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I.  INTRODUCTION





	





a.	BACKGROUND


	This study grew out of the integration of the Maxwell Risk Criteria Matrix (MRCM) with the Analytical Hierarchy Process (AHP), to support the Space and Missile Systems Center (SMC) Sensor Integration Study’s cost-risk exercise�,�.  The MRCM/AHP activity resulted in the derivation of risk adjustment factors.  These factors were applied to the most likely estimate to generate the optimistic and pessimistic cost values around the point estimate.  At the conclusion of the exercise, there still remained a considerable amount uncertainty about the nature of the relationship between the resulting derived factors and the actual final costs.


	Historically, the application of technical and schedule cost-risk analysis techniques has been viewed as a luxury and only used when time and resources allowed.  As programs suffered from technical and/or schedule problems the default solution was to rebaseline the program and update the budget.  This solution resulted in requirements changes, engineering changes, schedule slips, and cost growth.  With the advent of Total Quality Management (TQM), tighter budgets, and a demand for more credible estimating methods, risk analysis has assumed a more critical role in program management.


	Uncertainty can be viewed as a point value with a variance, but with an unknown distribution.  Whereas with risk, the point value, variance and underlying distribution can be quantified.  For the purpose of this study, cost-risk is defined as the quantified impact of schedule, technical (segmented into Design and Engineering, Manufacturing, Support, Technology, and Threat categories), and cost estimating uncertainty on total cost.


	Many studies have identified how to treat cost-risk in a weapon system acquisition environment using Monte Carlo simulations or analytic models.  (See Exhibit  III-1 for at least a partial listing.)  These treatments presuppose a firm knowledge of probability distributions that capture the cost impacts due to technical and schedule risk.  The fact is that the boundaries of the distributions, and the distribution types themselves, that represent the risk surrounding a cost estimate are typically unknown.  Furthermore, even if the boundaries are not guesses they require simplifying assumptions to complete the analysis.  For example, in the Sensor Integration Study factors derived from the application of the MRCM were used to identify technical and schedule risk-driven cost change.  The factors were  applied to the most likely cost to derive a 'worst case' and ‘best case’ cost as the upper and lower ends of a distribution.  Furthermore, it needs to be assumed that the cost multipliers used to estimate the upper and lower ends of the distribution yield either the absolute end points or a certain percentage of the distribution (e.g., all but the last 10% of both tails).


	This tasking was established to meet the need for a methodology to develop more accurate predicted cost position incorporating risk effects.  The oftentimes rushed manner in which the ‘a priori’ estimate incorporating risk has been developed needed be improved upon.  To identify the relationship between the risk adjusted cost estimate and the final program cost, two pieces of knowledge are necessary:  


·	which element of risk is driving the cost growth, and


·	how much cost growth is being driven by the risk.


The Maxwell Matrix has been the best template used at SMC for identifying which elements of technical and schedule risk drive cost growth.  It was recognized that the Maxwell Matrix was both an ‘unofficial’ risk assessment tool and lacking definitions for cost-risk categories and scales.  A data search was deemed necessary to identify the optimal cost-risk category set.  It was also recognized that a consistent method for identifying risk driven cost growth had to be selected.  Two new approaches were considered for identifying the magnitude of the risk-driven cost growth:


·	Perform an 'after-the-fact' data search on completed programs.  This approach was rejected due to the lack of accurate documentation on historical risk-driven cost growth.


·	Develop a risk-driven cost growth tracking strategy for ongoing programs.  This approach was selected with the intention of having SMC/FMC analysts conduct the tracking.  Over time, it is anticipated that the analysis of this tracked data will establish a predictable relationship between the risk adjusted cost and the completed program cost. 


b.	purpose


	The purpose of this study was three-fold.


·	Modify the MRCM to reflect DoDD 5000.1 risk analysis requirements and the needs of SMC acquisition programs.


·	Develop a strategy that utilizes the modified matrix for identifying changes in cost that are driven by technical and schedule risk (cost-risks associated with cost estimating uncertainty were not covered by this study).


·	Identify a candidate list of SMC programs from which it may be possible to identify risk-driven cost growth.





�Cost-Risk factor development using the AHP & MRCM, D.R. Graham 1993, DoD Cost Analysis Symposium.


� AHP is a multicriteria decision making process developed by T.L. Saaty.  An objective (solution) is reached by making pairwise comparisons about the relative importance, preference, or likelihood’s of all relevant factors, depending on the subject analyzed.
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