wherein the use of “…commercial items that use open standards as their primary interface standards” is emphasized.  This enables the use of multiple suppliers and commercially-supported practices, products, specs and standards.  Items should be selected based on performance, cost, industry acceptance, long term availability and supportability and upgrade potential.  The use of open systems is often thought to be confined to support equipment, electronics, and computers, but the concepts are much broader, and are currently being applied in many systems.  For example, the engine compartment of the Marine Corps’s Advanced Amphibious Assault Vehicle (AAAV) was designed to be able to accommodate two different engines.  In situations like this, the design might be humorously called “ajar” systems architecture, but the principles and pursuant benefits remain the same.  (For more information, see the Open Systems Joint Task Force (OSJTF) website at http://www.acq.osd.mil/osjtf/.) 

To test your readiness on this section, see Principles, Focus on Design on the CAIV Diagnostic Tool.  To connect with commercial best practices, start with the section Principle 3. Focus on Design in Chapter 2 (Foundations of Target Costing) of the Target Costing book.
1.9 Enterprise-wide involvement

CAIV should involve the entire “extended enterprise,” including the value chain (i.e., the full multi-tiered set of suppliers) and the life cycle support system (logistics, training, etc.).  By developing a collaborative relationship with suppliers/subcontractors, the prime contractor should be able to diffuse cost reduction efforts throughout the value chain.  A rule of thumb is “Whatever you do to yourself, do to them.”  Since you set targets for your team, you should also set targets for your suppliers; since you involve your team in design, you should involve your suppliers in design; since you share cost data and analysis with your team, you should pursue similar sharing with your suppliers (via an “open book” type of arrangement, if feasible); since you train your team in CAIV tools, you should also ensure your suppliers are trained in the same tools.  Long-term and mutually beneficial relationships can be established with suppliers, though this is not as endemic to the American psyche as in Japan, where the term keiretsu is used to describe long-standing partnerships between companies.  In working with suppliers, it is good to first characterize the value chain, determining the nature and number of suppliers and their distance from the producer.  Supplier involvement is so crucial because purchased items can comprise as much as 70-80% of total manufacturing costs, and systems suppliers are expected to be high-value-added.  Suppliers can also help better focus on customer requirements, provide input and ideas early in the concept formation stage, and pursue standardization opportunities.

By involving the operator, maintainer, and trainer in the CAIV process, supportable designs are much more likely, keeping O&S costs in check.  Tools such as Concurrent Engineering and Supportability Analysis (CESA) may be used.

Smaller programs, estimate Distribution/Logistics costs more, have an increased role of suppliers in design, and set more targets for purchased parts.  While such involvement of the supply chain may seem overwhelming in larger programs, it is no less crucial.

To test your readiness on this section, see Principles, Value Chain Involvement on the CAIV Diagnostic Tool.  To connect with commercial best practices, start with the section Principle 6. Value-Chain Involvement in Chapter 2 (Foundations of Target Costing) of the Target Costing book.
1.10 Life cycle awareness

As discussed in the introductory section above, CAIV must strive to go beyond the myopic view of the next few years of the program and instead encompass the entire life cycle, from concept and development through disposal.  Decisions must be made based on LCC, including R&D, Production, O&S, and Disposal costs, as well as linked indirect costs, such as support, and their must be a common understanding of this definition of TOC at the enterprise level.  All these costs must be estimated and properly discounted to serve as inputs to CAIV trades.  Each product team and subcontractor must recognize its role in life cycle cost contributions and work to balance these against performance.

Humans seem by nature to be more grasshopper than ant, and one must be diligent about this tenet.  It is natural for those in charge to worry only about what happens during their tenure, and it can be difficult to get additional up-front funding, even when life cycle savings are clearly demonstrated.  One must appeal to the best of human instincts to get designers and decision makers alike to consider the legacy they will be leaving.

To test your readiness on this section, see Principles, Life Cycle Cost Reduction on the CAIV Diagnostic Tool.  To connect with commercial best practices, start with the section Principle 5. Life Cycle Orientation in Chapter 2 (Foundations of Target Costing) of the Target Costing book.
CAIV culture and infrastructure

Once you ensure that your program understands and adheres to the principles and tenets of CAIV, you must determine whether further elements of your organizational culture provide the right “climate” for CAIV implementation, and whether you have established the necessary infrastructure to support it.  This section addresses the people who are part of your team, from the executive level (Leadership) to the working level (Training) and on both sides of the government-industry partnership, and the incentives which motivate them.  It covers the contracts that bind the two halves of this partnership together and the technology that facilitates their mutual endeavor.  It discusses the metrics which track the progress of CAIV and the environment that both tolerates and continually seeks to mitigate risk which allows this progress to be made.  These component sections are illustrated in the figure below.
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Figure 6 – CAIV culture and infrastructure

Notice that CAIV is mentioned explicitly nowhere in this diagram and that all of these items are part of good, fundamentally sound program management.  The American National Standards Institute (ANSI) recently approved the document A Guide to the Project Management Body of Knowledge (PMBOK Guide), published by the Project Management Institute (PMI), as an American National Standard.  It is available from the PMI website at http://www.pmi.org.

Culture and infrastructure addresses the very nature and structure of both the government and contractor organizations.  On the contractor side, a matrixed organization (as described in the IPT section above) generally best supports the CAIV and Target Costing process.

To test your readiness on this section, see Cultural/Infrastructure, Cross-functional Teaming on the CAIV Diagnostic Tool.
1.11 Leadership

The goal of reducing cost while maintaining and improving capability, availability, and quality of life is a strategic one at the highest levels, and leadership needs to be behind CAIV 100% as a strategic initiative for meeting this goal.  Because CAIV calls for non-traditional interactions between team members and pushes all to the limits of their knowledge, creativity, and dedication, leadership must continually set CAIV as a high priority, inspire and exhort the members of the team, and help iron out any disagreements or stubborn reluctance that may arise from asking those who do not consider cost to be a core concern to focus on it.  To risk sounding trite, leadership means having and communicating a vision.  This CAIV bullet corresponds quite well to the first step in the TOC Process:  Create TOC Conscious Environment.

When we say “leadership” here, we mean the program managers and their staffs on both sides of the government-industry partnership, as well as team leads for all involved IPTs, PDTs, and PFTs.  Most of the design solutions to the CAIV problem come bottom up, but leadership is responsible for providing the top down impetus for making it all happen.  They must both “talk the CAIV talk,” continually communicating priorities and progress to their teams and their superiors, and “walk the CAIV walk,” taking steps to make sure CAIV implementation and execution are successful, as specified in this guide.  A strong correlation was found between top-level management buy-in and Target Costing success, and there is no reason to believe leadership should be any less important for CAIV.

Commitment to CAIV should be a performance evaluation criterion at all levels, including executive management and program management.  Leadership demonstrates its commitment to the process by providing resources, facilities, training, and so forth, but the power of simple direct communication should not be underestimated:  team members have their own initiative but are usually eager to salute when the order is given.  This order must be clear enough so that it is evident that any attempts, conscious or unconscious, to undermine the CAIV process will be considered a “court martial” offense.  In small programs especially, there is likely to be the perception that there are more important initiatives than CAIV, and leadership needs to set it as a clear priority.

Getting one’s arms around the first few levels of detail of the CAIV process is a daunting task, and it is recognized that management does have other priorities than the CAIV process itself (though this process should address all other program priorities).  Therefore, whether it is the top-level IPT or not, the establishment of a high level multifunctional core organization to integrate all processes is recommended.

To test your readiness on this section, see Cultural/Infrastructure, Leadership on the CAIV Diagnostic Tool.  To connect with commercial best practices, start with Chapter 12 (Deploying Target Costing) of the Target Costing book.

1.12 Government-industry partnership

There is no doubt that CAIV is joint venture between government and industry and that this venture must be built on mutual trust, shared aspirations, and a dynamic tension between these two entities of different natures, and not be allowed to degenerate into mistrust and misunderstanding.

Part of keeping the Government-Industry partnership stable and healthy is the assumption of proper roles at proper times by each party.  As a rule of thumb, the government partner should take the lead at the beginning and ending of each phase, while the industry partner should take the lead in the middle of each phase.  CAIV begins with the Government determining resources and mission needs, in which Industry has little or no role, and setting the target costs and Key Performance Parameters (KPPs) using cost/requirement trades, with which Industry may provide some assistance, as called upon.  At this point, Government assumes an insight not oversight role, while Industry “takes over,” developing metrics and provisions for program management, identifying initial cost and cost reduction opportunities, and designing and producing the system.  Finally, as each milestone is approached, the Government may revise targets, and the Industry may again assist in the supporting trade analysis.

It must be stressed that neither party is idle while the other has the lead.  The government partner must be continually aware of external changes that may affect the CAIV progress of the program.  Changes in the budget that affect R&D funding can restrict the trade space, making it more difficult to meet program objectives for later phases.  Changes in threat may lead to revised performance priorities which can also affect design.  Changes in other programs may cause shifts in the high-level resources and requirements balance, or may affect design directly if they are considered “associated programs” (e.g., a radar or gun system being developed in parallel with a ship platform on which it is planned to be deployed).  Likewise, the industry partner must be aware of emerging technologies and potential suppliers, both of which can expand the trade space.  Also, as with any good business, they will be examining their own capabilities, working capital, manufacturing processes, etc., and striving to make improvements and increase efficiency.

The “government” partner referred to in this section is primarily the program office, but keep in mind that the proper assignment (and possibly reassignment) of resources and requirements must be made at the headquarters level (see The CAIV Process diagram above).  In general, the proper assumption of roles within the government and industry partners is as important and the proper assumption of roles between the two.

One successful strategy for engendering a positive relationship between the government and industry partners has been that of collocation.  By locating a significant portion of the government and industry teams together in the same facility, communications are vastly improved, problems can be dealt with more quickly, and a common ethos of teamwork is developed.  This has been done successfully in the AAAV and LPD-17 programs, among others.  If large-scale collocation is not feasible, consider assigning “representatives” to work full time at each other’s sites.  In general, government team members should be involved in the day-to-day work of the teams.  Also, more frequent, less formal reviews with the government customer allow the addressing of substantive issues in a less stressful environment than formal reviews.

To test your readiness on this section, see Cultural/Infrastructure, Contracting/Government-industry Partnership on the CAIV Diagnostic Tool.
1.13 Contracting

Is one of us supposed to be the [mule] in this scenario?  [Meg Ryan as Sally Albright in When Harry Met Sally, paraphrased]

One of the fundamental differences between CAIV and Target Costing is the monolithic nature of the government customer.  The customer-manufacturer relationship (i.e., the government-industry partnership discussed in the previous section) is in this case governed by the contract, and manufacturer, and this contract must be properly structured to enable and encourage the CAIV process.  The fifth DoN CAIV tenet states that “carefully structured contracting incentives can offer great leverage in achieving CAIV objectives.”  It goes on to say that contracts should “incentivize cost reduction activities that result in effective defense systems that are affordable over their life cycle” and should “include incentives for contractor participation in the CAIV process.”  Examples of contract incentives cited are:

· Award fees during design and development.

· Procurement price commitment curve for production.

· Profits above typical margins if contract cost or schedule objectives are significantly improved upon.

The bottom line is that, no matter how well intentioned the “government-industry partnership,” the prime contractor is a capitalistic organization driven by profit motives, and without formally playing to these motives in the contract by which the prime is bound, the government cannot hope to achieve the greatest possible gains from CAIV.

Having emphasized the importance of incorporating CAIV objectives into contract language, we shall leave the details of doing so to the contract professionals.  However, it must be stressed that contract provisions must be both reasonable and enforceable.  The former means that, as “aggressive but achievable” cost objectives, contract stipulations must represent a significant achievement without being out of reach; the latter that these stipulations must be binding and viewed as such.  The “carrot” and the “stick” must both be real, and the stick must not be so harsh that the mule does not even try.  (Yes, the contractor is the mule in this scenario.)  An available tool for drafting contracts is Turbo Streamliner 2.0, available on the ARO website at http://www.acq-ref.navy.mil/turbo2.  However, do not follow the advice there about CAIV targets not being based on actuals.  (For further discussion, see the tabula rasa antidote below.)

Note that contracting can be divided into government-prime contracting and subcontracting.  The former is the focus of this section; the latter is a vehicle for working with suppliers, a practice which works very much the same whether the company doing it is a prime contractor for the government or a self-directed manufacturer.  Supplier Partnerships are covered in the tools section below.

To test your readiness on this section, see Cultural/Infrastructure, Contracting/Government-industry Partnership on the CAIV Diagnostic Tool.

1.14 Incentives

Incentives are rewards, consequences, or processes that motivate individuals or organizations to act in a desired way.  They are particularly important for CAIV, since the program and its team members are being asked to work toward the specific goals of optimizing cost and performance and are not likely to do so without the proper motivation.  Incentives may include:

· Monetary benefits or penalties that accrue to a program, organization, or individual;

· Positive or negative recognition for a program, organization, or individual;

· Enhanced or diminished security for a program, organization, or individual;

· Other tangible benefits for individuals (time off, education, promotion); or

· Other tangible benefits for programs or organizations (office space, events, ADP resources).

Different types of incentives, grouped by recipient and nature (monetary or non-monetary), are shown in the table below.

Table 1 – Incentive types

	Individual and Team Monetary
	1. Broadbanding

2. Premium Pay Position

3. Government Monetary Awards 

4. Individual and Team Gainsharing

5. Performance Bonuses Allocated to PM Office

6. Merit Point System

	Organizational Monetary
	7. Organizational Gainsharing

8. Investment Money for Reliability Improvements

	Industry Monetary
	9. Use of TOC Reduction Incentives in Gov’t. Contracts

10. Past Performance Credits

	Non-Monetary (All)
	11. Choice of Assignments or Opportunity for Growth

12. Non-Monetary, Public Recognition


The Advanced Amphibious Assault Vehicle (AAAV) has made excellent use of incentives in its program, including a 50/50 contest where IPTs were awarded $50 for every ?? they were able to reduce and an award fee sharing arrangement where employees received Christmas bonuses of as much as $??.

Government organizations do not have a profit motive but instead operate primarily on a sense of duty.  Contrariwise, contractors have no inherent ethical component but instead have many natural incentives built in, such as promotions and raises, which flow naturally from the corporate profit motive.  These are working the “supply” and “demand” sides of the problem, respectively.  Just as companies have vision statements, codes of conduct, and the like to attempt to engender moral behavior, “incentives” are the government’s attempt to simulate and stimulate capitalistic behavior.

Linking CAIV progress to individual performance is further discussed in the Metrics section below.

1.15 Training

Because CAIV requires new perspectives and shared competencies, training for all personnel is essential.  Individual team members should be trained in three areas:  (1) the CAIV process and their role(s) therein; (2) their own discipline (continuing education), with particular emphasis on how their professional expertise is used to support the CAIV process; and (3) a new discipline or tool, knowledge of which will further strengthen the cross-functional team.  Training should occur continually, on the job.  It is often tool-specific and should inculcate both knowledge and ability.  There should be team-specific training for both team members and team leaders.  Where appropriate, state-of-the-art techniques such as distance learning and knowledge management can be used.

To test your readiness on this section, see Cultural/Infrastructure, Training on the CAIV Diagnostic Tool.  To connect with commercial best practices, start with the American Society for Training and Development (ASTD) website at http://www.astd.org.

1.16 Integrated Data Environment (IDE)

The Holy Roman Empire is neither holy, nor Roman, nor an empire.  [Francois-Marie Arouet]

The sections on culture and infrastructure have thus far focused primarily on the “people” infrastructure needed to support CAIV:  partnering, incentivizing, training.  These sections come first because, as has been noted, people are the biggest enabler of (and the biggest potential roadblock to) successful CAIV implementation.  However, technical infrastructure is also important, and Information Technology (IT) is a key enabler; CAIV would not have even been attempted prior to the computer age.

The primary component of the technical infrastructure to support CAIV is the IDE (Integrated Data Environment, or as the Navy calls it Integrated Digital Environment).  Like “IPT,” the label “IDE” is easy to apply, but IDEs must be careful designed and must evolve to support the needs of the program lest the old Voltaire/Linda Richman joke be invoked:  “The IDE is neither Integrated, nor Data, nor an Environment.  Discuss.”

An IDE must provide the following functions:

· communication and collaboration (e-mail, online collaboration tools, team vision)

· file exchange (document management)

· calendar and contacts (scheduling meetings, personnel and contact information)

· security (unclassified, sensitive, classified)

· “standard” software tools (word processing, spreadsheets, presentations, CAD)

· configuraton management (technical baselines, status reporting)

· project management (Integrated Master Schedule, Earned Value Management)

· database management (requirements, cost, design databases)

· modeling and simulation (operational and technical simulations)

It is understood that some functions may need to be performed separately, but it is desirable to have as much functionality as can be consolidated at a single location on the user’s desktop.  The IDE should be thought of as a tool team members are using continually throughout the work day.

The more capable and integrated the IDE becomes, especially in terms of real-time system-level design and simulation, the more it can be described as a “Smart Product Model.”

In Target Costing, the focus tends to be on financial systems and the data available therefrom.  Cost data and the estimates derived from it should be a fluid part of the IDE, but these are discussed further in the cost estimating section below.

The DoD PM IDE guide is available from the Defense Systems Management College (DSMC) at http://ide.dsmc.dsm.mil/PM_IDE_Guide/.

1.17 Metrics

It is extremely important in CAIV to measure progress toward achieving targets.  This increases the importance of the role of configuration control, as it is important to have a clear picture of where you’ve been as you plot the future course.  Keep in mind that the design and the cost model which predicts the cost of the design evolve in parallel, which is analogous to trying to take measurements with a meter stick that is itself changing, but in this case both sets of changes should be tending toward greater accuracy.

As the design evolves over time, the values of Key Performance Parameters (KPPs) and costs change.  The pattern shown below, the “ski jump” if you will, is typical.  Cost and performance are plotted on their respective vertical axes against time, and a performance parameter where a low value is good is chosen so that the curves move in concert when improvements are made.  (If a tradeoff in the strict sense of the word were to be made between these two values, the curves would move in opposite directions.)  The first phase shown on this graph is the “euphoria” phase, where optimism about new technologies and cost reduction opportunities drive both curves (especially cost) down sharply.  Since cost invariably lags design, we see that the performance parameter is well past threshold on the way to objective when it is realized that this design is too expensive, and a significant amount of performance is conceded to drive cost back down toward target.  (This is the “back to reality” phase.)  The final phase consists of more modest cost reductions and performance improvements, and perhaps some hard-fought tradeoffs.
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Figure 7 – KPPs and Cost Targets

In the commercial world, it is understood that performance metrics are tied to the reward system; in government, not so much so.  However, Target Costing metrics have not yet generally been well-linked to rewards.  In any case, the metrics discussed in this section should be closely tied to the incentives in place, as discussed above.

To test your readiness on this section, see Cultural/Infrastructure, Performance Metrics on the CAIV Diagnostic Tool.  To connect with commercial best practices, start with the Balanced Scorecard Collective at http://www.bscol.com.

1.17.1 Metrics vs. Diagnostics

We make a distinction between metrics and diagnostics.  Diagnostics is “How well is our program set up to execute CAIV?” whereas metrics is “How is the execution of CAIV progressing?”  The two are clearly inextricably linked, but diagnostics focuses on the means, the “machinery,” while metrics focuses on measuring the output.  A CAIV diagnostic should indicate whether the organization and methods of the program are suitable for the primary goal of balancing performance and cost.  (If you believe this guide, then the extent to which you follow its precepts should serve as a reasonable CAIV diagnostic, though the CAIV Diagnostic Tool is more specifically designed for this purpose.)  On the other hand, CAIV metrics should track the progress toward cost and performance goals (thresholds and objectives).  A diagnostic is a discrete event, applied once or a handful of times, whereas the application of a metric is continuous.  With respect to cost, the primary metrics of CAIV are cost estimating for future costs and Earned Value Management for actuals.

1.17.2 Earned Value Management (EVM)

It is essential for program management in general and CAIV in particular to measure cost and schedule progress, and the system for doing this is Earned Value Management (EVM).  EVM is not strictly speaking a CAIV tool, and this is discussed below, but it is no less useful under CAIV and in fact is more urgently needed.

Remember these words culled from DoD and Navy policies:  “An unavoidable consequence of setting aggressive, realistic cost objectives is an increase in risk.”  “[Set] aggressive, achievable cost objectives….  Manage achievement of these objectives.”  “Develop plans, metrics and provisions for managing program execution.”  “Instituting and implementing an effective risk management plan … Defining and measuring meaningful metrics …”  In short, since risk is now higher, EVM is now more important.  The near-real-time nature of EVM and increased insight will bring about unexpected rewards in contract execution.
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Figure 8 – TOC, CAIV, and EVM – Domains of Application

EVM is a tool to measure current activity, as shown in the figure above, and it does not measure a future product.  EVM will measure the current engineering effort, but it will be silent on whether the product to be produced is “shaping up.”  EVM can, however, be extremely helpful if it is set up to track prototype costs, since prototype costs are predictors of production item costs.  This was done on the Tomahawk program, as discussed by Mr. Gary Christle.  In addition, while EVM traditionally links cost and schedule to work (the product itself, and not performance, strictly speaking), three programs are working with OUSD(A&T) in an initial effort to develop a way to link cost and schedule with technical performance, as discussed by Mr. Reed White.  They will essentially associate WBS elements that affect performance with the performance being achieved, in the hope that cost and schedule performance will be able to foretell technical performance.  These three programs are H-1 and EA-6B, both Navy programs, and WAAS, an FAA program.

To test your readiness on this section, see Cultural/Infrastructure, Project Management on the CAIV Diagnostic Tool.  To connect with best practices, visit the DoD Earned Value Management website at http://www.acq.osd.mil/pm/.

1.18 Risk Tolerance and Mitigation

As discussed in the previous section, risk is inevitable with CAIV.  Before CAIV, the (dollar-weighted) average cost overrun in the Department of Defense, across all different types of platforms, was in the neighborhood of 20%, for both R&D and Production.  Fewer than a sixth of all programs came in at or under budget.  Now that we are setting “aggressive but achievable cost targets,” risk is sure to increase.  CAIV programs must be tolerant of risk in order to facilitate pushing the boundaries of both existing and near-future technologies and human creativity, but they must also actively work to manage and mitigate risk.

On the one hand, programs must embrace risk, expanding the trade space as much as possible, and encouraging individuals and teams to pursue innovative ideas, and as mentioned previously in discussions on teaming, the teams must have authority to act on these ideas and make design decisions accordingly.  On the other hand, program must work to mitigate risks and know when to pull the plug on ideas that have crossed the line from “state of the market” performance that the customer is willing to pay for to “state of the art” gadgetry that is simply too costly.

These counteracting “pulls” to innovate (radical) and mitigate risk (conservative) should both be formalized.  Just as customer input is collected and analyzed formally, employee suggestions and ideas should be solicited and responded to.  Many of the Target Costing Best Practices sites, especially in Japan, had employee suggestion programs in place.  Likewise, risk analysis must be systematic, including the identification, quantification, and mitigation of risks.  For more on the middle step, see the risk analysis section below.

Smaller programs show more of a willingness to experiment with new ideas, and larger programs need to find a way to tap the “entrepreneurial” spirit that is more endemic to smaller ventures.

To test your readiness on this section, see Cultural/Infrastructure, Empowerment and Risk Tolerance on the CAIV Diagnostic Tool.

CAIV tools and processes

In addition to internalizing CAIV tenets, creating a supporting infrastructure, and addressing cultural issues, performing CAIV requires carrying out some very specific processes as described in this fourth and final major section.  The crux of CAIV is the design trade, where decisions regarding cost, performance, and schedule (as properly tempered by risk) are made.  Such trades are discussed in the first section below.  The cost and performance inputs to these trades are usually flowed down from a higher level, and hence the allocation process is discussed in the next section.  These inputs ultimately come from cost estimating and analysis and requirements analysis, and these disciplines are discussed in the third and fourth sections.  Since cost, performance, and schedule must be appropriately risk-adjusted, risk analysis is discussed next.  The sheer volume of trades can be overwhelming, and so Pareto analysis can be used to hone in on key cost reduction opportunities, as described in the sixth section.  Another tool for identifying cost reduction opportunities and making sure that cost and performance are correctly balanced is the topic of the seventh section, Value Engineering.  The eighth section introduces Design To Cost, a tool for achieving target costs at the part level.  The final two sections discuss tools for tapping into new cost reduction opportunities:  in the ninth, various improvement tools which, while not central to CAIV, aid the CAIV process by expanding the trade space; and in the tenth, supplier partnerships which enable both design input and setting target costs for purchased parts.  This menagerie of tools is shown below.
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Figure 9 – CAIV tools and processes

Some empirical results on tool usage are available from the Target Costing Best Practices Survey.  Ten of the thirteen “tools” that were asked on the survey were used statistically significantly more often by Target Costing Adopters as compared to Non-Adopters.  These tools are listed in the following table, along with the rank order of their prevalence among all Adopters and among Aerospace and Defense Adopters, their general significance, and the section of this document in which they are discussed:

Table 2 – Target Costing Tools

	rank
	A&D rank
	tool
	significance
	where discussed

	1
	1
	Cross-functional teams for problem solving
	correlated with all other Target Costing tools
	2.1

	2
	2
	Multi-year product & profit planning
	analogous to Future Years Defense Plan (FYDP)
	1.2

	3
	3
	Design To Cost (DTC)
	cost objectives, goals, and thresholds throughout
	4.8

	4
	6
	Design For Manufacture and Assembly (DFMA)
	optimize interactions
	4.9

	5
	5
	Continuous Improvement activities (Kaizen)
	improving yields and eliminating waste
	4.9

	6
	4
	Total Quality Management (TQM)
	increasing quality as viewed by customer
	4.9

	7
	8
	Benchmarking
	identifying best practices
	4.9

	8
	7
	Value Engineering
	value of product functions; includes performance trades; used significantly more by Aerospace and Defense Adopters
	4.7

	9
	10
	Competitor cost analysis
	“should” cost
	4.3.6

	10
	9
	Quality Function Deployment (QFD)
	document and understand requirements
	4.4.3


The three remaining tools, ranked eleventh, twelfth, and thirteenth, in prevalence, respectively, were Activity-Based Costing/Management (ABC/ABM), Cost tables, and Tear down analysis/Reverse engineering (used significantly less by Aerospace and Defense Adopters).  These did not show significant differences between Adopters and Non-Adopters, nor were they correlated strongly with other tools, and thus are not considered hallmark Target Costing tools.  One possible reason for the lack of correlation between ABC and Target Costing is that the former is a primary tool for reducing the cost of processes while the latter is a primary tool for reducing the cost of (new) products, and both are significant undertakings, making it less likely that an organization will have the resources to implement both.  There are some companies, such as DaimlerChrysler which do use ABC cost data for Target Costing.  The lack of prevalence of cost tables and reverse engineering is not surprising.  Cost tables are primarily a Japanese practice of using large databases of part costs, and reverse engineering is not the method of choice for producing innovative new products in a demanding marketplace (and is not very feasible in the aerospace and defense industry to boot).

The survey was limited by space and design time and thus did not ask all of the “tools” that could’ve been.  For example, Integrated Data Environment (IDE) was not asked on the survey, even though it is believed to be a key enabler of CAIV and Target Costing, as discussed above.

Many correlations were observed between tools, that is, Adopters who used one tended also to use the other.  All of the Target Costing tools were correlated with multi-function teams, making them the signature tool.  Other “clusters” of tools were discernible, and these clusters, arbitrarily named, are shown in the figure below.  In a given cluster, each tool is correlated with every other tool in the cluster.  (The Market group also includes Reverse engineering, but this is not shown because it is not one of the ten Target Costing tools.)

Table 3 – Tool Families
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There was no correlation between degree of tool usage and length of time the respondent had been doing Target Costing.  Thus, while certain tools apply at different times during the product life cycle, this information was not discernable from the survey, nor was there any indication that the Target Costing “toolset” changes with maturity of practice.

One view of how Target Costing tools apply by program phase is given by Gary Toyama:
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Figure 10 – Target Costing Tools by Program Phase

1.19 Design trades

Ordinary design requires tradeoffs, and CAIV requires tradeoffs at an unprecedented level.  Trades are the core of CAIV.  In this section, we present the issues related to trades, and tools and methods by which trades can be done (relatively) effectively and quickly.

A few words about terminology:  You will hear “trades,” “tradeoffs,” “CAIV trades,” and the like used interchangeably.  We will try to stick with simply “trades.”  A cost-performance “tradeoff,” in the strict sense of the word, means giving up something (i.e., accepting higher cost or lower performance) to achieve something else (higher performance or lower cost, respectively).  While this is often the case when making design trades, our use of the word “trade” is more general, merely indicating a choice between two or more alternatives.

To test your readiness on this section, see xx on the CAIV Diagnostic Tool.

1.19.1 Trade guidelines

Trade bounds:  [make sure to include idea of a trade space!!]

Trades between the Objective and Threshold values are within the purview of the PM

Outside these values, they are the purview of the MDA

Trade timing

Preparatory to a Milestone: 
Cost/Requirement trades

By the Government with Industry participation

During a phase: 

Cost/Performance trades

By the Prime with PM participation 

These two trade types are similar in conduct, but can be thought of as first and second steps

1.19.2 Trade challenges

To trade cost and performance, the two must be compared in some common unit, that is, they must be commensurable.  This is often impossible in military applications, and is even hard in business, as value is notoriously difficult to determine.  This problem is a classical issue in Operations Research.

As in the conduct of COEAs and AoAs, the practice is often to compare alternatives with one or the other fixed, or to adjust one or the other variable to match in all of the alternatives.  Sometimes the comparison is simple, involving strict dominance (e.g., better performance, less cost), though there is usually some work to show that this is the case.  There are a few basic methods for dealing with ambiguous cases (e.g., better performance, higher cost), but in difficult cases, military judgment may be necessary.

1.19.2.1 “Linkage”

To trade, you must be able to show cost for each alternative.  (Likewise, you must be able to quantify “performance” for each alternative, which isn’t always trivial.)  Some alternatives are hard to cost out.  Costs don’t change from alternative to alternative if CER input variables don’t include the parameter you changed.  Even if possible, the volume and speed of trades can make linkage hard.  If you think of plotting discrete alternatives on a cost-performance graph, linkage is what allows you to plot the points.

1.19.2.2 “Exchange rate”

To trade, you must also know the dollar value of performance.  What is one knot of speed worth?  What is the dollar value of greater accuracy?  On a cost-performance graph, exchange rate is what allows you to plot the level curves of a utility surface to choose between alternatives.
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Figure 11 – Linkage and Exchange rate

Target Costing Diagnostic Tool, Processes/Tools, Decision Analysis

Formal decision support tools or processes are used in the formulation of business product and profit plans.

Business case analysis is used for product process decisions.

Decision tools address the following 6 investment elements:  Cost, schedule, performance, effectiveness/value, risk, and profit.

Decision analysis tools complement other target costing tools and processes (e.g. Value Engineering, Quality Function Deployment, etc).

1.19.3 Discrete trades

We shall now illustrate some basic trade principles with examples involving a small number (in this case, three) of discrete alternatives.  Each alternative is represented by a point on a cost-performance graphs.  In reality, the cost and performance of each alternative are probably not precisely known but are instead determined by a probability distribution.  We take this into account by risk-adjusting cost or performance as shown later.

The three points of our example can be seen in the figure in the previous section.  Alternative 3 is the cheapest, followed by alternative 1, with alternative 2 being the most expensive.  Alternative 2 outperforms alternative 3, while alternative 1 offers the lowest performance.  Which system would you choose?  Is the incremental gain in performance going from 3 to 2 worth the added cost?  The basic techniques illustrated below assume that the Linkage problem has been solved (i.e., that we can quantify cost and performance for each alternative) but dodge the Exchange rate question for now.

1.19.3.1 Strict dominance

It is clear that if one alternative performs better and costs less that another, then it is to be preferred.  This is the idea of “dominance.”  It can be easily seen graphically by plotting performance on the x-axis and cost on the y-axis, and creating a “Dominance Indicator” zone by shading up and to the left of a given alternative.  Any other alternative in this zone costs more and performs less, and hence is dominated.
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Figure 12 – Strict Dominance

In our example, we say that 1 is dominated by 3.  Note two things:  First, we have not established commensurability; we don’t know how much performance is worth, but we know it’s better to have more of it at less cost.  Second, though 2 doesn’t dominate 1 (it costs more) in a head-to-head comparison, we would still never pick 1 with 1, 2, and 3 in the trade space; by the transitive property, whichever of 2 and 3 is preferred over the other (further analysis is required, mind you) will certainly be preferred over 1.

1.19.3.2 “Bang for the Buck”

People often talk about “best bang for the buck,” and while this is not a generally recommended method for performing trades, it does, like Dominance, avoid the Exchange rate problem, though it should be made clear exactly what this phrase implies:  maximizing the ratio of performance to cost.  That is, unit cost is the deciding factor.
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Figure 13 – Bang for the Buck

Graphically, as shown above, since the performance to cost ratio is the reciprocal of the slope of a line through the origin (it would be the slope if we reversed the axes), to maximize this ratio we want to minimize slope, which can be achieved by rotating a line counterclockwise and stopping at the first alternative.  This is a rational method when performance is “additive,” when it is possible to compensate for low performance at a bargain unit rate by buying multiple units, although the case still may be ambiguous depending on the relative magnitude of units, as illustrated below.
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Figure 14 – Bang for the Buck and additive performance

This sort of a “bang for the buck” approach was taken, for example, with FFG 7, which was both cheaper and less capable than DDG 51, the theory being that a couple of FFGs was as good as a DDG.

1.19.3.3 Trading within constraints

Our examples so far have portrayed an unconfined trade space (the entire first quadrant of the performance-cost plane), when in fact the trade space is bounded due to programmatic, operational, and technical factors.  For example, the cost threshold represents a maximum allowable cost under programmatic constraints; the performance threshold represents the minimum required performance under operational constraints; and the extreme cost curve represents the maximum performance attainable for a given cost due to technical constraints.  The first two are illustrated below; the third will be portrayed in the Continuous trades section later.  (It is assumed that the discrete alternatives shown in this section are technically feasible.)
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Figure 15 – Trading within constraints

1.19.3.4 Constant exchange rate

Customers have “equal preference curves”

Straight lines are portrayed for ease of use

K = -1*Cost +1*Perf

Cost = 1*Perf - K

1 unit of performance = 1 unit of cost

L = -1*Cost +10*Perf

Cost = 10*Perf - K

1 unit of performance = 10 units of cost

M = -1*Cost +A*Perf

Cost = A*Perf - M

As A increases,

--performance is more important,

--bang for the buck is sacrificed

Systems with higher M values are preferred

We will pay A dollars per unit of performance
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Figure 16 – Constant exchange rate

1.19.3.5 Risk adjustment in trades

We account for risk by adjusting either expected cost values or expected performance values.

Risk is a fact of life, and is higher in TOC and CAIV 

How should it be handled in trades?

In life, we see risks as separate, discrete outcomes:

A car crash

A disease

In cost, and Program Management, risk is a failure to achieve a goal ... an un-anticipated value of a metric we are managing:

Cost over-run

Performance shortcoming

Schedule slip

To handle this sort of risk, adjust the expected value of the metric

This is simple in concept, and well established in practice

This simplifies our problem:

Reduces the number of potential variables by one 

Avoids the issue of “non-commensurability” - trading risks and dollars

A problem already hard enough in cost and performance trades
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Figure 17 – Risk Adjustment

1.19.4 Continuous trades

There is an Extreme Cost Curve

No solution is possible below this curve

These multi-dimensional curves are shown as 2-D for simplicity

There is actually a family of curves, moving to the right reflecting progressive business and process improvements.

In any event, these still yield a final curve. 

Trades move the solution up and down the curve
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Figure 18 – Extreme Cost Curves

There are different curves for each Phase.

R&D rises with increasing performance, because new equipment must be designed

O&S rises with better performance unless reliability is engineered in

The real decision is made with recourse to all curves, but to simplify, we will only look at Production

A solution is where the two curves are tangent

So, the shapes and slopes are crucial

Since trade-offs between cost and performance/requirements are central to CAIV, there is a need for rapid, responsive tools

There are trade-space tools on the market [Boeing Design Sheet, Phoenix Integration, see Vendors appendix]

1.20 Allocation

Just as it is too difficult to conduct a detailed CAIV-like analysis at the DoD or DoN level, even within the development of an individual weapons system it is usually too difficult to conduct CAIV analysis on the system as a whole.  Hence, requirements and costs must be allocated to teams developing specific subsystems or capabilities.

A simple process flow for CAIV/Target Costing allocation of targets is shown below, as taken from Gary Toyama’s presentation at the 1999 Senior Navy Leadership TOC Symposium.
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Figure 19 – Target Costing Allocation Process

To test your readiness on this section, see xx on the CAIV Diagnostic Tool.

1.20.1 Allocation methods

1.21 Cost estimating and analysis

Cost estimating and analysis is a well-established discipline…

Target Costing Diagnostic Tool, Processes/Tools, Product Focused Financial Systems

Financial systems are designed to allow estimation of costs at the parts level, major assembly level, and product feature or function.

Financial systems are an integrated part of product development.

Financial systems are used for past reporting, future planning, benchmarking of potentials, and identifying opportunities.

Financial data systems are flexible, timely, and the access mechanisms are invisible to the user.

Business plans and resource requirements are based on the mission driven detail statement of work.

Target Costing Diagnostic Tool, Processes/Tools, Product Estimating

Project lessons learned are folded into estimate tools and processes.

Estimating routines and manufacturing rules of thumb are integrated into design tools.

Program and component estimates are consistent with design and manufacturing schedules.

Appropriate tools to provide cost insight are used to make decisions during product definition and production.

Cost estimates should delineate between cost risk and the core cost estimate.

To test your readiness on this section, see xx on the CAIV Diagnostic Tool.

1.21.1 Cost Engineering, Cost Estimating, and Pricing

When the phrase “cost estimating” is used, we usually think of the traditional detail cost estimating which involves developing a thorough and comprehensive Work Breakdown Structure (WBS) and estimating various cost elements thereof using analogy, buildup, parametric, or other methods.  The DSMC acquisition process chart shows the typical flow of Cost Estimation Methods from Gross Estimating methods (Analogy and Parametric) to Detailed Estimating methods (Engineering [buildup] and Extrapolation from Actuals) as the program progresses.  This progression is linked to the greater design detail which becomes available over the larger time scale of development and production.  A different progression is followed in the smaller time scale of the CAIV trade as illustrated below.
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Figure 20 – Different Costing for Different Roles

The essential problem is that the shear volume of cost estimating required by CAIV and design trades would overwhelm the traditional cost estimating staff of any program, who must instead enlist the help of the engineers (industrial, mechanical, electrical) on one hand and the pricers on the other.  The engineers must use rules of thumb, CRCs, and other “quick and dirty” methods to eliminate some of the initial set of trade alternatives.  The costers can then use more reliable but slower methods to estimate cost for the remaining alternatives, eliminating yet more.  Finally, the last few alternatives can be “priced out” and a final determination made.  The numbers eight, four, two, and one in the above diagram are for illustrative purposes only.  Some trades may not require the final pricing step at all; other may be important enough to merit thorough costing of all initial alternatives.  Keep in mind, too, that trade alternatives are not eliminated on the basis of cost alone, but on a correctly-weighted combination of cost and performance.  Thus, the initial rough costing is meant to identify alternatives for which cost and performance are significantly “out of whack” that they may be discarded.

Some may even argue that the individuals performing the Life Cycle Cost Estimate (LCCE) for the system be separate from those doing CAIV costing at a lower level, the former providing a kind of an Independent Cost Estimate (ICE) against the optimistic claims of the latter.  While this is certainly not necessary on all programs, it is important to realize the added cost estimating demands produced by CAIV.  In general, estimates should be designed with repeatability and modularity in mind.  A cost model with many smaller sub-models that enable trades at lower levels and which rollup quickly via clearly defined and maintained interfaces is ideal.

1.21.2 Cost-Estimating Relationships (CERs)

Tools for developing CERs.

OSCAM -- http://www.oscamtools.com/main.htm -- Standardized, yet flexible approach to estimating/analyzing O&S costs and availability

OSCAM(Ship) for new & in-service ships

OSCAM(Systems) for new & in-service ship systems

There is an Aviation model planned, but it will take over a year

No USMC model as yet planned

Developed jointly by NCCA, UK MoD and HVR Consulting Services Ltd.

Navy VAMOSC for O&S Data -- http://www.ncca.navy.mil/vamosc/pages/vamosc_main.htm

A data base that tracks ~all direct O&S costs over time

~All ships, ~all A/C, some systems

5 USMC vehicles, in 17 variants

OARS -- http://www.oars.navsea.navy.mil

On line access to Ship’s 3-M data

COMET for Total Cost of a Sailor -- http://www.ncca.navy.mil/comet/index.html

Tracks many indirect costs

No USMC data in the output

1.21.3 Performance Estimating Relationships (PERs)

PERs are needed to conduct meaningful trades

But performance parameters not are often found in cost estimates

Most cost estimates contain Cost Estimating Relationships (CERs) based on weight and other parameters formerly pre-eminent in Design

These were desired in the past, since weight is often the best known parameter a design, especially in any granularity

Some CERs with useful parameters were considered, but rejected since they gave less accurate predictions

These equations must be re-discovered and brought into use

Cost estimators and designers must make a conscious effort to shift their focus to more useful parameters

If PERs are not good enough predictors, they can be “calibrated”

Re-set the y intercept to pass through a point predicted by a better CER

Use the PER to predict best departure slopes from a best starting point

Re-calibrate periodically as deemed necessary
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Figure 21 – Calibrating PERs

1.21.4 Cost Response Curves (CRCs)

IPTs need tools that will do their work quickly.  Cost Response Curves (CRCs) give the “response” of total system cost to performance parameters

CRCs can be developed from current cost models

CRC development will be constrained by the lack of operational and technical parameters in cost models

Relate total or phase costs to some specific attribute or decision variable

Developed from cost estimating models

Yield costs that the cost model would, but are portable & easy to use

Must very nearly replicate cost model output to be usable 

Portray, one variable at a time, the effect of changing variables.

Allow decision makers and non-cost analysts to experiment with operational parameters, with costs that remain faithful to the underlying cost model
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Figure 22 – Cost Response Curves

1.21.5 Cost Drivers and Cost Passengers

Target Costing Diagnostic Tool, Processes/Tools, Benchmarking/Cost Driver Analysis

Cost information categorized by part attributes and organized by part/process families is utilized.

Cost information is calibrated to regional performance and industrial engineering standards.

Cost information is readily accessible and easy to understand.

Cost information is utilized in conjunction with component actuals to identify opportunities.

Cost information is guides the Design/Build effort.

1.21.6 “Should” cost

Competitor cost analysis

1.22 Requirements Analysis

Target Costing Diagnostic Tool, Processes/Tools, Voice of the Customer

There is a rigorous tool for identifying and ranking product and process design characteristics based on customer requirements (e.g. QFD).

Customer input is sought during the product design phase.

Customer and product data is collected using formal methods (e.g. surveys, focus groups, clinics, etc).

Customer needs analysis data is routinely disseminated throughout the organization. 

To test your readiness on this section, see xx on the CAIV Diagnostic Tool.

1.22.1 Performance-Based Specs and Standards

1.22.2 Voice of the Customer (VOC)

1.22.3 Quality Function Deployment (QFD)

Quality function deployment (QFD) is “A structured matrix approach to documenting and understanding customer requirements and translating them into technical design characteristics for each stage of product development and production.”

1.23 Risk analysis

To test your readiness on this section, see xx on the CAIV Diagnostic Tool.

1.24 Pareto Analysis

The essence of Pareto analysis as it applies to CAIV is that certain design decisions disproportionately affect total cost.  (Vilfredo Pareto (1848-1923) was an Italian economist who wrote extensively on wealth distribution within society.)

An illustrative example is given below.
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Figure 23 – Pareto analysis illustration

To test your readiness on this section, see xx on the CAIV Diagnostic Tool.

1.25 Value Engineering/Value Analysis (VE/VA)

Value engineering is “A systematic method of evaluating the functions of a product to determine whether they can be provided at a lower cost without sacrificing the features, performance, reliability, usability, and recyclability of the product.  Generally used at the design stage of a product to improve customer value and reduce costs before production has begun.”

Target Costing Diagnostic Tool, Processes/Tools, Value Engineering/Value Analysis

Feature and function decisions are tied directly to customer value expectations.

A core of experts are trained in value engineering principles and methodology.

Value decisions are based on total life cycle cost.

Value decisions are supported by part cost detail and integration cost detail.

The Value Methodology is employed throughout the value chain.

To test your readiness on this section, see xx on the CAIV Diagnostic Tool.

1.26 Design To Cost (DTC)

Design To Cost (DTC) is to Target Costing what Value Analysis is to Value Engineering.  It is defined as “A method to ensure that product designs meet a stated cost objective.  Cost is addressed on a continuing basis as part of product or process design.  The technique embodies early establishment of realistic but difficult cost objectives, goals, and thresholds and then manages the design until it converges on these objectives.”

To test your readiness on this section, see xx on the CAIV Diagnostic Tool.

1.27 Improvement Tools

This section is a catch-all for tools which seek to improve efficiency, quality, etc.  These tools are not central to the CAIV process and usually run in parallel with it, but they are very important because they broaden the trade space and allow consideration of a wider range of alternatives in CAIV trades.

Design for manufacture and assembly (DFMA) is “A simultaneous engineering process that optimizes the relationship between materials, manufacturing technology, assembly process, functionality, and economics.  It seeks to ease manufacture and assembly of parts or eliminate parts.”

A Continuous improvement program was defined to be “A program to continuously and incrementally improve yields, eliminate waste, reduce response time, simplify design of both products and processes, and improve quality on a continuous incremental basis.”  The Japanese call this Kaizen.

Total Quality Management (TQM) is “An approach that focuses all organizational resources on achieving quality throughout the value chain.  Emphasis is on quality from the customer’s point of view.  Cost should be reduced as product failures and follow-on customer service requirements are reduced.”

Benchmarking is “The process of investigating and identifying “best practices” and using them as a standard to improve one’s own processes and activities.

To test your readiness on this section, see xx on the CAIV Diagnostic Tool.

1.28 Supplier Parnterships

Target Costing Diagnostic Tool, Processes/Tools, Supplier Partnerships

Suppliers share in cost reduction opportunities and benefits.

Suppliers are involved in design and build decisions.

Partnerships maintain supplier profit margins.

Suppliers and producers have common measures of customer satisfaction and long term success.

Cooperation, performance to commitment, and communication are fundamental to the supplier/producer relationship.

Decisions maximize knowledge and competencies throughout the supply chain.

To test your readiness on this section, see Processes/Tools, Supplier Partnerships on the CAIV Diagnostic Tool.  To connect with commercial best practices, start with the section Principle 4. Cross-Functional Involvement in Chapter 2 (Foundations of Target Costing) of the Target Costing book.

Epilogue

“We must save money at all costs!”  The irony of this statement should be self-evident.  We do “meta-CAIV” (the Cost of CAIV As an Independent Variable, if you will!) only informally, but it becomes clear that pouring millions of dollars into a CAIV program to save money is self-defeating.  The goal of CAIV, as any worthwhile initiative, is to so ingrain itself in the culture as to put itself out of business, so to speak.  All initiatives will fade, and while bad ones are discarded on the scrap heap of failed ideas, good ones give rise to many helpful ideas which become part of the very way we do business.

1.29 From cost reduction to cost management

Acronyms and Terms

1.30 Acronym List

	AoA
	Analysis of Alternatives

	ABCM
	Activity Based Costing and Management

	CAIV
	Cost As an Independent Variable

	CERs
	Cost Estimating Relationships

	COEA
	Cost and Operational Effectiveness Analysis

	CRCs
	Cost Response Curves

	DFMA
	Design For Manufacture and Assembly

	DoD
	Department of Defense

	DoN
	Department of the Navy

	DTC
	Design To Cost

	HQ
	Headquarters

	LCC
	Life Cycle Cost

	MDA
	Milestone Decision Authority

	ORD
	Operational Requirement Document

	O&S
	Operations and Support

	PERs
	Performance Estimating Relationships

	PM
	Program Manager

	QFD
	Quality Function Deployment

	R&D
	Research and Development

	TC
	Target Costing

	TOC
	Total Ownership Cost

	VA
	Value Analysis

	VE
	Value Engineering


1.31 TOC and CAIV definitions

The three-phase, six-step TOC Process is illustrated below.
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Figure 24 – TOC Process
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A1 Appendix 1 – Policies

A1.1 CAIV Policies

A1.1.1 USD memo “Cost As an Independent Variable” dated 4 December 1995

A1.1.2 SECNAV memo “Cost As an Independent Variable (CAIV) Policy Guidance” dated 16 April 1998

This memo issued by then-Secretary of the Navy, the Honorable John H. Dalton, is currently available under POLICY at http://www.acq-ref.navy.mil/thrust_toc.html#caiv.  It contains the Navy CAIV tenets.

CAIV embraces the following fundamental, iterative actions over the life cycle to optimize warfighting capability within affordability constraints and to promote program stability:

1.  Establish mission area resource allocations for each resource sponsor community 

2.  Determine operational requirements to meet mission needs 

3.  Estimate total life cycle costs to satisfy requirements 

4.  Project long-range availability of resources in all affected appropriations based on resource sponsor priorities 

5.  Assess cost, schedule and performance relationships 

6.  Establish aggressive target costs 

7.  Identify cost reduction opportunities and tradeoffs to meet aggressive targets 

8.  Develop plans, metrics and provisions for managing program execution

CAIV employs a hierarchy of cost reduction activities, expanding the potential trade space ... The recommended priority for cost reduction is:

(1) Processes, activities and technology choices 

(2) Requirements which do not directly contribute to warfighters’ needs

(3) Trade-offs that reduce cost while still meeting all operational requirements 

(4) Cost-performance trade-offs of user requirements resulting in a breach of the approved operational requirement threshold are only to be accomplished as a last resort, with the agreement of the MDA and CNO/CMC

A1.1.3 SAF/AQ memo “Implementing Cost As an Independent Variable” dated 12 March 1997

This memo issued by Assistant Secretary of the Air Force for Acquisition, Arthur L. Money, is currently available at http://www.safaq.hq.af.mil/acq_pol/caiv.html.

A1.1.4 Army Regulation 70-1 “Army Acquisition Policy” dated 15 January 1998

The CAIV portion of this regulation issued by Secretary of the Army, the Honorable Dennis J. Reimer, is available under Section VI – Other Elements, 5-14, at http://www.sarda.army.mil/sard-zr/ar70-1/Chap5.htm.

A1.2 Related Policies

A1.2.1 USD memo “Policy on Cost-Performance Trades” dated 19 July 1995

A1.2.2 USD(A&T) memo “Total Ownership Cost (TOC) Pilot Programs” dated 13 April 1998

This memo issued by then-Under Secretary of Defense for Acquisition and Technology (now Acquisition, Technology, and Logistics), the Honorable Jacques S. Gansler, is currently available at http://www.acq.osd.mil/ar/policy.htm.

A1.2.3 USD(A&T) memo “Definitions of Total Ownership Cost (TOC), Life Cycle Cost (LCC), and the Responsibilities of PMs” dated 13 November 1998

This memo issued by then-Under Secretary of Defense for Acquisition and Technology (now Acquisition, Technology, and Logistics), the Honorable Jacques S. Gansler, is currently available under POLICY at http://www.acq-ref.navy.mil/thrust_toc.html.

A1.2.4 DoDD 5000.1 “Defense Acquisition” dated 15 March 1996

This Department of Defense Directive (DoDD) issued by then-Secretary of Defense, the Honorable William J. Perry, is currently available at http://web7.whs.osd.mil/dodiss/directives/dir7.html.

A1.2.5 DoD 5000.2-R “Mandatory Procedures for MDAPs and MAIS Acquisition Programs” dated 11 May 1999

The CAIV portion of this Department of Defense (DoD) Regulation issued by ?? is currently available at section 3.3.4 of http://web.deskbook.osd.mil/reflib/MDOD/001DR/004/001DR004DOC.HTM#C1.

A1.2.6 ASN(RD&A) memo “Implementation of Total Ownership Cost (TOC) Baselines in the Department of the Navy” dated 5 May 98

This memo issued by then-Assistant Secretary of the Navy for Research, Development, and Acquisition, Mr. John Douglass, is currently available under POLICY at http://www.acq-ref.navy.mil/thrust_toc.html.

A1.3 Policy difference matrix

A2 Appendix 2 – Target Costing

Cost management is going to be for the automobile industry in the 1990s what quality control was in the 1970s and ‘80s. [Toyota Annual Report, 1993, S. Toyoda, T. Toyoda]

CAIV was born at the same time that U.S. industry was discovering a Japanese practice called “Target Costing.”  OSD promulgated CAIV in the fall of 1995, and CAM-I published its Target Costing book in September, 1995, bringing to fruition the initial efforts of a working group begun in December, 1993.  The synchronous geneses of CAIV and TC are illustrated below.  The Xs show English-language translations of Japanese articles on Target Costing.
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Figure 25 – CAIV and Target Costing Timelines

CAM-I has been instrumental in studying Target Cost and disseminating best practices in the United States, and its Target Costing Interest Group went on to conduct a Best Practices Study in 1998 (including a comprehensive survey and Japanese and American site visits) and published the results in early 1999.

Target Costing is a dynamic cost reduction and profit planning system developed by the Japanese starting in the 1960s which has developed, matured, and spread over the intervening decades.  Its kernel was the simple idea of value engineering, developed by some dude at General Electric during World War II.

As discussed above, CAIV is stratified into Government and Industry activities, and together these yield a good analogy to Target Costing.  (In fact, many ideas from Target Costing go beyond just CAIV to TOC Reduction in general.)  Understanding Target Costing may give us better understanding of “the thinking behind the thinking” of CAIV.  Target Costing may also be something we would like our manufacturers to do, since:  Target Costing is analogous to CAIV, and reinforces it; private industry is already in the process of adoption of Target Costing; and private industry can borrow both from mature Japanese and German Target Costing practices and literature, and from the considerable literature and guidance are provided by CAM-I.

A2.1 Similarities between CAIV and Target Costing

If you both read this guidance and delve into the Target Costing literature, should be able to draw your own parallels between the two, but we attempt in this section to briefly draw out the similarities, some serendipitous, most purposeful, between CAIV and Target Costing.

The following table summarizes the six key principles of Target Costing as laid out in the CAM-I book and shows how these are reflected in CAIV:

Table 4 – Target Costing tenets and CAIV

	Target Costing tenet
	CAIV analog

	Price led

	Affordability determination

	Customer focused
	Meeting the warfighters' needs

	Design centered
	Design trade intensive

	Cross functional
	IPTs are key

	Life-cycle oriented
	LCC

	Value-chain based
	Implicit


A2.2 Differences between CAIV and Target Costing

“Love bears all things, believes all things, hopes all things, endures all things; love never ends.”  [I Corinthians 13:10 (RSV)]

The flow of Target Costing runs from the customer (who has needs and wants and the means to pay for them) to the manufacturer (who designs a product to satisfy these needs and wants) and back to the customer (who buys, uses, and ultimately disposes of the product).  The “customer” here is actually a segmented and fractionated market, whereas in CAIV the customer is the monolithic (though often no less internally divisive) service.  This difference in customers is at the heart of the differences between CAIV and Target Costing.  Also key is the expansion to TOC.

The CAIV customer is one who conducts Affordability Analysis in order to set target costs, not one whose purchasing power and buying preferences are divined by Market Analysis.  It explicitly chooses key performance parameters long before fielding with only an educated guess at emerging technology, and “commits” to the product sight unseen, progressively and inexorably.  It funds the entire life cycle wholly and directly.  (By contrast, the civilian consumer looking to buy a laptop computer, say, assesses the current technology, what the manufacturer has to offer, and his purchase will help fund the R&D for the next model.)  The CAIV customer bears all sunk costs and virtually all risk, and buys approximately all of the units, barring Foreign Military Sales (FMS), for example.  Finally, while Target Costing adheres to a life cycle focus, the life cycle costs are split between the manufacturer (development, production, marketing, distribution, support, service, disposition costs) and the consumer (costs of buying, operating, using, repairing, disposing).  The CAIV customer not only incurs all of these costs, but must also budget and account for indirect costs.  The civilian consumer certainly considers indirect costs – you don’t buy a car unless you can afford to pay for gas, maintenance, insurance, etc. – but not in this strict manner.

As you can see, the Department of Defense is a lot like love….

A2.3 Target Costing vs. CAIV implementation

Another crucial difference between Target Costing and CAIV, of particular importance to this guide, is the difference in implementation strategy.  Target Costing is generally implemented incrementally, whereas CAIV, as is the nature of DoD as the custodian of the taxpayers’ money, was implemented by blanket roll-out.

Among the main problems cited by Target Costing implementers are culture change and training.  By initiating Target Costing on a small project and subsequently spreading it throughout the business unit or company, implementers gain several benefits, including having a real-life (if small-scale) success story to help generate buy-in and having a corps of “target costers” from the pilot project which they can then spread to other projects where they can help provide sage and credible advice.  Examples of this incremental implementation approach include:

· Boeing, an organization larger than most small countries, started on a dinky project, the Scandinavian Belly Loader (a certain device to load the cargo area of commercial airplanes), whose estimating Non-Recurring Engineering (NRE) cost was a mere $100K.  The three-month, 25-person design effort reduced the cost to $28K!  From these humble beginnings, Target Costing was spread project on the order of two or three years and tens of thousands of people, accounting for billions of dollars of cost, most notably the 757-300 derivative airplane line.

· Continental Teves started on an anti-lock braking system (ABS) on the order of $200M, then spread Target Costing throughout the company, $2.4B in all.

· CASE Corporation, makers of “yellow gear,” started with their XT Skid Steer line (heavy-duty tool carriers that are “among the most highly productive and versatile machines in the world”).

· Rocketdyne (now part of the Boeing Company) start with the RS 27 rocket engine, then moved to the RS 68.

By contrast, CAIV was implemented much more quickly and broadly.  It was mandated in the fall of 1995, with flagship programs reporting in July of 1996, and became effective for all programs in 1996.  This top-down rapid implementation did not allow for the cultivation of example programs, tools, or expertise.  TOC Reduction was added on top of CAIV, mandated in the winter of 1998, with large programs (ACAT I & II) to report December, 1998, and remaining programs to report six months later in July, 1999.  The challenge of this type of implementation is arguably much greater.  Though the original experience is painful, it does provide a large number of initial attempts from which to draw best practices and lessons learned.

A2.4 CAIV vs. Target Costing in Practice

One empirical source for the differences between practitioners of CAIV and Target Costing is the Target Costing Best Practices Survey.  The group most likely to practice CAIV (those respondents from the Aerospace and Defense industry who were Target Costing Adopters) was compared to the remaining Target Costing Adopters, and a small but insightful set of statistically significant differences arose:  The Aerospace and Defense companies, not surprisingly, had fewer competitors, relied more on skilled labor, and had longer average product development times.  More interesting (and perhaps a little worrisome) were the results that the CAIV practitioners had worse cooperation among divisions within the company, and had more participation by Product Planners, less by Operations and Manufacturing, on their cross-functional teams.  In their execution of Target Costing, the Aerospace and Defense companies did more Value Engineering, but less Reverse Engineering.  The former is heartening, as Value Engineering is one of the core tools of CAIV and Target Costing, and the latter is certainly not surprising – we’re not trying to build a Mig, we’re trying to shoot down a Mig.  The A&D respondents had more supplier involvement and better dealer support, and contrary to the stereotypical image of the fat-cat defense contractor from the Reagan Years, they found it more important to beat the competitor's price.

A2.5 Benefits of Target Costing

The Defense Systems Affordability Council (DSAC) has set some aggress goals for cost reduction of new systems.  [what are they??!!]  If Target Costing is truly analogous to CAIV and is to be helpful in implementing CAIV, it must show the types of benefits and cost reductions needed from CAIV, and indeed it does.  Seasoned Japanese practitioners of Target Costing report continual annual cost reductions, with as much as 13-17% savings per year.  The Rocketdyne RS-68 achieved reductions of 50% in Production Unit Cost, 65% in non-recurring cost, and 60% in time to market.  The previously mentioned remarkable 72% cost reduction of the Boeing Scandanavian Belly Loader was followed by 43% cost reduction on the 757-300.  The Mercedes-Benz M Class, designed and built from the ground up using Target Costing in Tuscaloosa, Alabama, achieved its initial goal of 12% return on investment.  Results such as these are reported each year at the International Congress on Target Costing and New Product Development.

Other benefits of Target Costing were reported in the Best Practices Survey.  The single most-seen benefit was increased overall profitability, which though clearly a commercial measure is indicative of the soundness of the Target Costing system.  Target Costing also reduced both manufacturing costs and the costs of new products before manufacturing, as well as the cost of purchased materials.  Target Costing yielded performance benefits too, enabling companies to meet or exceed customer expectations for products and to produce products with features and functions that customers value.  Companies were also able to develop a more profitable product mix and reduce the time required for new product introduction.  In a striking statistical result, all of these benefits were correlated both with each other and with the length of time the respondent had been doing Target Costing.  That is, these benefits tend to increase over time and all come in a “package.”  The one benefit asked on the survey which was not correlated was a decrease in the number of design changes after production begins, which was also the second least-seen benefit.

A3 Appendix 3 – Analogies

CAIV is an analytical thought process, and analogies are often extremely helpful in illuminating such processes:  they make the problem more vivid, both to comprehend and to remember; they relate it to common experience; they embody rules of thumb, which though not always universally binding are invariably helpful to consider; and they provide a common frame of reference for discussion and further analysis.  The analogies given below have arisen naturally in briefing CAIV, but you are the ultimate judge as to their applicability to and validity for your situation.

A3.1 Bowling balls

A3.2 “Tickle-Me-Elmo” requirements

A3.3 Cost Reduction Farm

A4 Appendix 4 – Antidotes

In this appendix, we address objections to CAIV or related issues which have been raised, providing “antidotes” to “poisons” which threatens to derail or misdirect the CAIV process.  If these objections are not ones you would voice, you needn’t read these sections, though you main gain a deeper understanding if you do.

A4.1 CAIV is nothing new

A4.2 CAIV is crazy new and won’t work

A4.3 CAIV = DTC

A4.4 CAIV only means better performance at the same cost

Some would argue that CAIV is primarily intended to improve performance for a given cost, while others would argue that it is primarily intended to reduce costs for a given performance.  In fact, CAIV strives both to reduce cost and improve performance in various combinations depending on the priorities of the program and its decision makers.  This is illustrated below.
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Figure 26 – The Full Spectrum of CAIV

A4.5 Tabula rasa non sequitur

This antidote is meant to counteract the notion that one must start with a blank slate in order to conduct CAIV tradeoffs.  While CAIV does require creativity and consideration of as many different alternatives as possible, it does not entail starting with a “blank sheet of paper.”  A legacy or baseline system is used as a point of departure, in part to make clear the performance improvements and cost reductions that are required.  In fact, the legacy system and modifications thereof are quite often alternatives considered in CAIV trades.

The figure below comes from the CAM-I Target Costing book and shows how the initial cost estimate is based on “business as usual.”  (Note that the allowable cost or cost threshold will be determined in CAIV by affordability analysis not market analysis, unless one loosely considers the “market factors” at play as residing in the U.S. Congress!)
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Figure 27 – Cost Planning in Target Costing

Thus, it does not follow (non sequitur) that one must start with a blank slate (tabula rasa).  (There.  We got our share of pretentious Latin out of the way.)

A5 Appendix V – Vendors

A6 Appendix W – Web

This section lists various web sites that one might hit by doing a web search on “CAIV” and annotates them for relative value.
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