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	The Cost-Risk Identification and Management System (CRIMS) is a methodology for identifying, tracking, and storing cost-risk information and is implemented in three phases: the Relative Risk Weighting (RRW) phase, the Risk Feedback Management Strategy (RFMS) phase and the Cost-Risk Database (CRDB) phase.  CRIMS can utilized as an implementation strategy for Cost as an Independent Variable (CAIV).





	The basic feature of CAIV is to let cost be fixed and vary requirements and/or performance.  Dr Kaminski, the Defense Acquisition Executive (DAE), recently chided the Government defense acquisition community for not getting the idea yet when he said that many managers are treating the ‘C’ in CAIV as if it were a ‘KPP’ (Key Performance Parameter).  If you fix the KPP, the only thing left in the equation to vary is cost, which is not what is intended by CAIV.  That is the ‘old’ way.  The ‘new’ way is to hold cost constant (i.e. independent) and let the requirements and/or performance vary.  The genesis of CAIV in the commercial world is that firms strive to meet price targets that are determined in advance and thus are the ‘independent’ variable.  Therefore, they must figure a way to create the product with enough features that customers will like it (i.e., meets requirements and performance expectations) at a price (cost) they are willing to spend for it.  The government analog to ‘price’ is an Aggressive Cost Objective (ACO) that is set early in the life cycle (e.g., Program Definition/Risk Reduction) and aimed at production and O&S targets.  Creative energy is spent in designing a system that meets requirements and performance expectations at the ACO.  This is an iterative process and may entail re-thinking the threat and requirements as well as performance spec designs.  





	Implementation of the CAIV concept requires a structured system of cost performance such as the Cost-Risk Identification and Management System (CRIMS).  CRIMS involves first, identifying cost and cost-risk and displaying it as a range of costs associated with probability/confidence values.  This range will be much larger in earlier phases of the program’s life cycle and will narrow over time.  The ACO therefore, starts out as a range and narrows, ideally, to a point; second, using earned value systems, technical performance measures (TPMs) and other technical information to track and monitor any cost changes,  iterative re-evaluation of costs, requirements and performance is traded-off to keep on target to reaching the ACO; and third, collecting actual cost performance data for analysis, lessons learned, calibrating old models and future cost projections.  Request for Proposal (RFP) requirements and standards for systems like CRIMS can be placed in RFP Sections L and M respectively, so that offerors know to what criteria they are being held and measured.  The three phases of CRIMS are summarized below: 


 





THE RELATIVE RISK WEIGHTING (RRW) TECHNIQUE





	The Relative Risk Weighting (RRW) technique represents the ‘identification’ phase of CRIMS.  The RRW facilitates in identifying the risk in quantitative dollar terms.  The RRW technique enables qualitative assessments of technical and schedule risk to be translated into cost impacts due to risk. It incorporates risk considerations by calculating a correction to the system’s point estimate to include both technical and schedule risk drivers.  It can be used to generate the range of costs, within which the CAIV Aggressive Cost Objective falls - a wide range the earlier in the program’s life cycle the RRW technique is performed.  The steps for applying the RRW technique are identified below:





	1.  Determine the point cost estimate of a system, subsystem, or component using any appropriate estimating method (parametric model, cost estimating relationship (CER), analogy, or detailed engineering).  This will be the Cost Analysis Requirements Description (CARD) profile’s point estimate for that system, subsystem or component.  Estimates below the system level should be mapped to a work breakdown structure (WBS) or other product-oriented structure for subsequent rollup.





	2.  Establish and clearly define relevant technical and schedule risk categories which are assessed independent of each other.  Not all categories need apply to each system, subsystem or component.  Some categories will apply at the system level; others at lower levels.  Some examples are shown below:





	SYSTEM LEVEL			SUBSYSTEM/COMPONENT LEVELS


	    Schedule					Design & Engineering


	Supportability					    Manufacturing


	     Threat					      Technology


							       Integration





	3.  Establish a weighted standard against which the Most Likely Risk profile (i.e. CARD profile) of a given WBS element, along with the Pessimistic and Optimistic Risk profiles of that WBS element, can be compared. The goal is to first, weight the risk categories relative to each other and second, to develop a rating scale unique to, and within, each category.  A tool such as the Analytical Hierarchy Process (AHP), as implemented in Expert Choice software (see Fig. 1 below), will help this comparison and weighting process.  A Most Likely Risk profile is a set of ratings against the weighted risk categories for a WBS element characterized by its most likely performance specifications in the program’s CARD.  These specs should be neither optimistic nor pessimistic.  The most recent draft of Department of Defense Regulation (DODR) 5000.2-R, Subject: “Mandatory Procedures for Major Defense Acquisition Programs (MDAPs) and Major Automated Information System (MAIS) Acquisition Programs”,  paragraph 3.5.1.4 characterizes this cost-risk analysis in the following way,  “Neither optimistic nor pessimistic, but based on a careful assessment of risks and reflecting a realistic appraisal of the level of cost most likely to be realized.”
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Fig. 1





	4.  Using the weighted standard for technical and schedule risk expectations, assess each selected WBS element for technical and schedule risk as it might impact cost.  This involves rating, based on judgement, the selected WBS element profiles for risk within each category of risk against the weighted scales for each category.  Rate the risk for the planned program (CARD profile), the most optimistic profile and the most pessimistic profile.  Engineers knowledgeable in the WBS element being evaluated perform the rating.





	5.  From the rating score results calculate relative risk ratios by dividing the optimistic and pessimistic rating scores by the CARD profile risk rating score.  (Note:  By using the same scales in rating all three profiles and deriving the ratios between them, the scales are thus common between all profiles and the ratio values represent a relative comparison independent of a scale’s heritage.  This fact should calm any worries about arbritrariness in setting scale range magnitudes.)





	6.  For each WBS element multiply the optimistic and pessimistic ratios by the CARD’s point estimate (from step 1 above) to create an optimistic and a pessimistic cost.  These two new cost values may then be combined with the CARD’s point estimate in a triangular-shaped probability distribution (Fig 1).  The end points (low and high) may be assumed to be estimates corresponding to the 10% and 90% probability levels and extended mathematically.





	7.  Identify distributions around the CARD’s point estimate caused by the risk in the cost estimating methodologies.  For example, if a CER is used, utilize the prediction intervals (or an approximation) to establish the distribution around the CER’s estimate.  If an analogy was used, employ estimator or engineering judgement to define the distribution.  


	8.  Combine the two sets of distributions constructed for each WBS element estimate.  There are various ways of combining these two sets.  They are illustrated in the figures below:





	In Figure 2 below, this first method treats technical cost-risk and cost estimating methodology cost-risk as independent contributors to the overall cost-risk.  Here, both distributions’ factors are first normalized around ‘zero’ and then added together and then re-normalized around ‘one’.
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Fig. 2








	The second method, illustrated in Figures 3, 4 & 5 below, is multiplicative rather than additive and the cost estimating methodology distribution is used as the starting point.  As the monte carlo simulation proceeds, each ‘draw’ is multiplied by the RRW factors, generating a triangular distribution around the draw with a ‘low’ and a ‘high’ point.  If the draw was at either extreme of the cost estimating methodology distribution its endpoints would be extended.  This results in a new, combined distribution with a larger variance than that of the original. 
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Fig. 3
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Fig. 4
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Fig. 5





	In Figure 6 below, this third method first summarizes the distributions developed at the WBS element (or lower) level to the total system level then combines the system level distributions with a weighted average technique.  The figure below illustrates an equal weighting scheme but the weights do not have to be equal if the analysts think that one category of cost-risk should carry more weight in the overall cost distribution.
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Fig. 6


	9.  Sum the probabilistic cost distributions in accordance with the WBS by combining the multiple element risk distributions (see Figure 7 below).  This is most easily accomplished using a computerized program such as @Risk, Crystal Ball, F-RISK, or by using the Method of Moments.  This statistical summation allows the formation of the cumulative distribution function (CDF) upon which associations between cumulative probabilities (i.e., confidence levels) and costs can be made.
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Fig. 7





	10.  Pick a confidence value (e.g., 70th percentile) and find its associated total cost.  This represents the previously determined system’s point estimate plus an amount for risk at the total level:


		System Point Estimate +/- Cost-Risk Value = Cost Estimate With Risk 





	(Special Note:  The confidence level should not be arbitrarily chosen.  The confidence level is the net result of a full recognition of possible risks and the risk mitigation actions planned to address those risks.  Even though a particular WBS element is facing high risks, if there is reason to believe that the mitigation plans can neutralize or minimize the realization of the cost impacts of these risks, an estimate with a lower confidence level can be justified to the cost reviewing authorities (e.g., CAIGs and the DAB).  However, this does not mean that the risk itself is reduced from high to low just because of planned risk mitigation actions.  The risk is still there - with a possible plan to neutralize or minimize it.  The plans have to work.  The introduction of Cost as an Independent Variable (CAIV) as a concept and technique for achieving more affordable acquisitions emphasizes focusing on lower confidence cost targets.  CAIV refers to these targets as ‘Aggressive Cost Objectives’.)











THE RISK FEEDBACK MANAGEMENT STRATEGY (RFMS)








	After identifying the cost-risk range depicted on the cumulative distribution function (CDF) using the RRW technique within CRIMS, the user applies the Risk Feedback Management Strategy (RFMS).  The RFMS is the ‘tracking’ phase of CRIMS and enables the analyst to track cost growth/change due to risk by carefully associating the change in risk in those elements of the WBS identified in the RRW technique with the cost performance in those same WBS elements.  If cost growth is projected that might jeopardize achievement of the CAIV Aggressive Cost Objective (ACO) allocated to the WBS element in question, cost trades can be performed.  The RFMS then acts as an early warning system for potential cost growth that can be identified early enough to be attenuated.  This phase of CRIMS also allows the cost analyst to differentiate any cost growth/change between risk-driven cost impacts and other-driven cost impacts.  For example, if budgets are cut the program may be stretched out resulting in lower costs in the near term to accomodate the cut but increasing the overall costs of the program in the long run.  Without a process such as the RFMS, the differentiation between budget cut-driven cost impact and risk-driven cost impact is difficult, if not impossible, to make.  In order to both manage the risk for the present effort and identify confidence levels accurately for future efforts a precise tracking strategy is essential.  





	The earned value measurement system (EVMS) foundation set up during the Integrated Baseline Review (IBR) forms the basis for the credibility of the risky WBS element estimates at completion (EAC).  Since leadership of the IBR is in the hands of the technical managers, the implementation of the RFMS phase of CRIMS is its logical extension into the risk management phase of contract execution.  Planning of technical tasks provides the foundation for cost and schedule planning.  This planning is verified by the IBR team, under the leadership of the SPO technical managers, during the IBR with the contractor.  It forms the basis for allocating resources, scheduling task elements, assigning authority and responsibility and integrating all aspects of the technical program, to include the allocated costs from the total ACO.  Technical planning is carried out to meet contractual requirements and is integrated with the earned value measurement system at the appropriate level.  The allocated resources form the performance measurement baseline for integrated cost, schedule and technical management.  This relationship pertains both to the initial program definition and to redefinitions occurring as part of the risk management process.





	During IBR baseline discussions with the contractor task managers the high risk and difficult tasks, identified in the RRW phase, are highlighted for close monitoring and tracking, providing the means to manage the risk during the RFMS phase.  Estimate at completion (EAC) analysis is performed on these high risk tasks for cost-risk identification and feedback to the technical managers to focus their risk management and CAIV efforts.  In this way the IBR plays a crucial role in enabling cost-risk information to be developed for risk management and CAIV support to the technical managers.





	The cost analyst works closely with the project officers and engineers in the program office during the course of the contract using both technical and cost performance inputs.  The project officers/managers have technical interchange meetings (TIC) with the contractors performing the work and focus their discussions around the WBS elements considered more risky than others.  They attempt to get technical risk feedback from the contractors to help them in their management of that risk.  Oftentimes they have placed a data requirement on the contract for the contractor to provide them with written reports describing the risks as they are experienced which also helps in risk management.  The cost analyst can then better understand where the risk is coming from and identify it to the correct WBS element.





	The cost analyst uses a Cost Performance Report (CPR), Cost/Schedule Status Report (C/SSR), other unique or tailored cost performance reports or is able to electronically extract cost performance information out of the contractor’s earned value measurement system to associate cost growth/change in the risky WBS elements with the technical information from the project officers and engineers.  Extrapolating from the earned value information to develop EACs for each of the risky WBS elements, the cost analyst can place the EACs on the CDF developed during the RRW phase of CRIMS.  This view is then a ‘snapshot’ of what the final actual cost might be if trends continue.  From this ‘snapshot’ the cost analyst can determine how close the confidence level originally chosen was to the one associated with the EACs.  The ‘snapshot’ also enables the cost analyst to assist in management of the risk by offering the cost impact resulting from the risk to the project officers/managers.  Knowing what causes the cost impact, the technical and schedule risk provides a focus for scarce resources necessary to mitigate that risk.  Figure 8 below illustrates an EAC projection overlayed on the initial cost distribution with the Aggressive Cost Objective (ACO) as the original point estimate and budget target.
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Fig. 8

















THE COST-RISK DATABASE (CRDB)





	The final phase of CRIMS is the development of the Cost-Risk Database (CRDB).  This phase is a logical conclusion from the implementation of the RRW and RFMS phases and represents the ‘storing’ phase of CRIMS.  Figure 9 below illustrates a database of three EMD contract results overlayed on the initial cost distribution.
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Fig. 9





	At the end of the contract a final cost is realized.  Before the end of the contract only projections of the final cost were available in the form of the cost performance-based EACs.  Now, however, the final cost is available and a direct comparison with the chosen confidence level’s cost can be made.  This comparison results in the confidence level that should have been chosen if the cost analyst had had a true crystal ball to see into the future.  The next best thing to a crystal ball is
