II.  ENVIRONMENT











A.	scope


	Research on current cost-risk analysis information and implementations was conducted so that the strategy and approach could take advantage of the current knowledge base.  Research material was collected from government sources, government supported institutions, and contractors.


	The strategy's inputs includes current acquisition contractual cost reporting tools (e.g., CPR, CFSR, CCDR, technical reports, DoD 5000.x risk management reports, etc.), Air Force developed reports (e.g., APB, CARD, DAES, IPS, SAR, SEMP etc.), and specialized technical assessments.  In some cases, these reports did not provide all the information required to complete the analysis. 


	Tracking of several space programs was initiated during this tasking to begin implementing the strategy.  SMC/FMC will continue this tracking and publish the final results in JAN 95.


b.	ground rules


	Two ground rules were established:


·	Cost-risk analysis is the quantification of uncertainty in a program cost estimate.  There are three basic sources of uncertainty for SMC acquisition programs: technical, schedule, and cost estimating.  This study considers only the first two.


·	For the cost-risk categories defined in section IV, the proper level of uncertainty(or rating) is selected by satisfying all the criteria for that level, unless specifically identified in the note section of the individual category.





c.	assumptions


	Three assumptions were required:


·	Acquisition programs at SMC will continue to follow the now current DoD and Air Force procurement guidelines and procedures, including cost reporting formats (i.e., CPR, C/SSR, etc.).


·	The impact of concurrency within the acquisition program occurs throughout the cost-risk driver categories (partial or full parallel activities and success of one effort is dependent on the other).


·	Correlation does not exist among the cost-risk drivers, since they were developed and intended to be assessed as independent components of uncertainty.


d.	limitations


	There are two limitations of the analysis:


·	The cost-risk driver categories and resulting strategy are intended to assist in the assessment of risk after the completion of Concept Exploration, Milestone 0, and up to the completion of the Engineering and Manufacturing Development (EMD) phase, Milestone III), after the Critical Design Review (CDR) establishes configuration control for the program design.


·	While the inputs for the strategy documented by this report primarily rely on a cost analyst using program office-resident information (either generated by the government or contractor), it is critical that a thorough technical and programmatic review (i.e., the original comprehensive cost-risk analysis) be completed to establish the initial comparisons and weightings.











�
III.  HISTORICAL RESEARCH





	Risk analysis theory and practice have received widespread coverage in government and commercial literature.  This section describes information sources, summarizes material collected and used to support the new cost-risk assessment strategy, and outlines specialized data analyses used to verify and validate the collected information.





A.	data collection targets


	An important precursor to developing this cost-risk assessment strategy was to investigate historical research that addresses related topics.  Topics of interest included:





�symbol 183 \f "Symbol" \s 10 \h��	methods and tools for identifying and quantifying technical and schedule uncertainty,


�symbol 183 \f "Symbol" \s 10 \h��	methods used to combine the quantification of uncertainty, and


�symbol 183 \f "Symbol" \s 10 \h��	research regarding the true and implied relationship between this uncertainty and the most likely cost estimate.


	The information defined above was extracted from three basic sources in descending order of priority:  Air Force organizations, other government institutions, and commercial organizations.  Since the resulting cost-risk assessment tool will be used by SMC analysts on SMC programs, SMC was the initial focus of the research.


	Specific Air Force sources included:





·	The SMC/FMC Cost Library


·	SMC System Program Offices (MILSTAR (SMC/MC) and Brilliant Eyes (SMC/MGS))


·	ASC/FMC Cost Library


·	The AFCAA Library


·	The AFIT Library.


	Other government sources included:





·	Defense Systems Management College (DSMC),


·	Ballistic Missile Defense Organization (BMDO),


·	Other military service branches, and


·	National Aeronautics and Space Administration (NASA).


	Commercial organizations included: 





·	Management Consulting and Research, Inc.,


·	The Aerospace Corporation,


·	The RAND Corporation, and


·	MITRE Corporation


	Literary searches were conducted at the libraries of local institutions and through DTIC.  Finally, System Program Office (SPO) representatives were also contacted for information on cost-risk assessments supporting historical cost estimates.


B.	information collected


	Risk analysis methods and implementation were researched.  The following subsections provide an overview of the results of that research.


	1.	Risk Analysis Methods and Tools


		The identification and review of cost-risk methods and existing tools primarily focused on approaches that rely on cost-risk drivers.  However, the search included other approaches, in the event that a proven and credible method can be adapted to accept the MRCM and AHP formats.


	Exhibit III-1 summarizes the cost-risk methodology and tools collected in support of this study.


�



Document Title�
Author�
Source�
Type�
Summary�
�
Department of Defense Directive 5000.1�
�
Under Sec. of Defense for Acquisition�
�
Defines Defense Department's management approach  for acquiring systems.�
�
Department of Defense Instruction 5000.2�
�
Under Sec. of Defense for Acquisition�
�
Defines Defense acquisition management policies and procedures.�
�
Department of Defense Instruction 5000.2M�
�
Under Sec. of Defense for Acquisition�
�
Defines Defense acquisition management documentation and reports.�
�
Department of Defense Instruction 5000.4�
�
Assistant Sec. of Defense (PA&E)�
�
Defines the charter of the OSD Cost Analysis Improvement Group (CAIG).�
�
Department of Defense Instruction 5000.4M�
�
Assistant Sec. of Defense (PA&E)�
�
Contains cost analysis guidance and procedures.�
�
Schedule Assessment Database Development�
W. Jean Floyd�
Tecolote


Research, Inc.�
Database�
Historical spacecraft schedule and technical data.  Schedule slips and rational identified.�
�
A Generalized Cost Risk Assessment Methodology�
George Kramer�
Boeing DSG�
Methodology�
Summarizes different approaches to risk assessment.�
�
A Methodology For Subjective Assessment of Probability Dist.�
Anthony Grayson�
AFIT�
Methodology�
Outlines various data collection techniques and evaluations.�
�
A Quantification Structure for Assessing Risk-Impact Drivers�
R.L. Abramson�
The Aerospace Corp.�
Methodology�
Most complete documentation of F.D Maxwell's risk drivers.�
�
A Quantitative Methodology for Estimating Total System Cost Risk�
A.D. Kazanowski�
The Aerospace Corp.�
Methodology�
Primarily addresses cost estimating error.�
�
Air Force Risk Analysis Handbook�
Gerald McNichols�
AFCAA/ MCR�
Methodology�
Summarizes various risk analysis techniques.�
�
An Analytical Method for Cost Risk Analysis�
J.J. Wilder�
Grumman�
Methodology�
A methodology for calculating the moments of a cost function derived from a CER.�
�
Cost Risk Analysis Methodology: A State-of-the-Art Review�
Gerald McNichols�
MCR, Inc.�
Methodology�
Provides a list of program risk elements that drive cost growth.  Summarizes current risk assessment strategies.�
�
Cost Risk Analysis of the Strategic Defense System�
David  Olsen�
TASC�
Methodology/Database�
Documents the approach of combining a SAR database, technical & schedule risk factors, and simulation.�
�
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Document Title�
Author�
Source�
Type�
Summary�
�
Cost-Risk Factor Development using MRCM & AHP�
David Graham�
SMC/FMC�
Methodology�
Suggests utilizing a modification of F.D Maxwell's risk driver matrix in AHP.�
�
Decision Making for Leaders�
Thomas Saaty�
University of Pittsburgh�
Methodology�
Text book covering application of AHP.�
�
Factors for Quantifying Cost, Schedule and Technical Risk�
Lewis Fichter�
Applied Research, Inc.�
Methodology�
Used SAR database to calculate cost growth factors resulting from risk.�
�
Project Risk Assessment and Management�
David Hulett�
D.T. Hulett & Assoc.�
Methodology�
Seminar that outlines how to use DoDI 5000.x series reports in risk assessment & management�
�
Quantifying Space-System Cost-Growth Risk.�
Patrick Smith�
The Aerospace Corp.�
Methodology�
Brief examination of technical cost-risk drivers.�
�
Quantitative Risk Analysis�
Ed Peterson�
Aerojet�
Methodology�
Lists cost-risk driver categories and suggests a scaling.  Lists available risk assessment methods.�
�
Refined Technical Risk Method�
D. Hudak�
TASC�
Methodology�
Outlines a method for converting a technical score into endpoints of 10/90 dist.�
�
Risk Analysis for Program Decisions�
Anil Gupta�
Aerojet�
Methodology�
Similar to Peterson's paper but with management applications.�
�
Risk Assessment Criteria�
Edmund Westcott�
HQ AFSC�
Methodology�
Defines risk driver categories and consequence weightings.�
�
Risk Management:  Concepts and Guidance�
TASC�
DSMC�
Methodology�
Summarizes various risk analysis techniques.�
�
Risk Scoring Matrix Refinements�
David Olsen �
TASC�
Methodology�
Outlines technical risk drivers.  Provides a method for converting CARD information into technical risk scores.�
�
Risk Analysis:  From the Bottom Up�
Robert Garrow�
MITRE�
Methodology�
Suggests a different summing technique to achieve top-level risk adjusted cost.�
�
Using Risk-Impact Drivers ... �
P.H. Young�
The Aerospace Corp.�
Methodology�
Suggest scales for F.D. Maxwell's risk driver categories.�
�
Why PERT-Like Schedule Networks Underestimate�
C.A. Graver�
Tecolote Research, Inc�
Methodology�
Documents how to compensate for PERT underestimation.�
�
Reducing Subjective Guesswork...Risk Associated with a Cost Estimate�
P.L. Smith�
The Aerospace Corp.�
Methodology/ Model�
Provides general classification of risk driver categories and discusses C-RISK.�
�
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Document Title�
Author�
Source�
Type�
Summary�
�
AF RISK User's Guide�
W.H. Jago�
AFCAA, Tecolote Research, Inc.�
Model�
Adaptation of RISK, a Naval risk assessment model.�
�
Cost Analysis Strategy Assessment Model�
�
Honeywell, Inc.�
Model�
LCC model. Uses unit cost, MTBF & MTTR as inputs to Monte Carlo simulation.�
�
Cost Uncertainty/Management Reserve Analysis�
Hugh Stallworth�
Armament Division, USAF�
Model�
Describes how AD-RISK uses technical interviews to derive dist. for cost estimating., technical. & schedule risk.�
�
PC-SCANS v1.0 User Guide�
Craig Jaffurs�
Tecolote Research, Inc.�
Model�
Model uses critical path evaluation and user defined cost and schedule distributions.�
�
Project Risk Assessment and Management with PROMAP V�
�
LOG/AN, Inc.�
Model�
Outlines categories of risk and how they impact project cost.�
�
Schedule Risk Assessment Module (SCRAM)�
University of Dayton�
DSMC�
Model�
Uses network schedules to evaluate schedule driven program risk.�
�
Technical Risk Management with PROMAP V�
�
LOG/AN, Inc.�
Model�
Outlines categories of risk and how they impact project cost.�
�
The ASD ECO Model User Guide�
J. Gibson�
ASD/FMC�
Model�
Defines cost-risk driver categories and their relationship to ECOs.�
�
Total Risk Assessing Cost Estimate (TRACE), An Evaluation�
Ralph Lilge�
US Army�
Model�
Evaluates TRACE which uses a risk factor approach.�
�
A Family of Joint Probability Models for Cost and Schedule Uncertainty�
Paul Garvey�
MITRE�
Theory�
Discusses a family of distributions to describe program cost and schedule.�
�
Risk Analysis Methodology�
Gaylord Capes�
HQ AFSC�
Theory�
Provides alternative rational for aggregating triangular distributions. into a top-level gamma distribution.�
�
The Use of Tchebycheff ... �
Morris Zusman�
IDA�
Theory�
Expands on Tchebycheff's theory and relates it to cost estimates.�
�
Multicriteria Decision Making�
Thomas Saaty�
University of Pittsburgh�
Theory/ Methodology�
Text book covering both the underlying theory and application of AHP.�
�
Uncertainty: A Guide to Dealing with Uncertainty in Quantitative Risk and Policy Analysis�
M. Granger Morgan�
Carnegie Mellon University�
Theory/ Methodology�
Text book covering both the underlying theory and application of risk analysis.�
�
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		Appendix B contains a database of the most completely defined and  frequently used cost-risk drivers and scalings found during the historical research effort.�



	2.	Cost-Risk Assessment Implementation


		After completion of the initial research on cost-risk analysis theory, those methods considered technically sound and consistent with the objective of this study were investigated in more detail.  This segment of research focused on historical cost estimates, proven procedures, and cost-risk information databases.


		Two historical estimates for the MILSTAR program office were reviewed and found to be of limited use in updating the Maxwell cost-risk drivers.  However, they provided a solid foundation for establishing an initial cost-risk assessment for the acquisition program.  The Independent Cost Estimate (ICE) completed in 1992 for the MILSTAR program identified specific level 3 and 4 WBS elements as high, moderate, or low risk.  Assessments of the technical and cost estimating uncertainty were made and quantified for “risky” WBS elements.  Schedule uncertainty was addressed at the system level.  The 1993 MILSTAR Acquisition Decision Memorandum (ADM) Program Office Estimate (POE) assessed cost-risk at the “major sub-system level”, typically level 4 of the WBS.  The ranges in cost primarily represented cost estimating uncertainty (variation in estimating method inputs) and programmatic uncertainty (potential replans).  The impact of technical and schedule uncertainty was not specifically addressed or quantified.  The combination of the two estimates serve as a complete review of the recently assessed cost-risks associated with the MILSTAR program.  These were used to initiate the tracking of the cost change due to the risk drivers.


		The risk assessment and management strategies implemented by the MILSTAR program office uses systematic methods of identifying and tracking program elements with a high or moderate degree of technical and/or schedule uncertainty.  The MILSTAR program adopted the use of integrated product development (IPD) teams when it transitioned to a total quality management organization.  The first task of the IPD teams was to assess the technical and schedule uncertainty of components and subsystems that represented the critical path towards system completion.  Cost over-runs of these items are then tracked and reported on a monthly basis at earned value meetings.  Technical achievements and risks are covered on a weekly basis during a joint meeting between the government and three major contractors. While reports that specifically identify the sources of technical and schedule uncertainty are not generated, the contractor does provide a monthly briefing that identifies technical and schedule problems, the potential consequences, and intended mitigation steps.


	Another program office this study examined, Brilliant Eyes (BE), specifically identified risk assessment reports in the data item descriptions (DID) of the demonstration/validation contract released in 1992.  The “BE Technology/Producibility Assessment Process” (BTPAP) report provides a structure for the two prime contractors to perform technology and producibility risk assessments (which are provided to BE (SMC/MGS) via CDRL).  To develop the Risk Assessment Report, the contractors operate in conjunction with the BE Risk Management Working Group (RMWG), who are government and system engineering and technical assistance (SETA) contractor representatives, to assess and manage risk arising from technical and manufacturing uncertainty.  BTPAP defines seven categories of potential technology and manufacturing risk and establishes a scale of 0 to 7 or 0 to 8 in order to identify the degree of uncertainty (small numbers indicate low uncertainty and large numbers indicate high uncertainty).  The seven categories are:


·	State of Technology,


·	Design Engineering Difficulty,


·	Manufacturing Process Difficulty,


·	Production Equipment Status,


·	Personnel Resource Status,


·	Material Resource Status, and


·	Test Resource Status.


Schedule uncertainty is managed by the IPD teams using the cost/schedule control system and integrated master schedule.  Three of the six cost-risk driver categories derived for this effort benefited directly from information identified in the “BE Technology/Producibility Assessment Process” document.


�embed Word.Picture.6 ���Exhibit III-2.  Lognormal Probability Density Function


		A collection of SAR information defining schedule duration for space vehicle programs was the only cost-risk information database identified and reviewed.� This data and previous analysis completed on the information was used by the strategy development team to generate a lognormal probability density function (PDF) of schedule duration (Exhibit III-2) using statistical simulation.  The PDF depicts the shape of the schedule distribution.  The probability (in terms of percentage) of a duration of months between ATP and first launch is identified on the left y-axis.  The projected frequency of occurrence is provided for the peak of the distribution on the right y-axis.  A cumulative distribution function (CDF) of the distribution (Exhibit III-3) was generated by simulation as the PDF.  The CDF, commonly referred the “S-curve”, depicts the projected probably of project completion, as a percentage, on the left y-axis.  The projected frequency of occurrence is provided on the right y-axis for only the peak of the curve.  This chart clear indicates that as schedule duration increases on the x-axis there is greater likelihood of success.  The CDF was stratified into seven areas with equal probability.  The ranges of months bounding the segments define the seven ratings of the schedule cost-risk category.
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Exhibit III-3.  Lognormal Cumulative Density Function








�
IV.  cost-risk analysis strategy





	  The design of the cost-risk identification method included the development of a user friendly interface.  The most important goals, however, were that the strategy be dependent on readily available information and be implemented by SMC personnel.  This section describes the cost-risk analysis strategy developed.





A.	COST-RISK DRIVER DEFINITIONS


	1.	Source Material


		For the purpose of this study, we define a cost-risk driver as an area of uncertainty that impacts total cost.  In the framework of cost analysis, cost-risk drivers create a range of cost estimates that bound the point estimate.  This range is one way to quantify the uncertainty surrounding the point estimate (i.e., determine the risk associated with the point estimate).


		The Maxwell Risk Criteria Matrix (MRCM), DoD 5000.x requirements, and established program office practices served as a foundation for identifying and defining cost-risk drivers applicable to a broad range of SMC acquisition programs. MRCM category and scoring definitions were developed in an ad-hoc fashion by Floyd Maxwell, of The Aerospace Corp., as he assisted various estimating teams assessing the uncertainty in the technical and schedule aspects of SMC programs.  Four elements of the DoD 5000 series (5000.1, 5000.2, 5000.2M, and 5000.4) provide SPOs with direction for conducting risk analysis.  In particular, DoDD 5000.1 mandates that:


�symbol 183 \f "Symbol" \s 10 \h��	Program risks and risk management plans shall be explicitly assessed at each milestone decision point prior to granting approval to proceed into the next acquisition phase.


�
�symbol 183 \f "Symbol" \s 10 \h��	Two categories shall be assessed at milestone decision points:


1.  General areas of uncertainty, which are:


	


	design and engineering�
	technology�
�
	manufacturing�
	threat�
�
	schedule�
	cost�
�
	support�
	�
�
	


2.	The degree of concurrence being proposed (which is a specialized combination of some of the general areas in the first category).


Of the seven general areas of uncertainty the category of 'cost' above did not apply to this study since there are already several widely accepted practices for assessing risks associated with cost estimating uncertainty.


		Therefore, to best meet the purpose and scope of the tasking, the Strategy Development Team decided to restrict the cost-risk driver categories for this study to the applicable areas of uncertainty specified in DoDD 5000.1, which are:


.	Design and Engineering


.	Manufacturing


.	Schedule


.	Supportability


.	Technology


.	Threat


This restriction enabled the team to develop a risk assessment strategy that helps the program office meet its cost analysis requirements, but does not impose an additional burden on the process.  The development team then set out to define the categories with detailed descriptions, in addition to developing clear and succinct ratings for the various levels of uncertainty.  The Manufacturing and Threat cost-risk categories included several criteria that determined a specific level of uncertainty.  These were broken down into subcategories that focused on unique elements of the potential cost-risk (Exhibits IV-3 through IV-6 and IV-11 through IV-13).  The detailed descriptions and subdivisions provided a set of cost-risk drivers that do not require the user to guess the author’s intent, a clear departure from previous tools.  To assure their applicability to SMC programs, the category and rating definitions were developed using references from MRCM, other established categories and drivers, and known program office procedures.  The revised categories and scales are presented in the following sub-section.  When combined and embedded in the commercial software implementation of AHP, Expert Choice©, the revised categories and scales form a cost-risk matrix.  Pairwise comparisons selected within Expert Choice© lead to quantification of uncertainty levels (the rating values presented in the following subsection are only intended to assist in the referencing of the various levels of uncertainty and not intended to replace the pairwise comparison process).  After the weighting has been accomplished, the CARD program's subsystems are rated against the weighted criteria (uncertainty categories and levels).  Scores are produced for the CARD subsystem and Pessimistic and Optimistic views are scored so that a Relative Risk Weighting (RRW) can be done.  Factors are produced from the RRW process and applied to the point estimate to develop the triangular distribution at the subsystem level (pessimistic and optimistic views turned into costs on the distribution).  All subsystem-level distributions will be combined (via monte carlo, method of moments, curve fitting, etc.) to produce the system level distributions.  A confidence level will be selected by the program manager which determines a total cost for the system which can then be re-allocated back to the subsystem levels.  A comparison between the point estimate and the re-allocated total gives the value of the cost-risk applied at the subsystem level.





�”Cost Risk Analysis of the Strategic Defense System - Schedule Estimating and Analysis Methodology for Space Vehicle Programs”, David Olsen et al, 1993.
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