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Abstract





�
A new way of business, Cost as An Independent Variable (CAIV), is taking shape in Department of Defense (DoD) Acquisition.  The policy to implement CAIV was established by Undersecretary of Defense for Acquisition and Technology to place more emphasis on cost containment.  The goal of CAIV is to shift the paradigm from “more performance is better” to “an affordable balance between cost and performance is better.”  In the past, perceived cold war threats drove DoD system acquirers to emphasize performance over cost and schedule.  While DoD has always strived for “best value” and to get the most “bang for the buck,” the focus to provide more performance to counter the Soviet threat has led to significant cost growths and schedule delays in many major weapon system procurements.  CAIV is a sound business practice that will help contain program cost growth.





The Space Based Infrared System (SBIRS) High Component program was designated a Flagship program for CAIV by the Air Force.  SBIRS High had already been leading the way in evaluating cost versus military utility for the system requirements and design.  Similar to the tenets of CAIV, SBIRS High was evaluating cost-performance tradeoffs during the Pre-Engineering, and Manufacturing Development (Pre-EMD) phase of the program.  For SBIRS High, CAIV has already significantly reduced costs through performance trade-offs and competition.  Strong management practices implemented by both the contractor and government enforce the CAIV principles and should lead cost containment for SBIRS High.





This paper serves to provide examples for other programs to use in their implementation of CAIV.  The paper addresses how SBIRS High implemented each of the CAIV principles listed below:





Establishing cost performance trade-offs;


Setting realistic but aggressive cost objectives early in the acquisition;


Managing risks to achieve cost, schedule and performance objectives;


Motivating government and industry leaders to achieve cost objectives; and


Devising appropriate metrics for tracking progress and achieving cost objectives.
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�
Introduction





In the past, perceived cold war threats have driven Department of Defense system acquirers to emphasize performance over cost and schedule.  While the Department of Defense has always strived for “best value” and to get the most “bang for the buck,” the focus to counter the Soviet threat has led to significant cost growths and schedule delays in many major weapon system procurements.   With the end of the cold war and diminishing defense budgets, a new way of business needs to take shape in defense acquisition.  This new way of doing business, known as Cost as An Independent Variable (CAIV), was established by Undersecretary of Defense for Acquisition and Technology in his 19 Jul 95 memorandum, Policy on  Cost-Performance Trade-offs and his 4 Dec 95 memorandum on Reducing Life Cycle Costs for New and Fielded Systems. 





At first glance, CAIV would appear to be an oxymoron.  Cost is not truly an independent variable.  Cost is highly dependent on many programmatic variables, especially system performance and schedule.  However, upon further examination of the goals and objectives of CAIV, one realizes that cost can be made independent with strong user, SPO, and contractor emphasis.  Further, identifying and managing to cost constraints is a sound and reasonable business practice.





The primary goal of CAIV is to place more emphasis on cost containment while ensuring the true needs of the warfighter are being met.  Once a program’s initial cost, schedule, and system performance trade-offs are complete and baselines are set, cost becomes a more significant driver in changing the baseline.  Impacts to cost become more of a factor in decision making with further trades focusing on system performance and schedule trade-offs, within acceptable limits.





Key to the CAIV approach is strong user involvement in the requirement determination process and setting and adjusting of program goals, including cost goals, early in the program.  The process to achieve CAIV objectives includes:





Establishing cost performance trade-offs;


Setting realistic but aggressive cost objectives early in the acquisition;


Managing risks to achieve cost, schedule and performance objectives;


Motivating government and industry leaders to achieve cost objectives; and


Devising appropriate metrics for tracking progress and achieving cost objectives.





The Space Based Infrared System (SBIRS) High Component program was designated a Flagship program for CAIV by the Air Force.  SBIRS High had been already leading the way in evaluating cost versus military utility for the system requirements and design.  Similar to the tenets of CAIV, SBIRS High was evaluating “Affordability” during the Pre-Engineering, and Manufacturing Development (Pre-EMD) phase of the program.  





SBIRS High is a $10B LCC, $2B EMD program to field the next generation Infrared missile warning satellite system.  While strategic missile warning is the primary mission; SBIRS High significantly contributes to missile defense, technical intelligence and battlespace characterization mission areas.  





The EMD program, approved by the Defense Acquisition Board in Oct 96, includes development and fielding of ground and space segments.  The ground segment will be fielded in three increments.  The first increment will consolidate existing ground assets that support the Defense Support Program (DSP) by the end of Sep 99.  The second increment will be fielded in 2002 to support the new SBIRS High satellites.  The third increment will be fielded in 2004 to support the new SBIRS Low satellites.  The SBIRS High space segment consists of four IR satellites in a geosynchronous (GEO) orbit and two IR sensors in a highly elliptical orbit (HEO).
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The first GEO satellite will be launched in 2002.  The first HEO IR sensor will be delivered to separate host satellite in 2001 to be integrated and launched at a later date.  The total life cycle buy planned through the year 2020 is nine GEO satellites and six HEO sensors.





A search of the literature on CAIV yielded no comprehensive descriptions of how other programs have implemented CAIV.  This paper describes the successful SBIRS High implementation of  the CAIV principles and serves to provide examples for other programs to use in their implementation of CAIV.





SBIRS High Implementation of CAIV





Cost-Performance Trades:  Affordability was the driving factor





The SBIRS High dilemma was that although the program had Joint Requirements Oversight Council (JROC) validated performance requirements, there was not enough funding to satisfy all user requirements.  Requirements satisfaction had to be constrained by fiscal reality if an affordable program was to move into EMD.  Alternative concepts of requirement satisfaction were evaluated, trading off
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military utility against cost to obtain a balance, or “affordable system performance.” 


 


The SBIRS High cost performance trade process began at the Pre-EMD contract award kickoff reviews with many contentious requirements issues and architectural options.  The goal of the process was to establish a clear set of performance requirements which could be met within the existing government budget profile.  Constraining the problem was an aggressive 15 month schedule to meet a Defense Acquisition Board Milestone Review and a large constituent of user communities.
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As the program approached the System Requirements Reviews, the contractors identified the key cost driving requirements.  and the costs of achieving each key requirement were mapped against system performance for a set of reasonable system options.  From this analysis, the government Requirements and Systems Engineering Integrated Product Team (IPT) was able to evaluate whether any increase in costs were justified by military utility of the increase in performance.  In addition, the IPT assessed risks and schedule impacts for each of the proposed system options to ensure that the system was not only affordable, but also the costs were reasonable and achievable.
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Each of the key system performance requirements were evaluated and a complete set of system requirements which met the available program funding was established. The result of the process was briefed to and approved by the SBIRS Senior Warfighters Forum and the JROC for final approval of the system requirements.
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This is only a simple version of the process as requirement impacts and synergistic effects were also evaluated and all requirements were open to this military utility/cost trade, not just the driving requirements.  The outcome of this process was a resounding success and led to a set of requirements which, while less stressing than the original set of JROC approved requirements, were fully supported by the users and will provide a significant military capability within the budget established by DoD.  





Affordable system performance for SBIRS was only achieved through a strong commitment to the Integrated Product Team (IPT) process which included the two competing Pre-EMD contractors, the users and the SPO.  Strong user involvement was essential to the requirements trade process.  User involvement will be maintained throughout the life of the program to ensure the old paradigm, more performance is better, does not lead to requirements creep and cost increases. The highly successful requirements review process will continue to be used as new threats evolve and new performance requirements are identified.  Also, as the architecture evolves and the SBIRS Low component is fielded, further trades between the High and Low components will continue using this same process to ensure an affordable solution that continues to meet warfighter needs.





In addition to the Pre-EMD affordability trade-offs, Lockheed Martin Missiles and Space Systems (LMMS), the selected EMD contractor, was given maximum flexibility and incentives to perform additional cost-performance trades.  For the EMD effort, the only requirements specification that is contractually binding is system performance specification or “A-Spec.”  LMMS is strongly incentivized to make further refinements to their system design and in their requirements allocation process to further reduce costs, without government approval.  However, these trades must not affect the overall system performance specified in the A-Spec.  Changes in the A-Spec must be approved by the government.   LMMS, through the Total System Performance Responsibility (TSPR) contract clause, has overall responsibility to ensure the system meets the contractually specified performance requirements.  The eventual system design selected to meet these requirements is the sole responsibility of LMMS. 





This design flexibility is also enhanced by use of company and commercial standards and practices in lieu of military specifications and standards.  Configuration control of these documents is maintained by LMMS and is tied to the contract through the Integrated Master Plan.  For the SBIRS High contract, only two military standards were specified by the government, one for  management and one for logistics.  Nine other government documents are  contractually binding.  These include the system performance requirements and interfaces control documents for existing ground facilities and a host satellite.  All the process control documents for design, manufacturing, integration and testing are within control of the contractor. 
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To implement TSPR and maintain a strong user presence, SBIRS High has fully implemented the Integrated Product Team (IPT) concept.  LMMS is the lead for all the product and process teams, except for the government management and requirements review IPTs.  The government, including the SPO and user representatives, are integral members of each of the contractor IPTs and actively participate in the decision making process.  However, sole responsibility for accepting and implementing the decisions rests with LMMS.  Through active participation in IPTs, government insight is maintained with minimal costs to support contractor reporting requirements.  
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Working in parallel with the contractor-led IPTs, senior government-led IPTs also significantly influence the CAIV process.  The Overarching IPT, which includes OSD and Air Staff representatives, oversees the program execution and ensures decisions made by the Defense Acquisition Executive, including the CAIV implementation plans are properly managed.  A CEO board, chaired by the Assistant Secretary of the Air Force for Acquisition, with General Officer-level  representation from the Deputy Undersecretary of Defense (Space), Air Force Space Command, Air Force Materiel Command and the Program Executive Officer and CEOs from the lead contractors, meet quarterly to review program progress toward cost, schedule and performance objectives.  Finally, a Senior Management IPT, consisting of the SPO program manager, LMMS program manager, and Air Force Space Command Director of Requirements reviews program progress, with special emphasis on controlling requirements changes.
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Setting early, aggressive cost goals





The initial program cost goals were set as part of the 1994 Infrared (IR) Summer Study.  The Summer Study evaluated ongoing National and DoD IR satellite programs to develop a single space-based IR architecture for four mission areas: missile warning, missile defense, technical intelligence and battlespace characterization.  As a result of the Summer Study a baseline architecture and program budget was established.  This was the starting point for the Pre-EMD affordability trades discussed above.
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At that point in the program, the funds budgeted for the program were insufficient to meet all user requirements in the four mission areas.  This led to the Pre-EMD affordability trade studies discussed above which achieved a proposed requirements set which could be met within the existing budget.  After completion of the Pre-EMD effort, both contractors bid their proposed solutions to meet the revised requirements set.  This led to two new, lower cost goals:  the government’s estimate of what it would cost to implement the winning contractor’s (LMMS) proposed system and the contractor’s proposed contract price.  Further, as part of the EMD contract, LMMS is incentivized through the Award Fee and Corporate Commitment Plan (AFCCP) to further reduce the cost of the program.  
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The SPO’s assessment of LMMS contract costs is that the costs are both aggressive and achievable.  LMMS’ estimate was slightly less than the government’s most probable cost estimate for EMD.  However, with LMMS’ low to moderate technical risks, aggressive risk mitigation  plans, and strong award fee incentives and potential penalties, the costs are believed to be achievable.





LMMS is committed, and incentivized, to further reduce total program costs.  To meet the criteria to achieve 100% of the award fee, they must show a positive cost variance and substantiate LCC savings, as well as meet key schedule milestones and achieve the system performance they specified.  To do this, LMMS has set CAIV goals for reduction of their average recurring cost of the first three satellites to 90% of their Best and Final Offer proposal cost estimate.  The cost reduction goals have been allocated at the fourth level space segment Work Breakdown Structure (WBS) which includes all the major subsystems of the spacecraft and IR sensors and the space vehicle integration, assembly and test.  This additional 10% reduction, on top of the slight difference from the government’s estimate, sets a very aggressive, yet achievable EMD cost goal.





As stated earlier, LMMS is continuing to trade their system design concepts to reduce costs and still meet the specified system performance requirements.  Further, they are focusing technology enhancements to improve materials and manufacturing processes to reduce costs.  To this end they have contractually committed a significant amount of corporate investments to reduce costs, as well as, further reduce technical risks.





Managing risks to achieve cost, schedule and performance objectives 





For the SBIRS High program cost and risk management have been closely integrated.  Prior to the downselect, the contractors and SPO jointly identified the key program risks.  During the downselect evaluations an innovative tool, Cost-Risk Identification and Management System (CRIMS), was used to assess the cost implications of schedule risk and technical risk associated with each of the identified risk items.  This quantification of cost risk was integrated into the cost estimation process and used to support a downselect decision that balanced risk with performance and cost.  This innovative cost risk approach was also used in the cost estimation to support the Defense Acquisition Board Milestone II review.





�





LMMS’ risk management approach includes a comprehensive risk assessment process which addresses the maturity of the technology, design and manufacturing processes, as well as schedule and resource availability.  LMMS assessed each of the Pre-EMD identified risks and established risk mitigation plans for each risk item.   Risk mitigation tasks taken from the plans were integrated into the Integrated Master Plan; making those tasks contractually binding and subject to award fee evaluations.  





The majority of the SBIRS High technical risks are associated with the space segment.  LMMS’ technical risk mitigation approach for the space segment is to retire or reduce risks through demonstration and testing of critical  technologies and processes.  Their development approach includes building and testing of brassboards, engineering test models and qualification units prior to producing the first flight hardware.  Test results from each build are incorporated into design changes for the succeeding phases so that by first satellite delivery the government and LMMS will have confidence in the performance of the system.
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Motivating industry leaders to achieve cost objectives





The primary  motivation for the contractors to reduce costs for the SBIRS High program was competition.  Two competing contractor teams were selected for the Pre-EMD phase of the program.  Only one of these teams would eventually be selected to design, develop, produce and field the SBIRS High system, approximately a two billion dollar, ten year effort with potential follow-on production and maintenance support efforts.





The most important factor used to select the winning contractor was affordability; that is meeting all threshold performance parameters for the SBIRS High program at the lowest, realistic cost.  This did not hinder the contractors from proposing a solution which exceeded the minimum threshold values; however, the contractor had to justify any increased costs for performance above threshold with a justifiable increase in warfighter capabilities.  The affordability factor also required the contractors to propose a program that fit within the given government FYDP funding profile and also provide a reasonable life cycle cost estimate.  This life cycle cost estimate would later become the baseline LCC for the Award Fee cost reduction assessments.
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Both Pre-EMD contractors submitted proposed proposals that were slightly lower than the costs estimated by the government.  Their approaches to reduce costs included effective use of existing government equipment and commercial off the shelf products, including a derivation of an existing commercial satellite bus; commonality between the two different IR sensor payloads; use of commercial practices for manufacturing, integration and test; use of existing technologies; and recommended changes in the government’s concept of operations.  These approaches, coupled with an aggressive risk management approach led the government to believe the aggressive cost proposals were achievable.
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In addition to the competition, the government incentivized the contractors with a 20% award fee for the EMD contract.  The usual award fee for a cost plus award fee contract is 15%.  Assessment of the award fee is based on management, technical and cost factors, with 50% of the award fee based on cost management.  To achieve an “excellent” rating in the cost area, the contractor must show a favorable cost variance with no adverse impact to schedule or performance, and substantiate LCC savings.  





LMMS has flowed down the same strong contractual incentives to their teammates, subcontractors and vendors to encourage further cost reductions.  Further, they have implemented plans to incentivize individuals based on their teams’ and their individual contributions towards the program’s cost, schedule and performance objectives.





Along with the higher potential award fee comes a greater responsibility for the contractor to not only control costs; but to reduce them, in addition to meeting key schedule milestones and the system performance specification.  This greater responsibility also includes a corporate commitment and total system performance responsibility (TSPR) contractual clauses.  The corporate commitment clause requires LMMS to commit 8% of the contract value if they fail to achieve critical mission-related milestones; e.g., certification of mission readiness of the ground segment and each of the satellites. 
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In addition to corporate commitment to mission readiness, LMMS has contractually accepted TSPR.   TSPR encompasses not only all system performance requirements, but also acceptance of additional responsibilities that formerly belonged to the government.  These include system interface management, government furnished equipment sustainment, vigorous baseline and interface management and control and leadership in identifying and resolving government interagency issues.  Given this responsibility, the contractor gains  more oversight and control over these potential sources of cost growth.  This additional responsibility, coupled with an aggressive government-directed delivery date to replace the existing ground infrastructure and the CAIV objectives, was a strong and compelling justification for the increased award fee.





Devising appropriate metrics for tracking progress and achieving cost objectives





Lockheed Martin’s approach for metrics tracking includes not only cost objectives, but also software, technical performance and risk metrics and the associated cost impacts of those metrics.  As stated earlier, LMMS has set aggressive cost goals for the recurring costs of the 4th level WBS elements in the space segment.  These include all the systems engineering, integration, assembly and test functions for spacecraft and IR sensor subsystems.  A  CAIV steering committee is in place to periodically review progress towards achieving the CAIV goals.





LMMS also recognizes the cost impacts of achieving their software, technical performance and risk mitigation objectives as an integral part of their CAIV approach.  As progress is tracked towards achievement of their performance and risk reduction efforts, the associated cost impacts are also reviewed.  LMMS’ formal configuration control and evaluation process will evaluate production and life cycle cost impacts to any product design or process changes.





Conclusion





The implementation of CAIV principles is a sound business decision.  For SBIRS High, CAIV has already reduced costs through performance trade-offs and competition.  Strong management practices implemented by both the contractor and government enforce the CAIV principles and should lead to cost containment for SBIRS High. 
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