DoDD 5000.1, March 15, 1996





f.  Cost as an Independent Variable (CAIV).


Fiscal constraint is a reality that all participants in the defense acquisition process must recognize.  Cost must be viewed as an independent variable.  Accordingly, acquisition managers shall establish aggressive but realistic objectives for all programs and follow through by trading off performance and schedule, beginning early in the program (when the majority of costs are determined), to achieve a balanced set of goals, based on guidance from the MDA.





DoD 5000.2-R, December 13, 1996





3.3.3  Cost as an Independent Variable (CAIV)


The acquisition strategy shall address methodologies to acquire and operate affordable DoD systems by setting aggressive, achievable cost objectives and managing achievement of these objectives.  Cost objectives shall be set to balance mission needs with projected out-year resources, taking into account anticipated process improvements in both DoD and defense industries.





3.3.3.1  Cost/Performance Tradeoffs


The best time to reduce life-cycle costs is early in the acquisition process.  Cost reductions shall be accomplished through cost/performance tradeoff analyses, which shall be conducted before an acquisition approach is finalized.  To facilitate that process, the Overarching IPT (OIPT) for each ACAT I and ACAT IA (as required) program shall establish a Cost/Performance IPT (CPIPT).  The user community shall have representation on the CPIPT.  Industry representation, consistent with statute and at the appropriate time, shall also be considered.


Upon approval of a MNS (See Para 2.3�), an approach shall be formulated to set and refine cost objectives.  By program initiation (usually Milestone I), each ACAT I and ACAT IA PM shall have established life-cycle cost objectives for the program through consideration of projected out-year resources, recent unit costs, parametric estimates, mission effectiveness analysis and trades, and technology trends.  A complete set of life-cycle cost objectives shall include RDT&E, production, operating and support, and disposal costs.  At each subsequent milestone review, cost objectives and progress towards achieving them shall be reassessed.


Maximizing the PM's and contractors' flexibility to make cost/performance tradeoffs without unnecessary higher-level permission is essential to achieving cost objectives.  Therefore, the number of threshold items in requirements documents and acquisition program baselines shall be strictly limited, the threshold values shall represent true minimums, and requirements shall be stated in terms of capabilities, rather than technical solutions and specifications.  RFPs shall include a strict minimum number of critical performance criteria that will allow industry maximum flexibility to meet overall program objectives.  Cost objectives shall be used as a management tool.  The source selection criteria communicated to industry should reflect the importance of developing a system that can achieve stated production and life-cycle cost thresholds.


The CPIPT (normally led by the PM or the PM's representative) shall be empowered to recommend to the PM performance or engineering and design changes as long as the threshold values in the Operational Requirements Document (ORD) and APB can be achieved.  If the changes require ORD/APB threshold value changes, the leader of the CPIPT shall notify the PM and the OIPT leader.  The PM shall ensure that the changes are brought before the ORD and/or APB approval authorities for decision.  The CPIPT shall have responsibility for integrating and evaluating all cost performance trade-offs analyses conducted.


While the approach outlined here applies to ACAT I and ACAT IA programs, the same principles may be applied to other programs at the discretion of the CAE.





3.3.3.2  Cost Management Incentives


RFPs shall be structured to incentivize the contractor to meet or exceed cost objectives.  Whenever applicable, risk reduction through use of mature processes shall be a significant factor in source selection.  For industry, competition to win business, along with attendant business profit, is by far the most powerful incentive.  Therefore, competition shall be maintained for as long as practicable in all acquisition programs.


Incentives shall be applied to both Government and industry to achieve the objectives of cost as an independent variable.  Awards programs (both monetary and non-monetary) and "shared savings" programs shall be used creatively to encourage the generation of cost-saving ideas for all phases of life-cycle costs.  Incentive programs shall target both individuals and teams in both government and industry.  Incentives shall stress up-front investments to minimize production and/or operation and support costs, where applicable.�
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CAIV Overview





The intent of CAIV is to provide the customer/warfighter with highly capable systems that are affordable over the life cycle.  The CAIV process is twofold.  First it is essentially a planning activity establishing and adjusting program cost objectives through the use of cost-performance analyses and trade-offs.  This is facilitated by a Cost Performance Integrated Product Team (CPIPT) during all phases of the acquisition program.  Organization and activities of the CPIPT are described in DoD 5000.2-R for ACAT I programs.  The principles outlined in DoD 5000.2-R may apply to ACAT II & III programs as well.





The second component of the CAIV process involves execution of the program in a way to meet or reduce stated cost objectives.  Requests for Proposals (RFPs) and contracts should communicate cost objectives and incentivize industry to meet or better them.  These cost objectives, much like performance requirements, will likely be flowed down/allocated, by the contractor, to the lower levels of implementation/design.  It will be up to the contractor, as part of the design process, to conduct necessary cost-performance trades as appropriate to produce a system that meets overall contractual requirements.  Contractual implementation of CAIV can be facilitated by a Design to Cost (DTC) program.  DTC is a methodology that can be used to realize, and even reduce, the CAIV cost targets utilizing a systems engineering cost control process in designing the system.  It is important that a contractor's DTC type activities are consistent with approved program CAIV objectives.  If DTC activities identify potential changes to cost objectives, the alternatives should be presented to the CPIPT for consideration.  As with any process, appropriate metrics should be devised for tracking progress in achieving cost objectives.





Early in the acquisition cycle, the high leverage of CAIV inspired cost/performance/schedule trade-offs should be shaping the requirements and proposed design approaches on a cost-effectiveness basis.  Once a specific design is chosen, overall cost objectives should be allocated to specific cost and system elements.  It is at this time that cost objectives should be translated into design requirements and that DTC techniques come into play.  As the program approaches production, funding constraints are better known and budget begins to dominate the tradeoff ground rules.  Cost-effectiveness will be modified by affordability considerations as the trade-offs start to focus on the cost-effective alternatives that are practical from a budget point-of-view.  Monitoring cost-sensitive characteristics of important system performance and manufacturing processes can give early warning of a production cost growth during development and production.





CAIV Life Cycle Cost (LCC) Objective





The focus of Cost As An Independent Variable (CAIV) is on total Life Cycle Cost (LCC), not just selected elements.  LCC objectives should be developed and included in operational requirements documents, solicitations and contracts.  More than a commitment between the involved parties (e.g., Program Manager and the Milestone Decision Authority (MDA)), these LCC objectives represents an affordability plan for the program.  A complete set of cost objectives includes Research Development Test & Evaluation (RDT&E), Production, Operation & Support (O&S), and Disposal costs.  These CAIV LCC objectives are initially established at Milestone (MS) I.





A.  RDT&E cost objective:  The earliest phases of the system life cycle offer the most leverage for cost avoidance and lowering the LCC.  Additional $/P/S trades as well as specific cost reduction studies and actions may be necessary to achieve LCC reductions (i.e., additional up-front funding may be required).  Costs associated with these activities need to be included in the cost objectives and budgets.  The Program Manager's budget should be consistent with the CAIV RDT&E objective.  Earned value management data can provide objective information on current and projected RDT&E expenditures.





B.  Production cost objective:  Ideally, this objective should cover all investment costs (those costs expended to procure and field a system).  Conceptually one may start with a unit production cost objective.  As an acquisition matures and cost estimating becomes more accurate, total program affordability and budget will need to be addressed.  Thus, what was originally a unit production cost objective should evolve to a total investment cost objective covering both government and contractor costs which can be related to specific budgets.





Such an investment cost objective would be split by the Program Manager into that which is prime contractor controllable and that which is not.  The portion of the cost objective which is not controlled by the prime would include costs such as government furnished equipment (GFE).  Solicitations and contracts, beginning with the development contract, should clearly define the CAIV objectives the contractor will ultimately need to achieve.  The rest of the objective is controlled with in-house management and cost target/assessment monitoring. 





During development, earned value management data on prototype fabrication can provide information and insight into future production costs.





C.  O&S cost objective:  While the cost objective should encompass all O&S costs, the focus of the cost objective should be that which is design sensitive.  Areas that are not driven by specific design characteristics should be identified and included in the O&S cost objective to provide cost visibility.   





D.  Disposal cost objective:  Consideration must be given in all phases of the system life cycle to avoiding or at least lowering environmental impact and disposal costs.  Environmental considerations are difficult to assess and often neglected.  Disposal costs can be sizable and therefore, as part of CAIV, need to be properly addressed and may warrant establishment of a separate cost objective.





CAIV Implementation





Cost As An Independent Variable (CAIV) is based on the principle that the best time to reduce life cycle cost is early in the acquisition process and that initial cost-performance trade-off analyses should be conducted before the operational requirements and acquisition approach are finalized.  The CPIPT, established by the Overarching Integrated Product Team (OIPT), identifies and facilitates appropriate cost-performance trades and assists in establishing program cost objectives.  The nature of the cost-performance trades and the composition of the CPIPT may change as the program matures from concept to design.





The approach outlined here is based on an ACAT ID program.  The same principles apply to other programs.  Activities begin upon approval of a Mission Need Statement (MNS), at which time an approach should be formulated to set and refine cost objectives.





CPIPT membership should include OSD, Joint Staff, and component representatives.  This normally would include representation from J-8, the OIPT leader's organization, PA&E, TSE&E, the CAIG, DASD(ES), ODUSD(L), SAE, PEO, and program office.  User representation is a must and industry, consistent with acquisition strategy and statute, may also be considered.  The Program Manager (PM) or the PM's representative will normally lead the CPIPT.  However, if a PM has not yet been assigned to the program, a requirements community representative may be an appropriate lead.





Throughout the program's life, the PM/CPIPT may authorize performance or engineering and design changes as long as the threshold values in the Operational Requirements Document (ORD) and Acquisition Program Baseline (APB) can be achieved.  If the changes require ORD/APB threshold value changes, the leader of the CPIPT or Program Manager should notify the OIPT leader.  Any OIPT recommended changes would then need to be brought before the ORD and/or APB approval authorities for decision.  





It is critical to the CAIV process that ORD, APB, and contract cost, schedule, and performance requirements are consistent, traceable, and supportable by cost/performance/schedule trade-offs.





CAIV Activities During Phase 0





The Overarching Integrated Product Team (OIPT) specifies the composition and timing of the Cost/Performance IPT (CPIPT) and will define and assess applicable cost guidance (e.g., cost objectives).





The CPIPT has responsibility for integrating and evaluating all cost/performance/schedule trade-off analyses conducted during the phase.  Industry input should be solicited to the maximum extent practical in defining alternative concepts.  If an Analysis of Alternatives (AoA) is conducted, cost/performance/schedule trades should be conducted in that context and the AoA's results should then be incorporated into the CPIPT efforts.





During this phase, intermediate reviews by the OIPT principles may be requested by the PM/CPIPT to: consider the results of the analyses to date; consider program cost objectives/thresholds in any draft APB/ORD; indicate the cost implications of possible changes to performance requirements in the draft ORD; and identify any additional tradeoff analyses to be performed.





At the conclusion of the phase and following principal-level review, a brief (2-3 page) memorandum should be prepared by the CPIPT capturing key study results, describing cost-performance findings, and recommending additional studies, if required, to be used in developing CAIV cost objectives for the next phase.





The APB for MS I should include objectives/thresholds for key performance parameters and the various elements of program life-cycle costs.  While developing life cycle cost objectives for the program, the following should be considered: cost/performance/schedule trade-off results, projected out-year resources, recent unit costs of similar systems, parametric estimates, mission effectiveness analysis and trades, and technology trends.  The PM should also develop the acquisition strategy and address approaches for achieving cost objectives (e.g., competition, design-to-cost, contract incentives, further cost/performance/schedule trade-offs within the allowed trade space).





The CPIPT should present the results of the CPIPT review and analyses to the OIPT which should, in turn, review them and provide them to the Joint Requirements Oversight Council (JROC) and the Defense Acquisition Board (DAB).





The Defense Acquisition Executive's (DAEs) MS I decision, as reflected in the Acquisition Decision Memorandum (ADM), may indicate approval of the approach and may specify additional cost/performance/schedule trade studies to be conducted during the next phase.  Some or all of these trade studies may be designated as exit criteria to ensure their completion is linked in a meaningful way to the program acquisition strategy (in other words, program progress is constrained until critical trades are analyzed).  Optionally, the DAE may, in the context of the ADM, specify additional cost guidance for the program based on preliminary cost/performance/schedule analysis results and the recommendations of the CPIPT/OIPT.





CAIV Activities During Phase I





The government has maximum cost leverage when there are competing concepts or producers.  Therefore, it is advantageous to continue competition as far into the acquisition process as practical and affordable, keeping open the option of re-starting competition in the production phase.  Including life cycle cost objectives in the solicitation and reflecting the importance of meeting or bettering those objectives in the source selection criteria communicates an emphasis on containing/reducing costs.  In lieu of the government specifying the cost objectives in the solicitation, offerors may be asked to propose the cost objectives.  By including cost objectives for life cycle costs and their subelements in the design and development contracts and requiring the accomplishment of cost-performance trade-offs, cost is treated as any other requirement.  Government insight into the contractor(s) progress toward achieving performance and cost objectives is desired in order to effectively manage the program/contract.





Throughout the phase, the CPIPT should continue to define and evaluate trade-off analyses and take into account all relevant cost estimates.  The AoA may be the principle basis for CPIPT recommendations to the OIPT resulting from the phase.  The CPIPT should be the vehicle by which the results of these trade-offs and any recommended requirements/objectives changes are provided to the OIPT.  Changes to key ORD/APB performance parameters and cost objectives agreed to by the OIPT will need to be reviewed and considered for approval by the JROC/USD(A&T).





CAIV Activities During Phase II





The Program Manager (PM) should attempt to maintain competition to maximize cost and performance leverage.  If competition is no longer feasible, award fee provisions should be considered which emphasize the importance of continued cost-performance trade-offs and track the contractor's progress toward meeting cost objectives.





The analyses from earlier phases are refined with mature design, cost, and performance data.  Cost trades should continue.  The PM has the latitude to make engineering/design changes as long as the changes do not breach the ORD and APB thresholds.  Early testing/manufacturing might indicate a program may be unable to meet significant (ORD/APB-level) design specifications and/or performance thresholds without breaching established cost objectives and schedules.  At this point, the CPIPT should define and assess cost-performance issues and trade-offs and provide recommendations, based on the results of these trade-offs, to the OIPT as appropriate.  Changes to key ORD/APB performance parameters should be referred to the OIPT for resolution by the JROC and USD(A&T).





When the time comes to negotiate a price for production units, the CAIV/DTC process (see CAIV and DTC) can aid in the negotiations.  Tracking the contractor's progress toward meeting cost objectives provides the government insight into the contractor's forecasted costs and can be used as a starting point in the negotiations.





CAIV Activities During Phase III & Major Modifications





The Program Manager (PM) should evaluate the feasibility of continuing or reintroducing competition.  If competition is not feasible, it may be appropriate to incorporate contract incentives that provide a share of the savings to the contractor when cost targets are surpassed. The PM should ensure that any incentive does not focus on production costs at the expense of overall Life Cycle Cost (LCC).  Since LCCs are not easily measured, it is imperative that a validated model be used that provides an accurate indicator of LCC.  Contracts should also incorporate value engineering change provisions and consider cost reducing tools such as multiyear procurement and component breakout.





Cost-performance trades should be conducted in support of engineering change order evaluations.  Formal CPIPT reviews are not anticipated unless ORD/APB changes are anticipated or recommended; however, if early production cost data indicates higher costs than estimated, the CPIPT may consider the attendant cost-performance issues and provide recommendations for changes to the PM or OIPT if appropriate.





CAIV Activities During Major Modifications





The CAIV process can also be used to contain/control costs in major modifications programs.  The process described for Phase I, Phase II, and Phase III activities would be applicable.





CAIV and DTC





Cost as an Independent Variable (CAIV) and Design to Cost (DTC) have the same ultimate goal of a proper balance among RDT&E, production and operations and support costs while meeting the mission needs according to an established schedule and within an affordable cost.





CAIV has mainly been associated with the activities of the CPIPT emphasizing affordability (cost reduction) and program level, life cycle objectives and decisions.  DTC has been more related to program execution/implementation, until recently, emphasizing cost effective design (minimizing cost while achieving performance) and targeting an average unit procurement cost.  DTC has concentrated on the contractors' activities associated with tracking/controlling costs and performing cost-performance analyses/trade-offs.  CAIV has brought attention to the governments' responsibilities for setting/adjusting LCC objectives and for evaluating requirements in terms of overall cost consequences.  CAIV has refocused DTC to consider cost objectives for the total life cycle of the program and to view cost as an independent variable with an understanding it may be necessary to trade off performance to stay within cost objectives and constraints.  Contractual implementation of DTC should go beyond simply incentivizing the contractor to meet cost commitments and incentivize the contractor to seek out additional cost reduction opportunities.





Programs can take advantage of the existing understanding and techniques of DTC.  DTC activities provide the basis for design effectivity and proper feedback of cost-performance considerations.  CAIV thus depends on DTC-type activities to meet the objectives by instilling cost-consciousness into the designers, stimulating them to challenge requirements, and illuminating their cost progress.  Program level IPTs should be charged with ensuring an increased importance on:  providing cost visibility to design alternatives, advocating cost-driven solutions, and providing status toward meeting cost objectives.





As an IPT may be charged with designing some portion of the system, a major part of the design team's job should be meeting its LCC targets.  In other words, the idea of DTC should be imbedded in the IPT's mission.  Just as a weight requirement causes weight engineers to appear on the IPT roster, an LCC target means a DTC presence.  Controlling cost should be addressed at all levels by challenging performance and schedule with cost estimating and analysis resources.  At the top, it could be a discussion of the cost-performance relationship with the user.  At the lower levels, it could be a detailed cost examination of a specific contractor's process.  In any case, a closer look at the cost drivers will reveal the path to cost reduction, as well as bring realism to the contractor's perceptions of cost.





DTC, the other side of the coin, acts to meet or reduce an established cost objective.  This is the follow-through to the CPIPT activities establishing the LCC objectives.  DTC activities are those which are undertaken to meet the cost objectives through explicit design activities.





CAIV and Risk Management





Inherent in the CAIV concept is the realization that risks are present and must be understood and managed in order to achieve performance, schedule and cost objectives.  An understanding of risk is essential to setting realistic cost objectives.





DoD policy does not mandate a specific approach to risk management.  In the past, aggressive performance requirements would drive technical, cost and schedule risks.  Under the CAIV concept, aggressive cost objectives can drive performance and schedule requirements and risks.  Moreover, requirements may be reduced or eliminated in coordination with the user to reduce risk to a level that increases the likelihood of meeting cost objectives.  By establishing an effective risk management program, Program Managers may design and control their programs by using information about risk areas to set objectives, develop acquisition strategies to mitigate risk, and identify metrics that allow continual tracking and assessment of the program.





Users, who will be part of program trade-off analyses, should be provided risk assessments to contribute toward a favorable balance between performance, cost, schedule and risk.  Risk assessments include the analysis of identified program risks for their consequences and probabilities of occurrence and the associated cost of possible outcomes.  Under CAIV, risk assessments are critical since they provide users and developers with essential data to assist in cost-performance trade decisions.





Risk management affects program costs in two ways.  First are costs associated with specific risk mitigation activities?  Second are funds needed to cover the known risks of the selected system approach (i.e., funds to cover cost uncertainty)?  Program Managers must include the anticipated expense of managing risk in their estimates of program costs.  Decision makers (e.g., Program Executive Officers and Acquisition Executives) must weigh these costs against the level of risk in reaching program funding decisions.  CAIV requires that program funds support the level of accepted program risk and that risk management costs are included in setting cost objectives.  Program options that have the best cost/benefit ratios are the preferred choices for CAIV and should be considered in establishing performance, schedule and cost objectives, included in plans and acquisition strategies, and funded adequately.








Risk Management and CAIV


File Owner:  Mike Zsak, OUSD(A&T)/DTSE&E


Owner Ph #:  (703) 681-8426, Email:  zsakmg@acq.osd.mil


File Last Reviewed:  Jun 1997





The intention of CAIV is to establish balance between cost, schedule and performance early in the acquisition process and to manage to the cost objective.  Inherent in the CAIV concept is the realization that risks are present and must be managed in order to achieve performance, schedule and cost objectives.  An understanding of risk is essential to setting realistic cost objectives.





CAIV requires that PMs establish aggressive cost objectives.  The maximum level of acceptable risk is one of the factors that helps to define an aggressive cost objective.  Risks in achieving both performance and aggressive cost goals must be clearly recognized and actively managed through continuing iteration of cost/performance/schedule/risk tradeoffs, identifying key performance and manufacturing process uncertainties and demonstrating solutions prior to production.  Whereas DoD has traditionally managed performance risk, there must be an equal emphasis on managing cost and supportability goals. Cost control and effective risk management involves planning and scheduling events and demonstrations to verify solutions to cost/risk problems.





User participation in the trade-off analysis is essential to attain a favorable balance between performance, cost, schedule and risk.  The PM and user representatives should identify risk and cost driving requirements during the generation of the Operational Requirement Document (ORD) in order to know where trade-offs may be necessary.  Risk assessments are critical to the CAIV process since they provide users and developers essential data to assist in the cost-performance trade decisions.





There is a cost for risk management that is directly related to the level of risk associated with a program.  Therefore, PMs must manage programs to reach an acceptable level of risk at reasonable cost.  Risk management affects program costs in two ways.  First, there are costs associated with specific risk handling activities.  Second, there are funds needed to cover the known risks of the selected system approach (i.e., funds to cover cost uncertainty).  PMs must include the anticipated expense of managing risk in their estimates of program costs.  Decision makers (e.g., Program Executive Officers and Acquisition Executives) must weigh these costs against the level of risk in reaching program funding decisions.  CAIV requires that program funds support the level of accepted program risk and that risk management costs be included in setting cost objectives.  Program options that present the best opportunities to achieve the desired capability at an acceptable cost are the preferred choices for CAIV and should be considered in establishing performance, schedule and cost objectives, included in plans and acquisition strategies, and funded adequately.





Risk management costs can vary considerably from program to program, depending to a great degree on how risks are handled.  Risk handling identifies, evaluates, selects, and implements technical and management options that reduce risk to acceptable levels.  There are four recognized risk-handling methods: risk avoidance, risk control, risk transfer, risk assumption.  (See Section 2521 for a discussion of these methods.)  These risk-handling options have a broad range of cost implications for a program.  The magnitude of these costs for any option is circumstance dependent.  The approval and funding of risk-handling options should be part of the process that establishes the CAIV cost and performance goals.





Improving risk management will enable PMs to support the CAIV concept of setting early cost objectives that are challenging but realistic.  Since there are real and potential costs associated with risk management, the CAIV approach necessitates that the funds allocated to risk management be compatible with the level of accepted program risk and be included in the program cost objectives.














Earned Value and CAIV





When DoD Components award cost-based (cost type or fixed price incentive) contracts, prudent stewardship of public resources requires assurance that those resources will be managed efficiently and effectively.  The DoD Cost/Schedule Control Systems Criteria (C/SCSC) [DoD 5000.2-R, Appendix VI] describe widely accepted, sound management principles that provide for integrated cost, schedule and technical performance management using earned value as an integrating tool.  Earned value is a management technique that relates resource planning to schedules and to technical performance requirements.





Because earned value management is primarily concerned with managing individual contracts and estimating their cost at completion, it can be applied in a way that provides real-time visibility into first unit production costs.  To the extent that production cost estimates are related to development estimates, it may be possible to obtain early insight into potential cost increases or decreases in production costs from earned value information generated during development.  For example, if the estimate of prototype cost is used to derive the estimate of production costs, then any increase or decrease in prototype cost predicted by earned value analysis would have a direct bearing on the production estimate unless the estimating methodology is changed.





Earned value management thus supports CAIV in two ways: providing the earliest possible objective cost metric during execution of contracts; and serving as a tool for analyzing possible cost trade-offs with technical and schedule performance objectives.





Metrics and Observables





It is critical to CAIV that the process of setting cost objectives begins as early as possible.  The ability to set and achieve aggressive cost objectives depends significantly on early trade-offs in performance versus cost.  Metrics and observables are needed for an overall assessment of progress in the execution of the program, including the implementation of CAIV.  In general, metrics identify important and observable steps which should be implemented in setting aggressive production and O&S cost objectives and then managing for their achievement.  Specific risk reduction steps for manufacturing, performance, manpower utilization, etc., should be addressed by other metrics and observables.





One basis for measuring program success against the RDT&E, production and O&S cost objectives is a periodic LCC status estimate.  This periodic cost estimate can be accomplished as part of the contractors' DTC effort.  It would show the current position of the design against the CAIV objective(s).  The program's CAIV objectives and the cost status estimate mature during Research and Development.  Care should be taken since other estimates and actuals can be derived from different assumptions, may contain different elements of cost, and may not constitute a fair measure of achievement.
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Executive Summary





Introduction.  This paper proposes a departmental strategy for acquiring DoD systems that will meet the future needs of our forces by providing robust capabilities that are based on more affordable program costs and attainable in shorter schedules.  This strategy entails setting aggressive, realistic cost objectives for acquiring and supporting defense systems, and managing to achieve those objectives.  Cost objectives must balance mission needs with projected out-year resources, taking into account anticipated process improvements in both DoD and defense industries.  This concept has become known as "cost as an independent variable" (CAIV), meaning that, once the system performance and objective cost are decided (on the basis of cost-performance tradeoffs ), the acquisition process will make cost more of a constraint, and less of a variable, while nonetheless obtaining the needed military capability of the system.





Conceptual Approach.  A key tenet of the CAIV approach is far greater user involvement in the process through participation in setting program goals throughout the program phases, particularly in the cost-performance tradeoff process.  This paper refines the CAIV concept, and expands on guidance promulgated in the July 19, 1995, memorandum of the Under Secretary of Defense, Acquisition & Technology, (USD(A&T)), subject: "Policy on Cost-Performance Trade-offs."  The principles outlined here will apply generally to all acquisition programs.





Various acquisition reform efforts are now addressing aspects of the acquisition process that will reduce overall life-cycle costs.  They include such initiatives as Military Specifications and Standards reduction, Integrated Product and Process Development (IPPD) and Integrated Product Teams (IPTs), process maturity, business practice reforms, and--quite significant to CAIV--the shift to performance specifications.  The approach, summarized below, is to utilize and enlarge on these initiatives to achieve the objectives of cost as an independent variable:





- Set realistic but aggressive cost objectives early in each acquisition program


- Manage risks to achieve cost, schedule, and performance objectives


- Devise appropriate metrics for tracking progress in setting and achieving cost objectives


- Motivate and Incentivize government and industry managers to achieve program objectives


- Put in place for fielded systems additional incentives to reduce operating and support costs.





Cost-Performance Tradeoffs.  Several programs, both today and in the past, have employed CAIV principles, including WCMD, JAST, JDAM, JASSM, PLGR, and the New Attack Submarine.  However, until very recently, our goal-setting processes have been largely driven by available technology and generally have not emphasized cost-performance tradeoffs in setting program goals.  Furthermore, goals have been set on the basis of near-term budgetary needs--a reality--but not always in balance with life-cycle cost mitigation.  By better connecting the user, supporter and developer, the proposed CAIV approach facilitates the process of making tradeoffs among performance, schedule, and costs.  Establishing tradeoffs empowers the user to make choices that provide the best performance for the money for each system, thereby helping to ensure maximum benefit from all systems across the force within the resources available.





The best time to reduce life-cycle costs is early in the acquisition process, and cost performance tradeoff analyses must be conducted before an acquisition approach is finalized.  However, because external parameters change and program realities evolve, cost-performance tradeoffs must occur throughout the acquisition process.  Life-cycle cost objectives should be incorporated in program requirements documents, RFPs, contract provisions, and the source selection process.





Maximizing Program Managers' and contractors' flexibility to make cost/performance tradeoffs without unnecessary higher-level permission is essential to achieving cost objectives.  Therefore, the number of threshold items in requirements documents and the Acquisition Program Baselines should be strictly limited and the threshold values should represent true minimums, and requirements should be stated in terms of capabilities, vice technical solutions and specifications.  RFP's should include a strict minimum number of critical performance criteria that will allow industry maximum flexibility to meet overall program objectives.  Stating requirements in terms of overall military capability needed rather than as detailed design specifications is crucial in providing the necessary trade space and flexibility to implement CAIV successfully.





A major topic upon approval of a Mission Need Statement should be the approach and inputs used to set and refine cost objectives.  At each milestone review, cost objectives and progress in achieving them should be assessed.  There must be flexibility for adjustments and/or refinement in cost objectives.  To assist in establishing program cost objectives and to facilitate cost-performance tradeoffs, the Overarching IPT (OIPT) for each Major Defense Acquisition Program will establish a Cost-Performance Integrated Product Team (CP-IPT) (as directed in the previously-referenced July 19,1995, memorandum of USD(A&T)).  It is critical that the user community have representation on the CP-IPT.  Industry representation, at the appropriate time, is also expected.





Setting Aggressive Cost Objectives.  Aggressive cost objectives means costs objectives that are the "DoD-equivalent" of sound commercial business practices.  They should be much lower than would be projected for a system using past ways of doing business in DoD.  Reducing life-cycle costs means focusing early on setting and managing to the production cost objective and assessing the impact of basic system parameters and early design decisions on O&S costs.  Achieving aggressive cost objectives for the production and operating phases of a system's life may, in fact, occasionally require greater up-front investment during Program Definition and Risk Reduction (PD/RR) and Engineering and Manufacturing Development (EMD) phases.  Although lower up-front costs usually indicate simpler designs, and therefore correspondingly lower support costs, there may be cases where certain elements of early program costs may be higher than historical experience because of increased emphasis on product maturity exiting EMD and up-front investments to reduce O&S costs.





Life cycle cost objectives (R&D, production, and O&S costs) should reflect consideration of: available near-term and out-year resources; recent unit costs of comparable or fielded systems; parametric estimates; mission effectiveness analyses and trades; technology trends; and use of innovative manufacturing techniques and commercial business practices.  Early cost objectives should be challenging but realistic and should be defined as ranges.  Aggressive cost objectives will typically entail risks; however, process maturity, aggressive management (under a more failure-tolerant philosophy), and other initiatives should result in lower overall risk.





Production cost objectives should be expressed in terms of some reasonably stable measure, such as an early fixed production quantity (e.g., the first production lot), to eliminate variations due to future changes in the quantities planned or actually produced.  (For some programs, it may be appropriate to specify the objective in terms of "first production unit cost.")





Both commercial and defense industries are adopting new design, manufacturing and management processes that offer the potential to reduce development and production times and costs substantially over previous processes.  We  are stressing increased reliance on commercial business and technical practices and benchmarking commercial processes to define equivalent cost-saving processes for military systems.  If given the right incentives and room to make design tradeoffs, industry management and engineers working in IPTs can institute process improvements and system designs that produce products with inherently lower production and operating and support costs and which might be fielded sooner.





Risks in achieving both performance and aggressive costs goals must be clearly recognized and actively managed through continuing iteration of cost/performance/ schedule/risk tradeoffs, identifying key performance and manufacturing process uncertainties and demonstrating solutions prior to production.  Risk reduction through use of mature processes should be a significant factor in source selection, since the production cost objective can only be achieved by demonstrating and bringing to maturity key manufacturing processes.  Whereas DoD has traditionally managed performance risk, there must be an equal emphasis on managing toward cost and supportability goals.  Cost and risk management involves constructing a plan and schedule of events and demonstrations to verify solutions to cost/risk problems.  It further involves unit procurement and O&S cost tracking models that will update cost predictions based on observed events and metrics as program progress.  Table 1 contains examples of illustrative cost factors and indicators that can contribute to assessing cost objective achievement.�



Factor�
Indicators�
�
- Design Simplification (Mission/Complexity)�
- Mission simulation complete


- 80% solution analysis complete�
�
- Mature Manufacturing Processes (Cost/Yield)�
- Scaleable process demonstrated


- Statistical process controls in place�
�
- Technology (cost trends, cost/performance)�
- Product available


- Market prices established�
�
- Effective Integration (Errors/Redesign)�
- 100% 3-D product model exists


- Test articles available


- Software available�
�
- Commercial Processes and Components (Cost/Performance)�
- Environmental suitability established


�
�
- DoD Prototype�
- Integration verified�
�
- Elimination of (unnecessary) DoD Unique Business Practices�
-Low-cost business processes employed�
�
�
�
�
Table 1.  Illustrative Factors and Indicators in Reducing Cost Risks





Incentives For Achieving Cost Objectives.  We should motivate higher-level managers, program managers and industry to innovate and accept increasing risks, and then reward them for achieving their objectives.  Most importantly, we must not penalize them if failures occur, despite best management efforts.  We also must promote Congressional acceptance of this new way of doing business, even though open identification of risks might be used by those opposed to a program.  Two new incentives concepts are also outlined below.





- Motivating Government Managers:  In the past, guidance to program managers have frequently not stressed up-front investments to minimize production and O&S costs.  In the early phases, the program manager needs the encouragement of the users, CAEs and DAE to accept risks associated with aggressive cost objectives, and promotion policies must recognize and reward good tries as well as successes.  Headquarters must accept risk taking (while promoting risk management) when the potential payoffs are high.  In the later phases, the DAB and Component reviewers should enforce all aspects of life-cycle cost reduction, with increasingly specific exit criteria (identified in Acquisition Decision Memoranda) as the program evolves.





Effective top-level management should motivate managers and workers at every level to perform as desired by clearly identifying objectives and by fostering a positive "can-do" attitude from top to bottom.  Promotion policies, awards and other formal recognition are important in providing feedback that jobs have indeed been done well.  However, by far the best incentive for government managers is an environment that promotes goal setting, teamwork, and recognition of accomplishments from the management chain.





- Motivating Industry:  Motivating and incentivizing industry must center primarily on ensuring competition to win business along with attendant business profit in all phases of a program's life cycle.  Current practices frequently provide little or no industry incentive to reduce long-term costs to the government.  Source selections all too frequently emphasize (near-term) performance, with less attention given to life-cycle costs.  However, contractually incorporating production and life-cycle cost objectives and providing for a sharing of the savings when costs come in below objectives creates a "win-win" situation for all.  The following tools and techniques are available to motivate contractors to reduce costs:





- Competition:  At both prime and sub-tier levels, the government should use competition for as long as reasonably possible.  The government has maximum cost leverage when there are competing concepts or producers.  In many cases, this means continuing competition as far into the acquisition cycle as practical and affordable, keeping open the option of re-starting competition in the production phase.  (This must be planned for early in the acquisition process.)  Therefore, cost objectives should be included in all RFPs, and the government should apply the results of cost/performance tradeoffs in contracts early in the process, preferably before down-selection.  For industry, the early incentive is to win the business through the most credible solutions to the RFP problem statement that appear capable with acceptable risks of achieving specified cost objectives.  Thus, contractors should be encouraged by program managers to incentivize sub-tier vendors to assist in cost reduction efforts, both through competition and other incentives.





Maximum use of open systems concepts at all levels can greatly facilitate having opportunities for continuing competition throughout program lifetime.





When it is no longer practicable to maintain real competition for a system, some of the benefits of competition can still be obtained through competition among acquisition programs within the same mission area for available funds in the PPBS process.





- Shared Savings Incentives:  Value Engineering provides rebates of substantial percentages of savings to the contractor.  Current obstacles to the use of value engineering include long administrative approval times and concerns over the possibility of product gaming.  Judicious setting of objectives and thresholds under CAIV are needed to overcome these obstacles.





- Contract Incentives:  Well-structured contracts and well-designed contract incentive clauses are key in focusing contractor attention on cost reduction.  The following considerations apply in the different stages of acquisition:





-- Development:  In early design with multiple concepts, competition is the government's strongest tool.  The design and development contracts should include cost objectives for production and life cycle costs and require the accomplishment of cost/performance tradeoffs.  The source selection criteria communicated to industry should reflect the importance of developing a system that can achieve stated production and life cycle cost thresholds.  We need credible models to track projected unit production cost and O&S costs through development and into production.





-- Production:  A focus on first production lot quantities removes the effect of later quantity changes and can emphasize initial quality.  When appropriate, an arrangement should be included in the contract that provides the contractor with a share of the cost savings for bringing the program in at or below objective price.  Care must be taken not to sub-optimize the first production lot cost at the expense of O&S costs.  For later production lots, the objective is to incentivize continued cost reduction throughout the production phase.  When practicable, as discussed above, competition can be introduced if unwarranted price increases occur.  Other tools that would further reduce costs during production include multi-year procurement contracts, component breakout, and value engineering-type clauses.





O&S:  Incentives during early production and follow-on could be in the form of repair warranties with the contractor, or alternatively (possibly deferred payment) incentive fees could be tied to the R&D or production contracts.  Since O&S costs are not easily measurable in the early stages of the acquisition process, incentives to reduce O&S costs may require a (validated) model that relates specific design parameters to measurable and predictable O&S costs.  Reliability and maintainability characteristics, which are more readily measured and projected, might serve as early indicators of progress towards meeting O&S cost objectives.  In any event, DoD needs better cost models for the O&S phase of our programs.  We face the challenge that CAIV may involve incentivizing savings and cost avoidances that will only be realized in the more distant future.





A catalog of contract incentive techniques is being developed and will be made available on-line in the Acquisition Deskbook.  Systematic analyses of successful techniques for incentive design at each stage of the process is necessary.





- Incentives for Fielded Systems.  Two new programs should be implemented.  The first is to institute an awards program to recognize valuable suggestions toward reducing life-cycle costs.  A board will be established to review nominations for the awards, which should be made at least annually.  A second new incentive program would be established to encourage Component funding of high-leverage proposals for investments to reduce future life-cycle costs.  Annually, the proposals should be ranked by projected, validated return on investment, risk, and other considerations.  Participants from both Government and industry should be encouraged to compete for these resources.  A suitable mechanism to fund as many worthy proposals as possible should be implemented.








Metrics and Observables.  It is critical to CAIV that the process of setting cost objectives begin as early as possible.  The ability to set and achieve aggressive cost objectives depends significantly on early tradeoffs in performance versus costs.  Metrics and observables are needed for an overall assessment of progress in applying CAIV to a collection of programs; to DAE/CAE oversight of CAIV implementation; and to execution of the program. Illustrative metrics and observables are shown in Table 2.  In general, these identify important and observable steps which should be implemented in setting aggressive production and O&S cost objectives and then managing for their achievement.  In some cases, quantitative metrics may be applied, indicated by the parentheses at the end of a process step.  Specific risk reduction steps for manufacturing, performance, manpower utilization, etc., should be addressed by other metrics and observables.  Implementation should be tailored for specific programs.





Are cost objectives defined and consistent with requirements programmed and projected�
- Out-year resources identified? ($)


- Production and O&S cost objectives fiscal resources?    included in the RFP?


- Key tradeoff issues addressed? (e.g., in COEA)�
�
Is DoD managing to achieve cost objectives?�
- RFP contains a strict minimum number of 	performance specifications? ( # )


- CP-IPT functioning; tradeoff space identified in program baseline and RFP?


- Risks to achieve cost objectives identified and program steps to address these defined?  (risk plan)


 - Incentives for achieving cost objectives included in the RFP and contract?  (% relative to total contract $'s)


- Mechanism for contractor suggestions to reduce production and O&S costs in place and operating?


- Allocation of cost objectives provided to IPTs and key suppliers


- Measurement and estimation of reliability and maintainability


- Robust contractor incentives plan in place?�
�
Are contractors managing to achieve cost�
- Providing appropriate tools for cost- objectives?  performance tradeoffs (including incentives for corporate management) and participates in cost-performance tradeoff process


- Identifying (and when appropriate implements) new technologies and manufacturing processes that can reduce costs


- Identifying procedural/process impediments to cost reduction measures


- Establishing strong relationship with vendor base, including sound incentives structure�
�
�
�
�
Table 2. Illustrative CAIV Metrics and Observables





Summary.  In summary, the group proposes a new, top-down emphasis that integrates already-initiated and proposed acquisition process improvements with existing proven practices.  A major finding by the group in conducting this review was that, while few additional innovations could be found, integration and strengthened implementation of existing policies and processes, as discussed in this paper, should achieve the objectives of cost as an independent variable for the Department.
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General Program Goals:  Every acquisition program shall establish program goals for the minimum number of cost parameters that describe the program.  These program goals shall be identified as objectives and thresholds.  The cost parameters shall be limited to Research, Development, Test and Evaluation (RDT&E) costs; procurement costs; military construction costs; the costs of acquisition items procured with operations and maintenance funds, if applicable; total quantity (to include both fully configured development and production units); average unit procurement cost (defined as the total procurement cost divided by total procurement quantity); program acquisition unit cost (defined as the total of all acquisition related appropriations divided by the total quantity of fully configured end items); and any other cost objectives designated by the MDA, (e.g., life-cycle cost objective); all in base year dollars.





As the program progresses through later acquisition phases, procurement costs shall be refined based on contractor actual (or return) costs from program definition and risk reduction, engineering and manufacturing development, or from initial production lots.  In all cases, the cost parameters shall reflect the total program and be realistic cost estimates, based on a careful assessment of risks and realistic appraisals of the level of costs most likely to be realized.  The amount budgeted shall not exceed the total cost threshold estimated in the APB.  For ACAT IA programs, the ACAT I cost parameters apply, with the addition of military pay and Defense Business Operations Fund (DBOF).





Affordability/CAIV:  Milestone decision authorities should assess the affordability of a proposed new acquisition program at Milestone I.  The difference between cost and affordability are clear:  cost is a deterministic product at an instant in time while affordability is a process, requiring an open mind to new opportunities.  Areas for affordability consideration include:  design, manufacturing process, management, and average unit price.  In each area one should analyze cost sensitivities and look for opportunities such as flexible approaches, use of existing assets/ infrastructure, and cooperative efforts.  Cost As an Independent Variable (CAIV) life cycle-based objectives are normally established at this milestone and refined and updated at subsequent milestones for an Acquisition Category (ACAT) I program.  Similar objectives for ACAT II and III and highly sensitive classified programs should be established at this point.  The acquisition strategy shall address methodologies to acquire and operate affordable DoD systems by setting aggressive, achievable cost objectives and managing achievement of these objectives.  Cost objectives shall be set to balance mission needs with projected out-year resources, taking into account anticipated process improvements in both DoD and defense industries.





Upon approval of a MNS, an approach shall be formulated to set and refine cost objectives.  By program initiation (usually Milestone I), each ACAT I and ACAT IA PM shall have established life-cycle cost objectives for the program through consideration of projected out-year resources, recent unit costs, parametric estimates, mission effectiveness analysis and trades, and technology trends.  A complete set of life-cycle cost objectives shall include RDT&E, production, operating and support, and disposal costs.  At each subsequent milestone review, cost objectives and progress towards achieving them shall be reassessed.





Cost/Performance Tradeoffs:  The best time to reduce life-cycle costs is early in the acquisition process.  Cost reductions shall be accomplished through cost/performance tradeoff analyses, which shall be conducted before an acquisition approach is finalized.  To facilitate that process, the Overarching IPT (OIPT) for each ACAT I and ACAT IA (as required) program shall establish a Cost/Performance IPT (CPIPT).  The user community shall have representation on the CPIPT.  Industry representation, consistent with statute and at the appropriate time, shall also be considered.  The threshold value for cost shall be the objective value plus 10 percent.  Cost and performance may be traded-off within the range between the objective and the threshold (known as the "trade space") without obtaining MDA approval.  Trade-offs outside the trade space may not be made without the approval of the MDA and ORD approving authority.  In addition, key performance parameters validated by the JROC or by a Principal Staff Assistant (PSA) may not be traded-off without JROC approval or PSA review (See the task, "Refine Performance Parameters").





The CPIPT (normally led by the PM or the PM's representative) shall be empowered to recommend to the PM performance or engineering and design changes as long as the threshold values in the Operational Requirements Document (ORD) and APB can be achieved.  If the changes require ORD/APB threshold value changes, the leader of the CPIPT shall notify the PM and the OIPT leader.  The PM shall ensure that the changes are brought before the ORD and/or APB approval authorities for decision.  The CPIPT shall have responsibility for integrating and evaluating all cost performance trade-offs analyses conducted.





Cost drivers and alternatives are identified and analyzed.  Further, the costs of the design approach(es) should also be analyzed as a function of risk and the expected increase in operational capability.  This Analysis of Alternatives (AOA) should provide comparisons of the alternative design approaches and should be the principal basis for establishing or updating Cost as an Independent Variable (CAIV) life cycle-based objectives.  Possible cost-saving changes that affect key Operational Requirements Document/Acquisition Program Baseline (ORD/APB) performance parameters should be reviewed by the appropriate Integrated Product Team (IPT).  Cost, schedule, and performance trade-offs will be made as a result of this analysis.  The affordability constraints and CAIV life cycle-based objectives established at Milestone I should be used in evaluating the results of the analysis.





Maximizing the PM's and contractors' flexibility to make cost/performance tradeoffs without unnecessary higher-level permission is essential to achieving cost objectives.  Therefore, the number of threshold items in requirements documents and acquisition program baselines shall be strictly limited, the threshold values shall represent true minimums, and requirements shall be stated in terms of capabilities, rather than technical solutions and specifications.  RFPs shall include a strict minimum number of critical performance criteria that will allow industry maximum flexibility to meet overall program objectives.  Cost objectives shall be used as a management tool.  The source selection criteria communicated to industry should reflect the importance of developing a system that can achieve stated production and life-cycle cost thresholds.





Contract Approach: The acquisition strategy shall discuss the types of contracts contemplated for each succeeding phase, including considerations of risk assessment, reasonable risk-sharing by Government and contractor(s), and the incentive structure for contractors to decrease cost.  The strategy shall specify if options are to be used for future requirements.  Fixed price development contracts of $25 million or more or fixed price type contracts for lead ships shall not be used without the prior approval of the USD(A&T).  Multiyear contracting shall be considered for full rate production and implemented when the requirements of  are satisfied.





Cost Management Incentives:  RFPs shall be structured to incentivize the contractor to meet or exceed cost objectives.  Whenever applicable, risk reduction through use of mature processes shall be a significant factor in source selection.  For industry, competition to win business, along with attendant business profit, is by far the most powerful incentive.  Therefore, competition shall be maintained for as long as practicable in all acquisition programs.  Incentives shall be applied to both Government and industry to achieve the objectives of cost as an independent variable.  Awards programs (both monetary and non-monetary) and "shared savings" programs shall be used creatively to encourage the generation of cost-saving ideas for all phases of life-cycle costs.  Incentive programs shall target both individuals and teams in both government and industry.  Incentives shall stress up-front investments to minimize production and/or operation and support costs, where applicable.





Unit Cost Reporting:  unit cost reporting is required to be provided to the Component Acquisition Executive (CAE) on a quarterly basis, and is included in the Defense Acquisition Executive Summary.  The report includes the current program acquisition unit cost estimate, the cost and schedule variances in dollars of the major contracts since the contract was entered into, and any changes reflected in the currently approved APB.
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SBIRS:  Setting the Operational Requirements





	The establishment of a set of valid operational requirements is the most important process in the early stages of an acquisition program for maintaining cost and schedule control. The Space Based Infrared Systems (SBIRS) Operational Requirement Document (ORD) will be submitted for final approval in June 1996.  The schedule for coming to requirements closure is shown in Figure 1.
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Figure 1:  Schedule for Requirements Resolution





	The figure shows the trumpet representing the convergence of the performance requirements to a set of affordable and useful requirements by System Requirements Review (SRR).  The width of the open end of the trumpet represents the wide range of  performance requirements levied on SBIRS to cover four different mission areas:  Missile Warning, Missile Defense, Technical Intelligence and Battlespace Characterization.  It also represents the range of performance capability that is possible with current or projected technology.  A compromise on these requirements was necessary to define an affordable system.





	Two competing contractor teams, led by Lockheed Martin Missile Systems and Hughes Aircraft Company, participated in the requirements resolution process.  In a COEA-like process, they were tasked to perform trade studies to determine the costs of meeting or exceeding requirements and to determine which requirements would be the most stressing on the system and the budget.  The scopes of the trade studies were agreed upon through a government/contractor IPT process and involved evaluating several possible system architectures to meet a range of requirements.  The government's role in the closure process was to determine the military utility of the requirements in the trade studies and to trade those utilities against the costs to provide an affordable set of requirements.  Two Interim Progress Reviews (IPRs), scheduled to evaluate the contractors'progress, served as milestones for the contractors to reduce their candidate architectures.  After SRR in February 1996, the contractor teams will proceed into functional design activities with downselect to a single EMD contractor to occur in the fall of 1996.





	The organizational structure used to carry out the SBIRS requirements closure process is shown in Figure 2.  The Joint Requirements Oversight Council (JROC) was the approval authority for the SBIRS Capstone Requirements Document (CRD) and serves the same function on the final SBIRS ORD.  A Senior Warfighters Forum, on the two- to three-star level, was used in place of the AFROC to get consensus prior to JROC review.  The Requirements Review Group (RRG), an O-6 level group, was tasked with requirements oversight, including coordination on a final SBIRS ORD for submission to the JROC.  RRG membership includes the SPO, AFSPC and many User representatives.  The Concept Action Group (CAG) was an action officer level group whose representation mirrored the RRG.  The Requirements/Systems Engineering IPT (R/SE IPT), at the bottom of the chart, was predominantly manned by the SPO and AFSPC with its membership representing the contractor IPTs and working groups working a myriad of program issues.  Of particular interest in the requirements closure process was the Joint Requirements Working Group (JRWG), which was created as subelement of the R/SE IPT.





	The JRWG, made up mostly of SPO members and personnel from both contractor teams, was the gateway from the contractors to the government for raising requirements issues.  As the trade study results showed that some requirements were too risky or expensive to obtain, the JRWG identified the requirements and developed suggestions for affordable alternatives.  Contractors were also allowed to bring issues directly to the R/SE IPT if they were competition sensitive.  Requirements clarification issues were resolved within the JRWG, while ORD changes were raised to a higher level by first presenting the issue to the CAG to come to resolution on a change recommendation, and then presenting it to the RRG.











Figure 2.  SBIRS Program Execution Structure





	Communication was a key consideration in making this process work.  Prior to IPR 2, the R/SE IPT met with each of the contractor IPTs on a weekly basis to answer questions about the scope of the trade studies and the requirements.  The CAG scheduled monthly meetings to allow both the contractor and government personnel to raise issues more rapidly and resolve them quickly, critical to the fast track program schedule.  The use of the CAG and RRG, to ensure User representation in the process, provided a forum for issues to be presented to the entire defense community and to gain broad consensus on resolution.  Full advantage was taken of electronic communication to transfer reference documents, recommendations and feedback between the contractors and the government.





	With these mechanisms in place, 279 requirements issues still remained unresolved after IPR 2, issues concerning the CONOPS as well as the ORD.  Communication was not the problem; all the parties concerned were intimately familiar with the issues.  The problem was reaching a consensus. With the diversity of missions and users, there was disagreement on which requirements could be relaxed to bring the projected costs within the guidelines of the FYDP.





	In late December, a new strategy was employed in which the SPO and AFSPC itemized each of the 279 issues and categorized them according to the decision authority needed.  Cost and utility of each alternative resolution of each issue were defined and meetings were held with User stakeholders in each issue to come to resolution in smaller groups.  A CAG meeting was scheduled in mid-January with an RRG the next week, followed by a Senior Warfighters Forum at the end of the month.  For issues that could be resolved at the R/SE IPT level, solutions were presented to the CAG.  For those that required RRG approval, proposed solutions were presented to the CAG for coordination.  The same process was used at the next level for the RRG and the final recommendations were presented to the Senior Warfighters Forum.  At the end of the month all 279 issues were resolved.  The revised ORD was transmitted to the contractors and both teams completed a successful SRR in February.





Discussion





	Several elements were in place to allow requirements closure to take place so quickly in January.  First, because of the IPT structure, all the participants were very familiar with the issues and with each other.  No new issues were raised, at any level, to stop the process at the "eleventh hour."  Second, previous government trade studies from the SBIR SPO had provided a good understanding of the "costs of the requirements" for the system.  The SBIRS Architecture Study completed in 1994 provided a reasonable requirements baseline and identified stressing requirements, so no extreme requirement changes were needed and the changes that were needed were not surprises.  A forcing function was provided by scheduling the Senior Warfighters Forum at the end of January.  Finally, and most importantly, there was the people involved.  The expertise of SPO contractors, combined with the dedication of everyone involved kept the consensus process moving forward even when it seemed to be going in circles.  While this method worked well and requirements closure was reached, the process was evaluated for possible improvements.





	Some difficulty in reaching consensus on requirements closure among government agencies should be expected, but some could have been avoided if all participants accept their new acquisition roles.  As a source of system requirements, each User representative should be very reluctant to relax requirements that affect their mission, but, under the new paradigm, they must also be able to defend their needs.  They could be considered advocates for system requirements and not just sources of requirements. In the advocacy role, they must convince other User representatives of the utility of their requirements to gain consensus.  Also, under the Cost as an Independent Variable (CAIV) philosophy, requirements must be tradable to obtain an affordable system, which raises questions  like "What is the value of your requirement over someone else's?" and "How long should you hold out before trading your requirements to maintain cost?"  Answers to the questions vary with each User according to their mission.   The process was not easy but in the end, the product of this debate was a set of requirements that provides a "best value" system.





	The closure problem was compounded by the number of missions assigned to SBIRS and the acquisition strategy.  As stated earlier, SBIRS missions fall into four categories:  Missile Warning, Missile Defense, Technical Intelligence, and Battlespace Characterization.  These categories can be further broken down according to whether a mission is strategic or tactical. With this wide range of missions, SBIRS had a wide range of Users and highly populated meetings.  With the large number of people and the diversity of concerns, it was difficult to discuss the details of specific requirements trades, which was sometimes needed to make decisions.  There was a tendency for CAG members to break off into side sessions to discuss the issues.  The January meetings basically took care of the side sessions prior to the CAG so that the CAG, as a whole, could come to resolution on many requirements issues.





	The closure process was further complicated by the identification of Key Threshold Requirements.  Key Threshold Requirements were specifically identified in the ORD as those which the system must be able to meet to be an acceptable replacement for the Defense Support Program (DSP).  The SBIR System consists of a "High" constellation for viewing targets against an earth background and a "Low" constellation to view targets against space.  In the acquisition strategy of  buying the "High" SBIRS constellation now and the "Low" later, all key requirements must be met by the "High " constellation.  Because some requirements were unaffordable or impossible for the "High" system, they could not be identified as "Key" even if they were considered important to the entire SBIRS.





	The contractors also had some difficulty with their new role in this acquisition.  During the pre-SRR period, the contractors' role, in the costs versus utility trade process, was to provide trade studies showing the costs of meeting ranges of requirements.  As shown in Figure 1, the requirements trade space was expected to be wide initially and gradually narrow to a final set of requirements at SRR.  The contractors were, however, reluctant to keep the trade space as wide open as the government initially expected, especially when they deemed part of the trade space unaffordable.  While this may have been seen as saving the government effort, it may have added to the difficulty in reaching consensus.  The Users needed to see proof that their requirements were unaffordable, not just the word of the contractors.  Conversely, the contractors entered the functional design phase after SRR, in which they have three months to develop their final design, so there was little time to analyze potentially unacceptable architectures.





	The time crunch on the contractors and the Users was exacerbated by scheduling IPRs a little over one month apart in late October and early December.  Even though they were not contractual reviews, the IPRs were treated as major milestones, requiring a great deal of preparation.  While using the IPRs as milestones forced progress on the system development, it also took away from the contractor time that might have been used to complete more trade studies.





	Final requirement closure was reached because of heroic efforts in preparation for the January Warfighter Conference, but this accelerated process was not ideal.  Reaching consensus on such a large number of issues in a short time increases the risk that some details may fall through the cracks.  Each time a solution is raised to a higher management level, less details are presented such that if details are lost at a low level, they will not be recovered.  The risk is that, in the future, some Users will take issue with some of the requirements that have been closed and slow down the SBIRS acquisition process.  A solution is to make sure that everyone understands all the issues at all levels, which requires time, manpower and feedback from all participants.  In this program, time is limited and manpower is being reduced in the program office, so more responsibility falls on the Users to make sure that they understand all the issues and resolutions.
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