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The undersigned agree that this paper can be released to the government community, including SETA and FFRDC support organizations.  We further agree that the topics addressed in this paper need to be discussed freely and openly by government and contractors together in order to reach common agreement on a proper interpretation of cost-risk in a proposal evaluation environment.





This paper is not intended as an exhaustive discussion of proposal cost-risk.  It is designed to highlight major differences in interpretation of the same data and analysis techniques between government and contractor organizations.  These differences, if not discussed and resolved, can inadvertently cause the contractor to misrepresent the risk associated with his proposal bid price and can simultaneously cause the government evaluator to assign inordinately low probabilities of success to legitimate contractor bids.
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SUMMARY





In several recent AF/SMC RFP’s (SBIRS, NPOESS, ABL) the government has requested detailed, quantitative cost-risk information as a part of our cost volumes.  This information is clearly intended to help them evaluate the cost credibility of our bid price and is consistent with the data requirements of a recently documented cost-risk evaluation approach called The Cost-Risk Identification & Management System (CRIMS).  Two of the key elements of CRIMS have a compounding effect on each other that can mistakenly portray the contractor bid prices as having a significantly higher cost risk than is justified:  it recommends comparing contractor bid prices against historical program-at-completion costs and it advocates the use of triangular cost distributions to represent the cost uncertainty of the various parts of the proposed program.  The combined effect of these key elements can easily result in a 0% to 10% probability of success rating for the contractor bid price, regardless of the credibility of the bid as represented in the BOE’s.





The following discussion focuses on CRIMS, but the underlying issue is broader than CRIMS: it involves fundamental, but often overlooked, properties of the triangular probability distribution. 





At first glance this appears to be a detail issue, but the impact is real and can seriously influence our customer’s determination of the probable cost of a LM bid .  This paper discusses the implications to LM proposals, provides a simple example that illustrates the problem, and proposes solutions that are consistent with the spirit and form of CRIMS.





Detailed technical discussions are held to a minimum in this paper.  Please contact the author for more information and/or supporting analysis.





DISCUSSION





Background.  The AF/SMC organization has recently spent considerable time and resources to develop a workable, non-intrusive risk management process that they are referencing in current RFP’s and using in-house to evaluate risks of various SMC development programs.  This process is described in an AF/SMC document called The Cost-Risk Identification & Management System (CRIMS), authored by David R. Graham (then SMC/FMC) and Jason Dechoretz (MCR).





A preliminary assessment of the methods and processes described in this manual suggests that it is a significant improvement on risk management methods previously advocated throughout the industry: the Defense Systems Management College risk management overview, and SDIO/GPALS risk management procedures guide.  It does contain, though, a frame-of-reference and resulting analysis approach that the user needs to be aware of before applying the method as documented:  CRIMS advocates comparing proposal cost estimates with program cost-at-completion data and using triangular probability distributions in a monte carlo simulation framework to compute the total proposal cost-risk.  Since many of the factors that contribute to cost growth during program execution are outside the scope of the contractor’s proposal cost estimate, this analysis approach can suggest considerably more risk than is really present in the bid price.  Each of these points is discussed in more detail in the following paragraphs.








Groundrules & Assumptions.  The use of program-at-completion cost data in proposal cost-risk analysis implies that the contractor, at proposal submittal time, has full control of all aspects of the proposed program including changes in requirements, schedule slippage and funding profile changes.  It further implies that his bid price should include factors that account for these issues in order to avoid being evaluated as high risk.





Listed below is a candidate set of assumptions for performing the cost-risk analysis, where the cost extremes are more directly comparable to each other.


All significant technical requirements are fixed.


There are no government enforced schedule slippages.


There are no government enforced changes in funding profile.


Cost-risk analysis performed to this set of assumptions will provide direct insight into those parts of the program over which the contractor has direct responsibility and for which he should be demonstrating significant control in his proposal.








CRIMS Triangular Distributions.  A number of commercial monte carlo software packages and government documents on risk analysis (including, but not limited to, CRIMS) are advocating the use of triangular probability distributions when knowledge of the “true” distribution is not known or when there is insufficient information to derive parameters for more complex distributions.  Their rationale is that the triangular distribution is conceptually simple and easy to understand, the data required to implement it is readily available (minimum, most likely and maximum values), and it has well-defined upper and lower bounds.  These reasons have no relationship with whether or not the triangular distribution is a “reasonable” representation of the real data. 





Most importantly, advocates of triangular distributions do not mention that the triangular probability distribution, especially when used with program-at-completion cost data, has often overlooked mathematical properties that have nothing to do with the data being analyzed, but that reinforce a high cost-risk perception.  One of the most significant of these properties is that the probability of achieving the most likely value changes depending on how close that value is to the minimum value:





                    P(cost < most likely) = (most likely - min) / (max - min).





In a proposal cost context, this is contrary to how most people think of it and, more specifically, it implies that contractor BOE’s usually have very little chance of success associated with them.  This can be illustrated in the following way.





We write BOE’s expecting to perform the work for the number bid on the BOE.  This is our most likely estimate for each board, box, component, etc.  It is based on the experience and judgment of the experts in the areas being estimated.  This value has a high confidence factor associated with it:  the probability of completing the required tasks at or under the most likely value is regarded as very high.  In most cases, it would be greatly understated to say that the probability was only 50% (a mere coin toss).  And, most significantly for this discussion, it is derived before any consideration of minimum or maximum estimates.  Thus, the correct probability associated with it cannot be based on its position relative to information developed later (the minimum and maximum values).





Another characteristic of proposal estimating (and program budgeting) is that there is normally more range for cost growth than cost savings.  In other words, the difference between the most likely value and the optimistic value (minimum) is small compared with the difference between the pessimistic (maximum) value and the most likely value.  This means that the most likely estimate is usually much closer to the minimum value than to the maximum value.  This is most especially true if we are comparing proposal estimates with program-at-completion data.





A simple triangle distribution cannot model both unequal range distribution and high confidence in the most likely value.  A triangular distribution ignores the information about the probability of achieving the most likely value.  In most circumstances the most likely value would have a low probability calculated for it (much less than 50%).  The following paragraphs lay out an example that illustrates this effect and demonstrates its implications to LM.








Simple Example.  Consider a system that is made up of ten subsystems, each having a most likely estimate cost of $1M.  The proposal total cost estimate would be $10M  (10 * $1M).  The product team leaders who wrote the subsystem BOE’s established that there was a 70% chance of delivering their subsystems at or below the $1M figure. The product team leaders also said that each of these subsystems could possibly be delivered for as little as $0.9M if everything goes right (10% below the most likely estimate).  Furthermore, each person estimated that his/her subsystem could end up costing as much as $1.4M if everything goes wrong (40% more than the most likely estimate).  (By the way, this maximum point is more consistent with cost-at-program-completion assumptions than with proposal assumptions where some of the potential cost growth is already addressed through risk mitigation efforts built into the most likely estimate.)





Now follow the common advise: put this information into ten triangular distributions (minimum = $0.9M, most likely = $1.0M and maximum = $1.4M) and determine the cost of the total system using monte carlo simulation or any other statistical summation process.  An example of a triangular distribution for one of the subsystems is shown in figure 1 and the simulation results are shown in figure 2.
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Figure 1.  Subsystem Triangular Distribution.





Notice in figure 2 that the average value (the mean) and the median value (50% probable estimate) are both $11.0M.  Notice also that $10M (the sum of the subsystem most likely estimates) is off the bottom of the scale on the left.  In this example, using triangular distributions in a manner consistent with CRIMS recommendations and using cost uncertainties that are representative of many real world estimates, the conclusion is that the contractor cannot possibly deliver the system for his advertised $10M.  The government’s evaluation of the most probable cost, based on this analysis, would be in the $11.0M to $11.2M range (depending on whether they are interested in a 50% “confidence level” or a 70% “confidence level”).





The problem is that the triangular distribution for each subsystem is ignoring an essential piece of information that the estimator had going into the analysis: namely, that the probability of being less than or equal to the most likely value was 70%.  In this example, the triangular distribution determines that probability as 20% based on the location of the most likely point relative to the minimum and maximum  (see the formula on page 2).  Using the line of reasoning presented several paragraphs above, this is a serious misrepresentation of the true confidence in the most likely value for each subsystem.  An alternative approach that addresses this problem and uses all the available information is presented next. 





� EMBED Word.Picture.6  ���


Figure 2.  System Level Results With 10 Subsystems - 


Each With A Triangular Distribution.








An Alternative Approach.  This deficiency can be addressed by using probability distributions represented by back-to-back right triangles anchored at the most likely point.  This approach provides a way of including the probability of being less than the most likely estimate for each subsystem.   Also, it is simple to implement, and is consistent with the spirit of CRIMS.  





Figure 3 shows subsystem 1 with the same minimum, most likely and maximum estimates as before but this time represented with two triangles: the one on the left has an area of 0.7 and the one on the right has an area of 0.3.  These back-to-back triangles contain all the information that the product team leader originally considered in describing the uncertainties in his/her subsystem.
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Figure 3.  Subsystem Distribution With 70% Chance Of Success


At The Most Likely Point.








This approach was used on the above example by specifying that there is a 70% chance of delivering each of the 10 subsystems for the most likely value or less and then performing a monte carlo simulation of the total system cost.  As figure 4 shows, the government would evaluate the most probable cost for the total system as being in the range of  $10.1M to $10.3M.  This is the 50% to 70% “confidence” range on this figure.  Furthermore, they would determine that the probability of delivering the program at the contractor bid value ($10M) is 30%.
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Figure 4.  System Level Results With 10 Subsystems - 


Each With A 70% Success At The Most Likely Point.








�
Summary.  Figure 5 summarizes the results from the previous discussion.  The horizontal axis shows the two examples that were considered:  .20 is the probability of being less than the most likely for the simple triangular distributions (CRIMS recommended approach), .70 is the back-to-back right triangles case.  The vertical axis is the total system cost.   The sloping lines are the average system costs bracketed by the 30% and 70% probable levels.  The horizontal line is the $10M total program bid price.  The distance between this line and the sloping lines is a measure of how much confidence the government will have in our cost volume estimating process.  Note that, for the second example, even though there is only a 30% chance of delivering the program at the contractor bid level of $10M, the difference between the bid and the average (mean) value is only $0.2M: $10.2M versus $10.0M.
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Figure 5.  Summary of the Two Examples.








Other approaches are available that could demonstrate a higher total program success rate, but they would require more esoteric probability distributions and more justification to be readily accepted by the customer.  (NOTE:  If the risk analysis is dominated by distributions that are skewed to the left, then no amount of statistical analysis will produce a high (>> 0.5) probability of success for the value represented by the sum of the best estimates.)








�
RECOMMENDATIONS





(A)  Structure any required proposal cost-risk analysis so that all cost values have the same groundrules and assumptions.  Try to avoid a direct comparison of proposal bid price to program-at-completion data.  Because of the groundrules imposed on the contractor’s bid price, this is an apples and oranges comparison.





(B) Adopt an alternative to the use of simple triangles.  Two possibilities are





modified simple triangles wherein the point estimate is interpreted as some point other than the most likely value and it has a probability of success associated with it (this was not discussed in this paper because it has very limited application), or


back-to-back right triangular distributions as discussed in the examples above.





Adopting one of these alternatives is essential if we want analysis that supports a correct portrayal of our cost-risk.





(C)  Work with the AF/SMC community to gain acceptance of the ideas presented here.  This is important: back-to-back right triangles in a proposal could be interpreted as a LM attempt to “game” the cost-risk requirement.  We need to present our case before proposals are submitted to acquaint the government proposal reviewers with our rationale.





(D)  Continue studying the issue to determine if there are better solutions that would be workable and acceptable to the government community.


Page � PAGE �1�














