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1 Document Objective

The objective of this manual is to provide instruction and guidance for the use of the COSYSMOR model/tool. The document also outlines the improvements made to the model that extend its capabilities beyond that of its predecessor, Academic COSYSMO.
2 COSYSMOR Capability Overview

Section ‎2 provides an overview of COSYSMOR’s capability.

2.1 Introduction to COSYSMOR 
Lockheed Martin developed the COSYSMOR model/tool to extend the capabilities of Academic COSYSMO tool from the University of Southern California (USC)
. 
COSYSMOR is predicated on the view that uncertainty in estimation is a certainty.
Both COSYSMOR and Academic COSYSMO are spreadsheet-based Systems Engineering cost estimation tools. COSYSMO (COnstructive SYStems engineering MOdel) is a member of the COCOMO (COnstructive COst MOdel) family of cost estimating tools that have been facilitated by USC.
 “COSYSMOR” stands for ”COSYSMO with Risk and Reuse,” or more simply, “More COSYSMO”. 
A major driver for the development of COSYSMOR was to get away from “single point” cost estimates in order to better recognize the uncertainty associated with effort, schedule, and cost estimates. This improvement was accomplished by accounting for risk and confidence, as well as the fact that not all requirements are new.
The COSYSMOR model/tool recognizes that uncertainty is a fact of the system development life cycle. Thus, key business and technical decisions need to be made in the face of uncertainty, e.g., cost and schedule. Yet, often, business capture and execution teams develop only “single point” estimates for effort and schedule unaccompanied by any statement of the degree of uncertainty in these values and the potential overrun exposure they imply. The tool codifies a systematic process to characterize the uncertainty of key cost estimate parameters. 

As a result, the user develops range estimates for the cost along with associated probabilities. From these range estimates, the “risk” and “confidence” are estimated. Risk is the probability that a given cost target will be exceeded. Confidence is the probability that a given cost target will not be exceeded. This information can be used by decision makers, such as program/project managers or acquisition officers, to make better informed decisions about cost targets and to facilitate tradeoffs with respect to cost and schedule. 
COSYSMOR was also developed in recognition of the fact not all requirements are new. Some may be reused, deleted, or modified with respect to prior projects or versions of a project being estimated. COSYSMOR can accept counts of these four types of requirements, not only the counts of requirements assumed to be new.
2.2 Overview of the COSYSMO Model/Tool 
This section summarizes the basic or Academic COSYSMO model/tool. COSYSMOR was built upon this model, extending its capabilities (see Section ‎2.4). COSYSMOR is implemented on a spreadsheet (Microsoft Excel®), as was Academic COSYSMO. Each tool provides an estimate of the total estimated labor hours for five systems engineering process/activity groups over four project development life cycle phases. The distinction is that the percentage allocations amongst these twenty activity/phase pairs are fixed in COSYSMO but are adjustable in COSYSMOR. 
The five process/activity groups are: Acquisition & Supply; Technical Management; System Design; Product Realization; Technical Evaluation. The four phases are: Conceptualize; Develop; Operational Test & Evaluation; Transition to Operation. The process/activity groups follow the EIA 632 standard. The phases are derived from the ISO/IEC 15288 standard, but differ from it somewhat. See Appendix A for descriptions of the activities and phases. Note: A future version of COSYSMOR will provide for the optional use of the Lockheed Martin IEP (Integrated Enterprise Process) processes/activities and phases, as well as the set in the current version of COSYSMOR.
2.3 Fundamentals of the COSYSMO and COSYSMOR Model/Tool

The fundamental equation implemented by both COSYSMO and COSYSMOR is: 
PH=A*(SE)*ПDi
where: 
PH=systems engineering person hours; 
A=the baseline productivity for a unit of effort; 
S=equivalent size, number of equivalent requirements; 
E=exponent, indicates a degree of economy of scale associated with these requirements; 
Di, i=1,2,….,14 are the cost driver values.

PH is based adjusting a baseline unit of effort by the number of equivalent requirements and the various cost drivers. 
The factor A is the baseline productivity constant, person hours per equivalent requirement. 
S is the number of equivalent requirements; it is the weighted sum of twelve categories/difficulty pairs, four categories times three difficulty levels; the four categories of size drivers that characterize the systems engineering effort at an associated difficulty level. The four categories are: system requirements (R); system interfaces (I); algorithms (L); operational scenarios (O). The user provides the number of “easy (E),” “nominal (N),” and “difficult (D)” for each of these four categories. Each weight is the relative cost of implementing a particular one of the twelve categories/difficulty pairs (E, N, and D each for R, I, L, and O). These categories are further described in Appendix B.
The weights in Academic COSYSMO (and the reference weights in COSYSMOR) are estimates that were derived by a Delphi process contributed to by a set of persons from industry and academia. 

Di, the cost drivers are: Requirements Understanding, Architecture Understanding, Level of Service Requirements, Migration Complexity; Technology Risk, Documentation, Number and Diversity of Installation/Platforms, Number of Recursive Levels in the Design, Stakeholder Team Cohesion, Personnel/Team Capability, Personnel Experience/Continuity, Process Capability, Multisite Coordination, and Tool Support. Some of these cost drivers relate to the nature of the system or project for which the estimate is made, while others relate to the process for implementing the system. The cost drivers characterize the nature of the project, as well as the process and team used to perform the project and are believed to be nearly mutually independent. The cost drivers are described in Appendix C. 
Each of the cost drivers is estimated by increasing or decreasing the unit effort for the project being estimated relative to the baseline unit effort value, A. Thus, if the values of all fourteen driver values, Di, i=1, 2,…,14 were equal to 1.0, then the unit effort for the project in question would be equal to A. If a driver value is <1.0, this has the effect of decreasing the unit effort from A. (Or, from another point of view, increasing the productivity of the systems engineers from the baseline value, 1/A). Conversely, if a driver value is > 1.0, this has the effect of increasing the unit effort from A. 
The exponent E indicates the degree of economy of scale or not. If E<1.0, this means that larger systems engineering projects (those having greater values of S) would be done at a higher productivity. In contrast, if E>1.0, then larger projects would be done less productively, i.e., at a greater relative cost than smaller projects (those with smaller values of S). 
Whenever possible, local calibration of A and E should be performed. Ideally, the values of both A and E are established based on past project performance of the organization that is estimating the project. In the absence of such local data, “industry” values can be used, however, using these industry values may lead to considerable error. The values currently used by Academic COSYSMO are A=38.55 and E=1.06. The values of the other parameters must be chosen to characterize the specific project at hand. Note: COSYSMOR supports the implementation of a systematic process to characterize the uncertainties of these parameters as perceived by the estimators.
2.4 Summary of Functions Provided By COSYSMOR

This section describes capabilities that extend COSYSMOR beyond Academic COSYSMO. The initial version of COSYSMOR provides four major additional functions beyond those provided by the Academic COSYSMO tool. As noted below, a fifth function will be provided in a future version of COSYSMOR.
2.4.1 Estimation of Cost/Effort and Schedule Uncertainties/Risk and Confidence
COSYSMOR aids the user in the quantification of the impacts of uncertainties in the values of key model parameters. The tool provides multiple cost and schedule values with associated probabilities. They define the “risks” or probabilities of exceeding cost/effort and schedule targets. “Confidence” values are the probabilities that these targets will not be exceeded. The Academic COSYSMO tool does not enable the user to represent the degree of uncertainty in the values of the COSYSMO size and cost drivers, providing only a single value estimate.
2.4.2 Representation of Multiple Types of Size Drivers (e.g., Requirements)
COSYSMOR provides for the acceptance of user-entered counts for new, modified, reused, and deleted types for each of the four size driver categories (see definitions below) and the generation of a systems engineering project “size” value that represents these values. Academic COSYSMO provides for the user entry of a single value for each cost driver category (assumed to be new); it does not enable any differentiation among new, modified, deleted, and reused size elements.

2.4.3 Labor Scheduling
COSYSMOR provides the spread of systems engineering labor by activity group and across four development phases (time). Academic COSYSMO does not provide an effort estimate for each of the systems engineering activity groups (defined below) or of their spreads over the four phases or time. 
Academic COSYSMO develops a single value estimate for the total systems engineering effort for five activity groups (see Section ‎2.2) over four phases (see Section ‎2.2). COSYSMOR provides a decomposition of the total effort into each of the activities and to their spreads across the schedule or period of performance. The COSYSMOR user can determine the allocation of effort for the activity groups across the period of performance or can let COSYSMOR do this automatically. The COSYSMOR produced labor allocation can be used to provide a “first pass” or initial estimate of the distribution of labor. The estimator or manager can modify this allocation based on various practicalities such as the actual availability of persons to staff the systems engineering activities, etc. The allocation provided by COSYSMOR is based on values derived by USC using a Delphi process that included input from experts across industry and academia.

Future feature: A future version of COSYSMOR will provide for the use of Lockheed Martin IEP (Integrated Enterprise Process) activities and phases, as well as the set in the current version of COSYSMOR. 

2.4.4 Labor Allocation
COSYSMOR provides for the user to select the percentage allocations of the twenty activity/phase pairs or effort elements. Future feature: A future version of COSYSMOR will provide for the use of the Lockheed Martin IEP (Integrated Enterprise Process) activities and phases, as well as the set in the current version of COSYSMOR.

2.4.5 Relative Cost Estimator for Modified, Reused, and Deleted Size Drivers (Future Function)

This function will enable COSYSMOR users to calculate the relative unit costs (relative to those for new size drivers) for modified, reused, and deleted size driver values. These relative costs are symbolized as cM, cR, and cD, (see ‎Appendix D. - Section ‎E.3). The user will enter percents relative to the reference values (for new size drivers) in a worksheet identical to the “Effort Activity/Phase Estimator” worksheet shown in Figure 22. Currently, that worksheet can be used for this purpose. However, the future version of COSYSMOR will have one such user worksheet each for modified, reused, and deleted size drivers.
3 COSYSMOR Structure and Operation
This section describes the structure and use of COSYSMOR. The section also provides additional descriptions of the graphical and tabular outputs of the tool. 
3.1 COSYSMOR Structure 
COSYSMOR is a spreadsheet-based tool consisting of ten worksheets. The tool user enters data into three worksheets. One worksheet provides the output of COSYMOR. The rest of the worksheets provide tool processing and should not be accessed by the user. Figure 1 names these worksheets and summarizes their functions.
Figure 1 - COSYSMOR Tools, Worksheets, and Functions
	Worksheet Number
	Worksheet Name
	Worksheet Function

	1
	COSYSMOMAIN
	User enters labor estimation parameter values, e.g., size parameter counts, cost driver values.

	2
	REUSE
	User enters, optionally, %s of new, modified, reused, and deleted for easy, nominal, and difficult for the four size drivers. COSYMOR calculates %s of new, etc. across easy, nominal, difficult for the four size drivers, and sends this data to COSYSMOMAIN worksheet.

	3
	COSYSMOLABSCHED
	User enters labor/effort spreading parameter values, e.g., duration of project.

	4
	PLOTS
	Model Output of the 11 graphics generated by COSYSMOR, e.g., Systems Engineering Labor Risk

	5
	COSYSLABRISK
	COSYSMOR Processing: Worksheet develops labor /effort risk distributions.

	6-9
	CSTP1,CSTP2,CSTP3,CSTP4
	COSYSMOR Processing: Worksheets develop cost driver risk/confidence distributions using the four worksheets. CSTP4 sends this data to the COSYSLABRISK worksheet.

	10
	COSSIZEDR
	COSYSMOR Processing: Worksheet develops size driver risk/confidence distributions. Sends this data to COSYSLABRISK worksheet.


3.2 COSYSMOR Worksheets Summary 
This section describes the four tool worksheets that are used to enter data and obtain results. These worksheets are: COSYSMAIN, COSYSMORLABSCHED, REUSE, and PLOTS. 

Note: The user may change only the values of cells highlighted in yellow; other cells should not be accessed.
3.2.1 COSYSMOMAIN
The user enters all of the data required for COSYSMOR to develop a cost/effort estimate on the COSYSMOMAIN worksheet. 
Figure 2 – COSYSMOMAIN Worksheet
, depicts an overview of the worksheet. A number of addition figures are also presented throughout this section to highlight specific data entry cells.
Figure 2 – COSYSMOMAIN Worksheet
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 Note: The user may use the REUSE worksheet to specify the number of new, modified, reused, and deleted category drivers at each difficulty level. Alternatively, he may specify these parameter values on COSYSMOMAIN.
3.2.1.1 COSYSMOMAIN Data Entry 
The user enters the values for the: 
· project name

· the estimate date
· the size driver values, allocated as new, modified, reused, or deleted

· the cost driver values. 
Users can also enter values for the baseline productivity, A, and the model exponents, E. (See definitions for these parameters in Section ‎2.3). The general user should not alter the values for A and E; rather he should use values based on by organizational experience. Each of the data entry categories are described in further detail below.
1. General Data The user enters:

· the name of the project to be estimated (cell F3)

· the date of the estimate (cell F1)

· The conversion between labor hours and labor months, labor hours per labor month (cell D45).
Figure 3 – Conversion between Labor Hours and Labor Months
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2. Size Driver Data Entry For each Size Driver (System Requirements; System Interfaces; Algorithms; and Operational Scenarios), the user can enter values for each level (Low, Likely, and High) at each difficulty level (Easy, Nominal, and Difficult). Figure 4 – Size Driver Parameter Values, beginning at Cell C7, illustrates the data entry.
Note: Throughout COSYSMOR, these “Low”, “Likely”, and “High” level values are, ideally, estimates for the 5% probability value, the 50% probability value, and the 95% probability value. As further described in ‎Appendix B. - uses these three values to estimate the (non-parametric) probability distribution for each of the size values. Finally, COSYSMOR requires that the “Low” value be less than or equal to the “Likely” value which must be less than or equal to the “High” values for any parameter.

Figure 4 – Size Driver Parameter Values
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Rather than entering a single value for each datum, the user enters three values, “Low,” “Likely,” and “High,” corresponding to the assessment of the range of uncertainty of what the “actual” value will be. These values are, ideally, estimates for the 5% probability value, the 50% probability value, and the 95% probability value. As described in ‎Appendix D. - uses the three values to estimate the (non-parametric) probability distribution for each of the size values.
Note: Alternatively, if the user does not want to express “uncertainly” he can enter the same value into each of the three cells, “Low”, “Likely”, and “High”. The “Likely” values will provide the user the same results as Academic COSYSMO. 
The user can either choose to enter “average” values of the proportions of the total driver counts that are in the new, modified, reused, and deleted categories across the difficulty levels for each of the four size driver categories or have COSYSMOR calculate these averages. If the user wishes have COSYSMOR calculate these averages, he must place an “X” in cell S11 of the COSYSMOMAIN worksheet, as shown in Figure 5. 

Figure 5 – Reuse, etc. Proportion Calculation Toggle
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Then, if the user selects to have COSYSMOR calculate these averages, then the user must also go to the REUSE worksheet (see Figure 17 – REUSE Worksheet) and enter the percents of new, modified, reused, and deleted for easy, nominal, and difficult for each of the four size driver categories. Then, as shown in 
Figure 6 - Proportions of each Size 
(beginning at Cell M7 and O7), the user enters the percentages for the relative unit effort for each new, modified, reused, and deleted size driver. 
Figure 6 - Proportions of each Size Driver
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3. Cost Driver Data Entry: For each of the fourteen Cost Drivers, the user enters values for each level (Low, Likely, and High) using the pull-down data selection capability provided (beginning at Cell C16, as shown in Figure 7). See ‎Appendix E. - for more descriptions of the category size drivers.
Figure 7 - Cost Driver Data Entry
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Note: COSYSMOR requires that the “Low” value be less than or equal to the “Likely” value which must be less than or equal to the “High” values for any parameter; in short, parameter values must ascend. To comply with this requirement, the user must consider of which individual Cost Driver is being assigned a value, because some Cost Drivers behave differently than others, depending on how it is stated or defined. Specifically, for Cost Drivers 1, 2, and 9-14 (indicated with a pink cell background), the user must select “VH,” “H,” or “N,” in the "Low" column, and conversely select “L” and “VL” values in the “High” column. In contrast, for Cost Drivers 3-8, the opposite, perhaps more intuitive behavior is followed, namely where “L” and “VL” values are selected in the “Low” columns and “H” and “VH” values are selected in the “H” column. Adhering to these rules for Cost Driver data entry will enable COSYSMOR to correctly interpret your cost driver selections and ensure that the parameter values ascend appropriately.

4. Basic COSYSMO Equation Data Entry: Unit Effort (A) and Exponent (E) Entry: As shown in Figure 8, the user can enter values for each level (Low, Likely, and High) for the two of the four parameters, A and E, of the basic COSYSMO/COSYSMOR equation, PH=A*(SE)*ПDi. The user enters the three point estimates for S and E, based on the user’s entry of size parameter and cost driver values as described above.
Figure 8 - COSYSMO Model Parameters
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5. Execute COSYSMOR Processing: 
After the user has entered all of the data as described in steps 1-4, he presses the button “EXECUTE COSYSMOR COST RISK” (at Cell D51 on the COSYSMOMAIN worksheet) as depicted in Figure 9 - COSYSMOR Execution. This causes COSYSMOR to execute, recalculating all of the cost/effort and schedule risk charts using the updated effort data.
Figure 9 - COSYSMOR Execution
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Note: The user should press the “EXECUTE…” button whenever he changes any of the entries/selections on the COSYSMOMAIN worksheet or on the REUSE worksheet. 
3.2.1.2 COSYSOMOMAIN Outputs
COSYSMAIN provides six charts (that are duplicated on the “PLOTS” worksheet) and one table. This section provides examples of the six charts which convey cost/effort risk and schedule risk information. They can be printed out or incorporated into presentations to show the results of the estimation process. 
1. Equivalent Size Confidence: Exhibits the confidence (see definition of “confidence” in Section ‎3.2.4) of the Equivalent Size, S. This is the cumulative probability distribution function (CDF) of S.
Figure 10 - Equivalent Size Confidence Chart

[image: image12.emf]Equivalent Size Confidence 

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

55%

60%

65%

70%

75%

80%

85%

90%

95%

100%

0 50 100 150 200 250 300 350 400 450 500

Equivalent Size Value

Equivalent Size Confidence (=Prob 

That Actual Will Not Exceed X-Axis 

Value)


Note: The COSYSMOR user can create smooth curves for all the COSYSMOMAIN charts generated to convey cost/effort risk and schedule risk information. In some cases, the user may wish to create smooth curves, for example, for presentations to upper management. This is done using the “Curve Fit” capability of the underlying Microsoft Excel.
2. Equivalent Size Risk: Exhibits the risk (see definition of “risk” in Section ‎3.2.4) of the Equivalent Size, S. This is the complementary cumulative probability distribution function (CCDF) of S. Note that “confidence” and “risk” are alternative ways of presenting the same information. Whichever is used is a matter of personal preference. Confidence%=100%-Risk%.
Figure 11 - Equivalent Size Risk Chart
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3. Cost Driver Product Risk: Exhibits the risk, the probability that the product of the fourteen cost drivers, ПDi , i=1,2,….,14 , exceed some stated value such as 1.0.
Figure 12 - Cost Driver Product Risk Chart
[image: image14.emf]Cost Parameter (Driver) Product Risk

y = -0.0083x

3

 + 0.138x

2

 - 0.7153x + 1.1946

R

2

 = 0.9784

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.000 0.500 1.000 1.500 2.000 2.500 3.000 3.500 4.000

Cost Parameters (Drivers) Product

Risk Prob, Prob Actual Product Value > X-Axis 

Value


4. Systems Engineering Person Hours Risk: Exhibits the risk, the probability that the number of systems engineering person hours estimated by COSYSMOR, will exceed some stated value.
Figure 13 – System Engineering Person Hours Risk Chart
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5. Systems Engineering Person Hours Overrun Risk: Exhibits the risk, the probability that the number of systems engineering person hours estimated by COSYSMOR will exceed some stated target value. This plot is essentially the tail of the System Engineering Person Hours Risk plot, where the zero point of the horizontal axis means no overrun with respect to the target entered by the tool user (in cell D45).
Figure 14 – System Engineering Person Hours Overrun Risk Chart
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6. Systems Engineering Schedule Risk: Exhibits the risk, the probability, that the schedule, the overall duration of the systems engineering effort, will exceed some stated value. This is the CCDF for the “ideal” schedule. COSYSMOR obtains that schedule distribution by calculating an estimated schedule, T, corresponding to each value of PH, systems engineering person hours, according to the formula, T=a*(PHb), a formula from the COCOMO model. COSYSMOR allows the user to select the values of a and b on the COSYSMORLABSCHED worksheet, a in cell O99 and b in cell O98. Default values are a=2.5 and b=0.33. 

It must be recognized that the overall schedule or end-to-end duration of a systems engineering project typically is a given. The overall project or program schedule is often negotiated with the customer and provided by the proposal or prospective program manager to the engineering team. However, the schedule estimation capability provided by COSYSMOR may be useful to support the proposal team’s or program manager’s “tradeoff” and “what if” studies. For example, if the “ideal” systems engineering schedule were found to exceed the declared program duration, then some adjustments in the schedule or other program parameters should be considered. 
Figure 15 – System Engineering Schedule Risk Chart
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The COSYSMOMAIN worksheet also provides a Table (See Figure 16 – Summary COSYSMOR Schedule Risk/Confidence Statistics) that summarizes the values of the parameters of the estimated systems engineering effort and the ideal schedule.
Figure 16 – Summary COSYSMOR Schedule Risk/Confidence Statistics 

[image: image18]
3.2.2 REUSE
The COSYSMOR user can employ the REUSE worksheet, shown in Figure 17 – REUSE Worksheet, to calculate the overall proportions of new, modified, reused, and deleted values for each of the four size drivers at each of three difficulty levels. The user data entry begins at Cell K6. The user specifies the proportions of new, modified, reused, and deleted size driver values for easy, nominal, and difficult levels for each of the four size drivers. Such overall proportions are the weighted averages used to determine size driver values in COSYSMOR. They appear on COSYSMORMAIN in cell L7, etc (see Figure 5 – Reuse, etc. Proportion Calculation Toggle and Figure 6 - Proportions of each Size Driver).
Figure 17 – REUSE Worksheet
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3.2.3 COSYSMORLABSCHED
The COSYSMOR COSYSMORLABSCHED worksheet enables the user to address Labor Scheduling. This worksheet provides the user the capability to enter various data and select amongst various alternatives for calculating labor values and displaying plots. For example, the user enters categories of data on this worksheet that define the various parameter values for labor distributions, such as the number of labor hours to be spread, the duration of time over which the labor hours are to be spread, and the unit of time to be used (weeks or months as selected by the user). Then, the COSYSMOR user employs the COSYSMORLABSCHED worksheet to obtain plots of various breakdowns of systems engineering labor hours. This section describes the types of plots available and the choice of the parameters a user can make to define them. 
Note: When a user is creating a new estimate, he DOES NOT have to enter any data or make any changes to existent selections or even access this worksheet, unless he wishes to make changes in parameter values. As an example, a user may change plots to be based on months rather than weeks, or to select a value for schedule length if he does not wish to use the “ideal” value automatically calculated by COSYSMOR.

3.2.3.1 COSYSMORLABSCHED Data Entry

The COSYSMORLABSCHED worksheet provides for the user to enter various data and select amongst various alternatives for calculating and displaying plots of person hours and person months (labor hours and labor months). Throughout this section, the numbers of the various data entry steps are depicted on the associated figures to illustrate the location of the user interaction. The first six data entry steps are shown in Figure 18 – COSYSMORLABSCHED Worksheet – Data Entry.
1. Select “week” or “month” for labor spreading time unit (place an “X” in cell R96 or R97, respectively).

2. Select PH (Person Hours) or PM (Person Months); place an “X” in Q93 or Q94, respectively. 
3. Select Total Number of Person Hours (Person Months) To Be Plotted: Place an “X” in: O88 for 5%Conf/95% Risk; O89 for 50%Conf/50% /Risk; O90 for 80% Conf/20% Risk; O91 for Self Select. If you choose “Self Select,” then enter total person hours (person months) in Q91. For example, you might choose a number of person hours corresponding to another level of confidences.
Figure 18 – COSYSMORLABSCHED Worksheet – Data Entry 1 through 6
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4. Enter value for “weeks per month” in V 96. Default is 4.3.

5. Select schedule or overall systems engineering effort duration, place an “X” in R100 for “ideal’ or in R99 for “self select.” If “self select,” then enter number of months or weeks in T99. 
6. Enter values for the parameters for computing the overall “ideal” schedule or systems engineering effort duration in O98 and O99. Note: 0.33 and 2.5 are the default values. 

7. Select alternatives for allocation of total labor in each of the four phases. Place an “X” in V67 for automatic allocation (per COSYSMO allocation developed by Delphi group). Place an “X” in U67 for self-selection. If self-selection is chosen, then enter the percentages for the four phases in U72, U73, U74 and U75. The seventh data entry step is shown in Figure 19.
Figure 19 – COSYSMORLABSCHED Worksheet – Data Entry 7
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8. Select Reference or Baseline Percentages of Systems Engineering Effort by Fundamental Process and Fundamental Process’s Percent of Effort per Phase. The tables “Percentage of Systems Engineering Effort by Fundamental Process” (beginning at Cell M6) and “Percentage of Each Fundamental Process’s Effort per Phase” (beginning at Cell M17) are pre-loaded with the values obtained by the Delphi process as has been described. A user may change the values of these parameters based on an organization’s experience or the user’s estimates. The eighth data entry step is shown in Figure 20. These values should be considered the baseline labor allocation (percent) values, and should not be changed when one does a new estimate. As described in step 9, the user can select other allocations (percentages) with reference to the values shown in Figure 20 and Figure 21. The user should follow step 9 if he wishes to use allocations different than the baseline.
Figure 20 – COSYSMORLABSCHED Worksheet – Data Entry 8
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Figure 21 - Percentage of Total Systems Engineering Effort Per Process Per Phase
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9. Select Percentages of Systems Engineering Effort by Fundamental Process and Fundamental Process’s Percent of Effort per Phase. The COSYSMOR user selects or allocates labor effort to twenty different Activity/Phase pairs that represent the major activities of system engineering throughout the life-cycle. 
The ninth data entry step is shown in Figure 22 – COSYSMORLABSCHED Worksheet – Data Entry 9 and Figure 23. As depicted in Figure 22, the user can either use the reference allocations, or as depicted in Figure 21, the user can modify any one or all of the twenty activity/phase pairs. Figure 23 – COSYSMORLABSCHED Worksheet – Data Entry 9 depicts the two tables that COSYSMOR employs for normalizing labor allocations. 

To modify one or more of the twenty activity/phase pairs, consider the example of the “Technical Management - Operational T&E” pair in Figure 22. The user may enter a percent different from “100%”; for this example, the user entered “200%”. This raised the allocation from 4.25% to 8.50%. As shown, the user may similarly modify the other pairs for which he wishes to change the allocations. If, for example, the user wishes to double the unit effort for all five systems engineering activities in the Test and Evaluation phase, then he would enter “200%” as shown in those five cells. Correspondingly, the overall effort would increase to 127.46% of the base line effort. So, if the baseline value of the model productivity constant, A, were initially equal to 33.55, then this change in the Test and Evaluation phase activities would increase the baseline by 127.46%, to 49.136. COSYMOR computes the overall unit cost change with respect to the baseline value, 1.00. In this example, that computed value is now 1.2746. 
Then, COSYSMOR multiplies the baseline value of A, by 1.2746, to compute a new productivity constant for this estimate. (See Section ‎2.3 for definition of A, the baseline productivity constant.) In this example, if the user enters an “X” in cell Z46, the new value of A is calculated as equal to 1.2746*(the reference value of A). If the user does not place an “X” in the box, the reference value of A will be employed. This choice is carried over to the COSYSMAIN sheet where one enters the values for A and E, etc. 
Figure 22 – COSYSMORLABSCHED Worksheet – Data Entry 9 - Effort/Activity Phase Estimator
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Subsequently, COSYSMOR renormalizes the activity percentages so that they add up to 100%. The second renormalized percentages are provided in the “User Estimated Normalized to 100% Total” table, shown in Figure 23.

Figure 23 – COSYSMORLABSCHED Worksheet – Data Entry 9 – User Estimated & Normalized
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3.2.3.2 COSYSMORLABSCHED Outputs
COSYSMORSCHED provides five plots (that are duplicated on the “PLOTS” worksheet) and several tables from which the plots are generated. The five plots are:
1. Percent of Total Systems Engineering Effort By Process Activity And By Phase: Exhibits percents of effort in each of the five systems engineering activities in each of the four phases, using a bar graph format. 
Figure 24 – Percent of Total Systems Engineering Effort by Process Activity and by Phase Chart
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2. Systems Engineering Person Hours Vs. Week (or Month), Totals=xxxx: Exhibits in line graph format plots of the five systems engineering activities versus time. The x-axis is delineated by week or by month, as selected by the user. The “Totals” value is selected by the user from four choices, 5% Confidence, 50% confidence, 80% confidence, or user selected (any value that he wishes). The three % choices values come from the confidence distributions developed by the COSYSMOR cost risk execution (see step 5 of Section ‎3.2.3.1).
Figure 25 – Systems Engineering Person Hours (or Months) vs. Week (or Month)
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3. Distribution of Sys Eng Effort Person Hours, Total: Exhibits in bar graph form the labor hours in each of the five systems engineering activities for each of the four phases. The “Totals” value is obtained as described for plot 2, above. This plot is a companion to plot 1, which gives the distribution amongst the activities for a given phase in terms of the percent allocations.
Figure 26 – Distribution of Systems Engineering Effort by Person Hours (or Months)
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4. Percent of Total Systems Engineering Effort By Process Activity and By Phase: This plot uses the same format as in plot 3 to present the allocations for each amongst the systems engineering activities by percent rather than by the hours as in plot 3. This plot conveys exactly the same information as in plot 1, but uses a cluster of five bars at each phase, rather than one bar subdivided by percent of labor in that activity in that phase as is the case in plot 1. 
Figure 27 – Percentage of Systems Engineering Effort by Process Activity and Phase
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5. Cumulative Total Systems Engineering Labor Hours: Exhibits the total engineering labor in months or weeks. 
Figure 28 – Cumulative Systems Engineering Person Hours (or Months) by Week (or Month)
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Note: As discussed in section ‎3.2.3.1 COSYSMORLABSCHED Data Entry, if the user selects “Weeks” or “Months” the cumulative total of system engineering labor hours chart will be displayed in terms of “Weeks” or “Months”. The chart title and axis labels will correspond to the selection.
3.2.4 Estimation of Uncertainties/Risk/Confidence in COSYSMOR 

This section describes how COSYSMOR enables the user to recognize the existence of uncertainties in the parameter values that COSYSMOR uses to develop estimates for risk/confidence distributions for cost (effort) and schedule. The COSYSMOR “risk” capability extends the “point” estimate capability of the Academic COSYSMO tool to quantify the uncertainty inherent in the SE estimate so that decision makers can make better informed decisions.

COSYSMOR provides probabilistic range estimates of effort/cost and schedule: 
· “Risk” is defined as the probability that the Actual Value is greater than the Target Value
· “Confidence” is defined as the probability that the Actual Value is less than or equal to the Target Value.
Confidence is equal to 100% - Risk
Note: These definitions for risk and confidence apply for cases in which “better” values are smaller, such as cost and schedule or project duration.

COSYSMOR develops the risk/confidence distributions from three-point estimates used characterizes parameter uncertainty. See ‎Appendix D. - for more information.
3.2.4.1 Size and Cost Risk Estimation in COSYSMOR

The COSYSMOR risk assessment capability is implemented using three-point approximations to the distributions for each of the cost drivers, the size drivers, and the two model parameters (A and E).
3.2.4.2 Schedule Risk in Estimation in COSYSMOR

In addition to cost/effort risk, COSYSMOR also calculates the risk (the probability) that the schedule, the overall duration of the systems engineering effort, will exceed some stated value. Often, the duration of a systems engineering project typically is a given, provided by the proposal manager or the program manager. However, the schedule estimation capability that COSYSMOR provides is intended to assist in doing tradeoff studies for proposal teams or the prospective program manager. For example, if the “ideal” systems engineering schedule were found to exceed the prospective overall program duration, then some adjustments in the schedule or other program parameters should be considered.
4 Future Features

4.1 COSYSMOR A&E Parameter Calibration
The user will be provided with the capability to determine values for the parameters A (productivity constant) and E (economy/diseconomy of scale constant) based on data from his organization or other source (see Section ‎2.3 for descriptions of A and E). This section provides examples of applying the calibration process described.
4.2 COSYSMOR Reused, Deleted, and Modified Relative Cost Calibration

The user will be provided with the capability to develop estimates for the relative costs of reused, etc. size drivers. These relative costs are with reference to the unit cost of a “new” cost driver, e.g., a new requirement.  This capability will be implemented using tables similar to that shown in Figure 21. One such table will be provided for “deleted,” “modified,” and “reused.”

4.3 COSYSMOR Lockheed Martin IEP Activities and Phases

The user will be provided with the ability to use Lockheed Martin IEP (Integrated Enterprise Process) SE activities and phases, rather than the SE activities and phases, as he may wish.
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Appendix A. -  Descriptions of COSYSMOR Activities and Phases

	Activities

	Fundamental Processes/Activities 
	Constituent Processes /Activities

	Acquisition and Supply
	Supply Process

	
	Acquisition Process

	Technical Management
	Planning Process

	
	Assessment Process

	
	Control Process

	System Design
	Requirements Definition Process

	
	Solution Definition Process

	Product Realization
	Implementation Process

	
	Transition to Use Process

	Technical Evaluation
	Systems Analysis Process

	
	Requirements Validation Process

	
	System Verification Process

	
	End Products Validation Process


	Phases

	Phases
	Definitions

	Conceptualize
	Identify Stakeholder Needs

	
	Define Mission Concept

	
	Define Mission Requirements

	Develop
	Define System Architecture and Requirements

	
	Develop Detailed Design

	
	Implement System

	Operational Test and Evaluation
	Perform System Verification and Validation

	
	Perform System Integration

	Transition to Operation
	Installation Checkout and Test (all sites)

	
	Operational Ramp-up

	Operate, Maintain, or Enhance
	Not explicitly included in COSYSMO V 1.0 or COSYSMOR V 1.0. Future feature. However, maintenance and (functional) enhancement can be regarded as a “new” development, with certain requirements deleted, modified, or reused.

	Replace or Dismantle
	Not explicitly included in COSYSMO V 1.0 or COSYSMOR V 1.0. Future feature.


Appendix B. -  Descriptions of COSYSMOR Engineering Effort Size Categories
The size driver descriptions are lifted from the July, 2006 version of the Academic COSYSMO User Manual by Ricardo Valerdi. As described in earlier sections of this COSYSMOR User Manual, the User can enter not just a single vale for each datum but rather, he can enter three values, “Low,” “Likely,” and “High” corresponding to his assessment of the range of his uncertainty in what the “actual” value will be. These values are, ideally, his estimates for the 5% probability value, the 50% probability value, and the 95% probability value. As described in Section ‎3, COSYSMOR uses the three point values to estimate the (non-parametric) probability distribution. 
Alternatively, the tool user can choose to use the size data entry capability of COSYSMOR as though it was COSYSMO and just enter values, making the “Low,” “Likely,” and “High” values equal. Finally, COSYSMOR requires that the “Low” value be less than or equal to the “Likely” value which must be less than or equal to the “High” values for any parameter.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - BALANCE OF THIS APPENDIX FROM ACADEMIC COSYSMO USER MANUAL

The size drivers should be entered first because they require the user to think about the quantitative parameters that determine size of the system in terms of systems engineering. The spreadsheet will keep a running total of the number of equivalent requirements in cell F9 which is a weighted sum of the four size drivers.
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Although there are twelve available cells for data entry, an estimate can be obtained by entering information into only one cell. This is not recommended because the absence of project size drivers typically means that incomplete information exists which is not a good time to do an estimate.

1. Number of System Requirements
This driver represents the number of requirements for the system-of-interest at a specific level of design. The quantity of requirements includes those related to the effort involved in system engineering the system interfaces, system specific algorithms, and operational scenarios. Requirements may be functional, performance, feature, or service-oriented in nature depending on the methodology used for specification. They may also be defined by the customer or contractor. Each requirement may have effort associated with it such as verification and validation, functional decomposition, functional allocation, etc. System requirements can typically be quantified by counting the number of applicable shalls/wills/shoulds/mays in the system or marketing specification. Note: some work is involved in decomposing requirements so that they may be counted at the appropriate system-of-interest.

	Easy
	Nominal
	Difficult

	- Simple to implement
	- Familiar
	- Complex to implement or engineer

	- Traceable to source
	- Can be traced to source with some effort
	- Hard to trace to source

	- Little requirements overlap
	- Some overlap
	- High degree of requirements overlap


2. Number of System Interfaces

This driver represents the number of shared physical and logical boundaries between system components or functions (internal interfaces) and those external to the system (external interfaces). These interfaces typically can be quantified by counting the number of external and internal system interfaces among ISO/IEC 15288-defined system elements.
	Easy
	Nominal
	Difficult

	- Simple message
	- Moderate complexity
	- Complex protocol(s)

	- Uncoupled
	- Loosely coupled
	- Highly coupled

	- Strong consensus
	- Moderate consensus
	- Low consensus

	- Well behaved
	- Predictable behavior
	- Poorly behaved


3. Number of System-Specific Algorithms

This driver represents the number of newly defined or significantly altered functions that require unique mathematical algorithms to be derived in order to achieve the system performance requirements. As an example, this could include a complex aircraft tracking algorithm like a Kalman Filter being derived using existing experience as the basis for the all aspect search function. Another example could be a brand new discrimination algorithm being derived to identify friend or foe function in space-based applications. The number can be quantified by counting the number of unique algorithms needed to realize the requirements specified in the system specification or mode description document.

	Easy
	Nominal
	Difficult

	- Algebraic
	- Straight forward calculus
	- Complex constrained optimization; pattern recognition

	- Straightforward structure
	- Nested structure with decision logic
	- Recursive in structure 

 with distributed control

	- Simple data
	- Relational data
	- Noisy, ill-conditioned data

	- Timing not an issue
	- Timing a constraint
	- Dynamic, with timing and uncertainty issues

	- Adaptation of library-based solution
	- Some modeling involved
	- Simulation and modeling involved


4. Number of Operational Scenarios

This driver represents the number of operational scenarios that a system must satisfy. Such scenarios include both the nominal stimulus-response thread plus all of the off-nominal threads resulting from bad or missing data, unavailable processes, network connections, or other exception-handling cases. The number of scenarios can typically be quantified by counting the number of system test thread packages or unique end-to-end tests used to validate the system functionality and performance or by counting the number of use cases, including off-nominal extensions, developed as part of the operational architecture.
	Easy
	Nominal
	Difficult

	- Well defined
	- Loosely defined
	- Ill defined

	- Loosely coupled
	- Moderately coupled
	- Tightly coupled or many dependencies/conflicting requirements

	- Timelines not an issue
	- Timelines a constraint
	- Tight timelines through scenario network

	- Few, simple off-nominal threads
	- Moderate number or complexity of off-nominal threads
	- Many or very complex off-nominal threads


Appendix C. -  Descriptions of COSYSMOR Cost Drivers

The cost driver descriptions are lifted from the July, 2006 version of the Academic COSYSMO User Manual by Ricardo Valerdi. As described in earlier sections of this COSYSMOR User Manual, the User can select not just one value for cost driver but rather, he can enter three values, “Low,” “Likely,” and “High” corresponding to his assessment of the range of his uncertainty in what the “actual” value will be. These values are, ideally, his estimates for the 5% probability value, the 50% probability value, and the 95% probability value. As described in Section ‎3, COSYSMOR uses the three point values to estimate the (non-parametric) probability distribution. Alternatively, the tool user can choose to use the cost driver value selection capability of COSYSMOR as though it was COSYSMO and just enter single values, making the 5%, the 50%, and the 95% values equal.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -- - - - - - - - - - - -- - -- - - -

BALANCE OF THIS APPENDIX FROM Academic COSYSMO USER MANUAL

The cost drivers in the model represent the multiplicative part of the model introduced. These drivers are also referred to as effort multipliers since they affect the entire systems engineering effort calculation in a multiplicative manner. Assigning ratings for these drivers is not as straight forward as the size drivers mentioned previously. The difference is that most of the cost drivers are qualitative in nature and require subjective assessment in order to be rated. Provide a rating for each of the cost drivers that apply to your project/system of interest by using the drop-down box of the spreadsheet. As values are selected, the cells will change colors to represent either a cost savings (green) or a cost penalty (red).
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The model displays the composite effort multiplier in cells D30, F30, and H30 which are a running total of the product of the fourteen cost drivers. It is an indicator of the overall environment in which the systems engineering is being performed.

1. Requirements Understanding

This cost driver rates the level of understanding of the system requirements by all stakeholders including the systems, software, hardware, customers, team members, users, etc. Primary sources of added system engineering effort are unprecedented systems, unfamiliar domains, or systems whose requirements are emergent with use.

	Very Low
	Low
	Nominal
	High
	Very High

	Poor: emergent requirements or unprecedented systems
	Minimal: many undefined areas
	Reasonable: some undefined areas
	Strong: few undefined areas
	Full: understanding of requirements, familiar systems


2. Architecture Understanding

This cost driver rates the relative difficulty of determining and managing the system architecture in terms of platforms, standards, components (COTS, GOTS, NDI, new), connectors (protocols), and constraints. This includes tasks like systems analysis, tradeoff analysis, modeling, simulation, case studies, etc.

	Very low
	Low
	Nominal
	High
	Very High

	Poor understanding of architecture and COTS, unprecedented system
	Minimal understanding of architecture and COTS, many unfamiliar areas
	Reasonable understanding of architecture and COTS, some unfamiliar areas 
	Strong understanding of architecture and COTS, few unfamiliar areas
	Full understanding of architecture, familiar system and COTS

	>6 level WBS
	5-6 level WBS
	3-4 level WBS
	2 level WBS
	 


3. Level of Service Requirements

This cost driver rates the difficulty and criticality of satisfying the ensemble of level of service requirements, such a security, safety, response time, interoperability, maintainability, Key Performance Parameters (KPP’s), the “ilities”, etc.

	
	Very low
	Low
	Nominal
	High
	Very High

	Difficulty
	Simple; single dominant KPP
	Low, some coupling among KPPs
	Moderately complex, coupled KPPs
	Difficult, coupled KPPs
	Very complex, tightly coupled KPPs

	Criticality
	Slight inconvenience
	Easily recoverable losses
	Some loss
	High financial loss
	Risk to human life


4. Migration Complexity 

This cost driver rates the extent to which the legacy system affects the migration complexity, if any. Legacy systems components, databases, workflows, environments, etc., may affect the new system implementation due to new technology introductions, planned upgrades, increased performance, business process reengineering, etc.

	
	Nominal
	High
	Very High
	Extra High

	Legacy contractor
	Self; legacy system is well documented. Original team largely available
	Self; original development team not available; most documentation available
	Different contractor; limited documentation
	Original contractor out of business; no documentation available

	Effect of legacy system on new system
	Everything is new; legacy system is completely replaced or non-existent
	Migration is restricted to integration only
	Migration is related to integration and development
	Migration is related to integration, development, architecture and design


5. Technical Risk

This represents the maturity, readiness, and obsolescence of the technology being implemented. Immature or obsolescent technology will require more Systems Engineering effort.

	Viewpoint
	Very low
	Low
	Nominal
	High
	Very High

	Lack of Maturity
	Technology proven and widely used throughout industry
	Proven through actual use and ready for widespread adoption
	Proven on pilot projects and ready to roll-out for production projects
	Ready for pilot use
	Still in the laboratory



	Lack of readiness
	Mission proven (TRL 9)
	Concept qualified (TRL 8)
	Concept has been demonstrated (TRL 7)
	Proof of concept validated (TRL 5 & 6)
	Concept defined (TRL 3 & 4)

	Obsolescence
	
	
	Technology is the state of the practice, Emerging technology could compete in future
	Technology is stale. New and better technology is on the horizon in near -term
	Technology is outdated and use should be avoided in new system. Spare parts supply is scarce. 


6. Documentation match to life cycle needs

This represents the formality and detail of the documentation required to be formally delivered based upon the life cycle needs of the system.

	
	Very low
	Low
	Nominal
	High
	Very High

	Formality
	General goals, stories
	Broad guidance, flexibility is allowed
	Risk-driven degree of formality
	Partially streamlined process, largely standards-driven
	Rigorous, follows strict standards and requirements

	Detail
	Minimal or no specified documentation and review requirements relative to life cycle needs
	Relaxed documentation and review requirements relative to life cycle needs
	Risk-driven degree of formality, amount of documentation and reviews in sync and consistent with life cycle needs of the system
	High amounts of documentation, more rigorous relative to life cycle needs, some revisions required
	Extensive documentation and review requirements relative to life cycle needs, multiple revisions required


7. Number and Diversity of Installations or Platforms

The number of different platforms that will host the system and number of installations required. The complexity of the operating environment (space, sea, land, mobile, portable, information assurance / security) must be considered in weighting your answer. In a wireless network environment it could be the number of unique installation sites and the number of or types of fixed clients, mobile clients, and servers. The number of platforms being implemented should be added to the number being phased out (dual count), in order to account for total life cycle labor.

	Viewpoint
	Nominal
	High
	Very High
	Extra High

	Sites & installations
	Single installation site or configuration
	2-3 site or diverse installation configurations
	4-5 sites or diverse installation configurations
	> 6 sites or diverse installation configuration

	Operating environment
	Existing facility meets all known environmental operating requirements
	Moderate environmental constraints. Controlled environment HVAC constraints or electrical power constraints
	Ruggedized mobile land-based requirements. Some information security requirements. Coordination several regulatory or cross functional agencies required.
	Harsh environment (space, sea, airborne), sensitive information security requirements. Coordination between 3 or more regulatory or cross functional agencies required.

	Platforms
	< 3 types of platforms being installed and or being phased out or replaced
	4-7 types of platforms being installed and or being phased out or replaced.
	8-10 types of platforms being installed and or being phased out or replaced
	> 10 types of platforms being installed and or being phased out or replaced

	
	Homogeneous platform
	Compatible platforms
	Heterogeneous, but compatible platform
	Heterogeneous, incompatible platforms

	
	Typically networked using a single industry standard protocol
	Typically networked using a single industry standard protocol and multiple operating systems
	Typically network using mix of industry standard protocols and proprietary protocols with single operating systems
	Typically networked using a mix of industry standard protocols and proprietary protocols with multiple operating systems.


8. Number of Recursive Levels in the Design

The number of levels of design related to the system-of-interest (as defined by ISO/IEC 15288) and the amount of required SE effort for each level.

	Viewpoint
	Very Low
	Low
	Nominal
	High
	Very High

	Number of levels
	1
	2
	3 to 5
	6 to 7
	> 7

	Required SE Effort
	Focused on single product
	Some vertical and horizontal coordination
	More complex interdependencies coordination and trade-off analysis
	Very complex interdependencies coordination and trade-off analysis
	Extremely complex interdependencies coordination and trade-off analysis


9. Stakeholder Team Cohesion

This represents a multi-attribute parameter which includes leadership, shared vision and diversity of stakeholders, approval cycles, group dynamics, IPT framework, team dynamics and amount of change in responsibilities. It further represents the heterogeneity in stakeholder community of the end users, customers, implementers, and development team.
	Viewpoint
	Very Low
	Low
	Nominal
	High
	Very High

	Culture
	Stake holders with diverse domain experience, task nature, language, culture, infrastructure of highly heterogeneous stakeholder communities
	Heterogeneous stakeholder community. Some similarities in language and culture.
	Shared project culture.
	Strong team cohesion and project culture. Multiple similarities in language and expertise.
	Virtual homogeneous stake holder communities. Institutionalized project culture. 

	Compatibility
	Highly conflicting organizational objectives
	Converging organizational objectives 
	Compatible organizational objectives
	Clear roles and responsibilities. 
	Strong mutual advantage to collaboration.

	Familiarity
	Unfamiliar- never worked together
	Willing to collaborate- little experience
	Some familiarity
	High level of familiarity
	Extensive successful collaboration


10. Personnel/Team Capability* 

Basic intellectual capability of a Systems Engineer (compared to the national pool of Systems Engineers) to analyze complex problems and synthesize solutions. 

	Very Low
	Low
	Nominal
	High
	Very High

	15th percentile
	35th percentile
	55th percentile
	75th percentile
	90th percentile


*From presentation by R. Valerdi of March 28, 2005, as there was no description for this driver in the July, 2006 document

11. Personnel Experience and Continuity

The applicability and consistency of the staff at the initial stage of the project with respect to the domain, customer, user, technology, tools, etc.
	Viewpoint
	Very Low
	Low
	Nominal
	High
	Very High

	Experience
	Less than 2 months
	1 yr continuous experience or other similar technical tasks in similar project
	3 years of continuous experience
	5 years of continuous experience
	10 years of continuous experience

	Annual Turnover
	48%
	24%
	12%
	6%
	3%


12. Process Capability

The consistency and effectiveness of the project team at performing SE processes. This may be based on assessment ratings from a published process model (e.g., CMMI, EIA-731, SE-CMM, and ISO/IEC15504). It can alternatively be based on project team behavioral characteristics, if no assessment has been performed. 

	 
	Very Low
	Low
	Nominal
	High
	Very High
	Extra High

	Assessment Rating
	Level 0 (if continuous model)
	Level 1
	Level 2
	Level 3
	Level 4
	Level 5

	Project Team Behavioral Characteristics
	Ad Hoc approach to process performance
	Performed SE process, activities driven only by immediate contractual or customer requirements, SE focus limited
	Managed SE process, activities driven by customer and stakeholder needs in a suitable manner, SE focus is requirements through design, project-centric approach – not driven by organizational processes
	Defined SE process, activities driven by benefit to project, SE focus is through operation, process approach driven by organizational processes tailored for the project
	Quantitatively Managed SE process, activities driven by SE benefit, SE focus on all phases of the life cycle
	Optimizing SE process, continuous improvement, activities driven by system engineering and organizational benefit, SE focus is product life cycle & strategic applications

	SEMP Sophistication
	Management judgment is used
	SEMP is used in an ad-hoc manner only on portions of the project that require it
	Project uses a SEMP with some customization
	Highly customized SEMP exists and is used throughout the organization 
	The SEMP is thorough and consistently used; organizational rewards are in place for those that improve it
	Organization develop best practices for SEMP; all aspects of the project are included in the SEMP; organizational rewards exist for those that improve it




13. Multi-site Coordination

Location of stakeholders, team members, resources, corporate collaboration barriers.

	
	Very Low
	Low
	Nominal
	High
	Very High
	Extra High

	Collocation
	International, severe time zone impact
	Multi-city and multi-national, considerable time zone impact
	Multi-city or multi-company, some time zone effects
	Same city or metro area
	Same building or complex, some co-located stakeholders or onsite representation
	Fully co-located stakeholders

	Communications
	Some phone, mail
	Individual phone, FAX
	Narrowband e-mail
	Wideband electronic communication
	Wideband electronic communication, occasional video conference
	Interactive multimedia

	Corporate collaboration barriers
	Severe export and security restrictions
	Mild export and security restrictions
	Some contractual & Intellectual property constraints
	Some collaborative tools & processes in place to facilitate or overcome, mitigate barriers
	Widely used and accepted collaborative tools & processes in place to facilitate or overcome, mitigate barriers
	Virtual team environment fully supported by interactive, collaborative tools environment


14. Tool Support

Coverage, integration, and maturity of the tools in the Systems Engineering environment. 

	Very low
	Low
	Nominal
	High
	Very High

	No SE tools
	Simple SE tools, little integration
	Basic SE tools moderately integrated throughout the systems engineering process
	Strong, mature SE tools, moderately integrated with other disciplines
	Strong, mature proactive use of SE tools integrated with process, model-based SE and management systems


Appendix D. -  COSYSMOR Uncertainties/Risk/Confidence Descriptions

D.1 Estimation of Uncertainties/Risk/Confidence in COSYSMOR 

This appendix describes how COSYSMOR enables the user to represent the existence of uncertainties in the parameter values that COSYSMOR uses to develop estimates for risk/confidence distributions for cost (effort) and schedule. The COSYSMOR “risk” capability extends the capability of the Academic COSYSMO tool to characterize the uncertainty inherent in the parameter values of the SE estimate (e.g. of the parameter values). The objective of doing so is to provide more information than that in a “point” estimate to decision makers so that they can make better informed decisions. COSYSMOR provides probabilistic range estimates of effort/cost and schedule. “Risk” is defined as: Risk=Probability [Actual Value>Target Value]. The tool also presents this same uncertainty information, alternatively, in terms of “Confidence.” “Confidence” is defined as: Confidence=Probability [Actual Value ≤ Target Value]. Confidence%=100%-Risk%. These definitions for risk and confidence apply for cases in which “better” values are smaller, such as cost and schedule or project duration. Corresponding to this, the “risk” is sometimes termed the “exceedence probability.” COSYSMOR develops the risk/confidence distributions from three-point estimates for each parameter of concern.
As described further below, the user characterizes parameter value uncertainty (e.g., in each of the cost driver values) by deciding upon and entering into COSYSMOR three values for each parameter (i.e., LOW, LIKELY, HIGH).
D.1.1 COSYSMOR Risk Approach Background: Management Under Uncertainty 

Managers and technical personnel need to make decisions under uncertainty. They should assess the uncertainty in the quantitative and qualitative information that they rely on so that they can make better decisions. Such information could include data on past projects, as well estimates of the ranges that key project parameters might assume, obtained from experienced personnel. This will improve their ability to understand the extent of risk exposure when developing a cost and/or schedule estimate for a project to a prospective customer. All too often, single point estimate values are provided to decision makers unaccompanied by any statement of the degree of uncertainty in those values. Those responsible for developing estimates for proposals should be able to quantify the degree of uncertainty in their estimates. Estimating cost, schedule, and other product or process variables as single numbers fails to provide decision makers with information regarding the degree of “risk” that they are assuming in bidding for a project to be developed at some prescribed cost and/or to be completed at some particular time (i.e., with some prescribed schedule). Cost (effort) or schedule “risk” are defined to be the probabilities, respectively, that some target cost (effort) or schedule (duration) value will be exceeded. A plot of occurrence probabilities and consequences is a “risk profile” or a “Farmer curve.” The probability is often referred to as the “exceedence” probability, because it is the probability that the consequence value will be exceeded [Bilal, 2003]. Risk is commonly evaluated as the product of probability of an occurrence of an event and the impact of the event with respect to a specific factor (cost, schedule, technical parameter, etc). Note that this definition applies to cost and effort, in which bigger relatively to a target value is “bad.” However, in situations in which smaller is “bad,” such as mean-time-between-failure in reliability, then “risk” would be the probability that the actual value would be less than the target. 
D.1.2 Risk and Confidence

The COSYSMOR “Risk” capability extends the capability of the Academic COSYSMO tool to quantify the uncertainty in the quantity of interest, e.g., systems engineering effort, by entering three values (i.e. LOW, LIKELY, HIGH) for each quantity that characterizes its range (e.g. size drivers and cost drivers). 

The COSYSMOR risk assessment capability supports the implementation of a systematic process to characterize the uncertainties in the values of these parameters as perceived by the person doing an estimate. The risk is formally the complementary cumulative distribution function (CCDF), which has been used in various instances of formal risk assessment, such as the potential for radiation emission from nuclear power plants [Brown and Ulvila, 1987, 1988]. The CCDF is simply one minus the cumulative distribution function (CDF). The “confidence” is formally the CDF. Thus, Risk%=100%-Confidence%. Obviously, the “risk” and “confidence” values convey precisely the same information. The choice between them is a matter of personal preference. Some people prefer “confidence” as they feel it is more positive sounding than “risk.” Section‎3.2.3.2 shows examples of the risk and confidence plots produced by COSYSMOR. For example, the Systems Engineering Person Hours Risk plot provides the distribution of the probability of exceeding each effort value indicated on the x-axis. The person hours overrun risk chart is basically the tail end of the risk chart. The zero of its x-axis is the target effort value. Thence, one can read the probability of any specific overrun relative to the target value. The COSYSMOR tool user can enter the target value. The user can specify a target value or select a target based on some desired risk percentage, say 20%. One could term this value the “risk margin.” 
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D.1.3 Risk Estimation in COSYSMOR

The COSYSMOR risk assessment capability is implemented using three-point approximations to the distributions for the cost drivers, the size drivers, and the model parameters A and E. These approximations are non-parametric, which means that they are not derived as approximations to any particular distributions, such as a Gamma or a Weibull. This is in contrast to the use of Monte Carlo methods, which assume the variables in question are distributed per some specific distribution, and then generates a large number of instances of values of the variable to approximate its distribution. The COSYSMOR risk capability composes multivariate distributions (such as for the product of the fourteen cost drivers) from the univariate ones (e.g., one for each of the cost drivers). For example, the method implemented in the COSYSMOR tool with effort risk estimation capability would develop a distribution having 81 values from four mutually independent parameters, such as four of the cost drivers. 

The three-point approximation to the distribution for each uncertain COSYSMOR parameter value (e.g., a cost driver) is determined by the person doing the estimate. Ideally, this is done in concert with others having appropriate systems engineering experience and familiarity with the type of project for which the estimate is being composed. Experience with estimating points on a probability distribution has shown that persons when elicited for their views on the quantifications of probability distributions may not be consistent in how they interpret verbal expressions of probability. One should not be too concerned about the precise interpretation of the terms “largest,” “smallest,” “optimistic,” “pessimistic,” and “most likely.” In particular, although the term “most likely” technically refers to the mode of the distribution, it is not clear that this would be consistently supplied by the persons making these estimates. Without a considerable amount of additional training, the estimator of probability is probably providing his best estimate of the quantity. This best estimate could as easily be the mean or median of the distribution. The same holds for the terms “largest” and “smallest.” Technically these are the 0.00 and 1.00 fractiles of the distributions, but the estimator could as easily mean these to be the 0.05 and 0.95 fractiles or the 0.10 and 0.90 fractiles. In the model, “High” and “Low” are generally intended to mean the same thing as “largest” and smallest”, respectively, forming the perceived limits of the range. 

Given these difficulties in estimating probabilities, it appears reasonable to interpret the three points of a range estimate as a specification of a best estimate (mean, median, or mode) and a range (F.01 to F.99, F.05 to F.95, or F.10 to F.90, where F.95 stands for the 0.95 fractile, or 95% probability point). The COSYSMOR risk capability estimation uses the 0.05, 0.50, 0.95 fractile approximation method. 

D.1.4 Schedule Risk

In addition to cost/effort risk, COSYSMOR also calculates the risk (the probability) that the schedule, the overall duration of the systems engineering effort, will exceed some stated value. This is the CCDF for the “ideal” schedule. COSYSMOR obtains that schedule distribution by calculating an estimated schedule, T, corresponding to each value of PH, systems engineering person hours, according to the formula, T=a*(PHb), a formula from the COCOMO model. COSYSMOR allows the user to select the values of a and b. COSYSMOR’s default values are a=2.5 and b=0.33. Again, it is best to use values that have been derived from historical data.
Note that the overall schedule or end-to-end duration of a systems engineering project typically is a given, the overall project or program schedule, provided by the proposal manager or the program manager. However, the schedule estimation capability that COSYSMOR provides might be found useful in doing tradeoff and “what if” studies that might be input to a proposal team or to the actual or a prospective program manager. For example, if the “ideal” systems engineering schedule were found to exceed the prospective overall program duration, then some adjustments in the schedule or other program parameters should be considered. 

The Table in Section ‎3.2.1.1 is one that COSYSMOR provides that summarizes the parameters of the estimated systems engineering effort and the “ideal” schedule. Please note that Section ‎3.2.3.1 describes the COSYSMOR labor spreading capability in which effort can be spread over the ”ideal” schedule or some other time period selected by the tool user.
Appendix E. -  Representation of Multiple Types of Size Drivers
This appendix describes how COSYSMOR provides the user the ability to enter counts of new, modified, reused, and deleted “requirements” for the three levels of difficulty (easy, nominal, difficult) for the four categories of size used in the COSYSMO model: system requirements (R); system interfaces (I); algorithms (L); operational scenarios (O). The section also derives the function that captures these counts and the relative costs for modified, reused, and deleted requirements, and its impact on the overall “size” variable, S, used by COSYSMOR to compute the estimated systems engineering effort.
E.1 Providing For New, Modified, Reused, and Deleted Requirements 

The Academic COSYSMO tool uses the counts of the total numbers of each of the size drivers, e.g., number of algorithms. The COSYSMOR “Reuse” capability extends the COSYSMO size driver data entry capability to enable the representation of new, modified, deleted, and reused requirements for each of the four categories of size drivers: system requirements; system interfaces; algorithms; operational scenarios. This extended capability is provided in recognition that: 

· Actual projects can reuse requirements from prior projects or prior builds or releases of the same project.

· During the course of a project development, requirements can be deleted or modified.

· The relative costs of implementing new, modified, deleted, and reused requirements differ.

E.2 Approach 

The approach taken to represent the requirements size is analogous to that used to represent code size in those often-found instances in which there are several categories of code, including new, modified, deleted and reused. The development of a new system with these four categories may include the deletion of code from a prior system or a previous version or build. The cost of such a deletion must be accounted for. In the case of software, the code size is often represented as “ESLOC,” or “Equivalent New Code.” ESLOC is computed as the weighted sum of the new, the reused, the modified, and the deleted code. Similarly, we have chosen to use “ERequirements” in COSYSMOR, which is equal to the weighted sum of the new requirements count, the reused requirements count, the modified requirements count, and the deleted requirements count. 

The counts of these four types of requirements are converted into one count, called “Equivalent New,” symbolized as ETi , for each of the four categories of requirements, i=1,2,3,4. Now, define ETT, ETT=Total Equivalent New Requirements, where ETT=∑ETi, for i=1 through 4. COSYSMOR uses ETT as “S,” the overall requirements size driver, in the formula for systems engineering labor hours.
E.3 Derivation of Formula for “Equivalent New Requirements” 

ET stands for ETi in this derivation; it applies for any value of i, i=1,2,3, or 4, corresponding to the four categories of requirements. Please refer to the following definitions. In each of them, the subscript “i” is assumed, but suppressed for the sake of ease of expression: 

NN=count of new requirements; 

NM=count of modified requirements; 

NR=count of reused requirements; 

ND=count of deleted requirements; 

NT=total count of requirements. NT=NN+NM+NR+ND. 

Further, let cM=the unit effort or cost for a modified requirement relative to that for a new requirement (=labor hours per modified requirement divided by labor hours per new requirement). Similarly, let cR= the unit effort or cost for a reused requirement relative to that for a new requirement. Also, let cD=the unit effort or cost for a deleted requirement. We expect that cR≤1. However, it is possible under some circumstances that cM>1 and/or cD>1, as work may have been devoted to implementing a requirement and that at some point during the development process, circumstances and/or the customer might dictate the need to either delete a requirement or to modify it. Because of these uncertainties, in developing the structure of COSYSMOR, it was assumed only that 0<cM,0<cR , and 0<cD. 

Now, define ET=NN+(cM*NM)+(cR*NR)+(cD*ND); ET is analogous to “ESLOC” in the case of software, the count of “Equivalent New Lines of Code.” Further, let pN=proportion of NT that is new, or NN=pN*NT . Similarly, for the modified requirements, NM=pM* NT, and for the reused requirements, NR=pR*NT , and for the deleted requirements, ND=pD*NT . Further, recognize that pN+pM+pR+pD=1, and thus, we can write pN=1-pM-pR-pD. 

Now, we combine the formula given above for ET and the relationships between NM and NT and NR and NT and ND and NT into an expression for ET in terms of NT, pM, pR, pD, cM, cR, and cD.

ET =(pN*NT)+(cM*pM*NT)+(cR*pR*NT)+(cD*pD*NT). Now, we use the fact that pN=1-pM-pR-pD and combine terms to obtain the formula for ET, the “Equivalent New” requirements count:

 ET=[1-(pM*(1-cM))-(pR*(1-cR))-(pD*(1-cD))]*NT

Note that the factor [1-(pM*(1-cM))-(pR*(1-cR))-(pD*(1-cD))] is usually ≤1, BUT it may be >1 in some circumstances (see earlier description about the values of cM and cD). and thus, USUALLY, but not necessarily, ET≤NT . 

We recognize that NTi is the weighted sum of the “easy,” “nominal,” and “difficult” requirements for each of the four categories of requirements in COSYSMOR, “system requirements,” “system interfaces,” “algorithms,” and “operational scenarios.” 

As stated above, there is an expression of this form for each of the four categories of requirements, ETi, for i=1,2,3,4. ETT=Total Equivalent New Requirements, where ETT=∑ETi, for i=1 through 4. COSYSMOR uses ETT as “S,” the overall requirements size driver in the formula for systems engineering labor hours.
Operationally, when employing the capability in COSYSMOR to represent modified, deleted and reused as well as new requirements (or algorithms, etc.), the user enters the counts for the three levels of difficulty “easy,” “nominal,” and “difficult” for each of the four categories of requirements. Also, he enters the values of pM, cM, pR,cR, pD, and cD for each of the four categories of requirements. Note that the values of pMi, cMi, pRi , cRi ,pDi, and cDi are assumed to apply to the “easy,” “nominal,” and “difficult” counts for each category of requirement, “i.” The user can assign some “average” value for each of the parameters pMi, etc. that are taken to apply to all three requirements levels, e.g., “easy.” Alternatively, COSYSMOR can calculate these “averages” based on counts entered by the user for modified, deleted, reused and new each for easy, nominal and difficult for each of the four size drivers. As can be seen from the expression for ET (ETi) above, when there are no “modified,” “reused” or “deleted” requirements, then ETi=NTi, the weighted sum of the “easy,” “normal,” and “difficult” requirements as in Academic COSYSMO.
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� The development of Academic COSYSMO was led by Dr. Ricardo Valerdi as part of his PhD program at USC. The model development was contributed to by an industry working group that included members from the International Council On Systems Engineering (INCOSE), Practical Software and Systems Measurement (PSM), and several corporate entities that were primarily from the aerospace and defense sectors. 


� The original COCOMO software cost estimating tool was developed by Dr. Barry Boehm in 1981 while he was at TRW [Boehm, 1981]. This model was updated in 2000 [Boehm et al., 2000].


� The COSYSMOR risk estimation capability builds on earlier work done at Lockheed Martin in systems and software risk estimation [Gaffney and Bridel, 2004] and at Lockheed Martin and Decision Science Associates [Ulvila, Gaffney, and Chinnis, 2002]. Also, it builds upon other, earlier work related to cost/effort and schedule risks for software projects. It was found that these risks can be dealt with directly by examining the probability distributions over quantities such as the estimated development time and estimated costs. Gaffney et al. (1995) and Gaffney (1997) suggest such a method by proposing that a software manager develop (estimate) these probability distributions. Their display is the distribution function. Gaffney et al. (1995) provide an example for which a distribution function shows a 20% cost risk at 695 labor-months (page 285). That is, there is a 20% chance that cost exceeds 695 labor-months. Gaffney (1997) provides an example in which a distribution function shows a 20% schedule risk at 22 months, that is, a 20% chance that the schedule would exceed 22 months. This provides a more realistic output that includes a probabilistic range of estimates that illustrate the risk – and likelihood of success – associated with the estimate rather than a single point estimate. This approach provides engineers and managers with the insight needed to make better informed decisions about the probability of success of the project.





� It is reasonable to inquire as to which is the best way to approximate a continuous probability distribution with three points. Keefer and Bodily [Keefer and Bodily 1983] investigated twenty-two different three-point, five-point, and triangular approximations that were in wide use or recommended in the literature, such as the well-known PERT distribution. They evaluated these approximations on their abilities to approximate the mean, variance, and distribution functions of a wide variety of beta and lognormal distributions. A subset of the original twenty-two approximations were also evaluated on their ability to estimate the means and variances of the sum and product of two distributions. They discovered “… surprisingly large differences among approximations in current use.” They developed an extension to earlier work done by Pearson and Tukey, hence termed “extended Pearson-Tukey.” This method approximates a continuous distribution by a discrete distribution with a probability of 0.185 assigned to the 0.05 fractile of the distribution, a probability of 0.63 assigned to the median (F.50), and a probability of 0.185 assigned to the 0.95 fractile of the distribution.
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