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RISK ANALYSIS and COST MANAGEMENT (RACM)

A Cost/Schedule Management Approach
through

STATISTICAL COST CONTROL (SCC)

1 INTRODUCTION

The purpose of RACM is to provide a process for cost forecasting and cost management that has the capability to model how policies can change the cost and duration of outcomes. A three year study concluded that present methods of cost forecasting and cost management are inadequate. Existing models and processes have a relatively passive point of view in which projects are controllable by management policies and are deficient in the following areas: (See Section 3.0 for details)

· Arithmetically summing instead of statistically summing WBS cost elements results in a program cost that has a Ps that is unreasonable. (1)

· Budget allocation policies inadvertently cause increased costs and overruns.

· Subtle “hidden” incentives that increase a program’s costs are incorporated into the present day management styles.

· The goal of staying on the budget line may result in cost overruns. This is a misapplication of the Earned Value Management System discipline.

· Cost estimating relationships (CERs) as used by many models, assume that the result of a past program is a 50% probability of success (Ps).

· Methods and models are used that do not provide management with adequate insight. Often, too much credibility is given to cost and planning models without the visibility to accept or reject the results.

· Monte Carlo techniques inhibit the thorough analysis and “what-if” capability. (3)
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RACM’s approach is to provide management the tools to change the outcome by addressing all of these concerns and providing solutions. RACM provides the tools to change the outcome, that is, realize consequential savings of 10% to 30% in the final cost of a project or program. The process identifies and takes advantage of the distributions about each cost account in the program or element of the Work Breakdown Structure(2) (WBS). Figure 1 is a comparison of single point estimate (arithmetic summing) and RACM (statistical summing). The statistical result in this example is 65% of the arithmetic result.  

These considerations have become increasingly important for two reasons; funding is limited and competition is serious. Few options for reducing costs are left. Management must seek new methods for understanding the costs associated with their product or program. RACM addresses each of the problems identified above and provides some unique capabilities. They are:
· The most likely cost for each account or element in the accounting structure with visibility of each major assumption and consideration for motivational issues.

· A suggested distribution  of the budget that will achieve the highest probability of success (Ps).

· A cost management tool that is integrated with the Government’s “earned value” approach.

2 APPLICABILITY

The RACM process is applicable for any projections of cost that have any uncertainty associated with the estimating and managing processes. The appropriateness of the process increases as the number of separate sources of uncertainty associated with a project increases. Examples of applicability include: 

· Forecasting and managing development programs, new production programs, and civil engineering tasks,

· Determining the risks associated with investing in a new business or franchise, and 

· Providing a fair and stable approach to managing budgets within a program.

3 RACM’s SOLUTIONS TO DIFFICULTIES WITH CURRENT PRACTICES

A literature search was completed(1) with the detailed results provided in Appendix A. This appendix of the report discusses the current state of the art of practical approaches to budget risk analysis. All useful approaches begin with a work breakdown structure (WBS) that treats a program as a set of interconnected elements. Each element of the WBS has an uncertain cost that may be correlated with that of the other elements. If the probability distributions and correlations were known, the probability distribution of the total cost could be found. However, it seems that:

1) the probability distributions of the WBS cost elements are not known;

2) the cost elements are correlated but the amount of correlation is unknown;

3) the cost estimate itself affects the program cost through budgeting, scheduling, and program approval processes (this suggests that specific modeling of these processes is essential); and

4) the cost of a program is constrained both high and low - the lower bound to generate sufficient profit, the upper bound to avoid cancellation or restructure.

In the introduction several specific problems which exist in the present methods of analysis and management were identified. These are discussed in detail in the following paragraphs.

________________________________________

(1) “Statistical summing” is the term used in this paper for “creating the probability density function for a sum of random variables.”

(2) “Work Breakdown Structure (WBS)” is used interchangeably with “Cost Account.”  Structure. WBS is a government term for cost account structure.

(3) For reasons to be explained later, the statistical summing is developed on RACM using an analytical approach and not a Monte Carlo approach.

3.1 Simple Arithmetic Summing
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The “bottom-up” approach, which is commonly used to forecast costs, involves a simple arithmetic summing of single point estimates instead of creating the probability function for the sum of random variables. The major assumption underlying current bottom-up estimating method is that arithmetically summing WBS cost elements results in a program cost that has a Ps that is reasonable. This is not the case. The tasks within the program should be characterized by a statistical distribution of potential values rather than a point estimate. For this reason, the bottom-up approach yields an increasing confidence for the total program cost with an attendant increase in total costs. In most cases this is crucial. 

The graph shown in Figure 3.1 shows what can happen if all elements in a WBS are estimated at a 95% Ps. As is indicated on the chart, this error will compound with the number of WBS elements being used. If the program consists of one element, it does not create an error if the distribution is normal. However, with 25 elements, this example shows almost a doubling of the costs and an increase in the program's Ps to beyond 999 out of 1000.

The graph on the right is an example of the problem that can be encountered if the estimations are too aggressive. With a 45% Ps for each element instead of 50 % Ps, a program cost estimate would be at a Ps of 26%. This is unrealistic.

These examples illustrate the necessity of estimating the distribution of costs associated with each cost account or element in the WBS. This is actually a simpler task than trying to make a single point estimate, i.e. estimate the exact cost of each element.

3.2 Budget Allocation Policies

Budget allocation policies inadvertently cause increased costs and overruns. If the budget is not allocated in a manner consistent with the expected distribution about each cost account, the result will most likely be an overrun due to the "budget received is budget spent" or "money allocated is money spent" syndromes. All of this is unintentional on the part of government and contractor personnel they are usually unaware of these additional costs.

The specification and application of management reserves are business policies that can have a dramatic effect on the final outcome of any program. RACM provides management with a technique to: (a) determine the size of the program's reserve, and (b) suggest how the remaining funding should be allocated among the program tasks, so that the project can be completed at a reasonable risk level.

Elements within the WBS should not be allocated with the same probability of success (Ps) as the desired overall program's Ps. This can only be accomplished if the distribution about each element in the WBS is truly normal and the Ps used in arithmetically summing each element in the WBS is equal to a 50% Ps. In reality this situation does not occur. The distribution about each element in the WBS is not symmetrical and identifying the 50% probability of success point is impractical. Most distributions will be skewed because the 

element manager will normally use all budget allocated in order to provide the best product and to maintain a cadre of knowledgeable personnel.

[image: image18.wmf]Figure 3.2a shows the effects of budget allocation and the proposed contract value on the program’s Ps. As illustrated in the figure, there can be consequential changes to the cost of a program depending on the type of management reserve policy invoked. The left side of the figure illustrates that the greater the number of elements involved in the budget allocation, the lower the Ps will be for each element. The Ps will eventually approach 50% Ps for each element. This is the expected value and is a reasonable value to use initially for distributing budget to all elements.

The right side of Figure 3.2a illustrates the effect on the programs Ps with various reserve levels. The first line of the three lines shown is the expected result of managing a program where management had the ability to know when a task is complete and can immediately remove the personnel involved in that part of the program from further involvement or cost to the program. An example of this would be the construction of a house. Accomplishments are evident and the personnel involved are usually dedicated to a single discipline. In most DOD programs, however, these factors are not present. For this reason, a more conservative approach must be taken. The middle line of the three lines represents the allocation of a minimum budget. Minimum in this case is an allocation of the "expected" value. This is reasonable and provides the best possibility of meeting the programs cost goals. The third line illustrates the difference that maintaining no reserves has on the expected cost. In this example it is quite consequential. This radical shift to the right is caused by the inability of management to recover budget that has been allocated in order to properly fund the anticipated over runs with anticipated under runs.
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Figure 3.2b
It is important to allocate the budget equitably and at a reasonable level. What is a reasonable level? It is the statistically identified “most likely” value. (See figure 3.2 b.) The WBS or list of cost accounts is shown on the left hand side. The two major columns to the right of the WBS show what the Ps is for each element or cost account in the WBS. In this example, the middle set of columns represents the Ps for each element at a 98% overall program Ps, i.e. the bid level. The budget that should be allocated to each cost account manager is shown in the "allocated" column for both labor and non-labor. It should be noted that all accounts are allocated an equal Ps. This allows the proper consideration for the uncertainty about each element and therefore maximizes the overall Ps. Under this scenario, each account manager is provided the "expected" budget. Variations, with explanation, must be allowed during the conduct of the program. In other words, underruns and overruns should be allowed to offset each other.

Why is this important? Because, whatever funds are allocated will, in most cases, be spent.

3.3 The Effects of “Hidden” and Contractual Incentives

The present incentive structure that exists on most programs are subtle incentives that are incorporated into the present day management styles. There are the unwritten incentives: (1) The inability and reluctance to off-load competent personnel from the program. (2) The need to spend the budget provided or "it will not be available next year." (3) The need by the program personnel such as design engineers to provide the most reliable product for the money provided. For example, design engineers will continue to develop their design as long as they are funded. Why? Because they are evaluated on how their design works during testing and after delivery. This is a much larger incentive to them than under running or over running the budget. If the engineers were to under run the budget and have a failure during development tests, they would be considered a failure. If, however, they overran the budget but had a successful test, they would usually be considered a success.

Why are these "hidden" incentives contributing to overruns? Because each task or cost account in a WBS has uncertainties associated with it. These uncertainties are potential underruns or overruns. If these potentials are not allowed to occur, only the overruns will occur with no offsetting underruns. This phenomenon can have a very consequential effect, especially in large, multi-tasked programs.

The obvious solution is to change the incentives. However, this is not practical. For this reason, it is necessary to develop the tools to recognize the potential savings and to guide program management to these goals. That is, determine the potential variations in each task and manage accordingly. This capability is what makes the RACM and the SCC process unique.

Written incentives include cost, schedule, and performance incentives. However, performance incentives have, in the past, often been large enough to outweigh the cost and schedule incentives. The subtlest incentive that relates to the use of a good risk management process is the misuse of the EVMS intent. It was intended as a management tool. However, it is often used to provide an absolute budget line from which there can be no variance, i.e. no under-runs or overruns are allowed.

As stated in "Punished by Rewards" by Alfie Kohn 1993 "Not only are incentive systems and pay-for performance plans pervasive in U.S. companies, but there exists a deep and rarely questioned commitment to the belief that offering people rewards will cause them to do a better job. The evidence, however, suggests that extrinsic motivations in the workplace are not only ineffective but often positively counterproductive. The most familiar reasons proposed to explain this failure deal with relatively minor issues that apply only to specific incentive programs. But several other reasons strike at the heart of the assumptions about motivation that underlie all such programs. The bottom line is that any approach that offers a reward for better performance is destined to be ineffective. It is simply unfair that employees are held responsible for what are, in reality, systemic factors that are beyond their control.”

The unwritten and misused incentives should be examined. This can be partially accomplished by changing the culture in several ways. (1) Understanding the "expected" and "most likely" outcome in a program's cost and schedule structure. (2) Use EVMS as a tool to manage the program in conjunction with the RACM process. (3) Provide incentives and recognition at the level where costs can best be controlled, i.e. design engineers, integrated product development teams, etc.. (4) Allow companies to make large profits if they meet all cost, schedule, and performance goals. (5) Include, as part of the cost analysis, how companies will be able to maintain a basic cadre without having them "sit" on the program being proposed. The "basic" cadre, the cadre required during the course of the program, should be identified in the first estimate.

3.4 Budget Reporting And Management

All uncertainties must be identified and considered in developing a cost model for the program and they must be considered during the conduct of the program. Meeting this goal requires the additional use of a tool that will allow an understanding of how the program is progressing. This is the EVMS method of cost management developed by the government. Under EVMS a reasonable baseline stability is sought against which performance is measured, i.e. it is a methodology for monitoring and comparing progress against program plans. Performance measurement as defined by the EVMS system can be used to update RACM as a refinement of EACs.

For example, managers are usually given a budget and told to stay within budget. If they do a perfect job of staying within budget they are, inadvertently, either contributing to the overrun of the program or to an inadequate completion of the task. This has often been the interpretation used in applying the EVMS (previously called CSCSC) discipline. Many program managers use EVMS to track the budget. Any variation, either above or below the expected expenditure, is treated as a variation that must be explained. Too often this is responsible for a manager "staying on the line" just because that is what is expected. This then becomes another "hidden" incentive to overrun.
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Figure 3.4

If the RACM process, in consonance with earned value process, is applied throughout the life of the program, some recovery may be possible and the need for recovery should be minimized.

An approach to accomplishing this is illustrated in figure 3.4. This is an example of using the government's "earned value" approach. In this example each WBS element or cost account is analyzed for both labor and non-labor. The budget is plotted at the “expected completion cost,” i.e. 50% Ps. About this plot, two “1 sigma” lines are plotted. These are then monitored against a 1 sigma line (shown in red) developed from the results of an EVMS evaluation. The program should be evaluated periodically, e.g. after each  10% of the total span.

This approach to performance analysis and prediction is a necessary adjunct to the usual approach of monitoring only the cost and schedule by comparing the dollars budgeted to actual dollars expended and the scheduled events to actual events that have occurred. This earned value approach is necessary in order to assure that the effort being expended is accomplishing the goals of the program. For example, if the projected budget has been expended after 10% of the schedule has been completed, the program may or may not be in trouble. Only by considering the work accomplished for the dollars expended, can management be assured of a thorough understanding of the status of the program.

Government studies (1) indicate that when a contract is more than 15% complete, you can't recover. i.e.

· Overrun at completion will not be less than overrun incurred to-date

· Percent overrun at completion will be greater than percent overrun incurred to-date.

Based on an analysis(2) of 64 completed contracts; "the overruns at completion predicted by the contractor and by the government program office were unrealistically optimistic. From as early as the 10 percent completion point through the end of the contracts, the predicted final overruns were less than the current overruns reported on the contracts. Although the estimates supported by the government program offices were less optimistic than the contractors' estimates, neither was found to be realistic."

"From the United States Government's perspective, which must allocate resources between competing products, the performance measurement concept has provided a good method to obtain an accurate assessment of the cost and schedule status of their procurements, on a monthly basis, and it has improved their ability to ascertain the true final costs."

The key term used in the EVMS method for measuring contract performance is "earned value." This method combined with the RACM process can provide a more accurate analysis for: Budgeted Cost for Work Scheduled (BCWS), Actual Cost of Work Performed (ACWP), Actual Cost of Work Scheduled (ACWS), etc., by analyzing each within the framework of RACM

Not only should this be more accurate but it should result in fewer variance reports and will provide the program management the ability to determine their risks and how to best make adjustments to the budget plan.

3.5 Inadequacy of Historical Data and Cost Estimating Relationships (CERs)

Historical data should be used whether explicitly as in parametric models or implicitly as in a model developed from engineering experience. Both rely on what has been done before. However, any historically based model should be used with caution. The factors that incorrectly influence the data are discussed in the introduction. Two of the most consequential factors are:

1) Improper allocation of resources (money allocated is money spent) - See discussion above.

2) Acceptance by the contractor of changes beyond the scope of the contract without adjustments.

CERs are based on historical data and the relationships that were apparent on those programs. These relationships are usually adjusted for each program that they represent. While historical data is necessary in trying to predict the future, any use of the data must be dissected, examined, and only then can it be reassembled for use in a model and, as pointed out before, there is a more efficient method of allocating money that will greatly reduce costs. 

The impact of accepting changes beyond the scope of the contract creates a false cost baseline. Any future analysis for use in cost forecasting would develop CERs that would assume a product as originally specified without the benefit of knowing what additional tasks are represented by the costs..

_______________________________

(1) Wayne Abba, Office of the Under Secretary of Def. (Acquisition & Technology - Performance Management)
(2) Dr. David Christensen in the 1994 Winter issue of the Acquisition Review Quarterly

3.6 Visibility of the Process (Assumptions and Inputs) is Critical.

Too often program management rely too heavily on cost forecasting models without being provided the insight to the factors used in the final assessment. The RACM process requires management, design engineers, manufacturing engineers, logistics engineers, planners, cost modelers, and other program personnel to work closely together. Furthermore, each discipline involved can see the results of their inputs. This eliminates much of the misunderstanding often associated with cost forecasting. This approach will result in a better understood forecast that will ultimately save time and be more accurate.

The factors that should be separately considered in any cost forecasting method can be divided into two basic categories, (I) those factors affecting each cost account or WBS element, and (2) those factors that are global in nature. The effect of global factors must be assessed on the total program only. Listed below are those factors that have been identified as the major factors influencing the cost of a program. As such, they should be separately analyzed. Factors should be considered in two categories, those affecting each account or WBS element and those affecting all elements, and should encompass the following considerations.

A. Factors affecting each WBS element

· Performance requirements (Establishes the basic estimate for each element in the WBS)

· Structure of the contract. Is it fixed fee, incentive, firm fixed price, etc. ? This affects the distribution about the estimate because the objectives that can be identified.

· Schedule uncertainties that are identifiable with specific elements of the WBS.

· Effects of improvements contemplated.

· Changes in future parameters that can be anticipated now. e.g. labor rates.

· Correlation between elements

B. Global Factors Affecting All Elements

· Global schedule uncertainties affecting all of the elements in the WBS. e.g. a flight failure requiring scheduling of another test.

· Potential major design problems discovered during operational tests.

· Management Policies such as the allocation of resources.

· Major changes in business climate and redirection of effort.

3.7 RACM’s Analytical Approach Instead of Monte Carlo

[image: image3.wmf]2100

2000

1900

1800

1700

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

MONTE CARLO vs. ANALYTICAL MODEL (NORMAL APPROXIMATION)

COST - K$

NORMAL APPROXIMATION 

(GIVEN MEAN & SIGMA)

MONTE CARLO RESULTS 

(10,000 CASES)

-

 

1% BOUND

+

 

1% BOUND

WITHIN ± 1% 

AGREEMENT

PROBABILITY OF SUCCESSFUL

COMPLETION WITHIN COST

SPEED & ACCURACY CONSIDERATIONS


Figure 3.7
Another feature of the RACM process is the use of the analytical approach instead of the Monte Carlo approach used in most cost forecasting models. This is desirable for several reasons.

C. Accuracy (Consistency)

The results of RACM’s analytical method are consistent with Monte Carlo. Accuracy is a function of the parameters used to define the function. For the comparison shown in figure 3.7, the same parameters were used for the Monte Carlo and RACM methods. These two approaches provided results that are within 1% of each other and, in the range of anticipated use (50% Ps to 95% Ps), the agreement is even greater.

D. Speed

The RACM model is able to provide an analysis in a matter of seconds. The Monte Carlo models will take an hour or more on some of the large programs. This speed is essential for one very good reason. An understanding of any model’s forecast requires many "runs" of the model using different inputs. This allows management to better understand what elements in the WBS should be watched and examined further. If each analysis takes an hour or more, there will not be enough time to make all of the runs necessary for a full understanding of the modeling results.

4 BACKGROUND AND STATUS

4.1 PHASE I - Examination of the Process

The standard methods of developing cost estimates and managing budgets were first questioned(1) in response to the growing concern that costs of many programs had increased significantly over the past 20 years. Most of the increases could not be attributed to inflation or other known factors that normally increase costs. The first explanation was that each element or cost account in the WBS was being "padded." If this were true (and sometimes it is), the "padding" should have eliminated the many overruns that were occurring. They didn't.

The next assumption was that the overruns were caused by those responsible for forecasting costs, i.e. they were not recognizing, in advance, all of the costs that were to be encountered. This may account for the over runs but would not account for the significantly increased costs. The third assumption was an excessive number of changes being incorporated that were beyond the original scope of the contract and outside the original specifications. This establishes a false cost baseline for future programs.

Because these explanations were not adequate in explaining the increase in costs, a study was initiated to develop a model that considered each step in the forecasting and managing of a program, especially the human element. The most important finding was the effect that "hidden" incentives have on the final cost of a program. These incentives are not the usual cost incentives or performance incentives written into a contract or made part of the standard operating procedure. These are the "hidden" incentives that govern the conduct of the personnel performing the tasks.

4.2 PHASE II- Implementation

Once these findings were documented, the implementation phase began. Because the results were quite different from those obtained from standard off-the-shelf models, an independent analysis was initiated(2) at  Santa Clara University(3) for: (1) verification of the underlying mathematics and, (2) a literature search for similar models. The results of this review were positive.

In addition to independent reviews and because of the implications this new approach would have on the Government's acquisition programs, discussions with OSD's Acquisition Management were initiated. The contact was Mr. Wayne Abba.(4) After reviewing the material, he requested a series of presentations to those eventual users in the Government's Defense Industry in order to get their opinion. These presentations were subsequently made to the following organizations:

· Cost Analysis Improvement Group  (CAIG)

· Acquisition Reform

· Economic Security

· Research and Engineering

· BMDO - Program Office

· USAF Cost Analysis 

· US Army Cost Analysis

· Aeronautical Systems Center

· AFSC (ESD)

·  US Navy Cost Analysis

·  NAVAIR-ASW

·  Fleet Ballistic Missile Program (FBM)

·  IDA - Institute for Defense Analyses

All organizations involved provided OSD with a positive feedback. Meetings were then held internally at OSD's Acquisition and Performance Management office. Their conclusion was that the process was new and unique and that no major concerns had been surfaced. This conclusion resulted in the funding of a study by OSD that was contracted with the Institute for Defense Analyses (IDA)(5). They were to conduct a two phase study. Phase I was to verify, once again, the mathematical (statistical) concepts and the uniqueness of the concept. This has been accomplished with positive results. Phase II was to actually use the process in a controlled environment.

In addition, presentations were made to non-government organizations with equally positive results. These presentations included the following:

· Northwestern University

· Penn. State

· Santa Clara University

· Massachusetts Institute of Technology

· SCEA - Society of Cost Estimating and Analysis

· PMA and NSIA - 6th Annual International Conference

At the present time, the process is being used to varying degrees at Lockheed Martin, Boeing, and some non-government programs.

_______________________________

 (1) Original study and initial modeling accomplished by Creaghe Gordon, George Rosenthal, and Jim Garofalo. Subsequent modeling and examination accomplished by Creaghe Gordon, Ron Welch, Ed Henderson,  Dr. Feinstein, and Doug Johnson

(2) Mike Laden, Executive Vice President, Lockheed Missiles and Space (Missile Systems Division)

(3) Professor Charles D Feinstein, Ph.D. (Santa Clara University)

(4) Wayne Abba, Office of the Under Secretary of Def. (Acquisition & Technology - Performance Management) and Gary Christle - Director

(5) IDA (Matt Goldberg, Ph.D. and Chuck Weber, Ph.D.)

5 EXAMPLE OF RACM PROCESS

5.1 DEVELOPING ORIGINAL ESTIMATES - GENERAL GUIDELINES

A. All inputs to RACM are descriptions of individual factors in the realization of final program cost and should be described in a statistical manner. Therefore these inputs should reflect the uncertainty associated with each term - i.e., provide a distribution for the factor, not just a point estimate.

B. Inputs should be independent so that the term being modeled does not include effects that are to be described later.

C. The elements being modeled should be of the same magnitude, when possible. This may require a further breakdown of some terms or a combining of others. The purpose is to avoid a dominant element. However, if one element should be considered dominant, the inputs should reflect this effect.

D. The inputs should come from the interview process between the cost analyst who will be running RACM and the individual program managers and cost account managers involved in actually performing the tasks. In practice, many variants on this procedure have been experienced. It is subject to the experience of the cost analyst, the statistical knowledge of the program personnel, the accumulated knowledge of the interviewers about the specific engineers and program personnel providing the answers, and seemingly unique situations that arise in every application. The input and interview process will be iterative in nature. This is very valuable in terms of good understanding of the final product. In addition, the use of sensitivity analyses makes it considerably easier to identify and resolve potential input errors than other methods provide.

5.2 Basic Cost Estimate
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Figure 5.2a
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Figure 5.2b

In the example shown below, the high and low inputs for each element represent the fundamental estimates of "should" cost for the completion of each specific task or element in the WBS. The high and low cost estimate for each term also requires an estimated probability of success (Ps). The Ps for the lower cost should be less than or equal to the Ps for the high estimate. This defines the unique mean and standard deviation. A typical input for labor estimates is illustrated at the top of figure 5.2. A typical input for non-labor estimates is illustrated in figure 5.2a for labor and figure 5.1b for non-labor. The output resulting from these inputs is shown in figure 5.2c



5.3 Schedule uncertainty (within each WBS element)
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The input required is a description of a possible slip in the schedule within the element in question, caused by factors totally within that element. The model assumes the value given is a 3-sigma value (a realistic maximum) with zero representing the nominal or maximum likelihood value. RACM also requires an input for the equivalent number of critical parallel paths that might cause that slippage to occur. Methods for computing the effects on the mean and standard deviation due to this type of influencing factor are discussed elsewhere. Off-line empirical methods were employed to provide tabulations of possible results for RACM to include and are represented in the model. The equations and tabulations use a scale factor (of the original sigma prior to this consideration) formulation and hence reflect a multiplicative process step. See Figure 5.3.
5.4 Cost Improvement initiatives
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Figure 5.4

This input is intended to represent a statement of how this program intends to do business better than in the past (i.e. better than the basic estimate.) The form of this input is a best estimate, most likely improvement percentage and an uncertainty range statement . For example, WBS element Xi might assert they can improve their previous process by 20% + or - 20% for an overall distribution of 0 to 40% improvement. The two extremes are modeled as the 3-sigma points of a normal distribution about the nominal or best estimate improvement point. This is also a multiplicative process. - Figure 5.4
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5.5 Potential Cost Increases 
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Figure 5.5

An example (Figure 5.5) of this cost increase is the typical increase in labor rates. The form of this input is again a percentage estimate of the effect and statement of the range variation that might be expected. A nominal (%) is input accompanied by the 3-sigma possible variation (%), so that RACM can define the distribution. This is treated analytically, like "cost improvement". It is a multiplicative process. 

5.6 Program Level (Global) Schedule Impacts
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Figure 5.6

The element by element influencing factors have been completed and the inputs now reflect factors affecting the overall program without specific attachment to individual WBS elements. These are referred to as the "Global" effects. The first of these considered is the possibility of overall program schedule slips. (Figure 5.6) The input   values reflect possible slippage across the entire structure simultaneously and the number of   critical parallel paths reflects the expected number of individual WBS elements in the   overall description that might cause such a global slippage. The model transforms the total program mean and standard deviation, not the individually described element-by-element characteristics as was previously done. The process is a multiplicative operation, although that consideration really plays no role here. This impact is always maintained separately and presented in the final analysis as a program reserve item for the program manager.
5.7 Unanticipated Major Problems
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Figure 5.7

Unanticipated major problems are unknown, potential program events that may occur somewhere during the course of the project that might redirect efforts. Typical examples would be flight test failures, unanticipated program redirection, subcontractor difficulties that couldn't be anticipated, etc. Even though these problems can not be specifically defined, experience with similar projects suggests that such problems do occur and have important consequences. RACM inputs are the magnitude (cost) of a potential problem and an estimate of the probability of occurrence of that problem or event. (Figure 5.7) The RACM analysis combines all of these stated individual events to generate the necessary mean and standard deviation of the discrete event space representing all possible combinations of the scenarios considered. The effect is also maintained separately so that it can be removed when other factors are considered and then recombined when necessary to reflect the final overall cost estimation. Since this factor is not identified at the individual element level but rather just at the total aggregate "Global" level, the (distribution) dollar value is never considered as a specific WBS level item in allocating resources. This factor would always be considered as a fundamental reserve item for the program manager.

5.8 Management Policy to be Employed by Program Management.
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Figure 5.8

The management policy having the greatest effect on the final cost of the program is the budget allocation policy. This involves two factors: (I) the amount of reserves to be withheld, and (2) how the reserves are distributed. This is a unique consideration of the RACM model and the most important of all of the considerations. (Figure 5.8) This provides program managers an indication of the potential impact their individual reserve policies might have on the final realized cost of the program. The specific RACM inputs used are the values necessary to describe the management reserve policy intended. The result identifies the level of success that program management intends to reflect with their cost (bid) estimate (which defines the overall   dollars available to the operational program) and the percentage of the possible reserve fund   (bid level dollars minus the minimum/nominal estimated program cost) they expect to distribute initially to the individual WBS cost accounts. 

The current formulation assumes that the minimum reasonable WBS element level allocation is the point from the cumulative distribution for the overall WBS identified program dollars. This provides WBS levels that are appropriate but do not spend from the reserve fund unless actually required to do so, and allows "statistical averaging" where "under-runs offset over-runs." The mathematical process provides for the individual distributions to be collapsed up to the dollars-allocated level using the piece-wise linear transformation algorithm. The Central Limit Theorem could be used at this point so that all these collapsed distributions would be combined and represented as a "Normal" distribution for display purposes, but in extreme cases the Beta distribution definitely provides more freedom to better represent the shape of the resulting cost distribution. The minimum, maximum, mean and sigma data provided for the (non-symmetric) cost distribution resulting from the overall processes described here are exactly the parameters necessary to generate the Beta curve currently displayed as the final RACM "Cost versus Ps" estimate.
5.9 Allocation Table
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The final output of the process used for forecasting the probabilities in the program is a table that provides management with the most likely values for each cost account or element in the WBS. This has several positive effects that are: (1) The allocation to each cost account manager is a value that has the same risk as the amount provided all other cost account managers. (2) Program Management can maximize their objective of successfully completing all objectives of the program within or under budget. (3) A baseline is established that will allow Program Management to adjust the monies between accounts in an equitable manner. For example, if a 10% cut in the total budget was necessary, the cuts to each account could be made by equitably adjusting the risk associated with each account. Reducing the monies allocated to each account by 10% would be inequitable and would increase the probability of an overrun beyond that which an equitable risk reduction would yield In Figure 5.9 two sets of values are shown. The values on the left show the results of the analysis completed in the example. These are the amounts that should be allocated to each cost account if the overall Ps of .85 is to be met. Any other distribution would not maximize the possibility of achieving the objective. The set of numbers on the right are those values associated with achieving an objective of 50% Ps. This is the goal that will provide the greatest savings without penalizing those who are responsible for achieving program objectives. Why? Because this 50% Ps value is the “most likely” value associated with the effort. It represents what is necessary to accomplish the task, but no more.

Please note the amount of reserve available in each scenario. This should be used judiciously during the total course of the program.

5.10 Earned Value Management

Earned Value Management is a method used to determine the real progress of a project taking into account:

· the work completed, 

· the time taken, and

· the costs incurred to complete the work completed.

The Earned Value Analysis shown in the EV Chart shows the variance from the Earned Value expected but more importantly, it uses a statistical approach to provide an acceptable variance and indicates the trend being experienced in exceeding those acceptable statistical variances. This approach must be used in conjunction with a standard Earned Value Analysis.
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Managers are usually given a budget and told to stay within budget. If they do a perfect job of staying within budget they are, inadvertently, either contributing to the overrun of the program or to an inadequate completion of the task

If the RACM process, in consonance with earned value process, is applied throughout the life of the program, the need for recovery should be minimized.

The approach illustrated in the figure shows the result of analyzing  each WBS element or cost account for both labor and non-labor and the plotting the “expected completion cost,” i.e. 50% Ps. About this plot, two “1 sigma” lines are plotted. These are then monitored against a 1 sigma line developed from the results of an EVMS evaluation. The program should be evaluated periodically.

This earned value approach is necessary in order to assure that the effort being expended is accomplishing the goals of the program in a realistic analysis.

5.11 Monitoring Program Status 

(To be supplied)
6 PROCESS FOR ELICITING THE INPUTS 

6.1 Probability Distributions

The fundamental observation guiding design of the RACM process is that modeling uncertainty is the critical issue in understanding the behavior of projects. The RACM process requires that a project be structurally decomposed into a set of (WBS) elements, each of which is characterized by the random variables, time-to-complete and cost-to-complete. Therefore, the RACM process requires that these random variables be characterized in some meaningful way so that an appropriate set of inputs to the analysis can be obtained. Clearly, it would be impossible  to characterize a random variable by a single point estimate of its value; a single value is simply insufficient. A random variable can only be defined by the probability density function or characteristics function.

Other methodologies have foundered on this very point. They compound the error of using a single value to characterize a random variable. Thus, point estimates of random variables cannot be coherently interpreted even within a methodology that relies solely upon such estimates. To avoid these kinds of difficulties and errors, RACM assesses directly the probability distribution of each input random variable.

The essential reason for assessing probability distributions is to encode mathematically the uncertainty that an expert assigns to the time-to-complete and cost-to-complete for each work-breakdown-structure element. Those uncertainties are used in the RACM process to determine the uncertainty in the entire project.

6.2 Assessment of Uncertainty

There are two general difficulties associated with encoding an expert's perceptions about uncertainty. First, one often attempts to use ordinary language when accounting for uncertainty. Ordinary language can be ambiguous and imprecise. A moment's reflection upon the differences among the following statements should suggest the difficulties attendant upon using ordinary language to describe an uncertain situation. Consider the various interpretations that could be given to (a) "it is most likely to occur"; (b) "It will probably occur"; (c) "It will almost surely occur"; and, (d) "it is likely to occur". RACM eliminates the use of ordinary language in assessment and replaces it with precise probability statements.

A second difficulty is that people are frequently biased when they try to quantify their uncertainty. (Here we adopt a subjectivist view of uncertainty, viz., that uncertainty is a belief held by an expert about the real world.) There are two classes of biases. Motivational biases are present when the expert's statements do not reflect his conscious beliefs. Cognitive biases are present when the expert's conscious beliefs do not reflect his information. RACM attempts to overcome biases by adopting a formal procedure for quantifying an expert's uncertainty.

Aspects of the formal quantification procedure include the following. (a) All relevant information is considered when providing probability assessments. (b) What experts actually think about the variable in question becomes the input. (c) Methods that can circumvent or overcome the limits of empirical data are applied in the encoding process. (d) Ambiguity is minimized by expressing expert opinion in mathematical terms. (e) Throughout the process, there is a continuous check for biases.

6.3 Overcoming Biases

Motivational biases can be caused by organizational reward structures. For example, a salesman may bias a sales estimate upward to obtain a large expense account, or downward to assure that his sales exceed his estimate. Similarly, a program manager may bias cost estimates downward to assure continuation of his program. Often, motivational bias may be indicated by statements such as "I was being conservative in my estimates" or "I am an expert, and experts aren't supposed to be uncertain". The latter statement is a special case of motivational bias, and reflects the expert's preference for the appearance of certainty in an uncertain situation. Motivational bias can be overcome if the causes of such bias--organizational reward structures, expert bias, the need for certainty, etc.--are known and openly discussed during the assessment process.

Cognitive biases result from improper use of subconscious rules of information processing (known as cognitive heuristics). Six cognitive biases are frequently observed. Adjustment and anchoring bias results in a tendency to focus on a specific number, such as an initial guess, and not depart from it. Availability bias is the tendency to focus on a dramatic or recent event that is easier to recall and impute to it a greater likelihood or representativeness. Sample bias results in too much faith in small-sample data and not enough weight on general, abstract information. Coherence and conjunctive bias permits a good story to make an unlikely event seem more likely. Representativeness bias suggests that an event that is in some sense representative of what is possible is more likely to occur, such as the apparently remarkable occurrence of four heads in a row, compared with any other single mixed sequence of heads and tails when tossing a "fair" coin. Overconfidence bias is the tendency to underestimate one's true uncertainty and is often expressed as a firm belief in an incorrect answer. These biases are subconscious and only partially controllable. The encoding process seeks to uncover these biases and thus overcome them.

6.4 Encoding Procedure

The encoding procedure used in RACM is a five-phase procedure, consisting of (1) a motivating phase, that is essentially a training session wherein the purpose of the task is explained and the various biases are defined and discussed; (2) a structuring phase, in which the variable under assessment is defined and various aspects of the expert's thinking with respect to the variable are explored; (3) a conditioning phase that assembles all relevant information to counteract anchoring and availability biases; (4) an encoding phase that expresses the expert's understanding numerically by applying various comparison and reference techniques; (5) a verifying phase in which the expert is asked to agree to the encoded distribution in terms of his own betting behavior. The entire procedure iterates until the expert is willing to bet his own money according to the odds given by the assessed distribution.
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