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Summary of Changes

This directive supersedes AFLCMC Cost Capability Analysis (CCA) Standard Process, dated 18 May 2017, by updating the hyperlinks affected by the AFLCMC SharePoint Migration.
Record of Changes. 
	Record of Changes

	Version
	Effective Date
	Summary

	1.0
	19 Nov 2015
	Basic document; Approved by S&P Board on 19 Nov 15

	1.1
	21 Dec 2015
	Editorial change; changed Process Owner from XZ to XP

	1.2
	07 Apr 2016
	Editorial changes; lexicon and clarification of roles & responsibilities

	1.3
	18 May 2017
	Editorial changes; changed order of parallel steps 7 & 8 (Figure 3. Figure 4, & Table 2), updated policy references, standardized lexicon across CCA products- Approved at 18 May 2017 S&P Board

	1.3a
	10 Jan 2018
	Administrative chages; updated hyperlinks affected by AFLCMC SharePoint Migration – will bring for Annual Review during May 2018 S&P Board


Cost Capability Analysis (CCA)
1.0 Description.  The Air Force Life Cycle Management Center (AFLCMC) Standard Process for Cost Capability Analysis (CCA) provides a framework and a high level summary of the steps to  conduct CCA at various decision points in a program life cycle.  

1.1 CCA is an analysis process that uses warfighter involvement, subject matter expertise, and a rigorous multi-attribute, multi-objective decision analysis methodology to define tradespace between cost and warfighting capabilities. The CCA identifies relative value of alternatives and integrates cost and capability to illuminate the tradespace. This analysis process can greatly benefit any program by highlighting the most valuable use of limited resources early in the life cycle, ultimately leading to the selection of an affordable, effective end product. The push for a value-based decision analysis originates from a 2011 CORONA decision, resulting in revisions to AFI 10-601. AFI 10-601 has since been redacted; however analyzing cost and capability trades is still required as part of AFPD 10-6 which states that “SAF/AQ shall ensure life cycle cost and capability tradeoff analysis is used for all Air Force Review Boards and Configuration Steering Boards.”   
1.2 While there are many decision analysis methodologies that may be used in-whole or in-part to accomplish a Cost Capability Analysis, this standard process provides a  Multi-Objective Decision Analysis (MODA) methodology. This methodology was first developed in the 1970’s, and has come to be widely accepted and used in a multitude of domains where decisions are made with competing resources. MODA has been used to inform decisions in several Air Force programs, and the lessons learned from these efforts are used extensively to inform this process. One of the main strengths of the MODA methodology is the emphasis on user interaction early in the analysis process. CCA is not synonymous with MODA; rather, MODA is simply the method recommended to accomplish a CCA.

1.3 AFLCMC’s standard CCA process consists of 11 steps that may be applied at any of the decision points in a program life cycle, or on an as-needed basis to assist with complex decisions. The order and scope of the steps are tailorable to the particular requirements or constraints of the decision point, and the unique needs of each analysis. For these reasons, the best practices described in this document are best used by appropriately trained facilitators. This document describes a modified form of decision analysis that has been tailored, where necessary, to facilitate the goals of a CCA. Process tailoring is encouraged, but use of alternative methodologies should be justified and well documented.
1.4 The CCA process emphasizes capability and affordability discussions. CCA supports 12 distinct requirement and acquisition decision points, to include Initial Capabilities Document (ICD), Materiel Development Decision (MDD), Analysis of Alternatives (AoA), and at each requirements and acquisition forum through production. The 12 points are depicted at the top of the CCA Decision Framework (Figure 1), that shows the points grouped into three phases. The amount of work required to accomplish a CCA at these decision points will vary widely; however, it is important to note that CCA is not restricted to these decision points. A CCA may be conducted in conjunction with any number of other acquisition or requirement reviews, or it may be conducted “ad hoc” to examine trades unrelated to acquisition decisions or requirements documents. Examples include: should cost initiatives, budget drills, or technology insertion. In some cases, results of a previous CCA may be used in part or in whole.
1.5 While the process described in this document is at a high-level, it references more detailed documentation, instructions, and the AFLCMC/OZA CCA Resource Guides to assist in the actual analysis required at any particular decision point in the life cycle. 
Figure 1. CCA Decision Framework
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Note: The questions shown in Figure 1 are representative of the questions that should be asked at the various decision points across the life cycle. Specific questions for each of the twelve decision points are found in the AFLCMC/OZA CCA Resource Guides.
2.0 Purpose   
2.1 The purpose of the CCA process is to support delivery of cost-effective solutions through deliberate tradeoffs analysis between operational capability and affordability. The CCA improves the understanding of effects of requirements on cost to inform affordability decisions or tradeoffs throughout the life cycle, and to select solutions at the right point on the Cost Capability Curve, Figure 2. 
2.2 The purpose of this high-level standard process is to emphasize and enforce the use of CCA to perform the necessary analysis at the key life cycle decision points.
2.3 The CCA process supports AFLCMC’s FY17 Product Goal: Deliver timely, agile and cost effective systems and solutions:
2.3.1 Objective 1.2 – Generate cost savings/avoidance by over $700M per year through end of FY18.   CCA is a major element of development planning that enables full life cycle affordability versus capability tradeoffs to ensure that we make informed decisions to balance life cycle cost versus operational requirements.
Figure 2. Cost Capability Curve
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3.0 Entry/Exit Criteria and Inputs/Outputs
3.1 Entry Criteria. Entry Criteria may vary by specific decision point; however, there are entrance criteria common to all CCA efforts.
3.1.1 Requirement to perform a CCA. The requirement to perform a CCA will typically be driven by a decision point that requires this type of analysis. The initiating office (e.g. the Joint Requirements Oversight Council (JROC), Air Force Capability Development Council (AF CDC), Milestone Decision Authority (MDA)) should generate a memorandum (MOA, MFR, etc.) documenting the need for analysis and tasking the appropriate office within their control. This memorandum, once signed by the decision authority, grants the CCA team the authority to seek manpower and funding, and to conduct the analysis and present their findings. See section 6.3 for a definition and discussion of the roles of the decision authority. 
3.1.2 Funding and Manpower. It is the responsibility of the study sponsor to secure the funding and manpower necessary to accomplish the CCA. The amount of manpower required will vary according to the scope of the effort, and the similarity to previous work. Roles and responsibilities for team members are specified in section 6, below, but there is no requirement for these team members to be drawn from any specific office or function. 
3.2 Exit Criteria. In general, a standard process will end once the CCA is completed, documented, and the findings approved by the decision authority. While the specific outputs for different decision events may be driven by those decision authorities, most analyses are expected to contain the following exit criteria. 

3.2.1 Stand-Alone Analysis Documentation. Since the analysis effort is likely to require the resources of a variety of personnel, the availability of the team will be limited once the analysis effort is concluded. For this reason, the CCA outputs should be documented in a format that stands alone. It is important to include enough information that allows a subsequent team to reproduce the results. This document may be reviewed by the decision authority, but is not intended to be the only means of presenting the analysis to the decision maker.
3.2.1.1. In addition to specifics about parameters, assumptions and calculations, any unique or tailored methods developed throughout the analysis should be made available along with thorough instructions for the implementation of these methods. 
3.2.2 Decision Authority Approval. Since the CCA is conducted with the intent of informing life cycle or requirements decisions, the decision authority (e.g. AF CDC or MDA) provides validation that the analysis is sufficient. Once validation is accomplished (thus analysis is deemed sufficient from the decision authority), the process is terminated.  
3.3 Inputs. Specific inputs will depend on the decision point the CCA is supporting. General categories of inputs are shown below, along with specific examples.
3.3.1 CCA Analysis Plan and Approval. This document must be generated and approved as an entry criterion for the analysis; however, since it contains the scope and direction for conducting the analysis, it is also an input. 
3.3.2 Requirements Documents. These inputs will vary depending on the maturity of the acquisition. Examples include the ICD, CDD, and CPD (draft where appropriate).
3.3.3 Previous Analyses and Program Documentation. For the sake of continuity and efficiency, it is crucial that any previous analyses and programmatic considerations (cost, performance, logistics, etc.) be included as initial data for the CCA. Examples of these include:

· previous CCAs

· AoA report

· Systems Engineering Management Plan (SEMP)
· Acquisition Strategy
· Test and Evaluation Master Plan (TEMP)

· Cost Analysis Requirements Description (CARD)
· Life Cycle Management Plan (LCMP)
· Life Cycle Sustainment Plan (LCSP)
3.3.4 Existing Value Models. Some organizations have produced enterprise-level value models or architectural products. In some cases, these models may be compulsory for analyses performed in that organization. 
3.3.5 Mission Definition. Mission definitions and operational scenarios are often provided by the user of the system. Such scenarios can greatly reduce the work of the analyst when attempting to connect system attributes to functional requirements. Examples include Concepts of Operation (CONOPS) and OSD-approved planning scenarios.
3.3.6 Program Schedule with Key Milestones. IOC and FOC, for example, may assist the analyst with identifying technologies with appropriate readiness levels, and can inform the scope of the analysis if deadlines are mandated. This information may be found in the program Integrated Master Schedule (IMS), if available.
3.3.7 Guidance and Policy. Policy documents, from the OSD level down to local policy, may have specific requirements for CCAs that must be met for the analysis to be approved by the decision authority. Guidance applicable to all CCAs at the Air Force level are included in Section 10 of this document.
3.4 Outputs. Outputs from the analysis should be tailored to achieve the exit criteria listed above, and as directed by the decision authority. In general, outputs fall into two categories.

3.4.1 Briefing Materials. Briefing material should conform to the template prescribed by the applicable decision authority (e.g. AF CDC, MDA) while also being focused to provide the decision maker with a thorough understanding of the analysis findings. 
3.4.2 Stand-Alone Analysis Documentation. The CCA should be focused on providing analysis that informs Senior Leader decisionmaking and culminates in the production of the CCA Final Report (CCA Final Briefing) which provides the analysis parameters, results, and analysis of those results. Suggested contents for the CCA Final Report are as follows.

3.4.2.1.  Guidance and Direction
3.4.2.2.  Introduction (to include ground rules and assumptions)
3.4.2.3.  Methodology (Description of each step in the 11-step standard process and their respective products and outputs)
3.4.2.4. Analysis findings and lessons learned
3.4.2.5.  Description and operation of unique analysis methods (asAnnex)

4.0 Process Workflow and Activities. This section provides a visual representation of the process with details of workflow and activities.  It lays out the process from end-to-end and describes interaction between Air Force organizations, as well as external organizations integral to the process. 
4.1 Suppliers, Inputs, Process, Outputs, Customers (SIPOC). The high-level SIPOC in Table 1 provides a macro view of the process, the process environment, and boundaries for the process.  
Table 1. SIPOC
	Suppliers
	Inputs
	Process
	Outputs
	Customers

	· Users/Operator

· Requirements Sponsor

· Approval Authorities

· Decision Authorities

· Review Authorities

· Core Function Leads

· Industry

· Technologists, National Labs, FFRDCs

· Academia

· Other Stakeholders


	· CCA Analysis Plan (either document or briefing) and approval

· Requirements documents (ICD, CDD, CPD)

· Previous analyses and program documentation (CARD, LCMP)

· Existing value models

· Mission Definition (CONOPS and OSD approved scenarios)

· Time frames (IOC, FOC)

· Acquisition strategy

· Guidance/Policy

· Budgetary data/decisions
	CCA

· Identify Problem and Scope Analysis

· Create Value Hierarchy

· Develop Measures

· Develop Value Functions

· Prioritize Measures/Develop Aggregation Method

· Identify Alternatives

· Determine Capabilities of Each Alternative

· Estimate the Cost of Alternatives

· Generate Outputs and Display Products

· Analyze Sensitivity

· Record Analysis
	· CCA Final Report or CCA Final Briefing (stand-alone, repeatable) to include:

· Graphical depiction of results (i.e. Pareto Plot)

· Tabular summary of alternative scores

· Analysis Findings
	· Users/ Operators

· Decision Authorities

· Requirements/Acquisition community

· Approval Authority

· Review Authority

· Core Function Leads

· Industry

· Technologists




4.2 Process Flowchart. Figure 3 represents the CCA process at a high level, and provides the goal of each step. Figure 4 shows the same process at a detailed level to demonstrate the interrelation between the Work Breakdown Structure (WBS) elements. It is important to note that this process flow may be tailored to the needs of the individual effort, as indicated by the process tailoring step. This iterative process must be accomplished with frequent communication with stakeholders, including decision makers to ensure that the end product is appropriate for the decision at hand.
Figure 3. High-Level Process Flowchart—Cost Capability Analysis
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Figure 4. In-Depth Process Flowchart—Cost Capability Analysis
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4.3 Work Breakdown Structure (WBS). The WBS (Table 2) provides additional detail for the flowchart activity boxes.  See Attachment 1 for an MS Excel version of the WBS with more detail. For each activity in the WBS, the responsibility for completion falls to the CCA Study Lead (coordinated by the CCA facilitator or overall Study Lead, where applicable). The amount of time to complete each step will vary with the scope of the overall effort, and deadlines imposed for the relevant decision. All outputs should be approved by the Decision Maker at the appropriate level.
Table 2. CCA Process WBS
	WBS
	Activity
	Description
	References/Tools

	1.0
	Identify Problem and Scope the Analysis
	 
	

	1.1
	Develop Problem Statement
	In many cases, this is pre-defined or mandated from the decision authority; however, in the case of ad hoc analyses or studies, it is imperative that the problem be well-defined. The problem should be that a capability or knowledge gap exists with scarce resources to fill it. In the case of a military capability gap, the gap should be formally documented in a Capability Based Assessment (CBA) or like document.  In the case of an acquisition decision (for example), the gap is that the optimum--or "best value"--strategy is unknown. The objective should be to fill the gap with the optimal mix of cost and usefulness to the government.

Input:  Capability or knowledge gap
Output:  Problem Statement and Objective Statement
	CBA

	1.1.1
	Review Study Guidance
	Study Guidance is provided by appropriate authority and provided to study lead for execution. Determine the motivation. What questions do we need to answer? What decision are we supporting? Again, in the case of ad hoc analyses, this may need to be explored and explicitly stated.
	

	1.1.2
	Develop Problem Statement
	The problem statement should be developed here. Coordination through the stakeholders will be required once they are established in activity 1.3. below.
	

	1.2
	Define Scope and Context
	In the case of early materiel or system definition (as defined in appendix A), the CBA should include the necessary information on the scope and mission context (including CONOPS, scenarios) of the problem that is being assessed.  Regardless of the subject of the CCA, the scope and decision context must be established to determine appropriate resourcing and focus the effort. In some cases, a decision authority may determine that a CCA is not required or that the available time is insufficient.

 Input: Documented scope and mission context where available (from CBA or like document). 
 Output:  An understanding of the scope and mission context of the problem, documented in the Analysis Plan.
	CBA, CONOPS

	1.2.1
	Understand the Mission/Acquisition Environment (Things External to the Analysis)


	Determine the pertinent documents and regulations that impact the CCA. It is important that non-materiel elements be considered (for example, policies or product support considerations). It is also important to understand the mission that the material solution is going to meet.
	JCIDS Documents, ADM

	1.2.1.1
	Conduct Research to Establish Decision Baseline
	Previous analyses and program documentation (CCA or otherwise) may be pertinent to the current effort, and should be sought. In some cases, whole steps of previous CCAs, such as the value hierarchy, may be re-useable. This work, in conjunction with policy and regulations provide valuable insight that allows the team to scope the parameters of the current analysis. 
	Bending the Cost Curve Government-Industry Engagement Guide

	1.2.1.2
	Set up Life Cycle Context


	The CCA Process supports the development of tradeoff analyses across the program acquisition life cycle. However, the nature of the CCA varies across the life cycle and needs to be characterized. These variations are a result of the level of maturity of the acquisition as tradeoffs of capability or performance attributes become more focused and narrowed around a defined solution. The information and/or data needed to portray cost vs. capability are based upon the conditions and state of the requirements, design, and the life cycle cost (LCC) baselines. This step will influence the creation of the value hierarchy (CCA Step 2). Characterize, socialize, and obtain approval. This may also include "snapping" baselines for requirements, design, and cost for the current point in the life cycle.
	

	1.3
	Identify Team Members and Stakeholders
	Team Members should include anyone who will provide input or analysis in support of the cost capability effort. In contrast, stakeholders should include all who have equity in the capability requirement and the acquisition of the requirement. This will be a much larger list than the team members and needs to include appropriate members of the requirements community, the acquisition community, and all approval authorities.  The Stakeholder Issues Identification Matrix is a useful product for this step. 

 Input: Problem statement and mission context
 Output: Documented list of all resources required to support the effort
	Stakeholder Issues Identification Matrix

	1.3.1
	Assign Study Lead and Facilitator(s)
	The CCA Study Lead will be responsible for coordinating the efforts of several different teams and it is preferable for the Study Lead to be knowledgeable of CCAs. Also, the Study Lead should possess subject matter expertise in the domain under consideration.   The Facilitator is responsible for conducting value elicitations with the customers and stakeholders, which requires background in decision analysis/operations research. For this reason, these execution-level interactions are best left to an experienced “Facilitator” who understands the methods and techniques used in this process.
	

	1.3.2
	Identify the Stakeholders
	The mission context and decision environment are crucial in determining what stakeholders should be involved in the analysis effort. Even if these are not regularly-participating members at the working level, advocacy and oversight for all of the different elements of the analysis is crucial in generating a credible and complete product. At a minimum, the Study Lead should consider engaging stakeholders in the operational, technical, product support and maintenance communities.  Examples include: CCMD, MAJCOM, HAF/A5R, SAF/AQ, OSD-CAPE, OUSD (AT&L)
	

	1.3.2.1
	Train CCA Team
	The process for conducting a robust CCA can be challenging, especially to those with no background or experience with this type of analysis. It is useful to provide team members and stakeholders with an overview of the CCA process, perhaps using a notional example. SME understanding of the overall process allows them to see how they fit into the “big picture”—this will aid with the process tailoring effort, and allow participants to properly scope their participation. Training resources are available to support this step.
	CCA Resource Guides, AFIT Certificate, AFLCMC/OZA training programs. See Section 8 for more information.

	1.3.3
	Identify Engagement Considerations
	Consider timing, access, sensitivities, and associated ramifications. For example, the processing of classified information across geographically distributed teams and stakeholders can pose challenges that must be mitigated early. It may also be necessary to ensure that each team member has the support of their organization, and is able to commit the resources necessary to make the analysis effort successful.
	

	1.4
	CCA Process Tailoring
	Given the research and preparation described above, it may be necessary to eliminate or add to the following steps. Ultimately, it is the goal of the analysis to provide meaningful information to the decision maker. The team should tailor the analysis process to best accomplish this goal.

Input: Research materials, stakeholder assessment, resource availability, and schedule constraints.
Output: A tailored analysis process, documented in the Analysis Plan Document or Briefing
	

	1.5
	Coordinate Plans with Decision Authority
	The data generated in the above steps should be documented and approved before proceeding with the analysis. 

Input: Draft CCA Plan
Output: Approved Analysis Plan Document
	

	1.5.1
	Draft CCA Analysis Plan
	The tailored analysis process, as well as the outputs of all previous steps must be documented in a format that will allow decision makers to understand the way forward, to include: the resources required, the scope, the involved parties, and the questions the CCA will answer. In some cases, this becomes part of another document, such as an AoA plan. A suggested format for this plan is specified in paragraph 3.4.2 in this Standard Process.
	

	1.5.2
	Gain Approval from Decision Authority
	The intent of this activity is to gain approval from the decision authority and to proceed with the CCA. 
	

	1.5.3
	Understand the Decision Environment and document the ground rules and assumptions
	Scope the effort by deciding what decisions or decision elements are "givens," and what decisions are too low-level or should be deferred. 
	Decision Hierarchy (ref. CCA Resource Guides)

	2.0
	Create Value Hierarchy
	 
	

	2.1
	Identify what the Stakeholders Value
	Identify the high-level objectives (or tasks) that the stakeholders value. Describe these objectives in terms of capabilities (not performance metrics or design specifications). These objectives (or tasks) will serve as the top level of the value hierarchy. Often, OSD-CAPE will identify Mission Tasks (MTs) in the AoA Study Guidance, or CONOPS early in program documentation. Since the military enterprise is composed of systems-of-systems, it is important to consider the effect that one objective will have on the dependent systems. For this reason, it is important that the stakeholders maintain the broadest focus practical when discussing their values. It is the team lead’s responsibility to ensure the team is structured appropriately to facility this level of discussion.  

Input: Documented capability or knowledge gap 
Output: Documented objectives (or tasks) required to close the gap
	Mission Tasks, AoA Study Guidance, CONOPS

	2.2
	Decompose High-Level Objectives/Tasks into Sub-objectives, or  Sub-tasks
	Further decompose the top-tier objectives/tasks into sub-objectives (or sub-tasks) until enough detail is reached to distinguish the contributions of the alternatives you will compare. 

Input: Documented Objectives/Tasks
Output: Objectives/Tasks decomposed to the lowest level necessary
	

	2.3
	Construct Value Hierarchy
	Select the most appropriate way to display the value hierarchy. Typically a tree-like structure intuitively depicts the relationship between objectives, and aids the objective comparison performed in later steps.

Input: Lowest-level objectives or tasks
Output: Product that depicts these objectives and their relationship to one another
	

	3.0
	Develop Measures
	Each CCA should be as objective as possible. In this step, the team determines how to acquire data and uses it to assess, or numerically score, alternatives according to the objectives defined in step 2.2, above.
	

	3.1
	Develop Evaluation Measures
	Determine one measure for each of the lowest-level objectives/tasks in the hierarchy. These measures should be as objective as possible (for example, "time to locate threat, measured in seconds"). They may be a continuous (e.g. "range in miles") or categorical (e.g. "technology readiness level"). They can be subjective if no objective measure is appropriate (e.g. "high/medium/low"). What is most important is that these measures represent how well the task or objective is accomplished.

If the measures are not generated in coordination with stakeholders, it is essential that the stakeholders vet them. This will ensure that the measures are appropriately focused on key aspects of each objective, and that it is possible to collect data in the manner specified.


Input – Value Hierarchy
Output – At least one measure for each lowest-level objective
	

	4.0
	Develop Value Functions
	Use stakeholder preferences to convert different levels of performance into "value" that can be compared against other objectives. This method is preferred over using specific thresholds for performance levels.
	

	4.1
	Elicit Preferences from Stakeholders/Users
	Specific methods for eliciting this data are discussed in the CCA Resource Guides. A trained facilitator with experience in decision analysis is crucial to success in this step, and on-going dialogue with the customers/stakeholders is vital to obtaining accurate value functions. Data points and shape of functions should come directly from the associated subject matter expert (user, stakeholder, etc.). Note that different stakeholders may value performance differently! The effect of these differences must be adjudicated using sensitivity analysis (step 10). Value functions do not include cost, simply what the user values. For operational capability, the primary source of input will be the user, or the requirements sponsor speaking on their behalf.

Input: Measures sub-divided to the lowest level needed 
Output: Data used to construct functions (typically, discrete data points and inflection/curvature)
	

	4.2
	Use Preferences to Construct Value Functions

	Value functions may take many forms, but common ones include: exponential or "S" curves (indicating diminishing value), linear or piece-wise linear, and discrete (necessary for non-continuous measures). Once a function is constructed, test the stakeholder using a few other points to ensure you have properly captured their preferences.

Input: Data from stakeholder elicitation (4.1, above)
Output: One value function for each lowest-level measure
	

	5.0
	Prioritize Measures/Develop Aggregation Method
	Because it is uncommon for all competing aspects of a decision to carry equal importance, it is necessary to determine the relative importance of objectives to allow aggregation of the measures into a single capability score. This aggregation is crucial to informed decision making since it allows direct comparison of alternatives according to a common scale. Without aggregation, it is often too difficult to simultaneously and objectively consider alternatives with multiple decision criteria. One common way to accomplish aggregation is to assign weights to the objectives. The higher priority objectives (and the measures associated with them) will have a higher numerical weight assigned to them. This method aids in the sensitivity analysis (step 10). Select an appropriate weighting methodology to apply to the prioritized objectives in the value hierarchy.  
	

	5.1
	Select Aggregation Method
	Selection of most appropriate aggregation methodology is critical. Priority and weightings should reflect stakeholder preferences but avoid individual biases. The team will select an appropriate aggregation methodology to apply to the objectives (or mission tasks) in the value hierarchy.  If weighting is appropriate, some commonly-used and widely-accepted weighting methods are: 100 point method, ratio method, swing weighting, and the rank order centroid method. Methods other than weighting exist, but are uncommon. In some rare cases, it may be difficult or inappropriate to aggregate results for mathematical or political reasons. In these instances, it is essential to aggregate to the highest level possible, and present these sub-capability scores to the decision maker in a clear fashion to facilitate comparison. However, an inability to aggregate measures may indicate a poorly constructed value hierarchy or a need for further coordination with SMEs.

Input: Value Hierarchy and measures created in Steps 2 and 3, Trained Facilitator
Output: Selected weighting method
	AFLCMC/OZA CCA Resource Guides

	5.2
	Obtain Stakeholder Preferences
	In this step, the facilitator uses the selected weighting methodolog(y/ies) to elicit weighting preferences from the stakeholders. In some cases, this results directly in weighted objectives, but in some methodologies, the stakeholder considers subsets of the total hierarchy (such as with pairwise-comparison) and the end result is used to determine the overall weights in the next step.

Input: Selected weighting method, trained facilitator, and value hierarchy
Output: Weighting preferences or weighted objectives
	

	5.3
	Use Preferences to Determine Aggregation Function
	If weighted objectives were not determined in step 5.2, the facilitator uses the selected weighting methodolog(y/ies) and any information provided in the previous step to determine the weights of each objective in the hierarchy. 
Facilitation Note: If the decision maker has not been involved or informed in the creation of the Value Hierarchy, Aggregation Function, and Value Curves, now is an opportune time to present these and seek approval. 

Input: Stakeholder preferences
Output: Weighted objectives
	

	6.0
	Identify Alternatives
	Determine alternatives to score. 'Alternatives can be generated by various means and can be found in a broad range of documentation (i.e. OSD-CAPE may document alternative categories and Concept Characterization Technical Descriptions). If the concept, or program, does not have an AoA Study Plan, the team will have to generate alternatives on their own.  Eliminate alternatives that are not feasible, but do not be too heavy handed with screening--too few alternatives won’t produce an efficient frontier. Rationale for removing alternatives during screening should be captured and provided in the analysis documentation.
	

	6.1
	Identify "Baseline" Configuration or Analogies
	"Alternative 0" represents the baseline and represents the decision to “doing nothing.” In many cases, this may be the least time-consuming from a performance scoring perspective, but determining the baseline cost may be the most time consuming from a cost perspective. In the case of early materiel efforts, there may be no "baseline" and analogies may be used for cost and capability estimates.

Input: Value Hierarchy
Output: Current "as-is" features for each objective in the Value Hierarchy 
	

	6.2
	Characterize Tradespace
	Tradespace analysis is useful for identifying the bounds of the technical parameters for each alternative. This effort will be informed by the value functions identified by the stakeholders, and will directly drive the generation of alternatives that fill the tradespace (in cases where alternatives must be generated) or a selection of pre-defined alternatives.
	

	6.3
	Identify Other Alternatives or Excursions from the Baseline
	In analyses where alternatives are pre-defined (such as an AoA) this step consists of identifying the existing alternatives. For analyses without existing alternatives, the team may vary system attributes at different levels to generate alternatives.

Input: All sources documenting alternatives to consider and tradespace characterization.
Output: Comprehensive listing of all alternatives whose cost and capability will be evaluated.  It may be helpful to identify the features that differentiate alternatives 
	Bending the Cost Curve Government-Industry Engagement Guide

	7.0
	Determine capability of each alternative
	Each alternative must now be scored using the objectives, weights, and value functions established in the steps above.
	

	7.1
	Obtain Performance Data for Lowest-level Measures
	For each alternative, assess each applicable, lowest level objective. This data can be an engineering quantity (such as range, power, or targets destroyed) or it may be a subjective rating (how survivable is the system on a scale 1-5). The data may be obtained via modeling and simulation, collected/extrapolated from fielded systems, or provided by SME input.

Input: Value Hierarchy created in steps 2-3
Output: Assessment (performance) of each lowest-level objective for each alternative
	

	7.2
	Enter Performance Data into Value Hierarchy
	For each alternative, use the data collected in the previous step to determine the overall value. These value scores are directly comparable against one another.

Input: Data collection results from Step 7.1
Output: Overall capability associated with each alternative
	

	7.2.1
	Translate Measure Scores into Value
	For each measure tested, translate the objective assessment (e.g. speed of Mach 2) into a value score between zero and one (e.g. value of 0.5) using that measure’s value function.
	

	7.3
	Determine Overall Capability
	Use the selected aggregation function (determined in step 5.3) to determine the overall capability of each alternative.
	AFLCMC/OZA CCA Resource Guides

	8.0
	Estimate the Cost of Each Alternatives
	Since it is important to keep a Life Cycle focus, Life Cycle Costs must be used in this analysis (not just acquisition costs). For the cost of each alternative to be properly estimated the cost estimators will have to spend considerable time engaging with the engineers and sustainment community to understand the technical content of the program.  The tight coupling between the engineering, logistics and cost estimating communities is absolutely critical to ensure the cost estimate reflects the technical baseline.  The fidelity of the cost estimates is directly correlated to the level of technical detail provided by the technical team and available data.  Based on the maturity of the alternatives, what is known about the system design and production requirements, the time allotted to conduct the estimates, and the data available, the cost estimator will select the appropriate methodology for performing the cost estimate. Refer to the GAO Cost Estimating and Assessment Guide for more detail on cost estimation techniques, though a more complete list of references should be provided by the cost estimating professional on the team. Just as the CCA process may be tailored to fit the needs and scope of the analysis, so too may the cost estimates be scoped to the level of detail appropriate to meet the needs of the decision maker. In many cases, previously developed cost estimates may be used.
	GAO Cost Estimating and Assessment Guide, AFI 65-501, AFI 65-508, AFI 65-509, AFMAN 65-506, AFMAN 65-510, and many others

	8.1
	Estimate the Cost of the Baseline Alternative
	In the case of generated alternatives (based off of excursions from Alternative 0), the analyst must first estimate the cost of the baseline alternative, or obtain the previously developed estimate. Excursions may be calculated using deltas from this baseline.

Input:  Lowest level technical descriptions of the baseline alternative
Output:  Life-Cycle Cost Estimate (LCCE) for Alternative 0
	

	8.2
	Estimate the Cost of the Remaining Alternatives, or Excursions (where applicable)
	Compute the cost of the remaining alternatives, or the delta-costs when alternatives are generated using excursions from the baseline. 

Input:  Lowest level technical descriptions (and baseline cost estimate for excursions)
Output:  Life-Cycle Cost Estimate (LCCE) for Alternatives 1 through N
	

	9.0
	Generate Outputs and Display Products
	There are many different ways of illustrating capability relative to the cost of each alternative. This section should be tailored to fit the needs of the stakeholders and decision makers. More output products are described in the AoA handbook.
	AoA Handbook

	9.1
	Graph Alternatives
	Construct a graph plotting data points for overall value versus the life cycle costs for each of the alternatives. This is a typical product for a CCA, and is helpful to demonstrate capability versus cost. In addition to this simple plot, there are many other ways to graph alternatives to show important trends or relationships. Fully exploring these subsets of the analysis is key to properly representing the results and informing the decision maker.

Input: Overall capability scores generated in Step 7, life cycle cost estimates from Step 8
Output: A cost capability chart with each alternative plotted as a separate data point
	

	9.2
	Identify the Efficient Frontier
	Identify the set of alternatives not dominated (i.e. no other alternative has both lower cost and higher value). This region represents the “efficient frontier,” where the government receives the greatest “bang for the buck.” It is important to note that dominated alternatives may appear unpromising, but might be retained when we consider other factors (e.g. sensitivity or risk preference).
  
Input: Cost Capability curve from Step 9.1
Output: Cost Capability curve with the efficient frontier identified 
	

	9.3
	Identify Deltas from Frontier
	By examining the "distance" from the efficient frontier, and identifying the greatest shortfalls for each alternative, it is possible to conceive better alternatives, or suggest ways to improve existing ones. In some cases, this may lead to further analysis using new or modified alternatives.

Input: Capability deltas for each alternative
Output: Suggestions for improved or new alternatives identified
	

	10.0
	Analyze Sensitivity
	Demonstrate how robust the results are to changes in the stakeholder’s preferences and assumptions.
	AFLCMC/OZA CCA Resource Guides

	10.1
	Coordinate outputs with stakeholders.
	After sharing the capability and cost results from Step 9, survey the stakeholders to see if there is a desire to examine alternative weights, or other inputs, developed in Steps 4 or 5 to see what the effect would be on the overall results of the alternative scoring.  

Input: Operator desire to examine alternative weights to determine sensitivity
Output: New weights for Objectives/Tasks and Measures
	

	10.2
	Perform Sensitivity Analysis
	Based on the results of Step 10.1, analyze the alternative weights accordingly and re-score the alternatives to determine the sensitivity of the model to measure weighting.  This same type of analysis may also be conducted by analyzing alternative shapes of particular value functions to determine their impact. 

Input: Objectives with uncertain weights or value functions
Output: Insights into sensitivity of the model parameters and indications of which parameters warrant closer examination
	AFLCMC/OZA CCA Resource Guides

	11.0
	Record Analysis and Present Findings
	Provide conclusions and recommendations to the decision authority in a format best suited to aid comprehension. Also, provide a complete and detailed report that documents the basis of the analysis and results, as described in section 3.4.2 of this document. 
	Section 3.4.2, above

	11.1
	Draft CCA Final Report
	The CCA Final report (or briefing) must include enough detail that the results could be replicated by another team. In addition to establishing credibility of the analysis, this detail may be essential to a team conducting follow on work.

Input: Analysis assumptions, inputs, methodology(y/ies) and products
Output: Vetted Analysis Report (Document or Briefing)
	

	11.1.1
	
Record Basis for Analysis
	The discussions that take place throughout Step 1.0 make up the basis for the analysis and should be thoroughly documented to explain the rationale for decisions about analysis scope and focus. 
	

	11.1.2
	
Record Analysis Parameters and Decisions
	The final report (or briefing) should be useful to subsequent analysts attempting to understand or recreate the CCA. For this reason, analysis parameters such as the raw inputs to the analysis (e.g. lowest-tier alternative performance values), equations resulting from value curve elicitation, and factors used in modeling and simulation must be documented. 
	

	11.1.3
	Record Conclusions and Recommendations
	Document all recommendations and final decisions as well as the rationale behind both. Archive all materials to include working level details completed in each of the steps, final recommendations and decisions, and lessons learned. The goal of a CCA is not to come up with "the answer," but rather to provide insights to the decision maker. However, it is often useful to make recommendations based on the analysis.  Usually the recommendations will be one or few of the alternatives that are on the efficient frontier and deemed to be affordable. The recommendation should be supported by a description of the tradeoffs that were evaluated between cost and capability requirements.  The recommendations should also be supported by all the lower level results of Steps 1-10 of the MODA methodology presented in this chapter. Simply presenting a single capability score and touting an alternative as "best" does not achieve the goal of providing decision makers with insights. Rather, these "best" alternatives should be used to reduce the tradespace and focus recommendations.
	

	11.1.4
	
Coordinate Report with Stakeholders.
	Before taking the analysis forward to the decision authority, coordinate the final report and ensure that all key stakeholders agree with the assumptions and conclusions. Non-agreement should be well documented and discussed with the decision authority when appropriate.
	

	11.2
	Present Analysis Findings to Decision Authority
	An organization might use a standard template to brief. In the case that no template is available, care should be taken to provide decision makers with an appropriate depth of understanding of the material. It is crucial that decision makers understand what makes the best alternatives come out ahead of other options, and that they understand the assumptions that went into these alternatives. Decision Authority approval signifies the exit from the CCA process.

Input: Analysis products and recommendations
Output: CCA Presentation in approved format (where applicable)
	


5.0 Measurement. 
5.1 This section will be developed as part of the CCA Standard Process maturation as metrics for process performance and effectiveness are developed.
6.0 Roles and Responsibilities.  This section identifies and describes the internal and external roles along with key personnel involved in the execution of a CCA. 
6.1 Process Initiator or Decision Maker. Usually, the study sponsor (decision maker) is the one who initiates (per Paragraph 3.1.1) and provides funding for the CCA. Note that the decision maker often differs from the decision authority in that the decision maker advocates for the warfighter and seeks the decision. The decision authority is the senior-level person or panel with the authority to enact the decision maker’s decision (think AF CDC, MDA, etc.). Frequent CCA Team interaction with the decision maker is essential, while interaction with the decision authority may be less frequent.
6.2 Requirements Owner. The office of the requirements owner is critical to every CCA. Typical responsibilities of the requirements owner might include early planning for the CCA, funding portions of the analysis, formal staffing of requirements documents, and reporting CCA results to the AF CDC or other decision authorities. Specific steps (including sub-steps) of the CCA methodology recommends that the requirements sponsor will be heavily involved in several process steps, to include: Identify Problem and Scope the Analysis (1.0), Create Value hierarchy (2.0), Develop Measures for each objective (3.0), Develop Value Functions (4.0), Develop Aggregation Method (5.0), Identify Alternatives (6.0), Record Analysis and Present Findings (11.0). Note that it is possible for the Requirements Owner to reside in a different organization from the Decision Maker. In this case, the Requirements Owner would have representatives on the CCA team that perform the role of SMEs.
6.3 CCA Study Lead.  The sponsoring organization may direct a Study Lead, or may delegate this task if another organization is conducting the CCA. The Study Lead will work with the decision maker and facilitator to set the course of the CCA. The Study Lead is also responsible for building and advocating for the team, and ensuring that cost, schedule, and performance requirements are met. The Study Lead will typically be the primary interface between the team and the decision maker. For this reason, the Study Lead should be reasonably senior (FGO+ or civilian equivalent) with experience leading large, multi-discipline teams and managing analyses. CCA experience is preferable, but not required. The CCA Study Lead may employ the services of a separate contracting officer, contracting officer’s representative, or program manager to assist them with their duties, if necessary. 
6.4 CCA Facilitator. The CCA Facilitator is the working-level technical lead for the CCA effort. While the CCA Facilitator will serve as an advisor and facilitator, they will not lead the team. They are responsible for, among other things, assisting the Study Lead and decision maker with setting the course for the effort, guiding and facilitating the team throughout the CCA process and synthesizing the CCA outputs into a useful product that informs the decision at hand. The skill and experience of the CCA facilitator is highly correlated to the quality and usefulness of the analysis. Therefore, it is essential that the facilitator is appropriately trained on CCA best practices (see section 8.0).
6.5 Subject Matter Experts. Since the CCA utilizes a flexible methodology that can be brought to bear on a variety of problems, the Study Lead should ensure that the appropriate SMEs are represented on the team. This list will change depending on the nature of the problem or decision, but most teams will include at least the following people. 
6.5.1 Warfighter or User. The warfighter or user brings a wealth of knowledge and expertise to the CCA team. The user will be the primary source of information for communicating how the operational capabilities will be employed and operated on a tactical level. The operator/user also will play a critical role in describing the military value and importance of the objectives, mission tasks, measures, and different levels of performance for each objective.  It is expected that the operator/user will work together closely with the requirements sponsor on the initial steps of the CCA. Often the requirements sponsor may speak on behalf of the operator/user. The operator/user will remain engaged throughout the CCA 11-step process.

6.5.2 Operations Research (OR) Analyst. This team member fills the role of the facilitator. This analyst should be skilled in conducting Decision Analysis and, preferably, experienced in facilitation. However, it is left to the discretion of the Study Lead to employ the services of an additional OR analyst to assist the facilitator and to advise the Study Lead on team structure and analysis practices. 
6.5.3 Systems Engineer. The Systems Engineer brings specialized engineering expertise and experience to the team that will be critical to the CCA.  The Systems Engineer will translate operational capability requirements into technical requirements, participate in the generation of a broad list of potential solutions, address integration and engineering issues, and provide input to analytical efforts such as cost analysis and operational effectiveness analysis.  The Systems Engineer will remain engaged throughout the CCA 11-step process.

6.5.4 Cost Estimators. The Cost SMEs bring specialized cost estimating and analysis expertise and experience to the team. This discipline is required since even early materiel alternatives must be evaluated on a life cycle cost basis. Specific responsibilities of the cost analyst include but are not limited to: develop cost estimates for each of the alternatives, identify cost drivers, analyze/validate contractor estimates, perform what-if drills, and risk and sensitivity analysis. The Cost Estimators will remain engaged throughout the CCA 11-step process.
6.5.5 Modeling and Simulation Engineers. The Modeling and Simulation Engineers bring specialized modeling and simulation expertise to the CCA team. M&S may be used heavily or sparingly depending on the analysis, but when used correctly it has the ability to provide a wealth of defensible data to support alternative evaluation. It is important to note that a CCA does NOT replace robust modeling activities; rather, it supports and enhances these activities by evaluating M&S results against operator preferences in a repeatable, measurable way. Specific responsibilities of this team include but are not limited to: developing the Measures of Effectiveness (MOEs) and Measures of Performance (MOPs) in collaboration with the user/operator, confirming technical feasibility of meeting performance metrics through design analysis, and performing mission effectiveness analysis used to evaluate the measures (MOEs/MOPs) for each of the objectives or mission tasks.  The Modeling and Simulation Engineers will remain engaged throughout the CCA 11-step process.
6.5.6 Functional Subject Matter Experts, as required. Depending on the unique aspects of the CCA being performed, it is highly likely that other functional SMEs will be members of the team, or at least called upon for input. Core CCA team members should think critically when it comes to other functional expertise that could be solicited for input on this analysis.  Just because a certain functional discipline is not listed in this section of the process standardization documentation does not mean it could not be sought to improve the CCA.  Functional SMEs can provide input to any one of the 11 steps in the CCA methodology and where appropriate, will remain engaged throughout the CCA 11-step process.  Examples of other frequently included SMEs are: logistics personnel, financial management personnel, contracting personnel, Environment, Safety and Occupational Health (ESOH) personnel, scientists, intelligence professionals, and engineers (for platform, sensor, and ground system).  
7.0 Tools.  N/A
8.0 Training. 

8.1 AFLCMC/OZA, in conjuction with the Air Force Institute of Technology, has developed a range of training curricula tailored to the level of involvement with CCA activities. This training is maintained by AFLCMC/OZA, and more information is available upon request. 
8.1.1 Executive Level Course. This 1 hour course is designed to assist senior leaders (GO/SES) and those who support senior level reviews (AF CDC, CDWG, AFROC, AFRRGs, AFRBs, CSBs, MS, etc.) in understanding the opportunities CCA provides.  The intent of the training is for senior-level decision makers to understand CCA concepts, appreciate the challenges it provides, and to be prepared to ask discerning questions. They will also be prepared to interpret and understand responses from briefers enabling them to make informed decisions. The course is tailored (where appropriate) to Senior Leader needs.  The course will be taught by personnel in AFLCMC/OZA and are available on an as-needed basis. Those interested in receiving this training should contact the OZA branch chief. While not mandatory, this training is highly encouraged for senior leaders who are not familiar with the CCA process.
8.1.2 CCA 101 Course.  This 1.5 hour course is designed to provide action officers with an understanding of the background, purpose, general methodology, and outputs of a CCA.  The course also takes students through a Case Study to showcase the execution of the CCA methodology in a real world problem.  These courses will be taught by personnel in AFLCMC/OZA and are available on an as-needed basis. Those interested in receiving this training should contact the OZA branch chief. CCA Team Course. This 2 day course is for the CCA Study Lead and those personnel identified as team members (i.e. AoA Working Group Leads, Systems Engineers, Warfighters, Cost Estimators, Maintainers, Program Office Personnel, among other identified stakeholders) by the CCA Study Lead. This training introduces the team to CCA concepts, the CCA decision framework, and recommended methodologies for conducting the CCA. This course also describes the benefits of the CCA and relates them to their team’s current programmatic phase. Exercises are used to reinforce CCA steps and apply those concepts to the teams’ current work. At the end of the 2 day training, it is expected that the CCA team will have developed a framework and some introductory products that apply to their work. Some tailoring of the training material may be necessary based on a program’s current life cycle phase. The course will be taught by personnel in AFLCMC/OZA and is required training for the CCA Study Lead and the appointed team members. This course is offered at the request of the CCA Study Lead and can be scheduled at the convenience of the CCA Team. Continuous Learning Points (CLPs) will be awarded to all participants who complete the training. Funding for attendance will not be provided by OZA and must be secured by the student’s organization. 
8.1.3 CCA Certificate Program. This 15 month program is a subset of the Decision Analysis curriculum currently taught by the Department of Operational Sciences at AFIT.  This course is designed for Operations Research (OR) analysts (61A/1515 job series) who have been identified as CCA Facilitators by the CCA Study Lead and typically work for AFLCMC/OZA. The program consists of four OR classes (OPER 543 - Decision Analysis, OPER 643 - Multiobjective Decision Analysis, OPER 645 - Risk Modeling and Analysis and OPER 638 – Assessing Operational Cost and Risk) and OPER 743 – Decision Analysis Practice. This last course will reinforce concepts learned during the previous four quarters. Personnel complete coursework alongside students attending the graduate program at the Wright-Patterson AFB campus. Students who successfully complete the program are awarded a CCA certificate. The CCA Certificate Program begins January of each calendar year. All five courses must be completed within a 48 month time period. 
9.0 Definitions, Guiding Principles and/or Ground Rules & Assumptions. 
9.1 Definitions. For a complete list of definitions that relate to Cost Capability Analysis, reference the attached CCA Lexicon guide.
9.2 Tailoring Principles. The CCA is a tailorable methodology that may be applied to any decision where cost must be balanced against multiple objectives. The process described above must be adjusted to suit the decision at hand. For acquisition and requirements decisions, analyses may be grouped into three different categories to provide more specific best practices. These groupings are shown in in Table 3. Note that these CCA types are functionally related to the phases identified in Figure 1. As a program grows more mature, the tradespace will typically shrink, and activities will shift from System or Materiel Definition to more KPP/KSA definition and program definition. Note that this emphasis on tailoring should not be taken as a justification to overly constrain the analysis to reduce level of effort. Since no decision is made in a vacuum, it is crucial that the scope of the analysis is sufficient to resolve the effects that changes may have upon dependent systems and communities.
9.2.1 System or Materiel Definition. This activity may range from a multi-year effort with hundreds of generated alternatives to relatively short studies with a handful of predetermined alternatives. Typical examples of this type of CCA are those supporting the MDD or the AoA. More information on this specific CCA type is found in Appendix A.
9.2.2 KPP or KSA Definition. While the CCA uses value functions that map to every possible value of an attribute, the Defense Acquisition System still relies on KPPs and KSAs to differentiate between capabilities of greater and lesser importance. Furthermore, these KPPs and KSAs are only evaluated relative to the threshold and objective values (i.e. continuous measures are assigned subjective measures, surch as “Red, Yellow, or Green”). A CCA may be used to set these KPPs and KSAs, as well as to determine the threshold and objective levels such that the outcome best represents the users’ preferences and the best value to the government. Typical examples of this type include supporting the CDD development or validation. 
9.2.3 Program Definition. A CCA need not be constrained to materiel-related decisions. Decisions about the acquisition strategy or the product support strategy are examples of products that could benefit from an evaluation of cost versus benefit of requirements. 
Table 3. CCA Decision Types
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10.0 References to Law, Policy, Instructions or Guidance.  This section lists applicable reference material that governs, guides, or constrains the process or any activity used in the process. 
10.1 AFPD 10-6 Capability Requirements Development
10.1.1 Lead Command/Core Function Lead (CFL) Integrator shall: Ensure life cycle cost assessments, cycle times, and requirements tradeoffs are addressed in acquisition decision forums, to include Configuration Steering Boards and AF Review Boards (AFPD 10-6 dated 6 Nov 2013, Para. 3.14.6.).
10.1.2 Implementing Command (AFMC, AFSPC, or AFCEC) shall: Ensure life cycle cost assessments, cycle times, and requirements tradeoffs are addressed in acquisition decision forums, to include Configuration Steering Boards and AF Review Boards (AFPD 10-6 dated 6 Nov 2013, Para. 3.15.5.).
10.2 SAF/AQ and AF/A5/8 Dual Signature Memo dated 16 Nov 2012 titled Implementation of Contractual and Requirements Sufficiency. “AF requirements and acquisition processes must be complimentary and aligned with fiscal realities.  Affordability discussions must take place at all GO-level requirements and acquisition forums.  Presentation of life cycle cost versus capability tradeoff analysis is required for all AFROCs, Air Force Requirements Review Groups (AFRRGs), Air Force Review Boards (AFRBs), and Configuration Steering Boards (CSBs).  The Implementing Commands (AFMC and AFSPC) will support the requirements sponsor by providing cost and capability analysis for all analysis of alternatives (AoA) final reports, capability development documents (CDDs), and capability production documents (CPDs).  This requirement for the mandatory use of life cycle cost estimates is intended to ensure affordability is used to inform decisions throughout a program’s acquisition life cycle.”
10.3 AFLCMC/OZA CCA Resource Guide – This guide provides a brief overview of Cost Capability Analysis (CCA) history, introduces the Air Force Life Cycle Management Center’s (AFLCMC) standard process for CCA and provides a framework for conducting CCAs within the Center.
10.4 Analysis of Alternatives (AoA) Handbook: A Practical Guide to the Analysis of Alternatives (6 July 2016) – Includes discussion of the CCA in Section 5.13.
10.5 GAO Cost Estimating and Assessment Guide. This document presents best practices and techniques for “developing and managing capital program costs” and is a valuable reference for estimating the costs of alternatives.
Attachment 1. CCA Lexicon
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Appendix A: CCA in Support of Materiel or Systems Definition

11.0 CCA in support of Materiel or Systems Definition involves the characterization of the configuration tradespace in order to inform cost versus capability tradeoffs for system specification. Of the three CCA types identified in this process document, materiel definition is likely to be the most time consuming, as well as the most beneficial to decision makers. 
11.1 At one extreme, materiel definition may involve generation of concepts for alternatives for which no analogous systems may exist. Such analyses are typical of early pre-acquisition efforts, such as MDD support, and may require the generation of hundreds of distinct alternatives in order to properly characterize the tradespace. The cost and capability estimates of these alternatives are typically high-level, but the cumulative time required for modeling and simulation can spread such analyses out over years of effort. The clustering of “promising” alternatives can inform investment decisions and areas for further study.

11.2 At the other extreme, a materiel definition effort might require an in-depth analysis of only a handful of alternatives. Such analyses are typical of AoA support, where alternatives may be pre-defined and well characterized. These cases where data is available typically demand more in-depth cost estimates and more rigorous capability assessment. In both extremes, the same amount of care must be taken to properly evaluate stakeholder’s preferences and avoid “solutioneering”—the practice of modifying the analysis to promote the desired technology.
12.0 Example: CCA in Support of an AoA. This example draws upon the general process described in the main body of this document and adds specificity to assist in the conduct of CCA specifically for the purpose of generating the AoA Final Report 
12.1 From DoDI 5000.02, “The AoA assesses potential materiel solutions that could satisfy validated capability requirement(s) documented in the Initial Capabilities Document, and supports a decision on the most cost effective solution to meeting the validated capability requirement(s). In developing feasible alternatives, the AoA will identify a wide range of solutions that have a reasonable likelihood of providing the needed capability.” More in-depth AoA procedures are described in DoDI 5000.02, enclosure 9.
12.2 CCA is especially relevant to the AoA activity, since it involves the analysis of alternatives against cost, to fill the capability gap(s) as described in the approved ICD. Depending on specific MAJCOM requirements or practices, CCA may represent a relatively small increase in effort over the existing AoA activities, since alternatives are already being identified and analyzed for cost and capability. It is likely that significant effort will still need to be spent coordinating with stakeholders to develop a value model and generating CCA-specific output products.
12.3 Process Workflow and Activities. AoA Suppliers, Inputs, Process, Outputs, Customers (SIPOC), Table A1. This high-level SIPOC provides a macro view of the process, the process environment, and boundaries for the process. 
Table A1. AoA SIPOC

	Suppliers
	Inputs
	Process
	Outputs
	Customers

	· User MAJCOM (Operators, Requirements Sponsor, Core Function Leads)

· Approval Authorities (AFROC, JROC, CAPE)

· Decision Authorities (MDA)

· Reviewers (OAS, AFRRG)

· S&T Community
	· JCIDS items (CBA(s), validated ICD)

· CCTD(s)

· AoA Study Guidance

· Acquisition Decision Memorandum

· Existing CCA Products (existing value model)

· Mission definition (CONEMP, architectural views, use cases)

· Core Function Master Plan

· Threat Assessments

· Policy/Guidance (see below)
	CCA

· Identify Problem and Scope Analysis

· Create Value Hierarchy

· Develop Measures

· Develop Value Functions

· Develop Aggregation Method

· Identify Alternatives

· Estimate the Cost of Alternatives

· Compute the Capability of Alternatives

· Generate Outputs and Display Products

· Analyze Sensitivity

Record Analysis
	· Completed AFROC template

· Copies/instructions of purpose-built tools

· AoA Final Report to include:

· Documented basis for analysis

· Analysis assumptions, omissions

· Graphical depiction of results (i.e. Pareto Plot)

· Tabular summary of alternative scores

· Analysis Findings
	· CAPE

· AFROC

· Requirements Sponsor

· MDA

· PEO/Program Director
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-A-

Acquisition Strategy - Describes the Program Manager’s plan to achieve program execution and programmatic goals across the entire program life cycle. Summarizes the overall approach to acquiring the capability (to include the program schedule, structure, risks, funding, and the business strategy). Contains sufficient detail to allow senior leadership and the Milestone Decision Authority (MDA) to assess whether the strategy makes good business sense, effectively implements laws and policies, and reflects management’s priorities. Once approved by the MDA, the Acquisition Strategy provides a basis for more detailed planning. The strategy evolves over time and should continuously reflect the current status and desired goals of the program.See Acquisition Plan (AP).  

"Acquisition Strategy." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/1398.aspx 

Acquisition Program Baseline (APB) - An agreement between the Program Manager (PM) and the Milestone Decision Authority (MDA) that reflects the approved program and contains schedule, performance, and cost parameters that are the basis for satisfying an identified mission need. The first APB is approved by the MDA prior to a program entering Engineering and Manufacturing Development, or at program initiation, whichever occurs later. As a minimum, the APB contains the objective and threshold values for major milestones and significant schedule events, key performance parameters from the approved requirements document, and the life-cycle cost estimate approved for the program. 

"Acquisition Program Baseline." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/Pages/1396.aspx 



Affordability 

 

1.) A determination that the Life Cycle Cost (LCC) of an acquisition program is in consonance with the long-range investment and force structure plans of the DoD or individual DoD

Components. 

2.) Conducting a program at a cost constrained by the maximum resources that the DoD or DoD Component can allocate for that capability.

"Affordability." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017.  https://dap.dau.mil/glossary/pages/1417.aspx 

Life-Cycle Affordability Analysis - DoD Components are responsible for developing life-cycle affordability constraints for Acquisition Category (ACAT) I and IA acquisition programs for procurement unit cost and sustainment costs by conducting portfolio affordability analyses that contain a product life-cycle funding projection and supporting analysis. The basic procurement unit cost calculation is the annual estimated procurement budget divided by the number of items that should be procured each year to sustain the desired inventory. (As a simple example, if a Component plans to maintain an inventory of 200,000 trucks, and the trucks have an expected service life of 20 years, then an average of 10,000 trucks must be procured each year. If the Component can afford to spend an average of $1 billion per year on trucks, then the affordability constraint for procurement is $1 billion divided by 10,000, or $100,000 per truck. The Component’s requirements for a new truck must be restricted to those that can fit into a $100,000 package. Similar calculations will be made to derive sustainment affordability constraints.) If they are provided, Components will use office of the Under Secretary of Defense for Acquisition, Technology and Logistics standardized portfolios for their analysis. Portfolios can be based on mission areas or commodity types, and will define a collection of products or capabilities that can be managed together for investment analysis and oversight purposes. Components will normally make tradeoffs within portfolios, but if necessary, can and should make tradeoffs across portfolios to provide adequate resources for high-priority programs.  DoD 5000.02 7 January 2015

"Department of Defense Instruction 5000.02" Office of the Under Secretary of Defense for Acquisition, Technology and Logistics. January 7, 2015. Accessed May 16, 2017. http://www.acq.osd.mil/fo/docs/500002p.pdf

Affordability Assessment - A program is defined to be affordable if the aggregation of the annual cost estimates of the program elements (e.g., RDT&E, production, O&M, MILPERS, and MILCON)--when combined with all other fiscal demands on the Component--do not exceed the Component's long-range budget estimate in any year. A program is affordable if its Life Cycle Cost (LCC) is in consonance with the long-range investment and force structure plans of the DoD or individual DoD Components. A program is affordable if its cost does not exceed the maximum resources the DoD or DoD Component can allocate to the capability the program provides. 

"Affordability Assessment." ACQuipedia. March 21, 2016. Accessed May 16, 2017. https://dap.dau.mil/acquipedia/Pages/ArticleDetails.aspx?aid=1514f85a-b33c-49bf-9323-70f180b4132e 



Affordability Constraints: Goals and Caps - Affordability goals are key objectives set to inform requirements and design tradeoffs during early research and development. Affordability caps are fixed requirements that are functionally equivalent to Key Performance Parameters (KPPs). Based on the Component’s affordability analysis and recommendations, the MDA sets and enforces affordability constraints as follows: 

•	At MDD: tentative affordability cost goals (e.g., total funding, annual funding profiles, unit procurement and/or sustainment costs, as appropriate) and inventory goals to help scope the AoA and provide targets around which to consider alternatives;

•	At Milestone A: affordability goals for unit procurement and sustainment costs; and

•	At the Pre-B Decision Review, Milestone B, and beyond: binding affordability caps.

These constraints are documented in the ADMs for these decision points. At Milestone B and beyond, the affordability caps are documented in the program’s APB. Any programs that skip earlier reviews, or have baselines set before Milestone B, receive goals or constraints commensurate with their position in the acquisition cycle and their levels of maturity.

"3.2.3. Affordability Implementation and Enforcement." Defense Acquisition Guidebook. June 28, 2013. Accessed April 6, 2016. https://acc.dau.mil/CommunityBrowser.aspx?id=657926&lang=en-US. 

Analysis of Alternatives (AoA) – An analytical comparison of the operational effectiveness, suitability, risk, and life cycle cost (or total ownership cost, if applicable) of alternatives that satisfy validated capability needs (usually stipulated in an approve Initial Capabilities Document (ICD)).

Office of Aerospace Studies. "Analysis of Alternatives (AoA) Handbook." July 6, 2016. Accessed May 16, 2017. https://www.my.af.mil/gcss-af/USAF/AFP40/d/s6925EC1352150FB5E044080020E329A9/Files/editorial/AoA Handbook--2016-07-06 Final.pdf.  

- B -

Benefit  

(1) Results and outputs expected in return for costs and inputs incurred or used.  A positive output of an alternative. It includes measures of utility, effectiveness, and performance. Benefits focus on the purpose and the objectives of a project. 

Office of the Deputy Assistant Secretary of the Army. "U.S. Army Cost Benefit Analysis Guide." Army Financial Management. April 24, 2013. Accessed April 6, 2016. http://asafm.army.mil/Documents/OfficeDocuments/CostEconomics/guidances/cba-gd.pdf. 

(2) Desirable and measurable outcome or result from an action, investment, project, resource, or technology. 

"Benefit." BusinessDictionary.com. 2016. Accessed May 16, 2017. http://www.businessdictionary.com/definition/benefit.html. 

Budget  

1.) A comprehensive financial plan for the Federal Government encompassing total federal receipts and outlays (expenditures). 

2.) A plan of operations for a fiscal period in terms of estimated costs, obligations, and expenditures; source of funds for financing, including anticipated reimbursements and other resources; and history and workload data for the projected

program and activities.

"Budget." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/1500.aspx 

Budget Estimate - Cost estimate prepared for inclusion in the DoD budget to support acquisition programs.

"Budget Estimate." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/1503.aspx 

- C -

Capability - The ability to complete a task or execute a course of action under specified conditions and level of performance. (A capability may or may not be accompanied by an intention.) 

"JOINT CAPABILITIES INTEGRATION AND DEVELOPMENT SYSTEM (JCIDS)." CHAIRMAN OF THE JOINT CHIEFS OF STAFF INSTRUCTION. January 23, 2015. Accessed May 16, 2017. https://jsportal.sp.pentagon.mil/sites/Matrix/DEL/JEL%20%20Unlimited/CJCSI%203170.01I.pdf.



Capabilities-Based Assessment (CBA) - A Joint Capabilities Integration and Development System (JCIDS) analytic process. The CBA identifies capability requirements and associated capability gaps. Results of a CBA or other study provide the source material for one or more Initial Capabilities Documents (ICDs), or other JCIDS documents in certain cases when an ICD is not required. 

"Capabilities-Based Assessment (CBA)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/1526.aspx 

Concept Characterization and Technical Description (CCTD) – A CCTD captures the analytical basis of a concept. It describes all parametric and trade space studies performed over the concept’s lifetime, and should also include links to supporting documentation and other deliverables. The CCTD contains documentation of every attribute of the concept, so that its “pedigree” – the rationale for all decisions made during the development efforts – is clearly traceable in the final product. As a pre-acquisition system description, it is not expected to be at a level of detail commensurate with the technical description of a program of record. However, it serves as the starting point for the PSC requirements documents developed in support of the MS A decision, and should be placed under configuration control after completion of the AoA. See Annex A for the recommended CCTD format. The Concept Engineering Team has overall responsibility for preparation of the CCTD, although various organizations provide important content. For example, the operating MAJCOM should detail the mission description and CONOPS; critical technologies and technology maturation paths should reflect input from the cognizant AFRL directorate(s).  The fidelity and maturity of the CCTD will vary depending on how the intended use of the concept. Content may be at a high level if the concept is developed to support strategic planning; however, it will necessarily be more detailed for a late-stage concept going into an AoA.

Assistant Secretary of the Air Force for Acquisition. "United States Air Force Early Systems Engineering Guidebook." March 31, 2009. Accessed May 16, 2017. https://acc.dau.mil/adl/en-US/693004/file/75726/USAF%20-%20Guidebook%20-%20Early%20Systems%20Engineering%20Guide%2031%20Mar%202009.pdf. 

Capability Development Document (CDD) - A CDD (includes the Information System (IS) CDD variant) specifies capability requirements in terms of developmental Key Performance Parameters (KPPs), Key System Attributes (KSAs), Additional Performance Attributes (APAs), and other related information necessary to support development of one or more increments of a materiel capability solution. A sponsor-approved draft CDD is necessary for a Milestone A acquisition decision and each Request for Proposal (RFP) release in support of the Technology Maturation and Risk Reduction (TMRR) phase of the Defense Acquisition System (DAS). A validated CDD is also necessary for each Development RFP Release Decision Point and Milestone B acquisition decision. The CDD format is in the Joint Capabilities Integration and Development System (JCIDS) Manual, which is available online. (DoD 5000.02 and JCIDS Manual) 

"Capability Development Document (CDD)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/1528.aspx 

Capability Gap - The inability to meet or exceed a capability requirement, resulting in an associated operational risk until closed or mitigated. The gap may be the result of no fielded capability, lack of proficiency or sufficiency in a fielded capability solution, or the need to replace a fielded capability solution to prevent a future gap. (Upon approval of this document, this term and definition are proposed for addition to JP 1-02.) 

"JOINT CAPABILITIES INTEGRATION AND DEVELOPMENT SYSTEM (JCIDS)." CHAIRMAN OF THE JOINT CHIEFS OF STAFF INSTRUCTION. January 23, 2015. Accessed May 16, 2017. http://www.dtic.mil/cjcs_directives/cdata/unlimit/3170_01a.pdf. 

Capability Need (or Need) – see “Capability Requirement”. 

Capability Requirement (or Requirement) – 

A capability required to meet an organization’s roles, functions, and missions in current or future operations. To the greatest extent possible, capability requirements are described in relation to tasks, standards, and conditions in accordance with the Universal Joint Task List (UJTL) or equivalent DoD Component Task List. If a capability requirement is not satisfied by a capability solution, there is also an associated capability gap. A requirement is considered to be “draft” or “proposed” until validated by the appropriate authority. (CJCSI 3170.01I) 

"Capability Requirement (or Requirement)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/3012.aspx 

Capability Solution – A materiel or non-materiel solution to satisfy one or more capability requirements and reduce or eliminate one or more capability gaps. (CJCSI 3170.01I) "Capability Solution." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/3013.aspx

Child Node – See Value Hierarchy

Concept of Operations (CONOPS) - A verbal or graphic statement, in broad outline, of a commander’s assumptions or intent in regard to an operation or series of operations. It is designed to give an overall picture of the operation. It is also called the Commander’s Concept. (Joint Publication 1-02).

"Concept of Operations (CONOPS)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/1602.aspx

Cost - An amount that has to be paid or given up in order to get something. In business, cost is usually a monetary valuation of (1) effort, (2) material, (3) resources, (4) time and utilities consumed, (5) risks incurred, and (6) opportunity forgone in production and delivery of a good or service. All expenses are costs, but not all costs (such as those incurred in acquisition of an income-generating asset) are expenses. 

"Cost." BusinessDictionary.com. 2016. May 16, 2017. http://www.businessdictionary.com/definition/cost.html

Cost Analysis - Cost analysis is the review and evaluation of the separate cost elements and profit or fee in an offeror’ s or contractor’s proposal to determine a fair and reasonable price or to determine cost realism. Cost analysis includes the application of judgment to determine how well the proposed costs represent what the cost of the contract should be, assuming reasonable economy and efficiency. 

"Cost Analysis." ACQuipedia. November 2, 2016. Accessed May 16, 2017. https://dap.dau.mil/acquipedia/Pages/ArticleDetails.aspx?aid=5b784aef-ad2d-4a99-8537-ff09e9d86757 

Cost Analysis Requirements Description (CARD) - 

A description of the salient features of an acquisition program and of the weapon system itself. It is the common description and basis for analysis of the technical and programmatic features of the program used by the teams preparing the Program Office Estimate (POE), Component Cost Estimate (CCE), and independent Life Cycle Cost Estimates (LCCEs). 

"Cost Analysis Requirements Description (CARD)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/Pages/1672.aspx

Cost Capability Analysis Facilitator - An analyst who organizes and conducts a cost capability analysis, engaging and brings together the requisite stakeholder participation and input from operational, requirements, planning, acquisition, finance and logistics communities. Source: MITRE CCA Handbook Team, April 15.

Cost Driver - A factor that can causes a change in the cost of an activity - An activity can have more than one cost driver attached to it. For example, a production activity may have the following associated cost-drivers: a machine, machine operator(s), floor space occupied, power consumed, and the quantity of waste and/or rejected output.

"Cost Driver." BusinessDictionary.com. 2016. Accessed May 16, 2017. http://www.businessdictionary.com/definition/cost-driver.html#ixzz1rq7kfySx

Cost as an Independent Variable (CAIV) - Methodology used to acquire and operate affordable DoD systems by setting aggressive, achievable Life Cycle Cost (LCC) objectives and managing achievement of these objectives by trading off performance and schedule as necessary. Cost objectives balance mission needs with projected out-year resources, taking into account anticipated process improvements in both DoD and industry.

"Cost as an Independent Variable (CAIV)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/1673.aspx  

Cost Benefit Analysis (CBA) - An analytic technique that compares the financial costs and benefits of investments, programs, or policy actions in order to determine which alternative or alternatives maximize net financial benefits. Net financial benefits of an alternative are determined by subtracting the present value of the alternative’s costs from the present value of the alternative’s benefits. The basis for selection of an alternative is one or more financial measures such as Net Present Value (NPV), Internal Rate of Return (IRR), Return on Investment (ROI), or Breakeven Period, among others. 

"Cost Benefit Analysis (CBA)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/1676.aspx 

Cost Effectiveness - A measure of system operational capability as a function of its cost. 

"Cost Effectiveness." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/1680.aspx  

Cost Engineering -  The engineering practice devoted to the project cost management, involving such activities as estimating, cost control, cost forecasting, investment appraisal, and risk analysis.  Cost Engineers budget, plan and monitor investment projects.  They seek the optimum balance between cost, quality and time requirements. 

"Cost Engineering." Wikipedia. September 24, 2015. Accessed May 16, 2017. http://en.wikipedia.org/wiki/Cost_engineering

Cost Estimate - An estimate of the cost of an object, commodity, weapon system, or service resulting from an estimating procedure or algorithm. A cost estimate has “context,” that is, whether it is the cost to develop and/or procure, and/or to support and/or maintain the item of service and whether it is an incremental, total or Life Cycle Cost (LCC), or some other cost perspective. A cost estimate may constitute a single value or a range of values. 

"Cost Estimate." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/1681.aspx

Cost Estimating Relation (CER) - A mathematical relationship that defines cost as a function of one or more variables such as performance, operating characteristics, physical characteristics, etc. 

"Cost Estimating Relation (CER)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/1683.aspx 

Research and Development Cost - This refers to the initial phases of the life cycle, beginning with Concept Refinement and extending through the end of Engineering and Manufacturing Development (EMD) and, sometimes, into Low Rate Initial Production (LRIP).Research and Development costs include the cost of engineering design, the manufacture of test articles, and the testing performed to prove the design. The diagram shows, development generally overlaps the initial production effort and may continue after major testing is complete.  This includes such activities as program office mission support, development work associated with Engineering Change Proposals (ECPs), and miscellaneous development studies and testing.

Investment Cost - Investment (also termed Procurement or Production) includes the costs incurred from the beginning of LRIP through the completion of deployment. Production includes the costs associated with the fabrication, assembly, and delivery of a system in the quantities required to support Air Force objectives, as well as those related to the manufacture and delivery of usable end items, support equipment, training, data, modifications, and spares.  Production generally overlaps both the development and O&S phases.  

Operating and Support Cost - The O&S phase consists of sustainment costs that begin with the delivery and fielding of the initial units of a system and continue through the end of system operations.  It includes all the costs of operating, maintaining, and supporting the fielded system, that is, the costs (organic and contractor) of the personnel, equipment, supplies, software, and services needed to keep a system in the DoD inventory.  O&S includes those costs directly and indirectly attributable to the system, regardless of funding source or management control.  

Disposal Cost - Disposal captures the costs of deactivating or disposing of a military system at the end of its life cycle. Disposal costs include disassembly, materiel processing, decontamination, and the collection, storage, and disposal of hazardous material and waste.

Related Cost Concepts - A number of other terms, which are related to LCC, are commonly used to identify and compare different aspects of system life cycle and acquisition costs.

a. Total Ownership Cost - The Total Ownership Cost (LCC) of a system is related to its LCC but is wider in scope.  LCC consists of items tied to the specific system, whereas LCC consists of LCC plus DoD/Air Force infrastructure and business costs which are not necessarily directly attributable to the program.  This includes support for military personnel (e.g., personnel health benefits), facilities, and equipment (e.g., base communications infrastructure and logistics activities).  

b. Acquisition Concepts - These acquisition costs are often used in discussion of LCC phases and costs:

1) Flyaway Cost - Flyaway Cost is the cost of producing a usable end item of equipment (including all hardware and software), and covers the WBS elements of PMP, SE/PM, and System Test and Evaluation (ST&E).  Flyaway includes the recurring and non-recurring research/development and investment costs (both contractor and Government in-house) associated with these WBS elements. Decision makers use Flyaway Cost to size and compare the basic acquisition costs of different systems or different configurations of the same system.  The term is also often applied to non-aircraft equipment (e.g., missiles, avionics), although their equivalent cost is more properly referred to as a unit procurement cost.

2) Weapon System Cost - Weapon System Cost covers the WBS elements PMP, SE/PM, and ST&E (if funded by a Procurement account) as well as Training, Peculiar Support Equipment (PSE), Data, Operational/Site Activation, and Industrial Facilities (unless funded as a separate budget line item or by the Research Development Test and Evaluation (RDT&E) account).  It includes the recurring and non-recurring investment costs (both contractor and Government in-house) associated with these WBS elements.  Weapon System Cost helps Air Force program and oversight managers focus on the total production cost of a system.

3) Program Acquisition Cost - Program Acquisition Cost incorporates the research/development costs, investment costs, and any construction costs that directly support a system acquisition program.  It includes the WBS elements PMP, SE/PM, ST&E (except Operational Test and Evaluation (OT&E) funded from Military Personnel or Operation and Maintenance accounts), Training, PSE, Data, Operational/Site Activation, and Industrial Facilities (unless funded by a Procurement account as a separate budget line item) as well as Initial Spares and Initial Repair Parts.  This cost includes the recurring and non-recurring research/development and investment costs (both contractor and Government in-house) associated with these WBS elements.  Program Acquisition Cost provides visibility into the total cost to the Air Force to acquire a system (but not to operate it, unlike LCC and LCC).

4) Life Cycle Cost - For a defense acquisition program, LCC consists of research and development (R&D) costs, investment costs, operating and support costs, and disposal costs over the entire life cycle. These costs include not only the direct costs of the acquisition program, but also include indirect costs that would be logically attributed to the program. In this way, all costs that are logically attributed to the program are included, regardless of funding source or management control.  Glossary of Defense Acquisition Acronyms and Terms, 14th Edition July 2011  https://dap.dau.mil/glossary/Pages/2145.aspx 

- D -

Decision - A choice made between alternative courses of action in a situation of uncertainty.

"Decision." BusinessDictionary.com. 2016. Accessed May 16, 2017. http://www.businessdictionary.com/definition/decision.html 

Decision Environment – The characterization of the decision, decision maker(s), and decision constraints associated with a requirement or acquisition decision within the capability life cycle. The following should be known:

· Who or why is decision requested or needed?

· Who is making the final decision (authorized, specified, or delegated)? 

· Obtain background information on decision maker(s) (e.g. experience, likes and dislikes regarding analysis products, decision style, talk to teams performing previous analysis for decision maker)

· What is the relationship between the program and the decision maker?  (Or is the Program Manager the decision maker?)

· Who are the stakeholders external to the program that will have an effect on the decision or be affected by the decision?

· How are their concerns to be addressed in the study and subsequent decision?

· Does the decision require their coordination or consent?

· Are there one or more contractors who will need to implement the decision following an Engineering Change Proposal, Contract Change Proposal, Option Exercise, New Contract Action, New Competition, New Task Order Exercise, etc.?

· Is this system part of a system of systems that requires external approval to implement the trade study decision?

· Is the system part of an investment portfolio that requires external approval to implement the trade study decision?

Source: MITRE CCA Handbook Team, April 2015.



Decision Making - The cognitive process resulting in the selection of a belief or a course of action among several alternative possibilities. Every decision-making process produces a final choice that may or may not prompt action. Decision-making is the process of identifying and choosing alternatives based on the values and preferences of the decision-maker. 

"Decision-making." Wikipedia. March 30, 2016. Accessed May 16, 2017. http://en.wikipedia.org/wiki/Decision_Making 

DoD 5000 - DoD 5000” commonly refers to the collection of DoD acquisition policy and guidance documents, including (but not limited to) DoD Directive 5000.01 and DoD Instruction 5000.02.

- E -

Efficient Set - The efficient set for a decision problem is the subset of the decision alternatives consisting of all the alternatives that are not dominated by another alternative. The efficient set is also called the efficient frontier or the Pareto optimal set. 

Kirkwood, Craig W. Strategic Decision Making: Multiobjective Decision Analysis with Spreadsheets. Belmont: Duxbury Press, 1997, p. 229. 

- I -

Initial Capabilities Document (ICD) - Documents one or more new capability requirements and associated capability gaps. The ICD also documents the intent to partially or wholly address identified capability gap(s) with a non-materiel solution, materiel solution, or some combination of the two. An ICD may lead directly to a Capability Production Document (CPD), if capability requirements and associated and capability gaps can be satisfied though Commercial Off-the-Shelf (COTS), Government Off-the-Shelf (GOTS), or Non-Developmental Items (NDI), with no significant development or integration efforts. 

"Initial Capabilities Document (ICD)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/Pages/2047.aspx 

- J -

Joint Program – An acquisition program that involves multiple commands, services, and agencies.

- K -

Key Performance Parameter (KPP) - Performance attributes of a system considered critical to the development of an effective military capability. The number of KPPs identified by a Sponsor should be kept to a minimum to maintain program flexibility.  Failure of a system to meet a validated KPP threshold/initial minimum rescinds the validation, brings the military utility of the associated system(s) into question, and may result in a reevaluation of the program or modification to production increments.  

"MANUAL FOR THE OPERATION OF THE JOINT CAPABILITIES INTEGRATION AND DEVELOPMENT SYSTEM." January 19, 2012. Accessed May 16, 2017. http://www.secnav.navy.mil/rda/Policy/The Joint Capability Integration and Development System JCIDS/20120119jcidsmanualreleasedversion2.pdf. 

Key Performance Attribute (KSA) - Attributes or characteristics considered essential to achieving a balanced solution/approach to a system, but not critical enough to be designated a KPP. KSAs must be measurable, testable, and quantifiable. KSAs are specified by the Sponsor. The number of KSAs identified by a Sponsor should be kept to a minimum to maintain program flexibility.  

"MANUAL FOR THE OPERATION OF THE JOINT CAPABILITIES INTEGRATION AND DEVELOPMENT SYSTEM." January 19, 2012. Accessed May 16, 2017. http://www.secnav.navy.mil/rda/Policy/The Joint Capability Integration and Development System JCIDS/20120119jcidsmanualreleasedversion2.pdf.

- L -

Life Cycle Sustainment Plan (LCSP) - Initially prepared for Milestone A and updated for the Development Request for Proposal (RFP) Release Decision Point, Milestone B, Milestone C, Full-Rate Production Decision Review (FRPDR) and at least every 5 years after a system’s Initial Operational Capability (IOC). It contains the results of life cycle sustainment planning accomplished during the Materiel Solution Analysis (MSA) Phase and the Technology Maturation and Risk Reduction (TMRR) Phase and spans the system’s entire life cycle from Milestone A to disposal. The LCSP addresses how the Program Manager (PM) and other organizations will acquire and maintain oversight of the fielded system. (DoDI 5000.02) 

"Life Cycle Sustainment Plan (LCSP)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/Pages/2150.aspx 

Leaf Node - See Value Hierarchy

- M -

Measure of Effectiveness (MOE)(1) MOEs are a qualitative or quantitative measure of a system’s performance or characteristic that indicates the degree to which it performs the task or meets a requirement under specified conditions. They are a measure of operational success that must be closely related to the objective of the mission or operation being evaluated. There will be at least one MOE to support each MT. Each alternative is evaluated against each MOE criteria (requirement), and the results are used to differentiate performance and capability among the alternatives. MOEs should be focused on operational outcomes and closing the operational gaps rather than specific technical performance parameters. 

Office of Aerospace Studies. "Analysis of Alternatives (AoA) Handbook." July 6, 2016. Accessed May 16, 2017.https://www.my.af.mil/gcss-af/USAF/AFP40/d/s6925EC1352150FB5E044080020E329A9/Files/editorial/AoA Handbook--2016-07-06 Final.pdf (2) The data used to measure the military effect (mission accomplishment) that comes from using the system in its expected environment. That environment includes the system under test and all interrelated systems, that is, the planned or expected environment in terms of weapons, sensors, Command and Control (C2), and platforms, as appropriate, needed to accomplish an end-to-end mission in combat. 

"Measure of Effectiveness (MOE)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2236.aspx 

Measure of Performance (MOP) - System-particular performance parameters such as speed, payload, range, time-on-station, frequency, or other distinctly quantifiable performance features. Several MOPs may be related to the achievement of a particular Measure of Effectiveness (MOE). 

"Measure of Performance (MOP)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2237.aspx 

Measure of Suitability (MOS) - Measure of an item’s ability to be supported in its intended operational environment. MOSs typically relate to readiness or operational availability and, hence, reliability, maintainability, and the item’s support structure. 

"Measure of Suitability (MOS)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2238.aspx 

Military Utility - The military worth of a system performing its mission in a competitive environment including versatility (or potential) of the system.  It is measured against the operational concept, operational effectiveness, safety, security, and cost/worth. 

"Ballistic Missile Defense Glossary Version 3.0." Defined Term. June 1, 1997. Accessed May 16, 2017. https://definedterm.com/a/definition/137178.



Multi-Objective Decision Analysis (MODA) – [Multiple-criteria decision-making or multiple-criteria decision analysis (MCDA)] is a sub-discipline of operations research that explicitly considers multiple criteria in decision-making environments. Whether in our daily lives or in professional settings, there are typically multiple conflicting criteria that need to be evaluated in making decisions. Cost or price is usually one of the main criteria. Some measure of quality is typically another criterion that is in conflict with the cost… In our daily lives, we usually weigh multiple criteria implicitly and we may be comfortable with the consequences of such decisions that are made based on only intuition. On the other hand, when stakes are high, it is important to properly structure the problem and explicitly evaluate multiple criteria. In making the decision of whether to build a military capability or not, there are not only very complex issues involving multiple criteria, but there are also multiple parties who are deeply affected from the consequences of the decision. Structuring complex problems well and considering multiple criteria explicitly leads to more informed and better decisions. There have been important advances in this field since the start of the modern multiple-criteria decision-making discipline in the early 1960s. A variety of approaches and methods, many implemented by specialized decision-making software, have been developed for their application in an array of disciplines, ranging from politics and business to the environment and energy. 

Adapted from - "Multiple-criteria Decision Analysis." Wikipedia. March 27, 2016. Accessed May 16, 2017. http://en.wikipedia.org/wiki/Multiple-criteria_decision_analysis   

Multi-Objective Optimization - (also known as multi-objective programming, vector optimization, multi-criteria optimization, multi-attribute optimization or Pareto optimization) is an area of multiple criteria decision making, that is concerned with mathematical optimization problems involving more than one objective function to be optimized simultaneously.  

"Multi-objective Optimization." Wikipedia. March 18, 2016. Accessed May 16, 2017. https://en.wikipedia.org/wiki/Multi-objective_optimization. 

Multiple-Criteria Decision-Making (MCDM) or Multiple-Criteria Decision Analysis (MCDA) - A sub-discipline of operations research that explicitly considers multiple criteria in decision-making environments...  MCDM or MCDA is concerned with structuring and solving decision and planning problems involving multiple criteria. The purpose is to support decision makers facing such problems. Typically, there does not exist a unique optimal solution for such problems and it is necessary to use decision maker’s preferences to differentiate between solutions.  

"Multiple-criteria Decision Analysis." Wikipedia. March 27, 2016. Accessed May 16, 2017. http://en.wikipedia.org/wiki/Multi-criteria_decision_analysis 

Multidisciplinary Design Optimization (MDO) - A field of engineering that uses optimization methods to solve design problems incorporating a number of disciplines. It is also known as multidisciplinary optimization and multidisciplinary system design optimization (MSDO).  

"Multidisciplinary Design Optimization." Wikipedia. March 10, 2016. Accessed May 16, 2017. http://en.wikipedia.org/wiki/Multidisciplinary_design_optimization 

- N –

Node – See Value Hierarchy

- O -

Operational Capability (OC) – The measure of the results of the mission, given the condition of the systems during the mission (dependability).  

"Operational Capability (OC)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2332.aspx 

 Operational Effectiveness (OE) - Measure of the overall ability of a system to accomplish a mission when used by representative personnel in the environment planned or expected for operational employment of the system considering organization, doctrine, tactics, supportability, survivability, vulnerability, and threat.  

"Operational Effectiveness (OE)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/3373.aspx  

Operational Requirements - Validated needs that are generated by the user or user representative and developed to address mission area deficiencies, evolving threats, emerging technologies, or weapon system cost improvements. Operational performance requirements from the Capability Development Document (CDD) and Capability Production Document (CPD) provide the foundation for weapon system technical specifications and contract requirements. 

"Operational Requirements." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2336.aspx

Operational Suitability (OS) - The degree to which a system can be satisfactorily placed in field use with consideration to reliability, availability, compatibility, transportability, interoperability, wartime usage rates, maintainability, safety, human factors, habitability, manpower supportability, logistics supportability, documentation, environmental effects and training requirements.  

"Operational Suitability (OS)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2337.aspx 

- P -

Parent Node – See Value Hierarchy

Performance - Those operational and support characteristics of the system that allow it to effectively and efficiently perform its assigned mission over time. The support characteristics of the system include both supportability aspects of the design and the support elements necessary for system operation. 

"Performance." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2372.aspx 

Planning, Programming, Budgeting and Execution (PPBE) Process - The primary Resource Allocation Process (RAP) of DoD. It is one of three major decision support systems for defense acquisition along with Joint Capabilities Integration and Development System (JCIDS) and the Defense Acquisition System (DAS). It is a formal, systematic structure for making decisions on policy, strategy, and the development of forces and capabilities to accomplish anticipated missions. PPBE is an annual process which produces the Secretary’s Defense Planning Guidance (DPG), 5-year Program Objectives Memoranda (POMs), and 1-year Budget Estimate Submissions (BES) for the military departments and defense agencies, and the DoD portion of the President’s Budget (PB). 

"Planning, Programming, Budgeting, and Execution (PPBE) Process." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2386.aspx 

Program Objectives Memorandum (POM) - The final product of the programming process within DoD, a Component’s POM displays the resource allocation decisions of the military department in response to, and in accordance with, the Defense Planning Guidance (DPG). The POM shows programmed needs 5 years hence (e.g., in FY 16, POM 2018–2022). (DoD 7000.14–R) 

"Program Objectives Memorandum (POM)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/Pages/2490.aspx 

Problem Solving - consists of using generic or ad hoc methods, in an orderly manner, for finding solutions to problems. Some of the problem-solving techniques developed and used in artificial intelligence, computer science, engineering, mathematics, or medicine are related to mental problem-solving techniques studied in psychology.

"Problem Solving." Wikipedia. March 27, 2016. Accessed May 16, 2017. http://en.wikipedia.org/wiki/Problem_solving 

- Q -

Quality - The composite of materiel attributes including performance features and characteristics of a production or service to satisfy a customer’s given need.  

"Quality." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2519.aspx 

- R -

Requirement 

(1) a.) The need or demand for personnel, equipment, facilities, other resources, or services, by specified quantities for specific periods of time or at a specified time. 

b.) For use in budgeting, item requirements should be screened as to individual priority and approved in the light of total available budget resources.

"Requirement." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2567.aspx  (2) See Capability Requirement

Risk - Future event or condition that may have a negative effect on achieving program objectives for cost, schedule, and performance. Defined by 1.) the probability (greater than 0, less than 1) of an undesired event or condition, and 2.) the consequences, impact or severity of the undesired event, were it to occur. (DoD Risk, Issue, and Opportunity Management Guide for Defense Acquisition Programs) 

"Risk." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2587.aspx

Risk Analysis - Answers the questions, “What are the likelihood and consequence of the risk? And “How big is the risk?” Risk analysis provides an estimate of each risk’s likelihood and consequence, and the resulting risk level to more effectively manage risks and prioritize risk handling efforts. The risk level is noted in the Risk Reporting Matrix. (DoD Risk, Issue, and Opportunity Management Guide for Defense Acquisition Programs) 

"Risk Analysis." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2588.aspx 

Risk Management - A five step iterative process to plan, identify, analyze, handle, and monitor program risks. (DoD Risk, Issue, and Opportunity Management Guide for Defense Acquisition Programs) 

"Risk Management." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2594.aspx

Rollup Function – See Value Hierarchy

- S -

Sensitivity Analysis - Sensitivity analysis is a tool for assessing the extent that costs and benefits are sensitive to changes in factors such as length of system life; volume, mix, or pattern of workload; requirements; and configuration of equipment, hardware, or software. Sensitivity analysis is a repetition of an analysis with different quantitative values for cost or operational assumptions in order to determine their effects on the results of the basic analysis. It tests whether the conclusion of an EA will change if some variable such as a cost, benefit, or other assumed variable value changes. If a small change in an assumption results in a significant change in the results, then the results are said to be sensitive to that assumption or parameter.

U.S. Army Cost and Economic Analysis Center. "Department of the Army Economic Analysis Manual." Army Financial Management. February 2001. Accessed April 7, 2016. http://asafm.army.mil/Documents/OfficeDocuments/CostEconomics/Guidances/eam.pdf. 

Note: Other Source provide variation on the definition Sensitivity Analysis: DODI 7041.3, November 7, 1995, Attachment 1, GAO-09-3SP:  GAO Cost Estimating and Assessment Guide 2009, and OMB Circular A-94 Guidelines and Discount Rates for Benefit-Cost Analysis pg 11-12.

Schedule Risk - The risk that a program will not meet its Acquisition Strategy (AS) schedule objectives or major milestones established by the acquisition authority. 

"Schedule Risk." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2609.aspx

Score – See Value Hierarchy

Should Cost Estimate – See Should-Cost Target

Should-Cost Target - A Program Manager's (PM’s) cost goal for an acquisition program, or particular activity or product within an acquisition program, developed by analyzing all elements of the program's Independent Cost Estimate (ICE) (Will-Cost Estimate) and planning reasonable measures to reduce them. These specific, discrete “Should-Cost” initiatives are developed with prudent, cost-benefit based considerations of associated risks, but without unacceptable reductions in the value received. A program's “Should-Cost” Target represents what the PM believes the program ought to cost if identified cost saving initiatives are achieved. (Definition furnished by OUSD[AT&L])

"Should-Cost Target." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2633.aspx 

Sustainment - The provision of logistics and personnel services required to maintain and prolong operations until successful mission accomplishment. (JP 3-0) 

"Department of Defense Dictionary of Military and Associated Terms." Defense Technical Information Center. March 2017. Accessed May 16, 2017. http://www.dtic.mil/doctrine/new_pubs/jp1_02.pdf. 

Systems Engineering (SE) - An interdisciplinary approach and process encompassing the entire technical effort to evolve, verify and sustain an integrated and total life cycle balanced set of system, people, and process solutions that satisfy customer needs. SE is the integrating mechanism for the technical and technical management efforts related to the concept analysis, Materiel Solution Analysis (MSA), Engineering and Manufacturing Development (EMD), Production and Deployment (P&D), Operations and Support (O&S), disposal of, and user training for systems and their life cycle processes. (Defense Acquisition Guidebook) 

"Systems Engineering (SE)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2759.aspx 

- T -

Technology Readiness Assessment (TRA) - A statutory requirement for Major Defense Acquisition Programs (MDAPs) and a regulatory information requirement for all other acquisition programs. It is a systematic, metrics-based process that establishes the maturity of critical technologies. The TRA may be conducted concurrently with other technical reviews such as the Alternative Systems Review (ASR), System Requirements Review (SRR), or the Production Readiness Review (PRR). If a platform or system depends on specific technologies to meet system operational threshold requirements in development, production, or operation, and if the technology or its application is either new or novel, then that technology is considered “critical.” The Assistant Secretary of Defense (Research and Engineering) (ASD[R&E]) is required to conduct an independent assessment of the Program Manager’s (PM’s) TRA for MDAPs as part of the Development Request for Proposal (RFP) Release Decision Point Review. This assessment will inform the Certification Memorandum required at Milestone B in accordance with Title 10, United States Code (U.S.C.) 2366b. The TRA at Milestone C is a regulatory requirement when Milestone C is Program Initiation. (Defense Acquisition Guidebook and DoD Technology Readiness Guidance) . 

"Technology Readiness Assessment (TRA)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2784.aspx 

Technology Readiness Level (TRL) - One level on a scale of 1 to 9, e.g., “TRL 3,” signifying active research and development has been initiated. Pioneered by the National Aeronautics and Space Administration (NASA), adapted by the Air Force Research Laboratory (AFRL), and adopted by the DoD as a method of estimating technology maturity during the acquisition process. The lower the level of the technology at the time it is included in a product development program, the higher the risk that it will cause problems in subsequent product development. (Defense Acquisition Guidebook and DoD Technology Readiness Assessment Guidance)

"Technology Readiness Level (TRL) " Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2785.aspx

Top Node - See Value Hierarchy

Total Ownership Cost (TOC) - TOC includes the elements of a program’s Life Cycle Cost (LCC), as well as other related infrastructure or business processes costs not necessarily attributed to the program in the context of the Defense Acquisition System (DAS). Infrastructure is used here in the broadest possible sense and consists of all military department and defense agency activities that sustain the military forces assigned to the combatant and component commanders. Major categories of infrastructure are support to equipment (acquisition and central logistics activities), support to military personnel (non-unit central "school-house" training, personnel administration and benefits, and medical care), and support to military bases (installations and communications/information infrastructure). (Defense Acquisition Guidebook) See Life Cycle Cost (LCC). 

"Total Ownership Cost (TOC)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2812.aspx 

Trade-Off - Selection among alternatives with the intent of obtaining the optimal, achievable system configuration. Often a decision is made to opt for less of one parameter in order to achieve a more favorable overall system result.  

"Trade-Off." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2816.aspx 

Tradespace - A multi-variant mathematical playspace used for identifying the optimal boundary spaces (the Pareto Front) where the multiple variants have strong interdependencies. The term, Tradespace, is a combination of the words “trade-off” and “playspace”, where “trade-off” indicates the method of traversing the Tradespace in search of the optimal boundary space (e.g., trading off a cost in one cost center (variant A) for a cost in another cost center (variant B)). Tradespace analysis is used in this context by NASA, DARPA and MIT for analyzing the complex resource, costs and provisioning involved in large projects with multiple stakeholders and multiple objectives.  

"Tradespace." Wikipedia. March 15, 2016. Accessed May 16, 2017. https://en.wikipedia.org/wiki/Tradespace.

- U - 

User - An operational command or agency that receives or will receive benefit from an acquired system. Combatant Commands (CCMDs) and their Component commands are users. There may be more than one user for a system. Because the military Services are required to organize, equip, and train forces for the CCMDs, they also are seen as users for systems. 

"User." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed April 6, 2016. https://dap.dau.mil/glossary/pages/2848.aspx 

Utility - The state or quality of being useful militarily or operationally. Designed for or possessing a number of useful or practical purposes rather than a single, specialized one. 

"Utility." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2851.aspx 

- V -

Value   

(1) Accounting: The monetary worth of an asset, business entity, good sold, service rendered, or liability or obligation acquired.

(2) Economics: The worth of all the benefits and rights arising from ownership. Two types of economic value are (a) the utility of a good or service, and (b) power of a good or service to command other goods, services, or money, in voluntary exchange.

(3) Marketing: The extent to which a good or service is perceived by its customer to meet his or her needs or wants, measured by customer’s willingness for it. It commonly depends more on the customer's perception of the worth of the product than on its intrinsic value.

(4) Mathematics: A magnitude or quantity represented by numbers.

" Value." BusinessDictionary.com. 2016. Accessed May 16, 2017. http://www.businessdictionary.com/definition/value.html 

Value Metric - A quantitative measure of the value to decision makers and stakeholders of the degree to which objectives are achieved.  Parnell, Gregory S. Handbook of Decision Analysis. Hoboken, NJ: John Wiley & Sons, 2013, p. 66.  

Value Engineering (VE) – VE is a functional analysis methodology that identifies and selects the best value alternative for designs, materials, processes, systems, and program documentation. VE applies to hardware and software; development, production, and manufacturing; specifications, standards, contract requirements, and other acquisition program documentation; facilities design and construction; and management or organizational systems and processes to improve the resulting product.  

"Value Engineering (VE)." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2854.aspx 

Value Function - A mapping of performance scores to the value metric.

Parnell, Gregory S. Handbook of Decision Analysis. Hoboken, NJ: John Wiley & Sons, 2013, p. 66.  

Value Hierarchy - The entire set of evaluation considerations, objectives, and measures for a particular decision analysis, organized into a hierarchical or “tree-like” structure. 

Kirkwood, Craig W. Strategic Decision Making: Multiobjective Decision Analysis with Spreadsheets. Belmont: Duxbury Press, 1997,, p. 12.  (Two definitions combined and rephrased.)

The following terms are terms related to value hierarchy:

Node - An element (“box”) in a hierarchy.

Top Node - The highest node in a hierarchy.  (Also called the “root” node.)

Parent Node - A node immediately above another node.

Child Node - A node immediately below another node.

Leaf Node - A node that has no children.



Score - The number associated with a node in a hierarchy, representing how well the node’s task is carried out.

Rollup Function - A mathematical function or formula specifying how the score of a given node is computed from the scores of its children.



- W -

Will Cost Estimate - Life Cycle Cost Estimates (LCCEs) of what an acquisition program will cost based upon reasonable extrapolations from historical experience and other recognized cost estimating techniques to support budgeting and programming.  

"Will Cost Estimate." Glossary of Defense Acquisition Acronyms and Terms. September 2015. Accessed May 16, 2017. https://dap.dau.mil/glossary/pages/2957.aspx
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Introduction

“If you can't describe what you are doing as a process, you don't know what you're doing.” (W. Edwards Deming) ‘

This guide provides a brief overview of Cost Capability Analysis (CCA) history, introduces the Air
Force Life Cycle Management Center’s (AFLCMC) standard process for CCA and provides a
framework for conducting CCAs within the Center. The CCA Standard Process Version 1.3 was
vetted and approved by the AFLCMC Standards and Process Board in May 2017.

CCA History

CCA has its genesis in a CORONA 2011 tasking from the Assistant Secretary of the Air Force for
Acquisition (SAF/AQ) to review requirements sufficiency. It was determined that senior decision
makers were not consistently demanding life cycle cost versus capability trade space analysis to
inform decisions in acquisition or requirements forums. In 2012, the Secretary of the Air Force
(SECAF) Memorandum on Air Force Acquisition Continuous Process Improvement (CPI 2.0)
sought to strengthen the link between acquisition and requirements. Air Force Policy Directive
(AFPD) 10-6 currently states that SAF/AQ is responsible for ensuring life cycle cost and capability
tradeoff analysis is used for all Air Force Review Boards and Configuration Steering Boards.

CCA is motivated by senior leaders’ desire to understand the military value of meeting variable
warfighting capabilities within a budget. Examples of how CCAs benefit acquisition and
requirements decisions are provided accordingly:

e CCAs help frame decisions. The methodology relies on a cross-functional dialogue facilitated
by a study lead and an operations research analyst to examine the decision trade space.
Continually assessing users’ capability needs, warfighters’ value proposition, and the
affordability of each alternative, allows decisions to be made that provide greater value to
the warfighter and maintain an affordable program.

e CCAs enable a sound basis for cost versus capability discussions with users, sponsors, and
decision makers. It improves synchronization of user and system requirements, acquisition
choices, Life Cycle Costs (LCC), and program implementation.

e Integrating CCAs into program planning and management provides a sound basis to execute
efficiently and a more effective use of program funding. Largely, the outcome seeks to
provide insights into what you get from a military value perspective versus what you pay for.

e CCAs provide a basis for assessing requirements (e.g., Initial Capabilities Document (ICD))
realism and Key Performance Parameter (KPP) sensitivity analysis with respect to LCC through
a comprehensive and robust trade space analysis process.

NOTE: This process is capability focused; i.e., evaluating alternatives for acquiring a specified
capability, not by directly comparing alternatives.

The remainder of this document discusses the methodology or “how to” execute AFLCMC’s CCA
standard process. At the end of each step there is a link to a detailed example.
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CCA Team Composition

The CCA process relies upon input from a cross-functional team of stakeholders. The mission
context and decision environment are crucial in determining which stakeholders should be
involved in the effort. Even if these are not regularly-participating members at the working
level, advocacy and oversight for all of the different analysis elements is crucial in generating a
credible and complete product. Figure 1 provides the organization of a CCA team and identifies
the various roles, and Table 1 lists these roles and their corresponding responsibilities.

Decision
Authority

Decision
Maker

CCA
r Facilitator 1
AFLCMC/OZA

| R CCA Study Lead
Team Team Team Team Team Team
Member Member Member Member Member Member

Figure 1 — CCA Team Organization of Stakeholders

Table 1 — CCA Team Member Roles and Responsibilities

Role Responsibilities

Decision e Provides initial study guidance and questions to be answered by the study
Authority ~ * Evaluates the CCA analysis and the course of action chosen by the decision maker

Decision e |dentifies CCA team member(s) from respective functional skills or organizations
Maker * Provides guidance to team during periodic updates to ensure CCA results in best
value decision
e Uses information produced by CCA to inform decision in selecting a course of action
CCA e Facilitates CCA methodology; ensure CCA products are developed
Facilitator * Develops discussion tools and draft products to facilitate CCA discussions

Study Lead ¢ Manages the completion of the CCA
e Develops project schedule
e Coordinates with leadership for status updates and guidance
e Schedules calls and meetings
e Defines desired outcomes before each meeting or call
e Assigns homework, as necessary, before meetings
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e Develops agendas for the meetings and sends them out before hand
e Sends out read ahead slides prior to the meeting
e Coordinates facilitation approach prior to the meeting
e Defines next steps at the end of each meeting
e Generates minutes that capture participants, key decisions, action items
Team e Actively participates on CCA team working to develop best military worth
Member recommendation for decision maker
e Represents respective functional skill and organization on the CCA team
e Keeps own leadership informed of team progress and voices
organization’s/functional skill priorities and concerns

Team Members should include anyone who will provide input or analysis in support of the CCA
effort. In contrast, stakeholders should include all who have equity in the capability
requirement and the acquisition of the requirement. This will be a much larger list than the
team members and needs to include appropriate members of the requirements community,
the acquisition community, and all approval authorities. Team members should be at the
appropriate level to contribute to team efforts, have the ability to speak to the area they
represent, and utilize existing teams and working groups. Figure 2 demonstrates the different
areas or skills the team members should cover.

Requirements
Sponsor

Operations
Research
Analyst

CCA Facilitator

Program

Manager

CCA
Team

Cost

Estimator(s) Systems

|

|

|

|

|

|

|

|

|

|

|

Engineer(s) |
Multi-Discipline . I
Logistics I

Team Specialty I

M&S Engineer(s) I
|
|
|
|
|
|
|

Field Experts

Subject Matter (Operators)
Experts

Figure 2 — Multi-Disciplined CCA Team Members

CCA Process

Figure 3 depicts AFLCMC’s standard eleven step process. Unlike some common operational
checklists, the steps are iterative and will need to be revisited and updated as new information
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emerges from the analysis and feedback is received from team reviews, Subject Matter Experts
(SMEs), stakeholders, and leadership. Additionally, the steps can be tailored for each analysis to
ensure objectives are addressed within constraints. Each step of the process is discussed in
detail, with illustration of key steps via a notional example.

CCA Ste Goal:

1. Identify Problem
and Scope Analysis

A 4

2. Create Value
Hierarchy (VH)

4

3. Develop Measures

A 4

4, Develop Value

Construct a tailored CCA Plan. Ensure decision maker
understands the scope and purpose of the project.

Determine what you value. For the capability that is
the subject of the decision, identify the values and
decompose these to the level needed to develop
adequate measures.

Identify an effectiveness measure for each lowest-
level capability objective. The measure is the indicator
of how the attendant attribute is achieved.

Determine user/stakeholder’s relative value for

I A

Functions different levels of performance for each measure over
the range needed to evaluate alternatives.
5. Prioritize ) ) o .
Measures/Develop Determine the relative contribution of each attribute
Aggregation Method to the overall value of the capability.

Identify and/or create alternatives that directly
address the identified stakeholder capability needs.
Fully explore trade space and don’t prematurely filter.

6. ldentify
Alternatives

¥ ¥

/- I_)t_et_ermine 8. Estimate Cost of Each Collect data to determine cost and
Capabilities of Each capability of alternatives.

Alternative Alternative

9. Generate Outputs
and Display Products

A 2

10. Analyze
Sensitivity

L 2

11. Record Analysis

%

ous coordination and approval

Ongoing iteration and feed

Provide information to decision makers to inform
their choices.

It

| Determine sensitivity of results to assumptions, inputs
and value judgments.

Ensure analysis is well documented in final report (i.e.
repeatable by someone else).

I

Figure 3 — AFLCMC CCA Standard Process
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Step 1 — Identify Problem and Scope Analysis

“A problem well put is half solved.” (John Dewey)

1.1 General Discussion

The first step is focused on defining the problem and scoping the CCA effort. Specific attention
must be paid to the question(s) or decision(s) the analysis will inform, any constraints, contextual
elements such as the mission (operational) and decision environment, the analysis framework,
identifying the right people for the CCA team, obtaining funding, and laying-out a tentative
schedule. These elements are inter-related and should be aligned to ensure consistency.
Documenting team discussions and decisions allows the CCA team (or a new team) to update the
analysis in the future for later decision points.

1.2 Purpose/Objective

The objective of Step 1 is to get key stakeholder buy-in and decision maker approval of the CCA
problem statement and scope of analysis.

1.2.1 Problem Statement

It is critical the problem statement clearly articulates the motivation, purpose, and objectives for
the analysis based on operator, systems engineer, and other SME stakeholder input. Ideally, the
problem statement should also address the capability need or gap the CCA is to address and the
decision to be made. The problem statement is typically in the context of filling an operational
capability gap.

Example Problem Statement (NOTIONAL): Due to an evolving threat environment, the AF
must enhance their targeting capability to include a new target type within 7 years. This
capability must continue to address current target sets (all specified in the Operation Plan
(OPLAN)) within missions described in AF Master Plan (classified annex). Ground, surface, and
airborne (manned and unmanned) platforms must be considered in achieving this capability.
Due to urgency of need, this study must be accomplished with 12 months and include specific
recommendations and accompanying rationale of feasible solutions, showing cost and
effectiveness, to be considered by the decision maker.

1.2.2 Analysis Scope

Based on the problem statement, the decision for which the analysis is being undertaken, and
foundational information, the CCA study lead and facilitator will develop a reasonable and
executable analysis scope. They should revisit (and possibly update) the scope if the situation
changes and as information and knowledge evolve during the analysis. The scope of analysis
must align with the committed schedule, resources, and the main objectives to be addressed in
the military worth hierarchy and address the types of alternatives to be considered.

The scope, ground rules and assumptions (GR&A) for the analysis should be developed by the
CCA team at the inception of the CCA and evolve to reflect new information received as the CCA





AFLCMC CCA Guidebook v1.0

progresses. Ground rules (also called constraints or boundary conditions) delineate what will and
will not be addressed during the analysis. Assumptions defining information required for the
analysis may need to be established. One assumption may be that legacy capabilities will meet
a certain level of the need until some point in time. As guidance, issues, or changes occur in
either the planning or execution of the analysis, the CCA study lead and facilitator need to
understand what GR&A have changed and how this change impacts the CCA. Some changes may
require steps of the CCA process to be revisited to evaluate the impact and possibly repeated.

Example Ground Rules and Assumptions (NOTIONAL):
- The status quo/baseline capability (typically the current system if one exists, else the
minimum requirements) will reflect the following systems and targets: TBD
- All solutions should be considered
- Resulting solutions should be consistent with current sustainment approaches
- FEtc.

Step 1 shapes the entire CCA effort, determining data/information requirements, required
participants, analysis methods, tools to provide the necessary level of rigor, resources and time
needed. Alternatively, if the resources available to conduct the study are fixed, the scope and
level of rigor of the CCA may have to adapt to that constraint. Minimum

1.3 Approach

Building the CCA problem statement and bounding the CCA scope require a deliberate process
to ensure the right question(s) are answered and the right insights gained through the CCA
process. There may be an initial problem statement developed by the decision-making
organization; it is the responsibility of the CCA study lead and facilitator to revise this initial
problem statement based on input from stakeholders and their knowledge of the problem space
and to ensure the decision maker agrees to these changes.

1.4 Responsibilities

The CCA study lead and facilitator work with key stakeholders (requirements owner, engineer,
cost estimator, etc.) and the decision maker to develop the problem statement and scope.

1.5 Methods

Examination of materials describing specific aspects of the capability need and CCA motivation
and discussion among CCA study lead, facilitator, key stakeholders, and the decision maker help
develop (and evolve) the problem statement and scope the CCA.

1.6 Data Inputs

Data to support development of the CCA vary with the decision point and acquisition phase but
would include documents required in the DoD 5000 process. For example, outputs from
Capability Based Assessments (CBAs) and ICDs would inform CCAs for pre-Milestone A decisions.
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1.7 Expected Output

The output from Step 1 is an approved problem statement and scope of analysis. Additionally, a
Terms of Reference (TOR) capturing the CCA objectives, stakeholders, products, methods, team
composition, and schedule should be developed as a guiding agreement between the decision
maker and the CCA team.

1.8 Quality Checks

The following questions should be considered and answered by the end of Step 1:

e Did the study sponsor or decision maker provide Study Guidance or Terms of Reference?
e Have the current capabilities and gaps been provided to CCA team members?
e Are the artifacts and information realistic and complete?

e Have the stakeholders (e.g., Combatant Command, Major Command, Headquarters, etc.)
participated in the definition and development of the study problem and provided their
perspectives? Have all the factors entering into the desired decision been defined?

e Has the CCA team identified initial ground rules and assumptions?

1.9 Detailed Example

See Mobile Protected Weapons System (MPWS) Example: Step 1 — Identify Problem and Scope
Analysis

PROBLEM DEFINED AND SCOPE OF ANALYSIS DOCUMENTED

The definition of the analysis problem will vary from CCA to CCA. Therefore, there is no
precise description of what the analysis problem should contain. However, there are some
basic elements that are generally applicable to most, if not all, analysis problem descriptions,
such as:

o Description of the capability gap or enhancement being analyzed
o Statement of the analysis goals

. Analysis limitations

J Description of the analysis effort

o Ground rules and assumptions (GR&A)

. Discussion of the expected outcomes

The CCA scope should establish the boundaries for the CCA and may evolve as information
changes. Step 1 is the roadmap for the analysis. Once approved by the decision maker, the
plan should be updated as the situation demands and, if necessary, the decision maker
should reaffirm the approval of the plan.
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Step 2 — Create Military Worth Hierarchy

“Knowledge is of no value unless you put it into practice” (Anton Chekhov)

2.1 General Discussion

Developing the military worth hierarchy is at the heart of CCA. The military worth hierarchy
represents the operational decision space through the breakdown of the capability under study
into a tree-like structure of objectives and sub-objectives; it provides a visual depiction of the
desired objectives and their relationships as expressed in the problem statement. At this point,
“military worth” does not consider cost, risk, or schedule.

2.2 Purpose/Objective

The military worth hierarchy is used in assessing and measuring warfighter utility for the purpose
of comparing different courses of action (COAs) or alternatives put forward in the CCA. In
general, the hierarchy should be decomposed to the lowest level of sub-objectives necessary to
capture the unique critical elements of the decision space, to be useful in making meaningful
trades, and to allow discrimination across the alternatives. However, the granularity of the
hierarchy is also dependent on the availability and quality of data, resource and schedule
constraints. The military worth hierarchy may change from its initial instantiation based on
feedback from the community as study material evolves.

2.3 Approach

Building a military worth hierarchy requires examination of numerous items related to the
operational space including mission information, threat information, Concept of Operations
(CONOPS), Concepts of Employment (CONEMPS), Universal Joint Task Lists (UJTLS), Air Force
Mission Essential Task Lists (AFMETLS), Joint Capability Areas (JCAs), and architecture artifacts
that have been built around this capability (e.g., Operational View-5). Building the hierarchy will
involve technical and operational SMEs and other stakeholders. This community provides input
to fill-in gaps, temper information gathered, help the CCA team understand the relationships
among the information, and support consensus-building on the content and structure of the
military worth hierarchy.

NOTE: It is critical to understand if a military worth hierarchy already exists relevant to this
capability (e.g., from a CCA at a prior decision point) and if it can be used directly or with
tailoring or adaptation to address the particulars of this CCA.

Figure 4 shows a notional military worth hierarchy for a problem statement regarding the need
to evolve current targeting capabilities to address another threat/target type. The lines in the
tree reflect the relationships among the capability, objectives, and sub-objectives. The top of
this hierarchy reflects the overall targeting capability. Two objectives are presented in the first
tier of the hierarchy, find target and attack target; these also represent the two main branches
in the hierarchy. These two objectives are broken down into sub-objectives in the lower three
tiers; these sub-objectives provide the granularity needed to portray the decision space and
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identify the critical elements of interest to the warfighter and the decision maker. The lowest
tier sub-objectives include all the elements that need to be measured in comparing alternatives.
As can be seen from the figure, detect and acquire are the two sub-objectives that contribute to
track targets, which is one of two sub-objectives that supports search.

Capability g::?:l}h’l‘tgy

L

b Attack
i Objective Tier c
Find Target J Target
: . : Conduct
Search Locate | Sub-Objective Tier |Plan Attack ‘atiack

[ P e
Track Identify Display Correlate Analyze Prioritize Assign Release
Targets Targets Maps rack to Map Target IDs Targets Weapons To Weapons
; T : T - - : T - 1
Detect Acquire Analyze Search Retrieve Display Process Receive | | Compare | |Determine| |Determine| AssessKill Max Target |Distribute| | Engage
q Tracks Database | | Intel Data Tracks GPSData | |Targetinfo, | Profiles Range Value Probability] | Values Orders Target

Figure 4 — Military Worth Hierarchy Example

Similarly, each branch of the hierarchy tree is decomposed to its contributing objectives/sub-
objectives. Finally, a single measure will be developed for each lowest level sub-objective at the
bottom of the hierarchy (e.g., detect) to represent how well the sub-objective is achieved by an
alternative. Measures are discussed in Step 3. Given much of the “action” will be at the bottom
of the hierarchy, it is important that these lowest level sub-objectives reflect the critical drivers
of the capability and are the elements for which users/warfighters and stakeholders can express
value preferences.

2.4 Responsibilities

Developing the military worth hierarchy requires soliciting information from the warfighter,
technical and operational SMEs, and other stakeholders to decompose the capability being
analyzed to a level low enough to establish effective measures. Once the hierarchy is developed,
it should be reviewed with the decision maker and other appropriate stakeholder leadership to
ascertain their concurrence.

2.5 Methods

A key method to use, whether or not you have an existing military worth hierarchy, is facilitated
discussion and/or brainstorming led by the CCA study lead and facilitator, involving
warfighter/operational SMEs and other stakeholders. A good way to start is for each person to
write down their perspective on what is value-added to the decision (a 2-3 minute exercise).
Upon completion, the group discusses each individual’s perspective, while the CCA facilitator
captures this critical information on a white-board. The CCA team then collectively bins similar
value ideas into groupings. These groupings typically define objectives or sub-objectives within
a military worth hierarchy. (Note: It is important to ensure that the groupings are mutually
exclusive, collectively exhaustive, and fairly simplistic.) This technique is also known as Affinity
Mapping and can be researched further, if needed. In general and in particular for a new
hierarchy, cataloging, organizing, summarizing, and sharing materials collected is most helpful

9





AFLCMC CCA Guidebook v1.0

prior to this session, so participants can be familiar with the information and the rich dialog
required can occur. It may also be useful for the CCA study lead and facilitator to develop a
strawman tree of the relevant objectives from the cross-functional stakeholder dialogue to use
as a starting point for the discussion.

2.6 Data Inputs

Various operational materials and information should be sought to support development of the
hierarchy as discussed in Section 2.3.

2.7 Expected Output

The output from Step 2 should be a vetted and validated (by the SMEs) military worth hierarchy
that reflects both the problem statement and scope of analysis developed in Step 1 and the
capability needs of the warfighter, in appropriate detail.

2.8 Quality Checks

The following questions should be considered and answered by the end of Step 2:
e Isthe military worth hierarchy complete? Does it include all fundamental objectives of the
capabilities that have bearing on the decision?

e Are the objectives decomposed to a meaningful level to distinguish alternatives? Are the
lowest level sub-objectives measurable?

e s the military worth hierarchy free from duplication of objectives?

e Is the military worth hierarchy manageable within the constraints of the study?

2.9 Detailed Example
See MPWS Example: Step 2 — Create Military Worth Hierarchy

MILITARY WORTH HIERARCHY ESTABLISHED

The military worth hierarchy is the foundation for the CCA. It is the basis for all succeeding
analysis activities. There may be a need to adjust the hierarchy as the analysis progresses, if so
the team actions and considerations discussed above should be revisited.

10
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Step 3 — Develop Measures

"In many spheres of human endeavor, from science to business to education to economic policy, good
decisions depend on good measurement” (Ben Bernanke)

3.1 General Discussion

The military worth hierarchy represents the operational decision trade space for the particular
capability under study. At least one measure must be developed for each of the lowest tier sub-
objectives within the hierarchy. The measure is a representation of how well the sub-objective
is achieved (i.e., a measure focusing on the operational outcome for the sub-objective). Given
this focus, Step 3 in the CCA process will address measures of operational effectiveness or
Measures of Effectiveness (MOEs). For context, the Office of Aerospace Studies (OAS) defines:

e Operational Effectiveness as “the overall degree of mission accomplishment of a system when
used by representative personnel in the environment planned or expected for operational
employment of the system considering doctrine, tactics, survivability, vulnerability and
threat.”

e Measure of Effectiveness as “a measure of operational success that must be closely related
to the objective of the mission or operation being evaluated.”

e Measures of Performance (MOP) as “a measure of the lowest level of physical performance
(e.g., range, velocity, and throughput) or physical characteristic (e.g., height, weight, volume,
frequency).”

NOTE: MOEs may be a function of one or more MOPs. These can come into play during the
evaluation of the MOEs for each alternative (see Step 7). Both MOEs and MOPs can be generally
considered as measures of merit.

Measures should be empirical, i.e., derived from or guided by experience or experiment (i.e.,
Modeling and Simulation (M&S)). Measures should also be assessed with data obtained from
pedigreed sources including warfighter/operational SMEs, and should enable evaluation of
alternatives considered.

While quantitative measures are preferred (e.g., time to achieve objective), measures that are
gualitative may also be used (e.g., degree of interoperability). For each measure, the range of
values that can be realized in the timeframe of the study must be defined; the range can be
continuous or categorical (e.g., 0-60 seconds or low/medium/high).

3.2 Purpose/Objective

The objective of this step is to develop at least one measure, with units and scales useful in
analyzing the trade space, for each of the lowest level sub-objectives that best characterize what
is expected to be accomplished from the warfighter’s perspective.

11
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3.3 Approach

Building measures starts with a review of the lowest tier of the military worth hierarchy as
highlighted in Figure 5. Figure 6 provides examples of expected measures for the first and last
sub-objectives. The first sub-objective is detect; given we are looking at a targeting capability
and the problem statement is focused on addressing a new target, the warfighter would be asked
about their biggest concern in detecting this new target. One answer may be how quickly the
target is located, and if this is the case, proposing time to locate new target as a measure may be
a first step. Addressing the last sub-objective, engage target, would proceed in the same way,
by asking the warfighter what is most important with respect to engaging the target? One answer
may be the percentage of identified targets engaged. This activity continues for each of the
lowest tier sub-objectives.
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Search Locate Sub-Objective Tier  |Plan Attack cﬁ;'::f
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Targets Targets Maps

rack to Map Target IDs
Analyze | | Search ‘Retrieve‘ ‘ Display ‘

Release
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Prioritize
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Process‘ Receive | | Compare Determine‘ Determine ’AssessKill‘ Max Targed] Dislribute‘ Engage
P

‘ Detect Acquire Tracks | |Database | |IntelData| | Tracks | |GPSData| |Targetinfo] | Profiles Range Value robability| | Values Orders Target
Figure 5 — Lowest Tier in the Military Worth Hierarchy
. L . r 1 . L ’ L . 1
Detect Acauire Analyze Search Retrieve Display Frocess Receive Compare | Determine| |Determine| |Assess Killl Max Target| |Distribute Engage
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Lowest Tier Lowest Tier
Sub-objective: Sub-objective:
Detact Engage Target
Measure: Measure:
Time (seconds) to % of identified
locate target type 1 targets engaged

Figure 6 — Example of Measures

Consideration #1: The example only looked at measures related to this new target; however, the
example problem statement in Section 1.2.1 indicated current targets must continue to be
addressed by the targeting capability. If the new target is the most stringent need, then it may
be reasonable to create only a single measure related to this target. However, the decision maker
may want insights into the capability related to the current target set as well (for trades, and/or
because perhaps there are unique characteristics of current targets that are effectiveness or cost
drivers). In this case, the facilitator may need to go back to Step 2 and add a sixth tier to the
hierarchy, focused on specific target types (new and current). Metrics similar to the above would
then need to be established for each target type, not just the new one the example highlighted.

Consideration #2: The CCA study lead and facilitator must decide if there are too many or too
few measures based on the distinguishing needs of the capability and the constraints of the
study. If there are overlaps, can measures be combined without losing fidelity? If there is a key

12
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item missing, where does it fit and how is the new measure developed? In a later step, after
alternatives to be evaluated are identified, a similar question can be asked. Do the measures
capture enough differences among the alternatives, or are the alternatives relatively
indistinguishable based on the chosen measures? Again, there may be a need to revisit the
identification and selection of appropriate measures.

3.4 Responsibilities

The development of measures requires engagement with the warfighter (i.e., operators,
maintainers, users, etc.) and SMEs. In this dialog, the CCA team is soliciting at least one measure
for each of the lowest tier sub-objectives that best represents how well the sub-objective is
achieved, to a level that will yield meaningful information. Once all the measures have been
developed, they should be reviewed with the decision maker and other appropriate stakeholders
to ascertain their concurrence.

3.5 Methods

As with the military worth hierarchy, facilitated meetings with the warfighter/operational SMEs
support developing measures. In some cases, as discussed above, working with the stakeholders
(i.e., the decision maker) may reveal a need to break down certain sub-objectives further.

While there are many interpretations or variations of the “SMART” method, it is recommended
the CCA team consider the following attributes when developing measures: Specific,
Measurable/ Meaningful, Achievable, Relevant, and Testable.

3.6 Data Inputs

There are multiple data sources that can be leveraged when determining measures relevant to
the CCA being completed. There may be documented CCAs or trade space studies (including
business case analyses and analyses of alternatives) on a similar topic that include metrics and
program-specific databases providing measures that could be utilized or adapted. Measures may
also be input or output of effectiveness or performance models, simulating specific capability
environments or system effectiveness.

3.7 Expected Output

The output will be measures for each lowest level sub-objective of the military worth hierarchy.

3.8 Quality Checks

The following questions should be considered and answered by the end of Step 3:

e Do the selected measures completely and thoroughly reflect the objectives/sub-objectives?
e Are measures clear and unambiguous?
e Do the requirements sponsor, users, and chain of command concur with the measures?

e Do the units and scale of the measures provide for a reasonable trade space?

13
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e Have measures been compared to identify overlaps, gaps, or interdependencies (not
independent)? Have actions been taken to ensure resolution of any issues?

e |s the quantity of measures reasonable in terms of alighment with the capability needs and

the constraints of the study (time, resources)?

3.9 Detailed Example

See MPWS Example: Steps 3 and 4 — Develop Measures and Value Functions

14
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Step 4 — Develop Value Functions

4.1 General Discussion

A value function must be created for each measure identified in Step 3. A value function is a
mathematical representation of the relationship between effectiveness and warfighter value.
This function translates the evaluation measure from its natural units (e.g., time) into units of
value measured numerically on a scale from 0 to 1 or 0 to 100. Each measure uses this common
value scale, which allows all metric values to be meaningfully compared and combined
consistently. A value function does not consider cost, risk, or schedule.

4.2 Purpose/Objective

The objective of this step is to identify the useful range of each measure along an x-axis and the
corresponding stakeholders’ value on the y-axis. SMEs (warfighter/operational) are key
contributors to this step, along with any value functions developed during a previous CCA.

There are two major types of value functions, discrete and continuous. All value functions require
anchor points of 0 (no value) and 1 (best value). The CCA team must identify these anchor points
as they develop value functions for each measure. For example, say one of your metrics to track
space debris is size of object. At some point, developing a system to locate very small pieces of
debris unlikely to cause serious damage adds “no value”; that breakpoint might be smaller than
a tennis ball (8 cubic inches) or a golf ball (2.5 cubic inches). Each value function’s x-axis range is
determined by these “no value” and “best value” anchor points.

A discrete/categorical function is most useful when there are a finite number of x-values. Figure
7 is a discrete value function example for interoperability. There are five unique values of none,
low, medium, high, and very high; each of these x-values takes on a unique y-value between 0-
100. For discrete measures such as interoperability, documenting clearly understood definitions
of low, medium, high, and very high is a critical piece of developing the value function.

Interoperability Level Value Function

Warfighter Utility/value

!
> & 8

nteroperathility Level

Figure 7 — Example of a Discrete Value Function

To interpret Figure 7, it can be said that the warfighter value (on a point scale) is zero for not
having interoperability (“none”). Additionally, a warfighter value of 20 is provided for “low”
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interoperability and 50 for “medium” interoperability, for example. The maximum utility value
is 100 for achieving “very high” interoperability.

Continuous functions are monotonic, always increasing or decreasing, but not always at the same
rate and value functions measure all points within the range. Therefore, it is critical to
understand the shape of the value function (e.g., linear, concave, convex, or a combination such
as an “S-curve”). Continuous functions for the example measures identified in Step 3 will be
discussed in the next section.

4.3 Approach

Working with users/warfighters/SMEs, the CCA team must establish the useful range for each
measure. The warfighter may respond that anything less than one minute would have value, so
the range established would be 0-60 seconds. Research/analysis on the measure may provide
this type of information as well.

For the measure time to locate new target, the CCA team needs to understand how the
warfighters value changes as time to locate increases from 0 to 60 seconds. Stated differently,
the measure is an assessment of what reducing the time to locate a new target means to
detection effectiveness. First, the CCA team needs to identify the ideal value of 1 for
“instantaneous” location of new target (0 seconds) and the “no value” of 0 for the worst location
time (60 seconds). From this point the warfighter/operational SME may discuss separate points
on the x or y axis and established x-y points, or the warfighter/operational SME may decide to
draw a curve based on experience to initiate discussion. Value functions from a prior CCA or
other source could be the starting point for discussion with the warfighter/ SMEs. Figure 8 shows
a possible value function for the time to locate measure.

Value

Measure: Time to Locate Target Type 1
(seconds)

Figure 8 — Example of a Value Function for Measure Associated with "Detect"

For the percentage of identified new targets engaged measure, we need to understand how the
warfighter value changes as the percentage of new targets engaged increases from 0 to 100%.
Again, the initial step is to identify the ideal value of 1 for 100% of identified targets engaged and
the “no value” option of O related to the worst percentage (0%). From there, the steps are similar
to those described for the time to locate measure above. Figure 9 shows a potential value
function for this measure.
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Value

&0 70 80 100

Measure: % of Identified Targets Engaged

Figure 9 — Example of a Value Function for Measure associated with "Engage Target"

This function is different from the shape of the prior value function, with the SMEs expressing
very low warfighter utility until about 75% of targets are engaged, and then exhibiting a sharp
upturn in value from 75% to 100%.

4.4 Responsibilities

Developing value functions requires discussion with the warfighter (i.e., operators, maintainers,
users, etc.) and technical SMEs. It is important that appropriate SMEs are engaged so correct
value judgments are developed. The CCA team solicits information from these stakeholders to
define their preferences and value ranges. Different methods for developing value functions,
may require the CCA team to consult M&S experts, testers, laboratories, contractors, the
Federally Funded Research and Development Center (FFRDC), and/or academia, and different
methods and participants may be needed to develop value functions for each measure. Once
the value functions have been developed for each measure, they should be reviewed with the
other stakeholders to obtain their concurrence. As the analysis progresses, there may be a need
to revisit the value functions. For example, a value function might need to be extended over a
wider performance range to encompass selected alternatives. Different interpretations of value
may arise as SMEs consider what contributes most to mission outcome. Obtaining stakeholder
concurrence with a value function may require evaluating different operational scenarios
(possibly modifying the military worth hierarchy).

4.5 Methods

Facilitated meetings with the CCA team and warfighter/operational SMEs support development
of the value functions. The focus of the discussion should be about the range, the shape of the
function, and reflection of value to the warfighter for different levels of effectiveness, based on
their experience. Certain techniques may be useful in this process:

e Partition the x-axis (i.e., “what portion of the value is given to X; from the measure axis?”)
e Partition the y-axis (i.e., “what level of the measure gives Y; value?”)
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NOTE: It is sometimes useful to combine narrative descriptions with specific numerical values to
better support interpretation of value functions (and development of utility scores of
alternatives). Scales should be tailored to the specific CCA based on what data is used, the sources
of that data, what granularity is required, and warfighter perceptions. Two examples of scales
are shown in Table 2 and Table 3 (one has more granularity than the other) with anchor points

and interpretation of these anchor points within the 0-1 and 0-100 range.

Table 2 — Notional Scale (lower granularity)

o 100 1 Ideal: Meets all needs, exceeds some
%D 80 0.8 Fully Satisfied: Meets all needs
% 50 0.5 |Adequate: Meets needs with minor limitations
,—:U 20 0.2 Poor: Meets needs with significant limitation
= 0 0 No Value: does not meet needs
Table 3 — Notional Scale (greater granularity)
100 1 Ideal: Meets all needs, exceeds some
o 90 0.9 Fully Satisfied: Meets all needs
§ 80 0.8 Good: Meets all major needs, with minor limitations
ﬁ 60 0.6 Fair: Meets most major needs, with significant limitations
;:u 40 04 Poor: Fails to meet many major needs; provides some value
20 0.2  |Very Poor: Fails to meet many major needs; provides minor value
0 0 No Value: does not meet needs

4.6 Data Inputs

Warfighters/operational SMEs are typically the source of the required data. Previous CCAs on
related topics and other studies related to specific measures can be useful, if available.

4.7 Expected Output

Value functions for each measure identified in Step 3.

4.8 Quality Checks

The following questions should be considered and answered by the end of Step 4:

e Do the shapes of the value functions reflect the importance of different levels of operational

effectiveness?

e Were the requirements sponsors, users, and appropriate SMEs involved in developing the
value functions? Does the chain of command concur?

e Do the functions appear to be unbiased?

* Were any measures revised or eliminated during this process?

e Are there radical changes in y-value around “threshold” x-values not supported by analysis?

4.9 Detailed Example

MPWS Example: Steps 3 and 4 — Develop Measures and Value Functions
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Step 5 — Prioritize Measures/Develop Aggregation Method

“Great things are done by a series of small things brought together” (Vincent Van Gogh)

5.1 General Discussion

An aggregation method is a mathematical function or formula that computes the score for each
objective in the military worth hierarchy from the scores of the measures supporting its sub-
objectives (and, ultimately, the overall capability score over all the objectives for an alternative).
The aggregation method specifies the relative importance or contribution of each sub-objective
to the achievement of its higher objective. It enables aggregation of subordinate objective scores
into a single value score for the higher objective and similarly for the overall capability.

It is important that aggregation formulas be developed and confirmed with users/warfighters
who can speak to the operational contribution of each sub-objective and objective. The CCA
team should also test with the users the applicability of each function over a range of possible
values to determine how the relationship changes over a range of input or if there are limits.

Aggregation methods are specific to the sub-objective, objective, or capability relationships
throughout the hierarchy, and thus, a military worth hierarchy may incorporate several methods.
The aggregation method must model, with the greatest fidelity possible, the true relationship
between the sub-objective(s) and the parent objective and between the objective(s) and the
parent capability. Weights are a systematic way to represent the relative degree of preference
between objectives. The development and application of aggregation methods builds the
mathematical wiring diagram that connects the tiers of the military worth hierarchy, enabling
consistent computing of a capability score for each alternative.

Detailed discussions of the aggregation methods used below can be found in works by Haimes,
Felix, Kirkwood, Parnell, and Keeney (references 30-33 and 43 in Annex D).

5.2 Purpose/Objective

The purpose of aggregation is to support development of an overall capability score for each
alternative under consideration in the CCA. In this step, the relationship between each objective
and its sub-objectives is examined with users/warfighters, who can provide the operational
perspective and define it mathematically. Mathematical functions are developed to be as
accurate as possible, while reflecting the contribution or importance of sub-objectives to
achieving parent objectives, working from the bottom of the military worth hierarchy to the top.
Accurate aggregation formulas are critical to the hierarchy’s effectiveness in representing the
capability and in turn, the fidelity of alternative scoring. In the following sections, the
development of an aggregation function using the targeting capability hierarchy is illustrated.

5.3 Approach

Returning to the military worth hierarchy developed in Step 2 (see Figure 10), an aggregation
function relating objectives to capability (tier 2 to tier 1) is defined. Multiple aggregation
functions relating sub-objectives to objectives, moving upward from the lowest tier, are also
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defined. For this example, weighted averages are used throughout the hierarchy with local
weighting (where weights must sum to 1 on a tier within a branch).

Capability g::)gaebtlllr:tgy

Objective Ti Attack
i ective Tier c
Find Target J Target
. . —
: . : Conduct
Search Locate Sub-Objective Tier  |Plan Attack ‘Atinck

; I ;
Track Identify Display Correlate Analyze Prioritize Assign Release
Targets Targets Maps rack to Map Target IDs Targets Weapons To Weapons
T r T r r r r T r T
Detect Acquire Analyze Search Retrieve Display Process Receive | | Compare | |Determine| |Determine| AssessKill Max Target |Distribute| | Engage
q Tracks Database | | Intel Data Tracks GPSData | |Targetinfo, | Profiles Range Value Probability] | Values Orders Target

Figure 10 — Example Military Worth Hierarchy for Targeting Capability

e Starting with the bottom tier in the leftmost branch, the first set of weights define the
relationship between track targets and its subordinate sub-objectives, detect and acquire.
The CCA facilitator can use various methods to elicit the weights (see Section 5.5); for this
example, equal weights were assessed as shown in Figure 11, meaning detect and acquire are
equally important to achieving track targets. The function would be: track targets score =
0.50 = detect score + 0.50 * acquire score, where the detect and acquire scores are the
value scores determined for each of the alternatives. Value scores will be addressed in Step 7.

Track
Targets

I—I—|
Detect Acquire

0.50 0.50

Figure 11 — Lowest Tier Sub-Objectives with Weights Example

e Ingeneral, start with the lowest tier in the hierarchy, determine the aggregation function that
best represents the contribution of each sub-objective to its parent objective.

e Thissame process is repeated across the lowest tier, relating all the sub-objectives to the next
tier in respective branches.

e Moving up a branch, identify which objectives are subordinate to the objective at the next
level and determine the appropriate aggregation function. In our example, we would weigh
track targets and identify targets in terms of how they contribute to search. In this case,
identify targets was assessed to be three times as important as track targets to the
achievement of search, resulting in weights of 0.25 for track targets and 0.75 for identify
targets (see Figure 12). Again the weights assigned to subordinate objectives must sum to 1.
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Search
[ 1
Track Targets Identify Targets
0.25 0.75
I—I—|
Detect Acquire
0.50 0.50

Figure 12 — Weights going up the hierarchy

e This process is continued for each tier in the military worth hierarchy, with results shown in
Figure 13.

Targeting
Capability
— .
Find Target Attack Target
0.60 0.40
r S r 1
Search Locate Plan Attack Conduct Attack
0.20 0.80 0.50 0.50

Track |:|t| Dis ;:Iay Ccﬁlate Anaiyze rm.rltlze Jlss.lgn Release
Targets Targets Maps Track to Map Target IDs Targets Weapons To Weapons
0.25 0.75 0.70 0.30 0.90 0.10 0.35 0.65

1 1 I

Detect Acauire Ana.lyze Search Retrieve Disblay Process Recéi\re Compare | |Determine| |Determine Asseés Kl . ax Target| Distrlibute Engage
0.50 quﬂ Tracks Database | | Intel Data Tracks GPS Data | |TargetInfo| | Profiles Range Value Probabili Values Orders Target
: : 0.75 0.25 1.00 0.85 0.15 0.55 0.45 0.70 0.30 0.40 | 0.60 0.45 0.55

Figure 13 — Complete Military Worth Hierarchy with Aggregation Methods Identified

Key to this process is CCA team engagement and discussion with the warfighter and operational
SMEs. The CCA facilitator should oversee the development of the aggregation functions, similar
to development of the military worth hierarchy and value functions, to identify/mitigate
potential bias in the discussion, ensure all perspectives are heard, and to confirm that the
characterization of each objective/sub-objective relationship is correct. It is important to
conduct credibility checks on the weights, testing them by computing the parent objective score
for a variety of examples covering a range of expected input values.

5.4 Responsibilities

Developing aggregation methods also requires engagement with the warfighter/user SMEs (i.e.,
operators, maintainers, etc.). Here the CCA team is soliciting warfighter and SME views of the
contribution of a given set of objectives and sub-objectives to achieving the mission, task(s), or
functions at the next higher level and an understanding of what the warfighter/user considers
valuable in establishing this preference. The CCA study lead and facilitator should ensure
stakeholder representation and participation is sufficiently broad to mitigate potential bias in
subjective assessments. Once aggregation methods have been developed, they should be
reviewed with the decision maker and appropriate stakeholders to ascertain their concurrence.
As with previous steps of the CCA process, as the CCA progresses there may be a need to revisit
the selected aggregation method(s) and make adjustments.
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5.5 Methods

Facilitated discussions with warfighter/user SMEs to solicit appropriate aggregation methods are
typically used. It is critical the CCA team understand reasons for selecting the particular
aggregation methods and to conduct due diligence when inputs from multiple stakeholders are
significantly different. Different stakeholder views of the contribution of a sub-objective to an
objective’s outcome may represent experience in different operational scenarios. If the
differences are deemed important such that it will have significant bearing on scoring of higher-
level objectives, it may introduce the need to consider different scenarios in the military worth
hierarchy. A consensus should be reached on aggregation methods utilized in the CCA and ranges
to be applied. Additionally, the team should review the logic and credibility of the aggravation
methods used in navigating from bottom-to-top, top-to-bottom, and the military worth hierarchy
as a whole, making adjustments if needed.

NOTE: If a consensus cannot be reached and the majority input is used, dissenting inputs should
be recorded for later sensitivity analysis.

Weighting methods are a systematic way to represent the relative degree of preference between
objectives. There are multiple methods to derive weights. Point Allocation, Swing Weighting, and
Rank-Order Centroid are commonly used. Weighting can be accomplished at the local level
(across one branch of the hierarchy) or at the global level (across an entire tier of the military
worth hierarchy). The CCA facilitator can provide examples and descriptions of each weighting
method as needed.

5.6 Data Inputs

Any previous CCAs or other related studies that address the particular capability under
assessment should be leveraged as feasible. Typically warfighter/operational SMEs provide the
inputs to the aggregation method. In the examples provided, the warfighter/operational SMEs
would provide the “local” weights for each objective and sub-objective related to the capability
under assessment and within the military worth hierarchy. Weighting or determining other
aggregation formulas of specific objectives may also be informed by M&S, if available.

5.7 Expected Output

All elements of the aggregation method must be provided within the context of the military
worth hierarchy. In the example shown, weights are provided for each objective/sub-objective
in the hierarchy. Figure 13 above shows an output for our example. Information supporting the
selection of the aggregation methods and their specific input values (e.g., weights), for each
objective in the military worth hierarchy should be recorded. Reasons for differences in
weighting among stakeholders should be captured.

5.8 Quality Checks

The following questions should be considered and answered by the end of Step 5:

e Was a proven methodology used to determine the aggregation method?
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e Isthere bias in the inputs and therefore, results?
e Were all stakeholders included?

e What objectives and/or sub-objectives were the most contentious when determining
aggregation methods used?

e Were the motivations for assessing specific objectives and sub-objectives to be more or less
important than others understood and recorded (e.g., if using weights, why would one
objective have a higher weight and more importance than another)?

Caution: Involvement of all stakeholders is critical to ensure there is no
manipulation toward a preferred alternative.

5.9 Detailed Example
MPWS Example: Step 5 — Prioritize Measures/Develop Aggregation Method

AGGREGATION METHOD ESTABLISHED

With the completion of the aggregation methods, the decision framework for the CCA has been
established and the CCA team is ready to proceed to identifying alternatives.

NOTE: Steps 2 through 5 constitute the creation of the military worth framework and formulas
that will be used to evaluate alternatives. By themselves, these steps are very interdependent,
relying heavily on user/warfighter SMEs and stakeholder input, and will likely be completed in an
iterative fashion. As the framework is used to evaluate alternatives, Steps 2 through 5 may need
to be revisited. If the military worth hierarchy, evaluation measures, value functions, and/or the
aggregation methods are altered, the evaluation of all alternatives will need to be revisited and
updated.

23






AFLCMC CCA Guidebook v1.0

Step 6 — Identify Alternatives

“We cannot solve our problems with the same thinking we used when we created them.” (Albert Einstein)

6.1 General Discussion

In this step, the CCA team identifies and defines the set of alternatives to be evaluated.
Alternatives represent solutions for achieving the desired capability. Multiple alternatives to
address the CCA problem are identified within the context of the mission and decision
environments defined in Step 1. These alternatives offer the decision maker choices to deliver
the desired capability, with each alternative offering a different level of capability effectiveness
for an estimated cost. This set of alternatives represent the cost capability trade space.

A common question often arises early in this step, “How many alternatives do we need to
identify?” ldentifying a greater number of alternatives can paint a broader trade space for the
decision maker and may result in finding a solution with particularly high effectiveness relative
to cost, i.e., high value to warfighter stakeholders. It may also obscure key tradeoffs if there is
little effectiveness or cost differentiation among the alternatives. Additionally, the time and
resources needed to complete the analysis increase with the number of alternatives considered.
The goal is to identify and evaluate a sufficient set of feasible alternatives to represent the trade
space. Alternatives that are similar or slight excursions, can be explored after the CCA.

6.2 Purpose/Objective

The principal objective of this step is to identify and define a set of alternatives that represent
the trade space effectively and provide a suitable range of options to the decision maker.
Identification of alternatives in a CCA is an iterative process that feeds back important
information (e.g., potential (unconsidered) solution approaches, alternative adaptations, cost
drivers, constraints, and technology) to evolve the set of alternatives and provide trade space
insight to the decision maker. Consider the following when developing alternatives:

The CCA motivation: What are the cost/capability questions to be answered? What is the
capability gap to be filled where the decision maker seeks to understand the balance between
capability satisfaction (value to the warfighter) and cost?

The military worth hierarchy: What are the missions, tasks, functions, objectives, and sub-
objectives of the hierarchy defined in Step 2 that alternatives must support? Solutions most
often will need to meet multiple needs. Some alternatives may emphasize improvement to
certain objectives of the military worth hierarchy more than others. The set of alternatives to be
evaluated should offer a range of effectiveness or capability achievement, particularly for
elements of the hierarchy where the decision maker wants to better understand potential
cost/effectiveness tradeoffs.

The evaluation measures: Do the alternatives as a set offer a range of performance for each
evaluation measure? This is particularly important to depicting a broad enough trade space. If
alternatives offer about the same performance for a given measure, the measure becomes
inconsequential to the trade space and to the decision maker’s choice. If performance of
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alternatives is similar for multiple measures, the CCA may not provide the cost/capability trade
insight the decision maker desires.

Depending on the CCA context and stage of the acquisition life cycle, the character of alternatives
may vary considerably:
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Figure 14 — Acquisition Life Cycle with CCA Decision Points

Early in the acquisition life cycle, (e.g., CCAs supporting AoA and pre-MDD decisions),
alternatives typically focus more on exploring concepts than filling the specified capability
gap(s). Concepts are defined by a range of DOTMLPF-P (Doctrine, Organization, Training,
Materiel, Leadership, Personnel, Facilities, and Policy) changes. Alternatives might be solely
non-materiel (e.g., changes in doctrine and training) or materiel (new or modified
equipment/systems) or encompass very different types of systems/system-of-systems.
Concepts provide the desired capability in very different ways, use different technologies, or
combine, adapt or otherwise leverage functionality from existing systems. While they may
all respond to filling the identified capability gap to varying levels, each concept considered
may not provide all the same functions. Differences in their capability outside the context of
the CCA should be noted and evaluated. This early in the process, multiple alternatives define
the trade space for each concept. For a CCA at this stage of the acquisition life cycle, it is best
to choose and evaluate a single representative alternative for each concept and document
possible variations for further analysis.

In the middle of the acquisition life cycle encompassing decisions from Draft CDD approval to
Milestone B, the identification and definition of alternatives focuses on exploring the trade
space in determining or refining capability development requirements. For a given materiel
solution, alternatives are identified that vary KPPs and Key System Attributes (KSAs) to
achieve different levels of the desired capability. Different equipment, technologies, and
even types of systems may be represented by alternatives to present a range of effectiveness
for the evaluation measures used in the lowest tier of the value hierarchy. Through systems
engineering and analysis, feasible alternatives that can achieve different values of each
measure should be defined.

In the latter part of the acquisition life cycle, the identification and definition of alternatives
would focus on refinement of capability production and deployment requirements.
Alternatives may achieve different levels of system performance requirements or have
different integration approaches, deployment and logistics strategies, and other choices for
implementing the capability for the warfighter. Relaxing certain performance requirements
to achieve affordability may be the objective guiding the definition of alternatives.
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The CCA should include the current situation or “status quo” in the set of alternatives to be
evaluated. This provides a baseline to which other alternatives can be compared. The status quo
or “baseline” represents the decision to do nothing. The status quo alternative may be
characterized by an existing system providing current levels of capability effectiveness with
required sustainment costs. In some cases, however, the status quo cannot be continued as is
(e.g., if the system is at end of useful life, or spare parts are no longer available); in this case an
alternative that modifies/upgrades the current system must be defined. In early stages of the
lifecycle and in CCAs examining new capabilities, there may be no baseline.

The set of alternatives will also be characterized by different cycle times (schedule) and risk.
Cycle time is the time required to achieve some defined level of operational capability. In the
CCA methodology, cycle time and risk are evaluated as separate parameters to be presented with
cost effectiveness in comparing alternatives. Differences in alternatives’ proposed system
technology, for example, may increase cycle time and risk if technology readiness is low. In
identifying and defining the alternatives, it is important to capture, characterize, and document
their schedule and risks for presentation to the decision maker.

Identified alternatives will likely have very different LCC profiles as well as external cost and other
impacts. A CCA having an objective of improving acquisition affordability may identify
alternatives that reduce development and procurement costs while increasing operations and
sustainment costs. Careful analysis of cost impacts and the potential for shifting costs from one
program phase to another is a topic for Step 8. Other operational and logistics/sustainment
impacts (e.g., to supporting infrastructure, external systems, and their logistics, etc.) posed by an
alternative may be considerable and impose costs external to the LCC of the solution. These are
often identified in the process of defining alternatives and need to be captured to support proper
evaluation of the alternatives by the decision maker.

The decision environment of the CCA may also impose funding constraints (annual budgets by
specific appropriation). These may also limit the effective trade space and constrain selection of
alternatives to be evaluated. An iterative process of defining alternatives and determining rough-
order-of-magnitude costs may be required to ensure that selected alternatives will be feasible
within the budget constraints.

6.3 Approach

There is no theoretical basis for developing alternatives. CCA team brainstorming is a good way
to identify a wide range of alternatives to be considered. These can then be vetted to select a
smaller set of feasible alternatives that represent a sufficiently broad trade space for the analysis.
Alternatives should be responsive to addressing the capability gap at some level. The definition
of each alternative should describe generally how it addresses the capability gap and responds
to objectives in the value hierarchy.

6.4 Responsibilities

Identifying and defining alternatives is the responsibility of the entire CCA team. Efforts to
identify various ways the capability gap can be filled will involve operational/warfighter SMEs as
well as external organizations (e.g., scientists and engineers from laboratories and contractors).
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CCA logisticians and cost estimators are necessary participants in bringing sufficient definition to
the selected alternatives for purposes of estimating life cycle cost.

The CCA study lead in collaboration with the decision maker may identify any characteristics or
constraints that bound the types of alternatives to be considered. Once an initial set of
alternatives has been identified by the CCA team, the CCA study lead will engage stakeholders
and the decision maker to filter the initial set to those that will be considered for the CCA.

CCA team members, including operations research analysts, engineers, and cost estimators,
contribute to defining the selected alternatives and developing a technical baseline (described
later) for each. They bring sufficient definition of the physical, functional, and performance
characteristics of each alternative to support development of a life cycle cost estimate and
ensure the alternative can be measured using the value functions developed in Step 4. They also
determine whether the alternatives represent the trade space and the range of capability levels
and cost desired for the analysis.

6.5 Methods

Alternatives may be identified from a variety of sources. If the CCA is being conducted on an
established program, alternatives may be characterized by changes to the established baseline.
Alternatives may be existing or pre-defined (e.g., from an AoA), may be identified in
documentation of past efforts (e.g., a Concept Characterization and Technical Description (CCTD),
a technology trade study, etc.) or the decision maker may specify a set of alternatives to be
evaluated. In most cases, alternatives will need to be developed by the CCA team to represent
the desired trade space.

In general, the following factors should be considered when brainstorming and developing
alternatives:

Performance: The ability to meet (or nearly meet) defined objectives in the military worth
hierarchy and performance requirements as applicable

Platform: Platforms that could be used to deliver the required functionality/capability as part of
an alternative, e.g., ground stations, aircraft, ships, satellite

Technology: The technologies needed to implement the functions that comprise the capability
(e.g., space-based sensors, ground based radar, communication networks, unmanned aircraft
system) and the maturity and risks of these technologies

Operational environment: The environment(s) in which the alternatives must operate, e.g.,
desert, atmosphere, ocean, or space, or within specific temperature ranges; different missions
or operating scenarios that may impose different capability operational/performance
requirements. (Different capability needs for different scenarios should be incorporated in the
value hierarchy)

Schedule: The realistic timeframe in which it is feasible for the alternative to be fully
deployed/operational compared to the timeframe when the capability is needed

Other: U.S./commercial/international capabilities that could be adapted
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External interfaces: Other systems that the capability will impact, the systems (alternative
dependent) it must interface with or has dependence upon

Architectures: The need for interoperability and integration with enterprise architecture

Supplementary Elements: Impacts on existing infrastructure, support capabilities, and personnel
resources

Stakeholders should be included in the process of identifying alternatives to provide their
perspectives on feasibility and desirability. Regardless of the source or method used to identify
alternatives, the value hierarchy and value functions (developed in preceding steps) represent
the stakeholder views and therefore, drive generation of a set of alternatives that fill the trade
space. The effectiveness of each alternative must be measurable across the evaluation measures
used in developing the value functions. The CCA team must be able to obtain or generate the
data needed to accomplish this measurement. Each alternative should be technically and
programmatically feasible for providing the capability within the desired timeframe. Each
alternative should also be comprehensive, meaning that it provides capability at some level to
address all the objectives represented in the value hierarchy.

Additional sources and methods to generate alternatives include:

Market research: may identify commercial solutions and emerging technologies useful to shape
alternatives

Case studies: of similar systems or addressing similar capability needs may identify pertinent
attributes to consider when developing alternatives

Analogies: to capabilities/systems used by other services, or adaption of those systems

Request for Information (RFI): to industry or industry days may be held to solicit solutions or
information needed to formulate alternatives. Information from technology demonstrations or
other competitive design efforts may reveal options for consideration.

Bending the Cost Curve (BTCC): is an evolving industry engagement process championed by
SAF/AQ that seeks to reform the way the Air Force talks to industry about requirements. Its
purpose is to identify opportunities and challenges while gaining insight from industry on
requirements, cost drivers, and trade space (aka, CCA). A BTCC Government — Industry
Engagement Process (G-IEP) for Cost Capability Analysis! has been developed and is intended to
be used by those who perform requirements definition and development planning, who conduct
early systems engineering evaluating alternative approaches to provide desired capabilities, and
established Program Offices charged with engineering and acquiring a system solution. The
following steps can be applied by the CCA team to capture industry information and insight useful
to generation of alternatives:

e Identify Information/Data Desired from Industry: Critically diagnose capability
needs/requirements to identify the data you want industry to provide.

1URL: http://www.transform.af.mil/CCA-IndustryEngagement.aspx
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e [nvite Industry Marketing: Industry is invited to provide information that would increase the
CCA team’s horizon of possible solutions and potential contractors.

e Identify Known Government Contractors: Contact other program offices and activities using
similar capabilities and identify providers on contract with the government.

e Review Business Publications: Business publications that review industry players and product
lines can be a good source of information. Local business libraries can facilitate research of
business publications.

e Attend Conferences: Go to conferences associated with the product area and relevant
technologies.

e Conduct Web Searches: Companies’ web sites display their products and capabilities.
e Issue Solicitation Notices: Issue a request for information to industry to provide new data.

e FEstablish a Source Database: Create a database tailored to the CCA team’s need to capture
and integrate information (e.g., on similar capabilities by current users, experience, etc.)

6.6 Data Inputs

Once an initial set of alternatives is developed, additional factors should be considered as a basis
for filtering non-feasible alternatives. Filtering removes alternatives from consideration before
the CCA moves forward based on limitations that constrain their ability to be implemented as
viable solutions. It is important to not filter too soon in the process to avoid having insufficient
alternatives with which to depict the cost/capability trade space. Careful filtering is important
however to keep the scope of the effort manageable and to make sure that only relevant
information is presented to decision makers. Rationale for removing an alternative from
consideration must be documented. Factors to consider in filtering include:

Cost: Unacceptably  high  cost  (acquisition investment, unit  procurement,
operations/sustainment) based on a preliminary cost assessment. Assessing this requires
consultation and iteration with the cost team. If cost will likely fall well in excess of budget, the
alternative would be programmatically infeasible.

Risk: Technical, cost, or schedule risk is very high relative to other approaches for achieving the
same level of performance, based on preliminary risk assessment.

Assumptions: Dependence on assumptions that may be unrealistic (e.g., new algorithms will be
developed and tested within the proposed schedule; additional production facilities will become
available).

Policy: Non-compliance with law, regulations, and/or policy.

Technology maturity: Maturity level of proposed technology is not high enough or will not be
high enough when needed. Technology maturity is an important filter for alternatives intended
to satisfy operational needs. However, if early in the life cycle, it may be feasible to apply
resources to increase technical maturity and reduce risks. The decision maker will want to choose
the level of risk to be accepted and managed.
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Political/economic: For example, international agreements, environmental controls, treaty
compliance, may constrain ability to implement an alternative.

Logistics: Executability of alternative given the required logistics support.

Resources: Availability of appropriate numbers and skill mix of staff (government and contractor)
for the life cycle of the alternative.

The alternative set should be revisited, re-filtered, and refined during the CCA as new information
becomes available. Information from the alternative evaluation and cost analysis steps (Steps 7
and 8) may point to a reason an alternative is not viable or identify new alternatives that need to
be considered or a filtered alternative coming back into consideration. Thus, specific alternatives
and the set of alternatives can change based on feedback from stakeholders and the decision
maker as the CCA moves forward.

6.7 Expected Output

The product of the alternative identification process is a set of feasible alternatives that provides
sufficient variation in capability level and cost to illustrate the trade space to the decision maker.
The final set of alternatives chosen for assessment should be the product of thorough research
and evaluation and vetted with SMEs, and the decision to use this set should be thoroughly
documented and defensible. A description of each alternative and rationale for its selection (i.e.,
compelling factors such as meeting certain objectives) should be documented. As well, those
alternatives ultimately deemed infeasible and the reasons the alternatives were removed from
consideration should be documented.

For the final set of alternatives selected for evaluation, a detailed technical baseline must be
formulated for each to ensure appropriate and consistent evaluation of criteria (cost, schedule,
performance/benefit, and risk). A technical baseline defines and describes an alternative in
sufficient detail to support estimating its life cycle cost and to allow evaluation of its technical,
programmatic, operational, cost, and implementation attributes in comparison to other
alternatives. Figure 15 depicts the elements of a comprehensive technical baseline to support
engineering and programmatic tradeoffs and developing realistic cost estimates.
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i Purpose Program Origins User Requirements
Technical Who needs this IMotivation, Capabilities, Functions,
Baseline (TB) acquisition Predecessor system(s) Performance, Schedule

System Overview
System /Functional description
Ref. Architecture,
Capabilities, KPPs

External Relationships
Architecture, dependencies,
interfaces

Enterprise Considerations
Legacy systems/com pon ents,
Engineering Baseling, Technical
Standards, Interoperability

/ Core Baseline \\

System Decomposition
Subsystems, Hardware &
software Components, COTS

Integration
(Multiple Levels)

Design, Development,

Collateral Efforts

Systems Engineering

Specialty Engineering

Management

System Test, Operational Test
& Evaluation [OT&E]

Engineering Efforts | Logistics

Qualification Test

Development Test & | System Platform
Deployment Integration

Evaluation [DT&E) _/

‘ Acguisition Approach: Strategy, Schedule, Contrading ‘

Operational & Maintenance
Concept

Technology Strategy
Matu rity, Insertion, Refresh

J/

Figure 15 — Elements of a Comprehensive Technical Baseline

For existing programs, the Cost Analysis Requirements Description (CARD) or similar system
description document can be a starting point. The CARD is a document that describes a system/
program for the purposes of cost estimation and is required for all Major Defense Acquisition
Program (MDAP) and Major Automated Information System (MAIS) programs preparing for a
Milestone decision (A, B, C, and full rate production (FRP)). The CCA team should verify with the
program that the latest CARD is used, that it represents the current program baseline, and that
it is consistent with the program cost estimate.

The technical baseline is in part the characterization of physical and functional characteristics of
the alternative needed to provide the desired capability. The core of the technical baseline is
primarily the composition and description of hardware, software, and integration, including both
non-recurring and recurring elements. The technical baseline information must also include
programmatic, technologic, and external contexts that are important to costing but also for
identifying assumptions, risks, external dependencies and impacts, and implementation strategy
of the alternative. The technical baseline must also fully describe production/deployment and
operations and support requirements of the alternative. In its comprehensiveness, the technical
baseline supports engineering and programmatic tradeoffs, the subject of CCAs, and developing
the cost estimates to inform many types of planning, funding, design implementation, and
acquisition decisions.

It is preferable that the final set of alternatives be distinct and independent. During the course
of the CCA, it may be desirable to examine variations of existing alternatives (e.g., changing a
specific hardware element to one with slightly different performance; using a different hosting
platform for the system) to understand drivers, how change affects criteria assessments, or to
address certain stakeholder perspectives. Each variation should be treated as a separate
alternative, and these variations may or may not end up in the final set of alternatives.
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Relationships across the alternative set must be identified for the decision maker and
stakeholders to be clear about their similarities and dependencies.

6.8 Quality Checks

The following questions should be considered and answered by the end of Step 6:

e What approaches were used to identify possible alternatives? Did they enable generation of
diverse solutions, including those that are non-materiel or non-traditional?

e Were industry sources consulted for alternatives?

e Did all stakeholders participate? Has the set of alternatives been vetted with stakeholders?

e Do the selected alternatives respond to all the objectives in the value hierarchy?

e Can each alternative’s performance be measured against each evaluation measure?

e Do the alternatives offer a sufficient range of performance for each evaluation measure such
that a reasonable range of capability vs. cost can be presented to the decision maker?

e Review Step 3 and Step 4 to ensure the measures and value functions are appropriate for the
set of alternatives.

6.9 Detailed Example
MPWS Example: Step 6 — Identify Alternatives

ALTERNATIVES ESTABLISHED

With the identification and technical baseline definition of a selected set of alternatives, the
CCA team is ready to implement the decision framework established in Steps 2 through 5.
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Step 7 — Determine Capabilities of Each Alternative

7.1 General Discussion

The completion of Steps 2 through 5 resulted in an evaluation framework the CCA team will use
to compute the value of each alternative identified in Step 6. This is often referred to as “scoring”
or “computing the capability score” of each alternative; for the purpose of this discussion, the
term “capability score” will be used.

The process of computing the capability score for an alternative is fairly straightforward, once its
operational effectiveness or performance is determined for each evaluation measure. However,
the mechanics of applying the framework should be accompanied by the CCA team’s judgment
and reasoning to ensure realism, reasonableness, and credibility/supportability of the results.
For each alternative, the framework is verified by ensuring the resulting capability score
accurately represents its effectiveness and value. Where needed, SMEs who provided input
while developing the framework should be consulted, to both review initial results and suggest
sensitivity tests. In addition to the overall capability score, fidelity at the various levels and
objectives of the military worth hierarchy are important as alternatives may be compared with
regard to how well they meet specific objectives and sub-objectives. Things to consider and
guestion when computing capability scores include:

e Consider the source and quality of the operational effectiveness/performance input data.
Does it originate from models or actual (measured) performance of a comparable system?
Was the data reviewed by SMEs who have relevant operations knowledge and experience?

e Ensure the data matches the measure definitions defined in Step 3. Measures may need to
be modified if appropriate data is unavailable or ambiguous; it may be necessary to iterate
measures, necessitating modification to the value functions and military worth hierarchy
aggregation formulas.

e Determine that the operational effectiveness/performance input falls within the relevant
range for the measure, such that it can be evaluated with the defined value function. If not,
there may be a need to revisit the measure definition and/or value function.

e Score every alternative for every measure. If an alternative provides no capability against a
specific measure (i.e., has a zero value for the measure), it must still be scored using the
measure’s value function for a truthful representation of its capability score.

e Document the source and determination of the effectiveness/performance input for each
measure. Document the reasoning for the capability score and scores of key objectives in
the military worth hierarchy. This rationale will be needed later to support the presentation
to the decision maker.

e Develop insights into the scores of value to the decision maker. Consider what drives scores
of particular alternatives, which evaluation measures are dominant across alternatives, etc.
A decision maker will want to know not only which alternative provides the greatest value
relative to cost, but how the alternative provides value—the level of capability for the user.
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A capability score represents difference in value, not how much better or worse capabilities are
amongst the alternatives. A capability score of zero means that the alternative provides no value
for providing the mission capability; at the other extreme, a capability score of 1 means that the
alternative is ideal. However, a capability score of 1 is unlikely as the competing objectives
identified in the military worth hierarchy are such that the ideal is probably not achievable.

7.2 Purpose/Objective

Calculate a capability score for each alternative applying the evaluation framework developed in
the previous steps of the CCA process. The capability score provides an unbiased measure of the
value of the alternative to the user/warfighter and enables comparison of other alternatives. The
capability score for each alternative, insights into the capability level and value provided to the
warfighter by the alternative, the extent to which specific objectives are satisfied, and the cost
of the alternatives will inform the decision maker in selecting an alternative or COA.

7.3 Approach

The theoretical basis or approach for computing the capability scores of alternatives is the
analytical framework developed in Steps 2 through 5. Figure 16 illustrates how the analytical
framework is applied to compute the score of each alternative.

Analytical Framework for Computing

CCA 11 Step Process Capability Score (Step 7)

1. Identify Problem and Scope
Analysis

2. Create Value Hierarchy (VH)

3. Develop Measures

4. Develop Value Functions

5. Prioritize Measures/Develop
Aggregation Method

6. Identify Alternatives

_ 8. Estimate Cost of Each Alternative

9. Generate Outputs and
Display Products

10. Analyze Sensitivity

11. Record Analysis

Figure 16 — How Evaluation Framework is used to Compute Capability Scores

Input for each measure identified in Step 3 must be obtained for each alternative defined in
Step 6. These measures quantify an alternative’s operational effectiveness/performance for
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satisfying the lowest level objectives of the military worth hierarchy, as determined by the
technical and operational characteristics of the alternative. The next step is determining the
value score from each measure’s value function. Lastly, the aggregation formulas developed in
Step 5 are applied working upward through the hierarchy to compute a capability score for each
alternative.

7.4 Responsibilities

Capability scoring using the evaluation framework is facilitated by the CCA facilitator, operations
research analyst, or a designated operational effectiveness sub-team with oversight by the study
lead. The analyst is responsible for ensuring the appropriateness and validity of the data, both
with respect to the definition of the measure and its consistency with the technical baseline
definition of the alternative.

After completing the scoring, the CCA team should review the capability scoring through the
branches of the military worth hierarchy with the warfighter/user and SMEs. Discrepancies with
SME judgments may indicate a value function was incorrectly captured or an aggregation
function incorrectly defined. Once the capability scoring has been reviewed with SMEs, it should
also be reviewed with the decision maker and other appropriate stakeholders to ascertain their
concurrence (this may occur when briefing the final analysis results). It should be noted that if
evaluation measures, value functions, or aggregation functions are changed as the analysis
progresses, the team will need to repeat the scoring of alternatives.

7.5 Methods

Effectiveness data for each alternative is entered and applied in the military worth hierarchy as
follows:

e For each measure, translate the effectiveness score into a value score between 0 and 1 using
the measure’s value function

e Aggregate the scores up the military worth hierarchy until the entire hierarchy has been
scored

e The score at the very top of the military worth hierarchy represents the value of the capability
for each alternative

If effectiveness is determined by performance models or other M&S tools, effectiveness scores
may need to be first translated into scores aligned to the measures. These are then used in the
value functions to determine value scores for the lowest tier objectives of the military worth
hierarchy, followed by computing value scores up the tree to the top giving the overall value
score.

7.6 Data Inputs

The military worth hierarchy provides a structure to develop a data collection template to
address CCA objectives. The template should include a clear definition of each measure,
alignment of the measure to objectives/sub-objectives, data needs for each measure noting
specific usages and interpretations, and data sources. The template should allow for multiple
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inputs from different sources. Depending on the operational/performance, sources for the data
may include:

e Performance data from the existing system, adjusted by engineers or operations analysts as
appropriate for changes/differences introduced by the alternative

e Performance data from analogous systems

e Reports and studies relevant to the capability

e Technology maturity studies

e Industry product data or independent product evaluations
e Performance or operational effectiveness models

e Modeling and simulation tools

e Experienced operators who are familiar with the types of systems, technologies, and
applications pertinent to the alternative

e SMEs with specific domain, mission, and/or functional knowledge

Using readily available operational data can ease collection burdens. CCAs examining tradeoffs
in latter parts of the life cycle are more likely to have data from the existing program or access to
performance data of analogous systems operated by other services or commands.
Documentation of the data, its source, operational context, and its interpretation and usage for
the evaluation measure is vital. In addition, data classification, permission to use the data, point
of contact for the data source, and any restrictions that must be observed in using or handling
the data should be captured. Be clear about the source(s) of information, as data is often
obtained from a second or third source. Data quality/credibility should be evaluated based on
its source, e.g., whether it originates from measured operational performance, proven models,
first-hand knowledge/experience of operators, and/or the recognized SMEs versus more hearsay
or anecdotal information.

The CCA study lead and facilitator should be watchful for potential bias, e.g., inflating
performance (especially for objectives having more weight in the military worth hierarchy) for
purposes of promoting a particular alternative.

NOTE - If data is generated via models or other analytic processes external to the CCA team, they
should be provided by an effectiveness analysis team. Ongoing dialogue between the CCA team
and the Effectiveness Analysis team will likely be required to ensure the measures are properly
understood, aligned with the model output, and accurately tested through M&S. Effectiveness
analysis requires highly trained analysts proficient in M&S tools for the various levels of
engagement to be considered. Table 4 lists AF endorsed M&S tools.
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Table 4 — AF Endorsed M&S Models

Campaign Mission Air Combat One-on-one |[Engineering
THUNDER SUPPRESSOR |BRAWLER ESAMS FASTGEN
ASC-LCOM JAAM MOSAIC COVART
RADGUNS
SHAZAM

7.7 Expected Output
* Data collected for each alternative and justification for each score
* A capability score for each alternative

The following is an example of applying operational effectiveness scores depicted in a military
worth hierarchy:

Alternative 5 Capability Score =0.52

Targeting
Capability
Find Target A2+ 6+ 67T+ 4= 52 Attack Target
0.60 0.40
. T4+2+34+8=42 | ) [72-5+62+.5-67]
Search Locate Plan Attack Conduct Attack
0.20 0.80 0.50 0.50
[55+ .25+ .8 «.75=74] [ 3+.7+43+.3=34 | [ 73+.9+.62.3=.72 | [184+ .35+ .5« .65= 62
Track [enti isplay Correlate Analyze rioritize Assign Release
Targets Targets Maps Track to Map/ Target IDs Targets Weapons To Weapons
0.25 0.75 0.70 0.30 0.90 0.10 0.35 0.65

5+.5+.6+5=55] [8+.75+.8+.25=8][3+1=3|[4+.85+.6+.15=43|[8+ .55+ 65+ 45= 73

6+7+6+.3=.6][9+4+8+6=04][25+45+.7+.55=5|

Detect Actuire Analyze Search Retrieve Display Process Receive | | Compare | [Determine| (Determine| Assess Kill Max Target |Distnbute| | Engage
0.50 quu Tracks Database | | Intel Data Tracks GPS Data | Targetinfo, | Profiles Range Value Probabili Values Orders Target
) : 0.75 0.25 1.00 0.85 0.15 0.55 045 0.70 0.30 0.40 0.60 0.45 0.55

0.50 0.60 0.80 0.80 0.30 0.40 0.60 0.80 0.65 0.60 0.60 0.90 0.80 0.25 0.70
Value Scores of Alternative 5

(10 seconds, 0.5)

Value

Measure: Time to Locate Target Type 1
{seconds)

Figure 17 — Applying Operational Effectiveness Scores to the Military Worth Hierarchy Example

The following example walks through computing the scores at each level in a value hierarchy:

e Atthelowest tier of the military worth hierarchy, scoring is accomplished using the evaluation
measure and its value function. For example, Alternative 5’s value score of 0.50 is determined
for detect as shown in Figure 18, e.g., the value of time to detect of a certain number of
seconds is assessed at 0.50 on a 0 — 1.0 value scale (the intersection of the measure (seconds)
and the value scale (0 — 1) on the value function:
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Track
Targets
s (10 seconds, 0.5) 0.25
s
Detect Acquire
0.50 0.50
Measure: Time to Locate Target Type 1 L 0 . 50
(seconds)

Figure 18 — Lowest Tier Objective Scoring Example

Working up the hierarchy, the next level’s scores are determined by the aggregation formula

identified for that next higher tier. In our example, the value score for each of the sub-
objectives (detect and acquire) and the associated weights are used in an aggregation formula
to compute the track targets score of 0.55 as shown below:
Track
Targets
|
| (5% .5)+(6%.5)=55 > 055
r 3 y 3 r 3 y 3 —
Detect Acquire
]
Figure 19 — Upper Tier Objective Scoring Example
¢ Inlike manner, the capability scores for each objective in succeeding higher levels and across
all branches of the hierarchy are computed until the entire hierarchy has been scored. This
results in a capability score of 0.52 for Alternative 5 as shown in Figure 20:
Alternative 5 Capability Score =0.52
Targeting
Capability
Find Target A2+ 5+ 67+ 4= 5 Attack Target
0.60 0.40
J4+2+34+8=42 J2 =5+ 62+ .5= 67
Search Locate Plan Attack Conduct Attack
0.20 0.80 0.50 0.50
[ 55+ .25+ 8+.75= 74| [ 3+7+43+.3=.24 | | 73:9+6+3=72 | [84+.35+ 5+ 65= .62
Track Tdentify | |—Display Correlate Analyze rioritize Assign Release
Targets Targets Maps |Track to Map Target IDs Targets Weapons To Weapons
0.25 0.75 0.70 0.30 0.90 0.10 0.35 0.65
5+5+6+.5=55| [8B+.75+.8+.25= 8] [3+1=3|[4+.85+.6+.15=.43][8+.55+ .65+ .45= 73 6+ 7+.6+.3=6][9+4+8+.6=84][25+45+.7+.55=.5
Detect Acauire Analyze Search Retrieve Display Process Receive | | Compare | |Determine| |Determine| AssessKill Max Targetl |Distribute| | Engage
0.50 quu Tracks Database | | Intel Data Tracks GPS Data | |Targetinfo, | Profiles ’VRange ’V\I‘alue Fmbabili% rﬁlues Orders Target
: : 0.75 0.25 1.00 0.85 0.15 0.55 045 0.70 0.30 0.40 0.60 0.45 0.55
0.50 0.60 0.80 0.80 030 0.40 0.60 0.80 0.65 0.60 0.60 0.90 0.80 0.25 0.70

Value Scores of Alternative5

Figure 20 — Military Worth Hierarchy Scoring to Yield Alternative Capability Score
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This procedure is repeated to score each of the alternatives. The resulting capability scores in

our example are provided in Table 5.

Table 5 — Example of Capability Gap Output Table

Targeting Capability Gap ‘

Alternative

Capability Score

Airborne Targeting A

0.30

Ground Based Targeting

0.45

Airborne Targeting B

0.54

Aerostat Targeting Platform

0.61

| WIN|F

Space Based Targeting

0.52

7.8 Quality Checks

The following questions should be considered and answered by the end of Step 7:

The CCA facilitator and CCA team should also apply the following quality checks regarding data
fidelity, consistency of process, potential bias, SME engagement, and application of sound

reasoning throughout the scoring process:

* How was data obtained for scoring the capability of each alternative?

* Were validated simulations used? Was representative historical data used?

* Did any measures need to be changed due to lack of data?

* What measures were contentious during scoring? Why? Does this suggest a change is

needed?

7.9 Detailed Example

MPWS Example: Step 7 — Determine Capabilities of Each Alternative
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Step 8 — Estimate Cost of Each Alternative

“Posterity! You will never know how much it cost the present generation to preserve your freedom!
I hope you will make a good use of it.” (John Adams)

8.1 General Discussion

Estimating and representing realistic costs for each alternative is critical to achieving a successful
CCA decision outcome. The selection of a COA by the decision maker from the alternatives
presented by the CCA team will consider the value of the capabilities to the warfighter relative
to their cost and an assessment of their life cycle affordability relative to existing budgets or likely
funding.

Cost estimating is a fundamental part of identifying alternatives in the CCA. Cost estimating
incorporates cost, schedule, and risk analysis with systems engineering:

e To identify cost, schedule, and risk implications of requirements, a design approach, a
technology, or set of activities, defining the trade space

e To enable tradeoffs among technical, performance, programmatic, and financial constraints
and objectives and their risks

e To ensure affordability, efficiency, and schedule realism are the foundation for developing or
evaluating solutions

In this methodology, we use “cost estimating” and “cost analysis” synonymously to encompass
all the activities required to support the CCA process including generating the life cycle cost
estimates for alternatives. Tight coupling among cost, engineering, and programmatic disciplines
facilitates viable alternatives, credible cost estimates, and effective capability tradeoffs.

Cost analysis enlightens the CCA trade space by identifying cost drivers. The CCA process defines
alternatives that can offer higher value to the warfighter relative to cost as well as fit within
constraints of limited budgets or life cycle affordability. Cost drivers may relate to achievement
of specific objectives within the military worth hierarchy or its evaluation measures and their
desired performance levels, pointing to a need to craft more cost effective alternatives. The cost
analysis may also reveal cost drivers that were otherwise unknown, pointing to opportunities for
potentially different cost/capability or cost/performance tradeoffs.

Cost estimation in CCA varies in detail and depth with the level of definition of the alternatives’
technical baselines. Alternatives in CCAs supporting early (pre-Milestone A) decisions will entail
greater conceptual design and rely on greater judgment and experience to estimate cost.
Alternatives in CCAs for an established program can rely on a more mature technical definition
of the solution and thus, costs can be estimated with greater detail.

An estimate of life cycle cost must be generated for each alternative selected for evaluation in
the CCA. Life cycle costs must be used (not just acquisition costs) to provide the decision maker
the picture of total cost to be incurred to deliver and sustain the capability represented by an
alternative and a valid comparison of the economic differences among the alternatives.
Alternatives can have very different cost profiles, requiring different funding appropriations in
different years. Some alternatives may require greater upfront investment for new design and
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development or to mature a technology. Others may require greater investment to procure and
deploy sufficient quantities of the system solution to meet the needs of the users. Still others
may impose greater operations and logistics costs. In evaluating the tradeoff of the capability to
be achieved related to its cost within the objectives and constraints of the CCA, the decision
maker’s choice may be influenced by an alternative’s cost profile, not just the total life cycle cost.

The cost estimates need to reflect all costs attributable to achieving the capability. Often these
are in the context of a single program, system, or system-of-systems. For CCAs in early stages
(pre-CDD), alternatives may be represented by concepts from multiple new or existing systems
under different programs for achieving the capability. Itis important that all costs to be incurred,
directly related to delivering the capability, be included in the estimates. Alternatives may impact
other systems or programs or have dependency on other systems. Indirect costs or cost impacts
(i.e., those related to other systems, programs, or organizations indirectly impacted by the
alternative) must also be identified and documented, if not quantified in the CCA.

The cost estimator is a critical member of the CCA team. Their involvement in developing the
military worth hierarchy and evaluation measures, identifying alternatives, and defining the
design, development, production, fielding, and logistics elements of implementing the
alternatives is critical to ensuring all costs are captured consistently across the alternatives.
Additionally, the cost estimates need to be structured in a way to identify and depict the major
cost differences among the alternatives (i.e., differences in specific cost elements and their
reasons), to enable an informed evaluation of the alternatives by the CCA team and decision
maker. CCA cost estimates should reveal the cost differences associated with the technical
approach, implementation strategy, schedule, and risks of the alternatives.

8.2 Purpose/Objective

Step 8 in the CCA process is focused on estimating LCC of the CCA alternatives, to be used in
conjunction with the value assessments to paint the cost capability trade space. Figure 21 depicts
cost elements included in various cost levels, progressing to life cycle cost.
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Flyaway Cost
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Figure 21 — Development of Life Cycle Cost

Information and data from preceding steps will be used to help structure the required analysis.
Ideally the cost estimators are active participants in identifying feasible alternatives to be
considered by the CCA. They need to spend considerable time with the engineers, program
managers, and SMEs to understand the technical content, programmatic/implementation
strategy, and operational characteristics of the alternatives, building sufficient definition to
support cost estimation.

In the CCA process, many assumptions and decisions impact the required cost estimation activity,
as well as the estimated LCC, for the alternatives. It is critical that the cost estimator be part of
the discussions and be aware of the decisions and output of the CCA steps to ensure estimated
costs are aligned and consistent. The cost estimation step will be ongoing, often conducted
concurrently and iteratively with Step 7 and iteratively with remaining steps in the CCA process.

The cost estimator develops a Work Breakdown Structure (WBS) of cost elements to ensure all
costs associated with each alternative are accounted for and consistently estimated. What is
important to the successful CCA outcome is that each alternative’s cost estimate be complete,
consistent, and realistic. The cost estimates are complete, if they address all costs necessary to
implement the alternative and realize the capability level it offers. Completeness is relative to
the data available, the level of definition of the alternative, assumptions, ground rules, and cost
methods. The cost estimates are consistent, if they accurately reflect the technical definition
(technical baseline) of the alternative and costs are accounted for consistently across the
alternatives such that comparison of the alternatives is valid, i.e., relative costs or cost differences
are accurate. Costs are realistic, if they are based on a sound technical definition and have been
estimated using credible, appropriate data sources and methods.

If the CCA is being conducted on an established program and all alternatives are developed and
characterized relative to the program’s established baseline, incremental costs that reflect
differences from the baseline can be developed. The CCA cost team needs access to the program
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technical and acquisition baseline, current program Life Cycle Cost Estimate (LCCE), and funding
profile. These become the starting point for estimating costs of the selected alternatives.

8.3 Approach

Cost analysis is undertaken to address economic considerations of affordability and cost-
effectiveness of a capability. LCC is estimated to reveal the economic consequence of technical
and programmatic choices and to guide the engineering process toward a capability definition
that is deemed affordable and cost-effective.

8.4 Responsibilities

Responsibility for preparing the cost estimate for a CCA rests with the cost estimator on the CCA
team. However, the cost estimation process requires input and participation from many
members of the CCA team, especially the systems and functional (e. g., logistics, test) engineers
and domain and technology SMEs. CCA team members work with the cost estimators to build
the technical and programmatic information that serves as the basis of the cost estimate.

In establishing the CCA objectives and scope, the CCA facilitator and the decision maker will also
guide the focus of the cost comparison, the required cost output, and level of cost detail. Ground
rules and assumptions of the CCA and information that guides identification of alternatives are
key inputs to structuring the cost estimate. The CCA study lead will select a cost estimator to
lead the cost analysis in the CCA. The cost estimator will likely rely on analogous system
estimates and parametric analysis for pre-Milestone A CCAs. The cost estimator:

e Participates in the identification and definition of the alternatives

e Applies knowledge, judgment, and estimation experience in estimating cost for concepts
lacking detailed technical baselines

e Links requirements and performance to system functions and cost drivers
e Facilitates understanding the relationship of capability to cost and possible tradeoffs in the
evaluation of the trade space

For later decision points in the life cycle where greater technical and programmatic definition
from an existing program exists, the cost estimator has a greater analyst role. The cost estimator:

e Informs the engineering team, domain and technology SMEs of the information required to
support the cost estimate

e Builds the WBS, aligned to the technical baseline of the alternatives, for developing cost
estimates across the life cycle

e Ensures a cost estimating structure that captures all cost elements and ensures valid
comparison across alternatives

e Develops LCCEs for each alternative and feeds back insight on cost drivers to the CCA team

e Works with the CCA team to identify and capture risk and uncertainty and reflect these in the
cost estimate

e Facilitates understanding the cost drivers and the comparisons of capability and cost across
the alternatives
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8.5 Methods

The cost estimator will select an appropriate methodology to develop the cost estimate. Multiple
methods may be employed, with different methods applied to different WBS elements. Many
factors influence the choice of cost method, including the desired level of detail, level of
definition of the alternatives (i.e., the detail provided by the technical baseline), available cost
and technical data, and the analysis resources (time and labor) allotted to prepare the estimates.

Five common estimating methods are analogy, parametric, bottom-up, engineering assessments,
and actual (historical) cost. A brief description of each and their application in CCA follows. Other
methods include vendor quotes, catalog prices, and planning cost factors (for specific cost
elements, developed by service cost agencies from a broad set of historical programs).

Analogy: uses known costs from similar, existing systems with adjustments to account for
differences in requirements, performance, physical and functional characteristics, technology,
complexity, and other attributes when compared to the new or modified systems. This method
is typically used when there is insufficient detailed technical definition and/or cost data, but
reasonable comparisons and engineering-based adjustments can be objectively made to account
for the differences. In estimating by analogy in a CCA, the differences between the analogous
system and the alternative, the cost drivers and their effect on overall cost should be
documented. Analogy relies upon judgment by SMEs or other knowledgeable sources to make
valid and complete comparisons. It requires the cost estimator to obtain sufficient descriptions
of the existing system and the alternative, identify and characterize all their differences, and
develop quantitative factors and adjustments to assess those differences. Sources of the
analogy, adjustments, and data from the existing system must be credible.

Parametric: develops a statistical relationship between actual cost and specific technical or
program parameters (e.g., weight, power, lines of code, capability deployment, and technical or
operational performance measures). From knowledge of historical cost drivers, the CCA cost
estimator may identify pertinent cost driving attributes of an alternative and seek existing
parametric models or cost estimating relationships that address these. Commercial parametric
estimating models are available to estimate system, hardware, software, and component costs.

Developing parametric relationships requires access to current or historical data, both
technical/performance and cost. If available, such data can prove very useful to modeling and
understanding the relationships between capability effectiveness/performance and cost. Unlike
an analogy, parametric estimating typically relies on data from many programs to model a given
parameter. The objective is to create a statistically valid relationship between cost and some
physical attribute or performance measure. Parametric techniques must be based on an
adequate number of relevant data points, and care must be taken to normalize the dataset so
that it is consistent in order to develop a valid relationship.

Engineering or “Bottom-Up”: is the process of estimating costs from detailed engineering data.
Typically they entail developing material and labor estimates from engineering or production
drawings, material lists, or other detailed descriptions of activities needed to design, develop,
acquire, and deploy a system. As compared to other methods, bottom-up estimating requires
more detailed definition in the estimating process and more data on which to base the estimate.
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Estimates are built to a detailed task statement of work, and labor hours required for each task
are assessed by specific labor category and skill level. Bottom-up estimates are most often
applied in production, where future production costs can be predicted based on detailed, recent
cost experience, such as in aircraft or electronics manufacturing. Detailed materials lists
enumerating the components and quantity needed for each assembly become the basis for
generating both material and labor cost estimates. In the context of a CCA, this method would
be applied only in later phases of the life cycle examining design trades of specific components
and only if the data is available to develop delta costs to the baseline design.

Engineering Assessments: are used when there are insufficient data or technical definitions to
use other methodologies such as analogy, bottom-up, or parametric relationships. Here, experts
knowledgeable in the technology or functional specialty and often having experience with similar
systems provide their judgment as to the effort or cost required. The more detailed the technical
definition of the alternative, the more detailed the task breakout and description can be,
increasing the understanding of the effort required. This method is frequently used with
technologies at their state-of-the-art limits where other sources for estimating information are
not available. This technique relies on SMEs in both the technology and operations domains to
form sound judgments, supported by experience, about effort and costs related to the specifics
of the alternative.

Actual or Historical: costs can be used if available. Data may be obtained from program records,
contractor cost reports, or from a cost database. They can be applied directly to estimate costs
for an alternative, or they may be used to develop a trend upon which the alternative’s costs can
be extrapolated based on some projection of change or differences between the alternative and
the historical item. They can be used to derive cost estimating relationships, if the data is at the
required level of detail. Care is to be applied in using historical costs directly. Historical costs are
not guaranteed to be the best predictors of future costs, rather, they provide information about
the past points of departure from which to make judgments and rationalize adjustments in
estimating a future system’s cost. If used in a CCA, historical costs will typically need to be
normalized to account for economic (e.g., inflation) and accounting differences (difference in
contractor cost structures) as well as to account for advancement of technology and process.

Cost estimation in a CCA may be performed at different levels, depending on the required level
of estimate detail, technical definition, available data, and time and resources for the analysis.
The number of and differences among the alternatives (i.e., if they are very different solution
approaches vs. variation of a single approach) will drive the amount of time needed and in turn,
the estimation level. A high-level system cost estimate may be derived by analogy, based on an
evaluation that the alternative under consideration is like another existing system in certain
performance respects. Adjustments for technology, design, or complexity differences may be
based on engineering assessment and made at lower levels of detail in the WBS. Where detailed
insight into the costs of configuration items is required (to determine where different capability
levels represented in different designs or technologies may prove less costly), parametric models
or detailed bottom up or grassroots estimates are more appropriate. Estimating methods are
generally selected and applied uniquely for individual cost elements of the WBS or groupings of
cost elements. In estimating costs of the baseline (status quo) and alternatives in the CCA, a
variety of methods will likely be used to cost specific WBS elements.
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8.6 Data Inputs

The cost estimators will determine specific input data required for the WBS cost elements of each
alternative. Data may include technical parameters used for parametric estimating methods;
physical, functional, complexity, or other comparators used in constructing analogies; level of
effort estimates and durations for engineering, management, test, training, maintenance, and
other activities within design, development, acquisition, deployment/fielding, and sustainment
phases; and general programmatic information (e.g., schedules, contracting strategy, etc.).

Cost data to support the estimation process may be obtainable from AF cost databases, program
Selected Acquisition Reports (SARs), cost data from analogous programs, cost studies, contractor
cost data (Cost Performance Reports (CPRs), Contract Funds Status Reports (CFSRs), etc.), and AF
System Metric and Reporting Tool (SMART). Vendor catalogs and websites can provide price data
for commercial items and services, and vendor quotes may be obtained from contractor
representatives.

The cost estimator will apply specific tools, cost estimating relationships, and other
methodologies in the CCA. In some instances, there are specific software packages/tools for each
of the various estimating methodologies. The tools, techniques, and methodologies used will be
largely based on the estimating methodology best suited for the situation.

8.7 Expected Output

The output would generally be a series of cost tables providing increasing insight into the cost
elements and cost drivers of the alternatives. At a minimum, a cost table similar to Figure 22
summarizing the costs of alternatives and showing appropriation by fiscal year should be
presented.

Fiscal Years
2017 2018 2019 2020 2021 20x Total

Alternative A (Status Quo)
3600 Deve lopment
3010 Aircraft Procurement
3080 Other (Ground)
3400 Operations and Maintenance
3500 Military Personne

Altermnative B
3600 Development
3010 Aircraft Procurement
3080 Other (Ground)
3400 Operations and Maintenance
3500 Military Personne

Altermative C
3600 Deve lopment
3010 Aircraft Procurement

[ i

Figure 22 — Alternative Cost Table Example
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8.8 Quality Checks

The following questions should be considered and answered by the end of Step 8:

e Arethe cost estimates consistent with the current ground rules and assumptions of the CCA?

e What specific assumptions did the team make in calculating the costs of the alternatives? Are
there significant differences in these assumptions between the alternatives?

e s the WBS sufficiently comprehensive to capture all the relevant costs over the life cycle of
the alternatives?

e Are cost elements broken out in sufficient detail to reveal cost drivers and key cost differences
among alternatives?

e Were cost elements that contributed most to the overall cost identified?

e Were the technical and/or programmatic parameter cost drivers identified? Can these be
related to the evaluation measures and objectives within the military worth hierarchy?

e Are the life cycles the same duration for all of the alternatives?
e What areas showed the most difference in cost between alternatives?
e Were any alternatives significant outliers in terms of cost? What makes them so?

e Have the technical and programmatic risks of the alternatives been identified and quantified
for purposes of the sensitivity analysis?

e Has cost uncertainty been identified and quantified such that the confidence level in the
estimates of the alternatives is similar?

e Are there differences in cost uncertainty among the alternatives, and if so, in what elements?

8.9 Detailed Example
MPWS Example: Step 8 — Estimate Cost of Each Alternative
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Step 9 — Generate Outputs and Display Products

9.1 General Discussion

This step entails portraying CCA results for the decision maker (i.e., requirements sponsor,
Program Executive Officer (PEQO)) and decision authority (i.e., Capabilities Development Council
(CDC), Capabilities Development Working Group (CDWG), Milestone Decision Authority (MDA)).
The objective is to provide senior leaders insights to the CCA trade space and show the
comparison of capability and LCC in such a way that the set of alternatives and drivers of value
and cost are identified.

It is useful to consider how to best present information in order to address the original questions
asked of the study team. Further, it is vital to provide the greatest insight into the capability
trade space and highlight similarities and differences among alternatives early in the CCA process.
Thinking through the desired presentation in the context of the CCA objectives and decision
environment can help keep analysis focused and efficient in generating the desired products.
Things to consider when generating outputs and displaying products:

e Identify the set of dominant alternatives (no other alternative has higher capability at the
same or lower cost)

* Show alternatives offering the “biggest bang for the buck”

* Provide insights into objectives contributing the most/least value. This can be helpful for
identifying new alternatives that may provide higher value and showing why an alternative is
less than optimal

The CCA team must determine the most effective way of communicating the results/findings and
insights of the analysis. For programs going to the CDC/CDWG, for example, the CCA study lead
will determine what resonates best with that decision authority. Depending on the complexity
of the CCA and its analysis data, it may take multiple iterations to determine the best way to
present results. Looking at outputs from successful CCAs is recommended. Presentations
providing informative, graphical representation of cost and capability across the set of
alternatives, as depicted on an efficient frontier, are generally successful.

9.2 Purpose/Objective

The objective is to depict the comparison of capability and LCC to show which alternatives are
dominant, offer insight to the capability objectives providing value, and enable the decision
maker to assess the trade space. The results should highlight similarities and differences among
alternatives and the drivers of cost and value in the trade space.

9.3 Approach

The analysis results should tell a story; every story is different and therefore, the analysis should
be used to provide insights to the decision maker. Charts and graphs are a visual depiction of the
results. These tools can be used individually or in combination to lead the story toward the
recommended set of alternatives. Figure 23 provides a generic example of results of a CCA, using
a Pareto diagram (an efficient frontier) and tabular information.
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Figure 23 — Example Pareto Efficient Frontier Diagram

Displaying viable dominated alternatives is also important. Decision makers will want to know
the range of alternatives considered (both those included in the analysis and those that were
not) to understand the boundaries of the trade space examined by the CCA. They will want to
understand why alternatives were excluded. Viable alternatives not on the efficient frontier may
need to be re-visited when risk, schedule, or other implementation factors are considered.

Identifying deltas from the frontier and identifying the greatest shortfalls for each alternative
may reveal suggestions for improvement. High value objectives that are being marginally met
may be the reason the alternative is not on the efficient frontier. Changes to an alternative may
increase its ability to meet these objectives, improving its capability score. Depending on cost, a
revised alternative may change the efficient frontier.

Figure 24 shows how a Pareto diagram could be used to focus decision making on a
recommended set of alternatives. Three depictions of the Pareto diagram are used:
e First, all the CCA alternatives are shown with the efficient frontier

e Second, only the efficient frontier is shown, depicting those alternatives providing greatest
“bang for the buck”

e Finally, the area of the trade space on the efficient frontier that is reasonable to consider is
depicted. Budget constraints and a user determined capability “floor” (i.e., capability that is
not worth investing in) may establish the decision space boundaries
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Figure 24 — Pathway to Decision Making Graphics

9.4 Responsibilities

Displaying cost versus capability will generally be accomplished by the CCA facilitator with input
from the cost estimators on the CCA team. While its objective is to generate the output needed
to display CCA results, this step entails significant analysis of information from the previous steps
by the CCA team with stakeholders, in order to be able to clearly and confidently articulate the
findings. This step will often also prompt iteration of past steps.

The CCA facilitator has the greatest influence in shaping how the CCA story should be conveyed
and together with the study lead should guide the development of appropriate graphic output.
The development of graphics like the Pathway to Decision Making (Figure 24) will require the
CCA team to re-engage with the warfighter/user (i.e., operators, maintainers, etc.) and SMEs to
rationalize the acceptability or non-acceptability of given alternatives.

9.5 Methods
Various methods for generating outputs and displaying products are described below:

Value Component: Displayed for a single alternative, this output provides insight into the
greatest contributors to the capability score. It examines the relative contribution of the
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alternative to each objective, usually addressing the first tier objectives of the military worth
hierarchy. Displayed as a comparison of alternatives, it enables a side-by-side comparison of
alternatives’ value in satisfying each objective and across objectives as a whole. It should include
an ideal alternative (value score of 1.0, defined simply by the sum of the weights of each
objective) and alternatives should be stacked in descending order by overall capability score.
Displaying too many objectives decreases distinguishability of the differences among
alternatives; multiple comparison charts may be needed to compare all the objectives. Value
component charts can be developed for objectives at any level of the military worth hierarchy.

Space Based Targeting Value Component Value Component Comparison

0.25

Ideal
0.2 Aerostat Targeting Platform

Airborne Targeting B
0.15 & &

Space Based Targeting

0.1
Ground Based Targeting
0.05 Airborne Targeting A
0 01 02 03 04 05 06 07 08 09 1
1}

Search Locate Plan Attack Conduct Attack W Search MLlocate MPlan Attack W Conduct Attack

Figure 25 — Value Component Examples

Pareto Chart: This simple plot shows LCC and capability scores providing a clear depiction of the
“efficient frontier” (i.e., the dominant or optimal alternatives in the tradeoff space providing the
greatest capability for a given cost) and the relative position of dominated or suboptimal
alternatives. This plot graphically shows the “knee in the curve” and the alternatives providing
the “best value”.

Figure 26 shows all the alternatives except the Space Based Targeting are on the efficient frontier.
Therefore, Space Based Targeting is dominated; there are alternatives which provide the same
or better capability for less cost. Although it is dominated by the Aerostat Targeting Platform,
since there are only five alternatives and it is not considerably far from the Aerostat Targeting
Platform, it should not be eliminated automatically from consideration before other factors are
also examined (e.g., risk, schedule, technology readiness level, etc.).
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Figure 26 — Pareto Chart Example

Value Gap: A value gap is the difference between the ideal alternative and an alternative of
interest. This type of graphic helps identify deficiencies and provides analysis of individual
objectives or side-by-side comparison of multiple objectives. Value gaps can be investigated at
any tier of the hierarchy.

Figure 27 shows which alternatives have the greatest gaps in achieving the desired mission
capability. It also helps identify for which objectives the alternatives are assessed to under-
perform.

Space Based Targeting Value Gap Chart Value Gap Comparison

0.6

Ideal
0.5

Aerostat Targeting Platform
0.4

0.288 Airborne Targeting B
0.3
Space Based Targeting
0.2 1
0.08 0.1
0 Airborne Targeting A [Jll0.072]
Search Locate Plan Attack Conduct Attack

o 0.1 0.2 03 04 0.5 0.6 0.7 08 0.9 1

B Space Based Targeting O Gap BsSearch Mlocate MPlanAttack B Conduct Attack

Figure 27 — Value Gap Chart

There are numerous ways to depict CCA results. The examples provided here are not meant to
be prescriptive. Clearly each analysis will have its own defined set of alternatives and
performance/effectiveness tradeoff parameters as well as characteristics and areas of
focus/interest for the decision maker, decision authority, and stakeholders. After determining
the relevant results and insights to be communicated, depicting them often requires some
creativity. Itis informative to view and borrow from past examples. The objective is to clearly
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and succinctly communicate the essence of the CCA (e.g. the operational trade space, the cost
and value drivers, the alternatives, preferred alternatives, and “why,” in the context of LCC and
operational capability). Learning early in the CCA process how the decision maker/decision
authority likes to see analysis results will be extremely helpful in developing your CCA
depictions.

9.6 Data Inputs

Data for the completion of outputs and display products are largely obtained from Steps 7
(capability scores) and 8 (cost) of this process. However, information from the capability
evaluation framework (Steps 2-5) is equally important to provide the decision maker the
rationale behind the results. In addition to depictions of the cost/capability results of the
alternatives, the decision maker will likely want insight into the military worth hierarchy that was
used, particular value functions, and aggregation formulas applied to the objectives. As the CCA
team documents the analysis, graphical or tabular information that provides these insights may
also be considered for presentation. In addition, perspectives of SMEs or stakeholders and other
materials may be used to complete the story, provide amplification of points, offer evidence, or
validate the output or display products.

9.7 Expected Output

e Pareto chart (cost vs. capability chart)

e Value component chart (sources of value)

e Value gap chart (identify areas for improvement)

e Depictions of the hierarchy providing insight to the relative importance of objectives
e Other depictions answering questions specific to the life cycle phase

Figure 28 provides the summary level questions for each of the three phases of the life cycle.
These questions were synthesized from a larger set of questions commonly asked by senior
leadership during requirements and acquisition reviews.
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concept(s)? Is it cost effective?
Does it fit within the affordability
goals?

¢ For the preferred option(s), what
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program?
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Figure 28 — Cost Capability Analysis Decision Framework Summary Phases and Questions

9.8 Quality Checks

The following questions should be considered and answered by the end of Step 9 and should
assist the CCA team in determining if the results/information displayed tell the story:

an area of concern?

What is the recommended solution and why? Is it on the efficient frontier?
In what specific operational objectives does the recommended solution excel?

If there are significant outliers, in terms of either cost or capability, why? Does this highlight

Are there any objective areas in which all alternatives were lacking or in which all excelled?

Did you consider the need for additional alternatives as a result? Are there objective areas
in which alternatives could easily be improved?

9.9 Detailed Examples

MPWS Example: Step 9 — Generate Outputs and Display Products
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Step 10 — Analyze Sensitivity

10.1 General Discussion

Sensitivity analysis examines how results are affected by small changes to an input. For a CCA,
this analysis determines sensitivity of the alternatives’ capability scores to factors such as
objective prioritization, aggregation functions, value function shape, or their achievement in a
particular operational objective. It also looks at how the determination of preferred alternatives
is impacted by variation in the estimated LCC. Sensitivity analysis will motivate “what-if”
discussions among stakeholders to provide insight into impacts of changes to various parameters
and assumptions. Things to consider when conducting sensitivity analysis:

e Determine what inputs to the CCA analysis (assumptions, measure scores, value functions,
etc.) have the greatest variability or chance of change due to uncertainty, changed guidance,
or stakeholder influence and which would likely cause significant variation in the results.

e Determine how changes impact the capability scoring of alternatives and their achievement
of key objectives in the military worth hierarchy. Be able to present the impact of changes to
value functions and aggregation functions of the objectives on the potential capability scores
of alternatives.

* Provide insight during “what-if” discussions amongst the CCA team and with key
stakeholders.

10.2 Purpose/Objective

Determine whether preferred alternatives are sensitive to factors such as prioritization, value
function shape, or their achievement in a particular objective.

Decision makers may ask to see specific changes in weights or value functions to see the impact.
This is especially useful if there are concerns about a certain objective or measure or there is
uncertainty around their value. The CCA team should be able to show the preferred alternatives
are robust to small changes in the parameters of greatest interest to the decision maker.

10.3 Approach

The CCA process has many assumptions and inputs driven by the CCA scope, the cost capability
trade objectives, the complexity of the decision and mission environment, and the number of
stakeholders impacted by the decision. Sensitivity analysis provides a systematic way to identify
the variability attributable to assumptions and input and to assess the impact of that variability
on the CCA results. At a minimum, sensitivity analysis should be conducted on the military worth
hierarchy objectives’ priorities and to develop a cost estimate range for each alternative.

Uncertainty is inherent throughout the CCA process. For each step questions should be asked,
to identify and relate sources of uncertainty:

0 Step 1-Were all the ‘right’ stakeholders included?

0 Step 2 — Does the military worth hierarchy capture all the decision makers’ objectives?
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Step 3 — Were the ‘right’ measures identified?

Step 4 — Are the value functions built correctly; are there different views of value among
users and stakeholders?

Step 5 — Do the priorities and aggregation formulas represent stakeholder priorities
throughout the military worth hierarchy?

Step 6 — Is the ‘right’ set of alternatives included?
Step 7 — Do we have the ‘right’ capability score for each alternative?
Step 8 — What are the acceptable levels of risk with regards to cost estimates?

These uncertainties can be categorized as shown in Figure 29:

A classification of uncertainty Uncertainty

/\

Variability/Aleatory Knowledge/Epistemic

Temporal Individual Spatial Parameter Decision
Heterogeneity 1 \

Surrogate vanables Random error in measurement Risk measurement]
Excluded variables Systematic error Social cost of risk
Abnormal situations .‘;ain;Jling o Quantification of
Approximation uncertainty Unpredlct.‘lbillty social values

Incorrect form

Linguistic imprecision
Disagreement 9 P

Haimes, YY. Risk Modeling, Assessment, and Management, 34 Ed., Wiley, Hoboken,NJ (2009).

Figure 29 — Sources of Uncertainty

Aleatory (Variability): natural or chance occurrences — not addressed in sensitivity analysis.

Epistemic (Knowledge): Examined in sensitivity analysis through:

Model: within a model there are various sources of uncertainty, from the variables
selected, to approximation or estimates, and disagreements among SMEs.

Parameter: for each parameter/variable, uncertainty includes how estimates were made
or sampled or the lack of clarity in defining the parameters.

Decision: how qualitative characteristics are translated to quantitative values and
measures of risk (which we do not include in CCA at this time).

10.4 Responsibilities

Completing sensitivity analysis will generally be accomplished by the CCA facilitator (for the
military worth hierarchy) or cost estimator (for cost estimation sensitivity) as well as the
effectiveness analysts on the CCA team. Depending on their nature, sensitivity analyses may
require re-engaging the warfighter/user (i.e., operators, maintainers, users, etc.) and SMEs to
solicit their input on changes in preferences and to provide the rationale for doing so. Depending
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on the original approach to determine effectiveness of alternatives or development of the value
functions and aggregation methods, the CCA team may also need to re-engage with M&S experts,
laboratories, contractors, FFRDCs, and/or academia. Results of the sensitivity analysis should be
reviewed with the decision maker and other key stakeholders to obtain their concurrence, prior
to the CCA output being presented to the decision authority.

10.5 Methods
The following are some of the types of sensitivity analysis:

Priority Sensitivity - Global Change: manipulate a single measure’s priority (weight), keeping
all other measures proportional.

Looking at the global weights for this example military worth hierarchy, we could test the decision
sensitivity by allowing prioritization to vary. To begin we can vary the weight for search database
and examine the effect (or sensitivity) it has on the rank order of preferred alternatives. The
highlighted values in Figure 30 show the change in weights made to the global weight of search
database. Looking underneath the other measures, it can be seen how they change in response
to the highlighted changes. Note that the weights proportionality remain the same for the
remaining weights as the weight of search database is varied.

Find Target
0.60
[ ! ]
Search Locate
0.20 0.80
Track Ideﬁtlfy Dls;:llay Correlate
Targets Targets Maps Track to Map
0.25 0.75 0.70 0.30
Anal S h Retr‘leve Display Process
. nalyze earc
D; tse(cjzt Ac(:)qgére Tracks Database | | Intel Data Tracks GPS Data
: : 0.75 0.25 1.00 0.85 0.15

Original global priority:  0.025 0.025 0.1125 0.0375 0.56 0.204 0.036

If search database

.. 0.0239 0.0239 0.1075 0.080 0.5353 0.1950 0.0344
is increased to 0.08:

If search database is

decreased to 0.02: 0.0255 0.0255 0.1145 0.020 0.5702 0.2077 0.0366

Figure 30 — Global Prioritization Change Example

We could expand this analysis to include all potential weights between zero and one. The graph
on the left in Figure 31 shows these results (the value scores of the alternatives) for the search
objective. There is no change in preference or rank order, if the weight of search is lowered.
However, if the weight of search is increased past 0.175, then the rank order changes and
Airborne Targeting B and Space Based Targeting switch places. This happens again with Aerostat
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Targeting Platform and Space Based Targeting when the search weight increases to 0.30.
Applying this same sensitivity testing on the locate objective (graph displayed on the right), the
preference for Aerostat Targeting Platform over Airborne Targeting B could change, if the priority
or importance of locate exceeds 0.785; at that level, the capability value score of Airborne
Targeting B exceeds that of Aerostat Targeting Platform. However, a change in the locate weight
from 0.48 to 0.42 would result in the second best alternative switching from Airborne Targeting
B to Space Based Targeting. These changes illustrate why the weights need to be critically
examined and vetted with the stakeholders.
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Figure 31 — Global Sensitivity Results

Priority Sensitivity - Local Change: manipulate a single objective’s priority (or weight), keeping
all other local weights proportional for the branch affected. Global weights are changed
accordingly; all branches outside the one manipulated are kept constant.

Figure 32 provides an example of changing weights locally, examining the weight change for
search database. To begin we can vary the local weight for search database and examine the
effect (or sensitivity) it has on the rank order of preferred alternatives. The highlighted values in
Figure 32 show the change in weights made to the global weight of search database (based on
the change to the local weight described to the left of the values) and the corresponding weight
changes for the analyze tracks sub-objective. Looking underneath the remaining measures, it
can be seen how they do not change in response to the highlighted changes as local weights only
impact measure within the same branch of the hierarchy. Note that the weights proportionality
remain the same for the remaining weights in the identify targets branch as the weight of search
database is varied.
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Figure 32 — Local Change Example

The graph on the left in Figure 33 show the results (the value scores of the alternatives) over the
range of possible local weights for the search objective. There is no change in preference or rank
order, if the weight of search is lowered. However, if the weight of search is increased past 0.27,
then the rank order changes and Airborne Targeting B and Space Based Targeting switch places.
This happens again with the Aerostat Targeting Platform and Space Based Targeting when the
search weight increases to 0.50. This same sensitivity analysis can be applied to the locate
objective (graph displayed on the right), however, since find target only has two sub-objectives,
the two graphs in Figure 33 are the same except flipped. When search is 0, then locate is 1, and
when locate is 1, search is 0. Therefore, the changes described above are the same, except for
decreases in locate instead of increases in search. These changes illustrate why the weights need
to be critically examined and vetted with the stakeholders.
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Figure 33 — Local Sensitivity Results
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Based solely on capability, Aerostat Targeting Platform is the preferred alternative. The
sensitivity analysis (both changes to the global and local weights) shows significant changes to
the prioritization of objectives would be necessary for Aerostat Targeting Platform to be replaced
by another preferred alternative. However, smaller changes in the global or local weights would
change the second best alternative from Airborne Targeting B to Space Based Targeting. When
small priority changes affect the order of preferred alternatives, the priorities should be re-
confirmed with the decision maker and key stakeholders taking into account cost and other
factors.

Cost Trade space: When acquisition funding is constrained, capability tradeoffs desired by
decision authorities often focus on reducing the quantities of assets to be procured. The capacity
of an asset can be part of the trade space, (i.e., increasing capacity of a unit versus acquiring more
units of an asset), requiring careful evaluation of both mission effectiveness and cost differences.
Capacity differences can change mission CONOPS, affecting the speed and efficiency of achieving
desired objectives. The unit cost of the asset as well as the total LCC to acquire, operate, and
sustain the quantity of assets needed to provide the capability must be considered. Unit
procurement costs are also a function of quantity and schedule as economies of material buys
and labor increase with the number of units produced. The following example of such a
capacity/quantity tradeoff is overly simplistic in that it only compares unit and total procurement
costs (quantity times unit cost) without addressing operational differences or total LCC:

. . '.':E_ -__‘...ﬁ - ‘ _-*
Fuel Capacity: 356,000 Ibs; Fuel Capacity: 200,000 Ibs;
Cost: $88.4M Cost: $39.6M

Figure 34 — Cost of an Asset versus Cost of a Fleet Example (KC-10 vs. KC-135)

There is a 156,000 Ib. difference in the maximum transfer fuel load of the two aircraft (KC-10:
356,000 and KC-135: 200,000). The cost of each KC-10 is $88.4M and KC-135 is $39.6M. Based
solely on capacity, 16 KC-135s would be required to carry approximately the same amount of fuel
as 9 KC-10s. The total costs would be $795.6M for the KC-10s and $633.6M for the KC-135s.

The KC-10 has both a higher unit and higher total cost for providing the same refueling capacity
as the KC-135. The military worth hierarchy to evaluate these alternatives should capture the set
of objectives and operational requirements for the missions served by both to provide a valid
comparison of capabilities and value. Total LCC should be used in depicting the cost capability
tradeoff.

Cost Range: Assumptions in estimating the LCC of alternatives in Step 8 and inherent uncertainty
in the input used in estimating each cost element introduces uncertainty into CCA results. The
assumptions can be changed and/or the input ranges can be modeled in the cost estimate to
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determine the sensitivity of the resulting alternative cost estimates. A cost range for each
alternative is established. Two common methods for representing cost ranges include:

e Showing Low, High and Most Likely costs — the point estimate from Step 8 may represent a
most likely cost and the lowest or highest costs are determined from modeling the cost
uncertainty.

e Find the 25, 50t (median), and 75™ percentiles of a cost distribution developed using the
point estimate in Step 8 and uncertainty ranges.
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Figure 35 — Cost Range Example

In the example depicted in Figure 35, based only on the point estimates, we would view Alt B
dominated by Alt C since Alt C has a higher capability score at a lower cost. However, considering
the cost ranges developed from the uncertainty analysis, Alt C has the potential to cost more
than Alt B at the high end of their cost range. The narrower cost range of Alt B and its underlying
distribution might indicate its likely cost is lower than that of Alt C. Also, the range of costs for
Alt A and Alt D are wide, indicating potential for their costs to significantly exceed their estimate.

10.6 Data Inputs

Data sources for sensitivity analysis are the same as those used in Steps 2 through 7. Additional
M&S may also be required to generate ranges of outcome or variations on configuration.

10.7 Expected Output

Products: Sensitivity analyses that model variation/uncertainty in the operational effectiveness
measures, value functions, prioritization, aggregation formulas, and alternatives’ cost estimates
as well as general or alternative specific CCA assumptions. Each sensitivity analysis should
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determine and depict the variation of alternatives’ capability scores and resulting preference
order over the possible range of the parameter. Sensitivity analysis on multiple parameters may
also be necessary to show combined impact on results. The uncertainty and potential variability
of CCA input, and the related potential change in capability effectiveness, should be discussed
with the user/operators and stakeholders that provided the input data or judgments. This
information should be captured to support the reporting of the sensitivity analysis.

Sensitivity of Prioritization: Comparing two sets of priorities can reveal their influence on scoring
and preference of the alternatives.

One approach for comparing two sets of priorities is to compare the actual cost capability graphs
as shown in Figure 36. This method requires careful study to compare both the changes in
position and the resulting relative positions of the alternatives. Understanding how the
prioritization has affected achievement of individual objectives in the military worth hierarchy by
individual alternatives is essential to interpreting these results.
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Figure 36 — Comparing Priority Sets Using Cost-Utility Graphs

Alternatives’ schedules and risks will significantly influence the decision maker’s preference for
alternatives and the ultimate decision. Conducted outside the CCA process, assessment of
schedules and risks introduces additional sensitivity analysis information for each alternative.
Each alternative’s risk and schedule can be summarized in a table similar to Figure 37.
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Figure 37 — Schedule and Risk Table Example

Assessing both the schedule and overall risk for each alternative should consider the following:

Technology Maturity: The lower the technology readiness the greater the risk is in general

Complexity: From both a system and system-of-systems perspective, technical complexity,
support complexity, etc.

Test/Certification Requirements: Nature of testing, special test requirements, availability of
facilities and testers, level and number of certifications

Integration: System, operational, human, system-of-systems integration

External Dependencies: Government Furnished Equipment (GFE), co-developments, joint
service, coalition effort, intra-government effort

Interoperability: Systems, environments, infrastructure, etc. the alternative must interface
and interoperate with

CONOPS Changes: Evolving threat, doctrinal changes, organizational changes, mission
changes

Threat of Countermeasures: Evolving/changing threat, threat to countermeasure time cycle,
defeating countermeasures, resiliency
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10.8 Quality Checks
The following questions should be considered and answered by the end of Step 10:

e \Were stakeholders consulted regarding specific sensitivity tradeoffs within the model that
they wanted to see?

e How much would an input measure need to change to move an alternative on or off the
frontier? Similarly, how much would prioritization of objectives, value functions, or costs
need to change?

e What insight does this provide in terms of selecting a better alternative?
e Does this indicate a preferred alternative in terms of robustness?

e Does this suggest need to redo or reconsider any portion of the analysis?

10.9 Detailed Example
MPWS Example: Step 10 — Analyze Sensitivity
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Step 11 — Record Analysis

11.1 General Discussion

The CCA documentation should be comprehensive, including all the supporting information,
data, methods, judgments, results, and products of each step in the CCA process. Rationale for
key choices made in the course of the CCA (e.g., military worth hierarchy, objectives, evaluation
measures, alternatives) should be captured. Transparency is the goal; any documentation
necessary to facilitate stakeholder and decision maker understanding and be re-creatable by
other analysts. It should be able to serve as a departure point for CCAs at future decision points
in a program.

The CCA identifies and analyzes alternatives that represent the trade space of capability and cost
to inform a decision or set of decisions. Depending on the decisions the CCA is supporting, the
CCA team may be asked for a recommendation. Normally the CCA recommends a set of
alternatives for consideration articulating their strengths and limitations, leaving the choice to
the decision maker or decision authority, but it may also suggest a preferred alternative. The
CCA report shares key discoveries of the analysis about capability objectives, their importance to
stakeholders, capability solution alternatives and their cost that provide added insight to the CCA
decision objectives. Things to consider in documenting the analysis include:

e Recommendations need to be supported by a description of the tradeoffs evaluated and key
findings leading to the recommendations.

e |dentifying which objectives drive the value score and cost of the alternative, focuses
attention to the value tradeoffs the decision maker must prioritize and decide upon.

e Obstacles associated with the preferred or recommended alternatives should be identified
with possible mitigation strategies.

e I|dentify the impact of preferred alternative on each stakeholder.

11.2 Purpose/Objective

Identify and justify recommendation of a preferred alternative and share key discoveries that
may provide added insight for decision makers.

11.3 Approach

The CCA is documented in the form of a CCA Report (or briefing) to the various decision makers
and decision authorities.

11.4 Responsibilities

Completing recommendations and conclusions for the CCA will be done under the guidance of
the decision maker, CCA facilitator, and CCA study lead. Recommendations and conclusions
should be reviewed with the warfighter/user (i.e., operators, maintainers, etc.) and SMEs to
solicit their inputs (i.e., supporting rationale, cautions, etc.). Once the recommendations and
conclusions have been developed, they should be reviewed with key stakeholders.
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11.5 Methods

A CCA recommendation will usually be a set of preferred alternatives on the efficient frontier
that is deemed affordable as well as above the minimal acceptable capability level. The
recommendation(s) should be supported by a description of the cost, schedule, capability
requirements, and risk tradeoffs evaluated. The recommendation(s) should also be supported
by all prior results from Steps 1-10 of this CCA methodology. Equally important to documenting
all recommendations and final decisions, is the SME and CCA team discussion/rationale behind
them. Archive all materials to include working level details completed in each of the steps, final
recommendations and decisions, and lessons learned.

In preparing to record and deliver results and recommendations:

e |dentify what needs to be communicated, who will deliver the message and the audience.
e Know what the decision maker expects — seek information from staff/previous briefers.

e Confirm the decision frame and goals of the CCA team.

e Decide what story you want to tell with the results — what do the results indicate? Highlight
key findings that justify the recommendation; build the results with the end in mind.

The final stage of the CCA Process is to present the results of the analysis to the decision authority
for selection of a COA. The following is some general guidance but should be tailored based on
the direction and needs of decision authority.

Depiction of Results: Step 9 provides guidelines and examples for depicting CCA results. The CCA
team should tailor the communication and craft their depiction of the facts and results to the
target decision authority. Therefore, the following is recommended:

e Format: Make sure the results of the analysis are depicted in the target templates for the
decision forum, (e.g., CDC, CDWG, Milestone etc.) and if not, deviations for this should be
coordinated with the decision maker(s) in advance.

e CCA Questions Answered: CCA questions associated with the decision point should be
answered. If a question cannot be answered, identify a rationale and where further analysis
may be necessary.

e (Conciseness: Elaborate or extensive detail muddies the decision environment. Present CCA
results in a way that key messages are readily apparent. Have backup material prepared to
address anticipated questions and/or do a “deep dive” into the analysis.

e Completeness: Be transparent in the analysis; don’t hide, obscure, or finesse to minimize
negative results or unfavorable findings.

e Accuracy: Double check all the work to make sure that errors have not been inadvertently
introduced; maintain audit/documentation trail for the analysis.

e Validation: Review and coordinate CCA results with SMEs and key stakeholders prior to
presentation to the decision authority to ensure a consensus position is reached; if not,
understand and explain any exceptions to the decision makers.
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Decision Authority Select a Course of Action (COA): Generally a decision venue such as an AF
CDC, JROC, or Milestone Review provides the decision forum to select a COA. The
sponsor/program office is generally the presenter. The CCA study lead and/or CCA facilitator
should be present to provide portions of the presentation or answer detailed questions regarding
the analysis. The CCA report and presentation should be provided to the decision authority in
accordance with the decision point requirements. The CCA may be a separate
report/presentation or be a portion of a larger report/presentation within the decision forum.
The goal is to provide the decision makers sufficient information to select a COA for the subject
capability.

It is important to document the decision authority’s selection process and results and identify
support/resources required to implement the selected COA. The COA should be reviewed and
approved by key stakeholder/decision makers. The sponsor/program office needs to document
all implementation details of the decision and COA selected by the decision authority, which the
CCA team may be called upon to assist. The documentation is then forwarded to the program
portfolio manager, if applicable, for consideration at the portfolio level. The CCA team again may
be called upon to assist the portfolio manager.

Effective communication of CCA results and recommendations includes:

e Bottom Line Up Front (Optional): one chart that summarizes major results and
recommendations

e Provide potential value added of recommendation: identify what we will be able to do that
we could not before; compare recommendation to baseline/status quo option

e Set-the-stage: mission/decision environment, problem statement, and scope
e Asingle process slide: briefly walk the decision maker through the CCA process

e Tell a story: Summarize results, data, and insights that tell the story supporting the
recommendation

e Include details in backup: Develop responses to a set of anticipated questions about the

assumptions and analysis details

11.6 Data Inputs

The data collected and the results of the analysis are the primary data source for developing
recommendations and observations and are the content for recording the results.

11.7 Expected Output

Output from the analysis should achieve the exit criteria identified by the decision maker in the
CCA Plan. At a minimum the CCA report/presentation should include:

e Background (includes study direction/guidance) and purpose

e Analysis ground rules and assumptions and omissions
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e Analysis parameters, to include descriptions of the value hierarchy, measures, alternatives,
and sensitivity analysis

e Graphical and tabular summary of results

e Analysis findings and recommendation

11.8 Quality Checks
The following questions should be considered and answered by the end of Step 11:

e What are the implications of waiting 6 months or a year to make a decision? What if no
decision is made?

e What are the major areas of concern moving forward (e.g., political, financial, execution)?
e What is the biggest risk of the preferred alternative?

e What is the most important takeaway for the decision maker from this analysis?

11.9 Detailed Example
MPWS Example: Step 11 — Record Analysis
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Appendix A — Acronyms

AFLCMC Air Force Life Cycle Management Center

AFMETLS Air Force Mission Essential Task Lists

AFPD Air Force Policy Directive

AFROC Air Force Requirements Oversight Council

AoA Analysis of Alternatives

APUC Average Procurement Unit Cost

BTCC Bending the Cost Curve

CARD Cost Analysis Requirements Description

CBA Capabilities Based Assessment

CCA Cost Capability Analysis

CCADF Cost Capability Analysis Decision Framework

CCTD Concept Characterization and Technical Description

CDC Capabilities Development Council

CDD Capabilities Development Document

CDWG Capabilities Development Working Group

CFSR Contract Funds Status Report

COA Course of Action

CONEMPS Concept of Employment

CONOPS Concept of Operations

COTS Commercial Off-the-Shelf

CPD Capabilities Production Document

CPR Cost Performance Report

DM Decision Maker

DoD Department of Defense

DOTMLPF-P Doctrine, Organization, Training, Materiel, Leadership, Personnel, Facilities,
and Policy

DP Developmental Planning

DT&E Developmental Test and Evaluation

FFRDC Federally Funded Research and Development Center

FOC Full Operational Capability

FRP Full Rate Production

G-IEP Government — Industry Engagement Process

GFE Government Furnished Equipment

GR&A Ground Rules and Assumptions

ICD Initial Capabilities Document

I0C Initial Operational Capability
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JCA Joint Capability Areas

JCIDS Joint Capabilities Integration and Development System
JROC Joint Requirements Oversight Council

KPP Key Performance Parameter

KSA Key System Attribute

LCC Life Cycle Cost

LCCE Life Cycle Cost Estimate

LRIP Low Rate Initial Production

M&S Modeling and Simulation

MAIS Major Automated Information System
MAUA Multi-Attribute Utility Analysis

MDA Milestone Decision Authority

MDAP Major Defense Acquisition Program

MDD Materiel Development Decision

MODA Multi-Objective Decision Analysis

MOE Measures of Effectiveness

MOP Measures of Performance

MPWS Mobile Protected Weapons System

MS Milestone

MT Mission Task

MTBF Mean Time Between Failures

MTTR Mean Time to Repair

0&S Operations and Sustainment

OAS Office of Aerospace Studies

OPLAN Operation Plan

oT Operational Test

OT&E Operational Test and Evaluation

PAUC Program Acquisition Unit Cost

PEO Program Executive Officer

RAM Reliability, Availability, & Maintainability
RDT&E Research, Development, Test, & Evaluation
RFI Request for Information

RFP Request for Proposal

SAF/AQ Assistant Secretary of the Air Force (Acquisition)
SAR Selected Acquisition Report

SECAF Secretary of the Air Force

SMART Specific, Measurable/Meaningful, Achievable, Relevant and Testable;

System Metric and Reporting Tool
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SME
B
TOR
TRL
UJTLS
WBS

Subject Matter Expert
Technical Baseline

Terms of Reference
Technology Readiness Level
Universal Joint Task Lists
Work Breakdown Structure
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Appendix B — United States Marine Corps (USMC) Mobile Protected
Weapons System (MPWS) Cost Capability Analysis (CCA) Example

B.1 Introduction

This example is taken from work completed by Dennis M. Buede
Charles P. Annis and Terry A. Bresnick of Decisions and Designs,
Inc. in 1981 evaluating effectiveness and costs of Mobile
Protected Weapons System (MPWS) and the Light Armored
Vehicle (LAV) alternatives for the U.S. Marine Corps. The analysis
is documented in their May 1981 “FINAL REPORT PR 81-14-154,
Concept Definition and Evaluation Criteria for the MPWS and the
LAV” hereafter referred to as “the study.” Their work is also
documented in a 1992 paper, “Applications of Decision Analysis to
the Military Systems Acquisition Process.”

The authors developed an analytic framework very similar in
methods and techniques to the CCA framework described in this
guidebook, and applied it to form the analytic basis for Marine
Corps capability decisions. The study exemplifies a cost capability
analysis and tradeoff in purpose and construct, and elements of it i oy
where applied to different acquisition phases. Their framework was used to: (1) define
requirements for the U.S. Marine Corps' mobile protected weapons system during the concept
selection phase of the systems acquisition process; (2) analyze the mix of air defense weapons
for the forward area air defense of the U.S. Army during the demonstration and validation phase;
and (3) assist in the evaluation by the U.S. Army and the Marine Corps of competing proposals
for the light armored vehicle in the full-scale development phase.

y .-

The work done by Bresnick, Annis and Buede contains all the elements of a CCA. Most CCA
process steps are evident as well. It is obvious that significant operations knowledge and
experience was brought to bear by the analysts and the SMEs who supported the study to
develop the military worth hierarchy objectives, measures and aggregation methods. As with all
CCAs, ground rules and other constraints bound the analysis, and parts of the methodology were
tailored to the study purpose as defined by the decision environment. As such, the example is
not a rigorous application of all guidance, methods and best practices outlined in this guidebook
but significant parallels warrant its inclusion as a real-case learning example. The following
sections describe the MPWS analysis in the framework of AFLCMC's eleven step CCA process.
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B.2 Step 1 — Identify Problem and Scope Analysis

B.2.1 Background

The purpose? of the project was to examine Marine Corps' mission-driven needs for a mobile
weapons system; the work was performed for the Chief, Firepower Division, and later, the Chief,
LAV Directorate, Marine Corps Development and Education Command (MCDEC). The study
employed numerous experts in the areas of threat, tactics and weapons technology to provide
subjective judgments and objective data necessary for such an analysis.

This analysis relied heavily on Marine Corps SMEs to provide operational context and knowledge.
CCAs generally can and will use external SMEs as well. The analysis framework for the study was
Multi-Attribute Utility Analysis (MAUA), a technique where the data and judgments necessary to
determine the value of multiple criteria are organized and evaluated in a logical and defensible
manner. (The CCA process described in this guidebook is modeled on Multi-Objective Decision
Analysis (MODA), a very similar and widely applied Operations Research technique).

The study initially focused on conceptual designs for a mobile weapons system. A concept
definition phase was conducted for a MPWS with an Initial Operating Capability (IOC) of fiscal
year 1988. The Marine Corps had previously conducted mission area analyses and had written a
mission element need statement (MENS) [predecessor to the ICD] that validated the requirement

2 See “FINAL REPORT PR 81-14-154, Concept Definition and Evaluation Criteria for the Mobile Protected Weapons
System (MPWS) and the Light Armored Vehicle (LAV)” describes the work accomplished under contract NO0024-
80-C-2123 during the period 23 April 1980 - 30 April 1981
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for the MPWS. In order to operate within the guidelines of OMB Circular A-1093, the Marine
Corps wanted to specify mission needs and then allow industry to provide innovative applications
of advanced technology to meet these needs. To that end, Decisions and Designs, Inc. (DDI)
assisted in the preparation of a Threat and Requirements Statement and other materials used at
the pre-bidders conference for the conceptual MPWS.

At the conclusion of the conceptual or initial MPWS analysis, the emphasis shifted to an analysis
of near-term existing vehicles. This topic had been receiving high-level Marine Corps and
Congressional attention in the light of then recent interest in the Rapid Deployment Force. Study
group efforts were then focused on the specification of requirements and evaluation criteria for
an off-the-shelf LAV. The LAV group was tasked with determining absolute performance
standards and specific evaluation parameters to be used for source selection. As in the analysis
of the MPWS, a multi-attribute utility framework was used to structure and evaluate the LAV.

While the specific vehicle required in each time frame is clearly different, both the MPWS and
LAV are envisioned to be helicopter-transportable, highly mobile and able to provide direct fire
support and organic anti-armor capability during landing force operations and in subsequent
operations ashore. While the two phases of the study addressed independent weapon systems,
the analysis of the LAV built upon the earlier analysis of the MPWS.

Therefore the study was answering the following questions with respect to the envisioned
objectives for MPWS:

e What are we going to do? Purchase a set of 40 MPWS for the USMC with expected service
life of 20 years to operate at the battalion level.

e Why are we doing it (filling a capability gap)? Improve combat effectiveness (lethality and
survivability) of maneuver units as a result of improved landing protection and provide direct
fire support during beach landings and subsequent movement toward the objective.

e How will we know if we are successful? Increased combat effectiveness due to improved
landing protection; assessed using a controlled experiment during a major combat exercise.

B.2.2 The Study Team

During a 3-month period, the study developed a multi-attribute value analysis to define MPWS
minimum capabilities and trade-offs (Bresnick, Annis, and Buede, 1981, 1982). Twenty-three
Marines and government civilian engineers contributed their specialized expertise to develop a
military worth hierarchy, value functions and an aggregation function for this multi-attribute
analysis. Ten experts from MCDEC first developed a draft structure, value functions and the
aggregation function of the military worth hierarchy objectives. Subsets of the remaining
participants were then invited to working meetings to critique specific portions of the analysis.

3 See https://www.emcbc.doe.gov/pmo/supporting files/omb circular a 109.pdf for OMB Circular A-109, Major
Systems Acquisition, April 5, 1976.
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B.2.3 Mission Environment

The MPWS concept called for a helicopter-transportable, armored vehicle with either a gun or
missile system to provide direct fire support while Marines were landing on a beach and during
subsequent movements toward their objective. At the time of the study, DoD emphasized
requirements that were tailored to high-level performance capabilities needed to complete
missions in specific scenarios rather than the detailed specification of particular system
hardware. For example, rather than a requirement specifying six inches of rolled homogeneous
armor, the performance requirement would demand that the armor stop the penetration of a
14.5 mm shell at 2,000 meters. The Marine Corps' personnel were wrestling with strongly
conflicting requirements that the vehicle be transportable by large helicopters and be mobile on
the ground, yet survivable (e.g., protected by armor) and lethal. The firepower envisioned for
MPWS was an anti-tank gun or missile system.

The study began with a review of the perceived threat in the 1985 - 1990 timeframe. The enemy
threat capabilities are those of the Soviet/Warsaw Pact forces and Soviet Surrogate forces found
throughout the world. To combat these forces, the Marine Corps concept for amphibious
operations requires increased tactical mobility to project direct-fire weapons systems ashore to
support the landing force. Current and projected tanks have the required firepower but cannot
be lifted by helicopter, hence the need for an MPWS. Tables B-1 and B-2 summarize the expected
armored threats in the near and long-term.

Table B-1 — Expected Armored Threats in the Near-Term Period (1982 - 1988)

PROBABILITIES OF FACING T-72/64 TANK
WARSAW PACT ANY ENEMY
GEOGRAPHIC
AREA Tank Any Armored Tank Any Armored
Combat Vehicle Combat Vehicle

ANYWHERE 4 A A 05
NATO CENTRAL FRONT o 2 7 2
MATO NORTHERN FLANK | .08 | 8
NATO SOUTHERN FLANNK 3 .08 3 ]
MIDDLE EAST 2 06 A 02
lincluding N. Africa)
FAR EAST 2 06 \ /
[Korea, USSA, PRC) 0 ”
SOUTHEAST ASIA - - .03 )]
LATIN AMERICA - - 03 o
SDUTHERN AFRICA - = .03 mnm
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Table B-2 - Expected Armored Threats in the Far-Term Period (1988 - 1998)

PROBABILITIES OF FACING T-72/64 TANK
WARSAW PACT ANY ENEMY
GEOGRAPHIC
AREA Tank Any Armored Tank Any Armored
Combat Vehicle Combat Vehicle
ANYWHERE N 3 % i
NATO CENTRAL FRONT 9 A4 3 A
NATO NORTHERN FLANK N 3 T 3
NATO SOUTHERN FLANK 7 3 N 3
MIDDLE EAST B 25 A4 .08
FAR EAST ] 2 3 05
SOUTHEAST ASIA - - A .03
LATIN AMERICA - - | 03
SOUTHERN AFRICA - - R .03

From a historical perspective, the need for a helicopter transportable weapons system with a
direct-fire anti-armor capability has been apparent since the early 1970's. Table B-3 reviews the
historical events contributing to this need.

Table B-3 - MPWS Requirements Background

Rewfer et

*1972-1973. MPWS Swudy

Infuitive Need (Earfty T970'5]
+*Diminishing Naval Gunfire

Substantiafron
*1978-18980, MPWS

Support

s incraasing Enamy Aijr
Capability

«ONTOSRecolless Rifles
g 5 it Rocket Louncher
Deleted From inwventory

e Arrrngr Profec o
*Firepower
e Aanecrwerabiity

* Eroding Assaull Gun Assels

* Requiramant for Increased

«1976 DARPA/USMC/USA
ACVYT Program

*1978 MPWS ROC

=1978-$5M Congressional
Add-On

=1979-45M Congrezsional
Add-On

=1979 10C of 1988
Approved

#1979 Acguisition Strategy
Defined

Concepts Study (SRI)
*1979-1980 ARMVAL
*1979- 1980 Threat

Definition
=1979-1980 Mission Arsa

Analysis
*Mizsion Elament Neads

Statement
*1979-1980 Field Analysis

Concept Test
*1979-1980 Forsign Vehicls

Evaluation Study
& July 1980 Milestona — O

Initially, the study team used a systems design methodology to investigate design constraints and
define structural "building blocks." Initial analysis revealed that a more efficient approach to
viewing cost-benefit considerations would be that of MAUA.

In specifying mission needs, three scenarios for the MPV'S were examined. These included an
assault support role (offensive), a blocking position role (defensive), and a role in subsequent
infantry operations ashore. While these roles are not all-inclusive, they were deemed
representative of the spectrum of most demanding combat roles for the MPWS.
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Certain requirements for the conceptual MPWS were considered absolute and non-negotiable.
The trade space was bounded by a number of functional needs, existing technology and a
timeline for achieving the capability. Any alternative to be considered a contender for the MPWS
must meet all of the absolute requirements to receive further consideration. These requirements
included helicopter transportability, tactical and strategic air transportability, and compatibility
with an amphibious environment, affordability, and an NBC overpressure capability.

The remaining requirements for the MPWS were treated as variable performance parameters.
These were factors that could vary greatly with system design and were available to industry for
making technical, operational, and cost trade-offs.

B.2.4 Decision Environment

The decision environment for the MPWS can be characterized as shown in Figure B-1:

Done

Deals
Decisions,
policy already
made the
usmc

Our Decision
CCA Focus
Strategic decisions
to be made using the results
of the CCA

Subsequent Decisions
Tactical or implementation decisions
to be made in the future

Figure B-1 - MPWS Decision Structure

As can be seen in Figure B-1 there are three conditions existent within the MPWS decision
structure. “Done Deals” at the top of the pyramid included the following decisions and policy:

® Current USMC missions will not change over the time horizon considered

® Battalions must be able to:
- Provide adequate personnel protection during beach landings
- Continue protection during subsequent movements toward the objective

The middle layer, decisions within the scope of a CCA, pertains to the mission environment:

® Transportability, Mobility, Survivability, and Lethality of the recommended MPWS
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In the bottom of the pyramid we find decisions which can be left for the future or delegated to
others in the life of the MPWS:

® Unit manning and training details
® Depot location
® Distribution order to battalions

® Retirement of other weapons systems

Identification of the decision makers and stakeholders provides further fidelity to the decision
environment. A convenient way to analyze the stakeholders engaged in the decision
environment is through a Stakeholder Issues Identification Matrix (SIIM) as shown in Table B-4.

Table B-4 - MPWS SIIM

Decision Makers / Stakeholders

Program Management | Operational Test & | Training & Education _Depot ASS?‘”.“
. . o Maintenance Amphibian
Office Evaluation Activity Command ;
Command Battalions

«Justification of
capability gap

Political * Overlap with other
services
« Pressure to use

commercial platform

Organizational | ¢ Leader buy-in « Interoperability

testing
« Use conditions

« Time required for

« Frequency of
maintenance

> | Economic « Lifecycle cost « Cost of testing « Cost of training « Cost of parts » Use conditions
o « Justification of « Part inter-
2 purchase changeability
. | security * Armament « Location where | « Camouflage
(@) availability for maintenance can | * Retrieving
S trainin be performed immobile vehicl
5 g e performe immobile vehicles
8 « Operator safety
w
S | Technical « Electronics « Simulator « Part inter- « Reliability
integration requirements changeability
Personnel « User interface « Staff for training « Hours in depot « Ease of use
operators/ « User interface
maintainers
Operational *Speed of acquisition | * Time required for | « Ease of training « Reliability « Retrieving

immobile vehicles

« Reliability/maint.
« Use conditions
« Location of use

training
« Types of armament

This matrix identifies the various stakeholders and decision makers in the decision environment
and identifies the areas of concern that are their focus.

B.2.5 Setting-Up the Study Methodology

Initially focused on cost capability analysis for the concept definition phase for the MPWS, the
study team developed the study methodology and initial military worth framework, and then
developed conceptual designs with which to test the framework. The study team evaluated
these conceptual designs with the multi-attribute value structure and then compared these
evaluations to the intuitive valuations of the principal experts. The study team noticed several
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discrepancies between the analysis and the intuitive valuation, resolved them in conference
sessions, and adjusted selected value functions and the aggregation function. The analysis was
then documented and distributed to industry as part of the government's request for proposal
(RFP).

B.2.6 MPWS Analysis Problem

The MPWS analysis problem statement is as follows:

During beach landings, maneuver units currently lack: sufficient transportability for arrival and
extraction and the necessary lethality and survivability, during landing, blocking and
subsequent movement.

Therefore, a capability needs to be identified that provides the following: Provides enhanced
transportability for greater arrival & extraction success, increase survivability through
improved protection, reliability and mobility and increases lethality through augmented
firepower.

B.3 Step 2 — Create Military Worth Hierarchy

The major parameters evaluated in the MPWS study were operational effectiveness, life-cycle
costs and other programmatic considerations. A hierarchical structure was used to develop a
logical decomposition of the desired capability and effectiveness parameters into specific
operational performance characteristics that could be evaluated. This structure is shown in
Figure B-2. Operational effectiveness was further broken down by mission scenario, and at lower
levels, by specific performance factors such as firepower, mobility, survivability,
reliability/availability/maintainability (RAM) and helicopter transportability. These factors were,
in turn, decomposed into detailed criteria that could be measured and evaluated.

MPWS
Operational
SEIROEESS

l
[ | ]
Assault Blocking Subsequent
Support Position Operations
; RenaDty ' - :
: PR - Helicopter A
Firepower Availability/ Mobility R Survivability
- Maintainabil - MRy

r T T T 1 r T T 1 r T 1
Lethality Servicing Target Stowed Road Cross Cruising . . »
acquisition Accuracy Kills speed country In water range Protection Signature Agility

Figure B-2 - MPWS Military Worth Hierarchy

Note that the second tier of the military worth hierarchy allows for the inclusion of the scenarios
(i.e., Assault Support, Blocking Position and Subsequent Operations) of interest to the MPWS.
Further, the third tier of the military worth hierarchy (Firepower, RAM, Mobility, Helicopter
Transportability and Survivability) are traceable back to the mission requirements and direction
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(in today’s environment they should be traceable to OSD direction, the ICD, OPLAN or other
guidance). The forth or bottom tier are the sub-objectives to be measured.

B.4 Steps 3 and 4 — Develop Measures and Value Functions

Measures associated with the bottom tier sub-objectives are shown in Figure B-3.

1 |
L L 1 L L 1
Lethallty SerV|C|ng Target Stowed Road Cross Cruising q A i
acqulsmon Accuracy Kills speed country In water range Protection Signature Agility

Cannot be
Acquisition Stationary to B
range [~ Stationary measured Measured Oy
directly so by the
L Light armor F'\ﬁgjwm Stationary to | utilized a Speed on percent of - Infront
= moving, best 80% of H
Sl constructed P terrain t.hat
= Materiel scgl_e of the the vehicle Onbzlglf “
Moving to ab”lty to cannot
— stationary, | acquire a i
| 2km negotiate L
Personnel Measured target_ at On bottom
by P, | Secondary 2 km n
Helicopters system various
~ (self-defense) conditions

Figure B-3 - MPWS Evaluation Measures

Measures for the two Tier 3 objectives in Figure B-3 without sub-objective, RAM and Helicopter
Transportability are as follows. The RAM objective cannot be directly measured and therefore
was calculated as {MTBF / (MTBF + MTTR)}. In the case of Helicopter Transportability, the
measure is based on tonnage lift ability and will be discussed later. Example measures are shown
for three items in Figure B-3 highlighted in green. The following descriptions from the MPWS
Final Report address some of the measures and value functions used in the study. They are
representative of applying operations, threat, tactics, and weapons technology knowledge to
develop measures and value functions in a CCA.

Operational Effectiveness > Firepower > Lethality > Lethality against Tanks: Firepower
considerations include lethality, accuracy, target acquisition, servicing rate and stowed kills.
Lethality is measured in terms of probability of a kill given a hit, P(K|H). Lethality is considered
against tanks, light armor, materiel, personnel, and helicopters. In all cases, this lethality can be
achieved with any weapon system on board the IWS (gun, missile or other).

Lethality against tanks considers the T72 tank as the worst case target. A kill can be either a
mobility or a firepower kill (M- or F-kill) which then requires more than 24 hours to repair.
Probabilities for P(K|H) assume a cardioid distribution and single shot or burst per trigger pull.
2KM is the most likely range, but better standoff is preferred (4KM). At 4KM, P(K|H) is terrain
limited rather than vehicle limited. The resulting value function for this measure is shown in
Figure B-4.
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Figure B-4 - Lethality against Tanks Value Function

Operational Effectiveness > RAM: The value function measures the user’s value for system
availability. Both scheduled and unscheduled maintenance are considered. Any maintenance
incident which degrades mission performance, causes mission termination or creates a safety
hazard, constitutes a chargeable failure.

Mean-time-between-failures (MTBF) is a measure of reliability. Mean-time-to-repair (MTTR) is a
measure of maintainability defined as that portion of the total unscheduled maintenance time
expended to correct chargeable system failures divided by the total number of chargeable system
failures. Overall system availability is measured as MTBF / (MTBF + MTTR). This value curveis a
function of this ratio. Durability, normally included with RAM, is not considered here but is
treated as part of life cycle cost. The resulting value function for RAM is shown in Figure B-5.

0.8 /
| y

0.4 /

0.2 /

0.85 0.9 0.95
MTBF

MTBF+MTTR

Value
o
(o)}

Figure B-5 - RAM Value Function

Operational Effectiveness > Firepower > Target Acquisition > Weather/environment: The
discrete value function measures value as a function of weather/environment considerations.
Night conditions are determined by ambient light. Assume thermal signature is degraded by
smoke, dust and rain. This parameter is a measure of the ability to acquire (detect, recognize,
identify) at 2000 meters. While the value is measured at discrete conditions, there can be many
deviations around those points that might be appropriate. The resulting weather and
environment value function is shown in Figure B-6.
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Figure B-6 - In Weather & Environment Value Function

Operational Effectiveness > Mobility > Cross Country > % Terrain not negotiable: This value
function measures value relative to the percent of terrain that a vehicle cannot negotiate. It
considers ground pressure, trench crossing, vertical obstacles and gradients. In evaluating
systems, wet earth and Germany conditions were assumed. Two percent no-go is the ability of
the IFV while 4% no-go is that of the XM-1. Twenty percent no-go brings in 4-wheel drive vehicles.
Based on operational needs, anything worse than 20% was deemed of minimal value. The
resulting value function for terrain not negotiable is shown in Figure B-7.

R

0.6 \

\

AN

0 \\0

0% 10% 20%

Value

Percent
Figure B-7 - Percent (%) Terrain Not Negotiable Value Function

Operational Effectiveness > Helicopter Transportability: Ninety percent of the USMC operational
"world" is described as having an altitude of 3000 feet and temperature of 91.50 F. The intra-
theater lift needs are harder to meet than beach assault lift needs. Consequently, operating at
higher altitudes is a limiting constraint. Under the 90% operational conditions, 12 ton lift
provides very high value. Fourteen ton lift provides slightly less (gives capability in approximately
85% of "Marine Corps World"). At 16 tons the point beyond which there is no value is reached.
The value curve depicts capability represented by 12, 14 & 16 ton lift. This data is HIGE (Hover in
Ground Effect--the intended mode of use for the CH-53E). The resulting helicopter
transportability value function is shown in Figure B-8.
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Figure B-8 - Helicopter Transportability Value Function

Measures and value functions for all the lowest tier sub-objectives in the military worth hierarchy
can be found in the MPWS Final Report.

B.5 Step 5 — Prioritize Measures/Develop Aggregation Method

The aggregation method used by the MPWS study team was a weighted-sum applied across the
military worth hierarchy. The study team found that improvements in performance determined
for each parameter are not equally important in the overall analysis of an MPWS. Therefore, a
weighting procedure was applied to the value scores of the operational objectives to allow
relative comparisons. In the study, the objectives’ weights were based on the relative
importance of their improvement, not their absolute value. The meaning of the weights can be
described as follows: the weight given to objective A reflects how much more important it is for
objective A to improve from a score of 0 to 100 as compared to the same improvement in
objective B. For MPWS, weights play a large role in distinguishing between scenarios. While the
shapes of value curves remain constant across scenarios, the relative importance of objectives
may differ significantly. For example, an improvement in value for helicopter transportability
may be very important in the blocking position role since the MPWS might have to be lifted into
position. This same improvement could be far less important in the subsequent operations role
since the amphibious assault phase would be complete. Therefore, the weight that helicopter
transportability has, relative to other operational effectiveness factors, would be greater in the
former role than in the latter. The weights and rationale for all parameters as a function of
scenario and were completely documented in the Final Report. Table B-5 shows the weighting
rationale provided in the study:
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Table B-5 - Rationale for Weighting Operational Effectiveness

RELATIVE IMPORTANCE: OPERATIONAL EFFECTIVENESS

OPERATIONAL ASSAULT BLOCKING SUBSEQUENT RANGE
EFFECTIVENESS SUPPORT POSITION OPERATIONS
Firepower 34 29 29 29 - 34%
Mobility 20 17 24 17 - 24%
Survivability 19 20 24 19-24%
RAM 10 13 17 10-17%

Assault Support - Firepower is the most important parameter. It is significantly greater in
importance than other parameters because the threat is the most difficult in the assault support
scenario. Mobility and survivability are very close in importance, and are important since MPWS
must move with the infantry. RAM, although important, is relatively the least important since
disabled vehicles remain behind friendly lines and have access to higher echelon repair.
Firepower was felt to be twice as important as helicopter transportability.

Blocking Position - Firepower is again most important, but on a relative basis, survivability and
helicopter transportability carry greater weight in a defensive scenario than in an offensive one.
The value of the MPWS is enhanced in that it can be helicopter lifted into blocking positions at
varying altitudes. Survivability is higher since enemy attacks are normally preceded by heavy
artillery, and MPWS will be moving to alternate positions frequently. RAM is low because it is
less likely for power train failure in the defense, but it is relatively more important since disabled
vehicles must be left in the path of oncoming enemy forces.

Subsequent Operations - Firepower remains most important, but the MPWS is not optimized for
duels with tanks. Mobility and survivability increase greatly in relative importance. Blue forces
are task-organized and no longer in an amphibious assault phase, so helicopter transportability
is not critical. Movement with a MCATF dictates high emphasis on mobility.

Objectives’ military worth scores would not be very meaningful for comparing systems without
a relative measure of their importance. Thus, a weighting procedure is applied to the scores to
allow evaluation based upon a combination of parameters. Using value functions illustrated in
Figure B-9, suppose propulsion System 1 yields a V80 speed of 15 mph and % No-Go of 6% while
propulsion System 2 had values of 20 mph and 16%. System 1 scores would be 50 and 85.
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Figure B-9 - Value Curves for Cross Country V80 and % NO-GO

Similarly, System 2 scores would be 80 and 35, respectively. If both V80 and % No-Go were
equally important, we could say that weighted scores for both systems would be:

System 1: 1/2 (50) + 1/2 (85) =67.5
System 2: 1/2 (80) + 1/2 (35) = 57.5.

This would indicate that propulsion System 1 was superior on these factors. However, if V80
was considered to be two times as important as % No-Go, weighted scores would be:

System 1: 2/3 (50) + 1/3 (85) = 61.7
System 2: 2/3 (80) + 1/3 (35) =65.0

In this case, propulsion System 2 would offer greater military worth. It should be clear that the
relative importance weights play a major role in the design and evaluation processes.

Figure B-10 illustrates the weighting of the top tier of the MPWS military worth hierarchy.
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Figure B-10 - MPWS Weighting Top Tiers by Scenario

B.6 Step 6 — Identify Alternatives

Within the context of this example the following alternatives were considered:

M113 Armored Personnel Carrier

The M113 is a fully tracked armored personnel carrier that was
developed by Food Machinery Corp (FMC). The vehicle was first
fielded by the United States Army's mechanized infantry units in
Vietnam in April 1962. The M113 was the most widely used
armored vehicle of the U.S. Army in the Vietnam War, earning the
nickname 'Green Dragon' by the Viet Cong as it was used to break
through heavy thickets in the midst of the jungle to attack and
overrun enemy positions. It was largely known as an APC or an
ACAV (armored cavalry assault vehicle) by the allied forces.

The M113 introduced new aluminum armor that made the
vehicle much lighter than earlier vehicles; it was thick enough to
protect the crew and passengers against small arms fire but light enough that the vehicle was air
transportable and moderately amphibious. In the U.S. Army, the M113 series have long been
replaced as front-line combat vehicles by the M2 and M3 Bradley, but large numbers are still
used in support roles such as armored ambulance, mortar carrier, engineer vehicle, command
vehicle, etc. The Army's Heavy Brigade Combat Teams are equipped with around 6,000 M113s
and 4,000 Bradleys.
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The M113's versatility spawned a wide variety of adaptations that live on worldwide, and in U.S.
service. These variants together represent about half of U.S. Army armored vehicles today. To
date, it is estimated that over 80,000 M113s of all types have been produced and are in use by
over 50 countries worldwide, making it one of the most widely used armored fighting vehicles of
all time. The Military Channel's "Top Ten" series named the M113 the most significant infantry
vehicle in history. The U.S. Army planned to retire the M113 family of vehicles by 2018, seeking
replacement with the GCV Infantry Fighting Vehicle (IFV) program, but now replacement of the
M113 has fallen to the Armored Multi-Purpose Vehicle (AMPV) program.

For more information see https://en.wikipedia.org/wiki/M113 armored personnel carrier
LAV-25 Light Armored Vehicle

The LAV-25 (Light Armored Vehicle) is an eight-
wheeled amphibious armored reconnaissance =
vehicle used by the USMC and Canadian Army. It
was built by General Dynamics Land Systems
Canada and is based on the Swiss MOWAG
Piranha | 8x8 family of armored fighting vehicles.
GDLS also makes the LAV lll armored vehicle that
is based on MOWAG Piranha IlIH 8x8.

For more information see: https://en.wikipedia.org/wiki/LAV-25

Bradley Fighting Vehicle

The Bradley Fighting Vehicle (BFV) is an American
fighting vehicle platform manufactured by BAE
Systems Land and Armaments, formerly United
Defense. It was named after U.S. General Omar
Bradley.

The Bradley is designed to transport infantry or scouts
with armor protection, while providing covering fire
to suppress enemy troops and armored vehicles.
There are several Bradley variants, including the M2
Bradley infantry fighting vehicle and the M3 Bradley Fiss o
cavalry fighting vehicle. The M2 holds a crew of three (a commander a gunner and a drlver) as
well as six fully equipped soldiers. The M3 mainly conducts scout missions and carries two scouts
in addition to the regular crew of three, with space for additional TOW missiles. The Red River
Army Depot in Texarkana, Texas is the Center of Industrial Technical Excellence for the
maintenance and repair of the Bradley system.

For more information see: https://en.wikipedia.org/wiki/Bradley Fighting Vehicle

B-16



https://en.wikipedia.org/wiki/M113_armored_personnel_carrier

https://en.wikipedia.org/wiki/LAV-25

https://en.wikipedia.org/wiki/Bradley_Fighting_Vehicle



AFLCMC CCA Guidebook v1.0

Assault Amphibious Vehicle (AAV)

The Assault Amphibious Vehicle (AAV)—
official designation AAV-P7/A1 (formerly
known as Landing Vehicle, Tracked,
Personnel-7 abbreviated LVTP-7)—is a fully
tracked amphibious landing vehicle
manufactured by U.S. Combat Systems
(previously by United Defense, a former
division of FMC Corporation) and FNSS
Defense Systems.

The AAV-P7/Al is the current amphibious £ ; ) :
troop transport of the USMC. It is used by SRRt T e 3
Marine Assault Amphibian Battalions to land the surface assault elements of the landing force
and their equipment in a single lift from assault shipping during amphibious operations to inland
objectives and to conduct mechanized operations and related combat support in subsequent
mechanized operations ashore. It is also operated by other forces. Marines call them "Amtracks,"
a shortening of their original designation, "amphibious tractor."

For more information see: https://en.wikipedia.org/wiki/Assault Amphibious Vehicle

Future System X1 (FSX1)

At the time of this study a future LAV style system was
envisioned and referred to as FSX1. Ultimately the
FSX1 manifested itself as the LAV Ill armored vehicle
(AV) is the latest in the Generation Il Light Armored
Vehicle (LAV) series of armored cars built by General
Dynamics Land Systems, entering service in 1999. ltis s
based on the Swiss MOWAG Piranha IlIH 8x8. It was
developed in Canada and is the primary mechanized
infantry vehicle of the Canadian Army and the New
Zealand Army.

For more information see: https://en.wikipedia.org/wiki/LAV 11|

B.7 Step 7 — Determine Capabilities of Each Alternative

Given the weighting scheme described in Step 5 and the representative scoring of the each of
the alternatives using the value functions, the overall scores for the five alternatives are shown
in Table B-6 below:
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Table B-6 - MPWS Scores for the Five Alternatives

Full Scores for MPWS Alternatives

Alternative Score
Bradley — 50 Cal 0.616
LAV25 — 25 mm Cannon 0.503
AAV - 50 Cal 0.487
Future X1 - Stryker 0.434
M113 APC 0.360

The scores can also be displayed showing the relative military worth of the three mandatory
missions as shown in Figure B-11.

Bradley-50cal 0.616

LAV25-25mm canon 0.503

AAV-50cal 0.487

Future X1 -Stryker 0.434

Il

M113 APC 0.360

@ Assault Support B Blocking Mission O Subsequent Operations

Figure B-11 - MPWS Overall Scores with Military Worth Gap Comparison

B.8 Step 8 — Estimate Cost of Each Alternative

Discussion of the cost estimation of the MPWS alternatives was not included in the study.
Components of Life Cycle Costs (LCC) considered in the study are described in Supplement H to
the MPWS Statement of Work (Life Cycle Cost Guidance). The study included Life Cycle Costs
(LCC) value that consider costs of development, procurement (to include spares), PWR
ammunition, Training Ammo, and O&M (including direct and indirect personnel and support
cost). Research and development funds were not included. Costs were based upon a twelve-year
life cycle, assuming 400 vehicles. 1981 dollars are used for LCC calculations. Further life cycle
cost guidance was contained in supplement H to the MPWS Statement of Work. Unit cost per
vehicle was a major consideration in the study.

B-18





AFLCMC CCA Guidebook v1.0

B.9 Step 9 — Generate Outputs and Display Products

The study produced a final report that contained the output shown above. The study report,
“Concept Definition and Evaluation Criteria for the Mobile Protected Weapons System (MPWS)
and the Light Armored Vehicle (LAV)” can be found at the following web site:

http://oai.dtic.mil/oai/oai?verb=getRecord&metadataPrefix=htmI|&identifier=ADA102879

The following outputs could be generated given the data and analysis contained in the final
report.
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Figure B-12 - MPWS Pareto Chart

Figure B-12 depicts a typical CCA efficient frontier output with a budget target or constraint.
Ideally a capability with value of 1 at a cost of SO is desired, but is unachievable. All MPWS
objectives could not be maximized simultaneously; (e.g., helicopter transportability is diminished
as you add armor for survivability). The analysis of results looks at how much more value for the
overall capability is achieved, balancing all objectives, relative to the dollars required to achieve
it, as is shown in Figure B-12. It also should be noted that the AAV is a dominated alternative
(less capability than others for more money).

Another CCA output that could be produced are waterfall charts, as shown in Figure B-13,
comparing the relative value of two alternatives across all objectives.
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Figure B-13 - MPWS M113 to FSX1 Waterfall Chart

A final consideration for depicting the results of the MPWS analysis is shown in Figure B-14.
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Figure B-14 - LAV-25 Military Worth Gap Analysis

In this depiction the military worth gaps show the delta between an alternative and the ideal
alternative. Military worth gaps identify areas where we can attempt to improve the alternative.

The question is, “Can any of these gaps be (partially) closed for little cost?”

Information and insight from the CCA and such depictions of results often lead to development
of better alternatives. LAV-25 is clearly lacking in Fire Power. The Marine Corps considered how
that gap could be bridged by LAV-AT adding a different gun, closing the gap by almost 50 percent.
This highlights how CCA can be a cyclical process.
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B.10 Step 10 — Analyze Sensitivity

The MPWS study didn’t include sensitivity analysis. However, the data provided would enable
one to examine the sensitivity of results to weights or other input. In Figure B-15 the sensitivity
of the weights of the three MPWS scenarios is examined.
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Figure B-15 - Local Sensitivity for Tier 1 of the Military Worth Hierarchy

Notable results from this analysis show that the weights of three scenarios are rather robust and
it would require significant changes in weights before there would be a change in the ranking of
alternatives. Increasing or decreasing weights, sensitivity analysis would show change in the
order of alternative preference, especially if the intersection is close to the vertical line (current
weight). The placement of the circles relative to the vertical line (current weight) shows the
extent to which the weights would have to change to in order to alter the resulting ranking of
alternatives.

A second example of sensitivity analysis that could have been conducted is the local sensitivity
for Helicopter Transportability. As has been discussed, Helicopter transportability had significant
influence on the ranking of the alternatives. Had it been used as an initial screening criteria,
three of the six alternatives would have been eliminated. If the weight had been increased under
any of the three scenarios, then LAV-AT would have ranked the highest as shown in Figure B-16.
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Figure B-16 - Local Sensitivity for Helicopter Transportability (A)

This analysis is specifically for the Assault scenario. Similar results for Blocking and Subsequent
Operations could have been conducted. If the weight of helicopter transportability is shifted up
even a relatively small amount, the LAV-AT overtakes the Bradley as the top ranked alternative.
This type of analysis improves understanding of the trade space. Knowing the trade space allows
for lower weight for transportability which means less armor for survivability and less fire power.

A final sensitivity consideration is MPWS cost variability. In examining the cost variability the
following what-if questions deserve extra scrutiny:

® RDT&E costs for undeveloped systems (FS X1, Bradley)
®  Operation and Maintenance costs
® Service life/years in operation

® Service Life Extension Programs

B.11 Step 11 — Record Analysis

In the case of the study conducted by Bresnick, Annis, and Buede a final report that details the
analysis it can be found at:

http://oai.dtic.mil/oai/oai?verb=getRecord&metadataPrefix=htm|&identifier=ADA102879
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Figure B-17 - MPWS Final Report - Bresnick, Annis, and Buede

The record of the final analysis should contain recommendations. Referring back to the goal of
the analysis which was:

Goal: Select the most capable MPWS alternative; must provide significant fire power,
mobility, survivability, & RAM, while also being helicopter transportable.

While the final report did not include them, the following could be recommended:

Recommendation: LAV-25 provides the best capability for the cost - $21.5M; LAV-AT
variant significantly improves firepower, increased capability at only $0.5M more.

The following insights and conclusions contribute to this recommendation:
® M113 provides lowest level of capability, at the lowest cost

® LAV-25 and Future System X1 provide the most significant capability relative to life-cycle
cost

® Bradley provides small capability improvements over LAV-25 and Future System X1 in
several areas, but at an increased cost of more than S60M

Lessons learned from the MPWS analysis are as follows:

® The first 5 steps of the study (especially information on the requirements, performance
measures and functions and the objectives’ priorities) formed the basis for an RFP
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® Vendors found the depth of information helpful as they considered design features for
their proposals

It should be pointed out that ultimately, Congress directed the USMC to adopt the LAV-25, an
off-the-shelf solution produced in Canada, as the replacement.
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Appendix C — Cost Capability Analysis Decision Framework (CCADF)
Decision Point Questions and Information Requirements

Decision Point 0 — ICD Validation

Decision: Validate the ICD Decision Makers: JROC, JCB, AF CDC

Decision Point: Prior to an MDD a validated ICD needs to be approved

Initial Capabilities Document (ICD): Documents one or more new capability 0 (
requirements and associated capability gaps. The ICD also documents the intent

to partially or wholly address identified capability gap(s) with a non-materiel l
solution, materiel solution, or some combination of the two. An ICD may lead Valliggted

directly to a Capability Production Document (CPD), if capability requirements
and associated and capability gaps can be satisfied though Commercial Off-the-
Shelf (COTS), Government Off-the-Shelf (GOTS), or Non-Developmental Iltems
(NDI), with no significant development or integration efforts. See Non-Materiel
Solution, Information System (IS) ICD and “Information Technology (IT) Box”
Model.

Source: JCIDS Manual

INFORMATION REQUIREMENT Initial Capabilities Document (ICD)
PROGRAM TYPE LIFE-CYCLE EVENT
DEV FRP/
ACAT ACAT CDD OTHE
MDAP | MAIS i <l MDD MS A VAL RREE MS B MS C DFEC R

Regulatory. The ICD is the fundamental requirements document establishing
DISCRIPTION: | validated capability requirements; required for the MDD. DBS programs will use
Problem Statements for this purpose

CJCSI 3170.01 APPROVAL s
SOURCE: 1CIDS Manual AUTHORITY: JROC, JCB, or Component Validation

OVERARCHING QUESTION: What are the affordable ~ INFORMATION REQUIRED: Show the detailed

and viable military solutions to mitigating the identified  analysis conducted to arrive at the gap filling solutions.
capability gap? Include all alternatives considered, the
effectiveness/capability analysis, cost and affordability

analysis, rationale for accepting or rejecting an
alternative, associated risks and mitigations and
sensitivity analysis conducted to support the preferred
solution selection.
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KEY QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
QUESTIONS:

What operational effectiveness analysis were
performed to support the potential solution set? Was
an assessment of effectiveness/capability conducted
for each concept?

If a capability assessment was completed by the CBA
and/or CCTD team, validate the assessment. If not,
conduct a capability assessment with respect to
recommended candidate solutions this will be used for
more detailed analysis in the Analysis of Alternatives.

What cost analysis were performed to support the
potential solution set? Was a programmatic estimate
of acquisition resources, schedules and costs
performed for each concept?

Describe and provide the results of the cost analysis
completed to support the potential solution set. In
addition provide the results of the programmatic
estimates of resources, schedules and cost that were
performed for each concept, if these estimates are
based on the CBA and/or CCTD go back and examine
the basis of estimate for each concept and determine
if these programmatic costs, schedules and resources
estimates provide a reasonable estimate for each of
the concept alternatives.

OTHER QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
QUESTIONS:

Was a technical feasibility and implementation-
focused risk assessment performed for each concept?

If Technical feasibility and risks for implementation
have not been adequately addressed in the CBA, or
the CCTD, conduct this analysis.

Did the acquisition community participate in the
development of candidate solution sets (material
solution concepts)?

Participation of the acquisition community will provide
a better set of well-defined and costed candidate
solutions that are likely to achieve acquisition "buy in"
later in the process (prior to MS A). If not seek out
review of the CBA, CCTD and ICD and associated
analysis from the appropriate acquisition organization.

Was an analysis produced to document why some
concepts were eliminated from consideration?

If not, check and see if the rationale is provided for
eliminated concepts in the CBA, CCTD or other
analysis. If the rationale is not included contact the
team leads and determine why and document or
conduct the analysis.

Was an analysis produced to document why certain
concepts are recommended for further analysis?

Recommended concepts needs to be fully
documented since the conditions that caused their
inclusion can change over time and these concepts
may become less viable or even excluded during
future analysis (e.g. AoA) or during the program office
development of the preferred materiel solution.
Document why concepts were included as well as why
concepts were eliminated from consideration in the
ICD.

NOTE: The ICD HPT should provide their source materials to the AoA study team to assist them in their efforts. They may have a small team
and limited time to conduct the AoA - the CCTD materials can give them a "head start" on their study.
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Decision Point Q — Approve AoA Study Plan

Decision: Approve the AoA Study Plan Decision Makers: AF CDC, DCAPE

Decision Point: Prior to an MDD the AoA Study Plan must be approved

Analysis of Alternatives (AoA) Study Plan is based on the AoA Study
Guidance*. The AoA Study Plan establishes a roadmap of how the analysis
must proceed, who is responsible for the different elements, and why they are
doing them. The Study Plan is a "living document” and must be updated
throughout the AoA effort to reflect new information and changing study
perceptions and direction. By design, the AoA Study Plan is structured so that CBA
it can evolve into the AoA Final Report. For Acquisition Category (ACAT) I and
IA programs, the AoA Study Guidance and AoA Study Plan are approved by
the Director, Cost Assessment and Program Evaluation (DCAPE) prior to the
Materiel Development Decision (MDD). Following the Materiel Development
Decision (MDD), the organization responsible conducts the AoA and submits a report to the DCAPE, the
Milestone Decision Authority (MDA) and the Joint Staff prior to the Milestone A review. For ACAT Il and
ACAT Il programs, Component AoA procedures apply.

* Provides direction to the AoA sponsor on what the AoA must include. The study guidance requires, at minimum, full consideration of
possible tradeoffs among cost, schedule and performance objectives for each alternative considered. The study guidance also requires an
assessment of whether or not the joint military requirement can be met in a manner that is consistent with the cost and schedule objectives
recommended by the Joint Requirements Oversight Council (JROC). For potential and designated Acquisition Category (ACAT) | and 1A
programs, the Director for Cost Assessment and Program Evaluation (DCAPE) approves study guidance and the study plan for the AcA

prior to the Materiel Development Decision (MDD). After the MDD review, the MDA directs that an AoA be conducted by the responsible
DoD Component or Principal Staff Assistant (PSA). For ACAT Il and IIl programs, Component AoA procedures apply.

INFORMATION REQUIREMENT AoA Study Guidance and AoA Study Plan
PROGRAM TYPE LIFE-CYCLE EVENT
DEV FRP/
ACAT | ACAT CDD OTHE
MDAP | MAIS T <l MDD MSA VAL RFP MS B MSC FD R

REL DEC

Regulatory requirements to guide the AoA. AoA Study Guidance informs the
preparation of the AoA Study Plan. The AoA Study Guidance must be provided to
DISCRIPTION: | DoD Component(s) for development of the AoA Study Plan prior to the MDD.
Consistent with the AoA Study Guidance, the lead DoD Component will prepare the
AoA Study Plan and present it at the MDD.

Para. 5d(1)(b) of DoDI APPROVAL

SOURCE: 5000.02 AUTHORITY:

DCAPE or DoD Component Equivalent
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Plan adequately describe the methodology for
estimating the life cycle costs and operational
effectiveness of the potential concepts identified in the

study guidance to close the gap identified in the ICD?
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INFORMATION REQUIRED: Describe the analysis

approach that is contained in the AoA plan to
accomplish the objectives of the study guidance,
include details on, the effectiveness/capability
analysis, cost and affordability analysis, rationale for
accepting or rejecting an alternative, associated risks
and mitigations and sensitivity analysis conducted to
support the preferred solution selection.

KEY QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
QUESTIONS:

What portions of the AoA study guidance will be
followed and what portions will not be followed? Why
not?

Identify and provide analytical support for any guidance
that will not be followed.

Is the CBA available to the AoA team? What are the
capability gaps being addressed? How do they
compare to the CBA?

Show the gaps being addressed and how they compare
to the CBA.

OTHER QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
QUESTIONS:

Describe the scenarios (including timeframes) and
threats, as well as the assumed physical environment
and any constraints or additional assumptions. Identify
the planned analytic excursions to the baseline
scenarios.

Show a description of the scenarios (generally
beginning with the baseline) and the planned
excursions.

What alternatives are being considered and are they
consistent with the study guidance?

Describe each alternative in the study guidance and
why or why not it is being considered, as well as any
additional alternatives.

What are the metrics (i.e. military worth hierarchy,
measures of effectiveness and measures of
performance) associated with the military worth
analysis of each alternative.

Describe the metrics to be used in the analysis.

Describe the planned effectiveness life cycle (or total
ownership) cost analysis approaches.

Show how the effectiveness analysis, is built on the
military worth hierarchy, assumed scenarios/threats
and the nature of the alternatives. Describe the level of
detail of the analysis. Show the approach to the life
cycle (or total ownership) cost analysis.

What is the approach for cost-effectiveness
comparisons?

Show how cost-effectiveness comparisons of
alternatives will be accomplished. Show how
alternatives that have both different effectiveness and
cost, will be judged when additional effectiveness is
worth additional cost.

What are the resources that are available to conduct
the AoA?

Describe the resources available (i.e. staffing, funding,
schedule).
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Decision Point 9 — Materiel Development Decision (MDD)

Decision: MDD Decision Makers: MDA

Decision Point: Entry into the Acquisition Process

DoD Description

The Materiel Development Decision is based on a validated initial requirements
document (an ICD or equivalent requirements document) and the completion of
the Analysis of Alternatives (AoA) Study Guidance and the AoA Study Plan. This
decision directs execution of the AoA, and authorizes the DoD Component to
conduct the Materiel Solution Analysis Phase. This decision point is the entry
point into the acquisition process for all defense acquisition products; however,
an “acquisition program” is not formally initiated (with the accompanying statutory
requirements) until Milestone B, or at Milestone C for those programs that enter
directly at Milestone C. DoD Components may have conducted enough analysis

to support preliminary conclusions about the desired product at this point. If so,
that analysis may be used by the DAE to narrow the range of alternatives. If not, ‘
requirements are likely to be less well defined or firm, and a wider range of cBA Sglu:diy

alternatives will need to be considered.

At the Materiel Development Decision, the DCAPE, (or DoD Component equivalent) will present the AoA
Study Guidance, and the AoA lead organization will present the AoA Study Plan. In addition, the
Component will provide the plan to staff and fund the actions that will precede the next decision point
(usually Milestone A) including, where appropriate, competitive concept definition studies by industry. If
the Materiel Development Decision is approved, the MDA will designate the lead DoD Component;
determine the acquisition phase of entry; and identify the initial review milestone, usually, but not always,
a specific milestone as described in one of the program models. MDA decisions will be documented in an
Acquisition Decision Memorandum (ADM). The approved AoA Study Guidance and AoA Study Plan will
be attached to the ADM.

Source: DoD 5000.02

AF Description
3.7. Materiel Development Decision (MDD). All potential programs proceed through a MDD review
when entering the acquisition life cycle framework. The MDD review is the formal entry into the
acquisition process. Conduct ACAT I, 1A and Il MDD reviews using the appropriate DAB, ITAB, or AFRB
process; use PEO-tailored AFRB processes for ACAT Ill programs. The MDD review ensures that a
complete analysis/assessment of alternatives and their non-materiel implications is being or has been
conducted. An MDA decision to begin Materiel Solution Analysis DOES NOT mean that a new
acquisition program has been initiated. For additional information, see DoDI 5000.02.
3.7.1. The MDA chairs and approves all MDD decisions.
3.7.2. At a minimum, conducting a MDD is dependent upon a Joint Requirements Oversight Council
(JROC), Air Force requirements process approved requirements document, or an approved AF Form
1067, Modification Proposal, for modifications.
3.7.3. The Director of Cost Assessment and Program Evaluation (DCAPE), AF/A5R, or Lead Command
presents the Analysis of Alternatives (AoA) Study Guidance and AoA Study Plan or alternative
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analysis/supporting analysis guidance for MDA approval. The AoA should be based on market research
giving consideration to maximum practicable SB utilization.

3.7.4. Document the decisions of the MDD in an ADM (e.g., phase of entry with phase-specific exit
criteria for next program MS, AoA Study Guidance and AoA Study Plan approval, AF organization,
termination or temporary suspension of the effort). Provide ADM and AoA Study Guidance and AoA
Study Plan or alternative analysis/supporting analysis guidance to lead DoD Component/appropriate

Capability Director.

Source: AFI 63-101/20-101, Para 3.7, 9 May 2017

OVERARCHING QUESTION: Does the AoA Study
Plan adequately describe the methodology for

estimating the life cycle costs and operational
effectiveness of the potential concepts identified in the

study guidance to close the gap identified in the ICD?

INFORMATION REQUIRED: Describe the analysis

approach that is contained in the AoA plan to
accomplish the objectives of the study guidance,
include details on the effectiveness/capability analysis,
cost and affordability analysis, rationale for accepting
or rejecting an alternative, associated risks and
mitigations and sensitivity analysis conducted to
support the preferred solution selection.

KEY QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
QUESTIONS:

What materiel and non-materiel approaches could
address the capability gap and are considered in the
AoA? What is the evidence that these approaches
provide the desired operational attributes?

Trace analysis used (e.g. simulations, BCASs,
Performance models etc.) to arrive at potential materiel
and non-materiel approaches. Identify the baseline
situation and how the various alternatives contribute to
filling the gap. Provide rational for those alternatives
that will not be considered.

OTHER QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
UESTIONS:

Describe how the capabilities of these alternatives are
technically feasible.

Describe the basic capabilities of the alternatives and
how they are able to fill the capability gap (mission
effectiveness) within the needed timeframe. Summarize
the available evidence that the alternatives to be
included in the AoA are technically feasible (e.g.
models, analysis, prototypes and existing systems).
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What are the implications or dependencies for each
alternative and how are these dependencies factored
into the planned analysis of alternatives?

Depending on the context this may include portfolio
implications, existing system impacts, related Initial
Capabilities Document (ICDs), additional capabilities
needed to address the gap, identify how these will be
handled.

When is the capability needed and given that, when will
the solution be available? Are there interim solutions
until the solution is available?

Provide the documented need date and supporting
evidence and provide estimated acquisition timelines
based upon analogous solutions. If there is a need to
provide interim solution describe the analysis used to
establish it.

What is the entry point into the acquisition process and
what are your plans for the next phase including
funding and staffing plans (organization chart)

For Materiel Solution Analysis (MSA) phase, for
example, include all funding and staffing plans for the
AoA and the engineering analysis and planning for the
next milestone including the milestone certification
requirements. Include the following: Staffing,
organization, function and funding to conduct the AcA
and the engineering analysis of Potential System
Solution(s) (Engineering analysis to develop and
document sound technical plans (TDS, SEP, TES,
RAM-C), to develop contractual technical
documentation (SRD) for the next phase of acquisition
and Engineering analysis to inform the Milestone A
Independent Cost Estimate (ICE).
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Decision Point — Approve AoA Results

Decision: Approve AoA Results Decision Makers: AF CDC, MDA, DCAPE

Decision Point: Prior to a Milestone A the AoA is completed and approved.

The Analysis Of Alternatives (AOA) assesses potential materiel solutions that - Draft
could satisfy validated capability requirement(s) documented in the ICD, and cDD
supports a decision on the most cost effective solution to meeting the validated O O

capability requirement(s). In developing feasible alternatives, the AoA will identify o

a wide range of solutions that have a reasonable likelihood of providing the

o Material
needed capability. Solution
DCAPE develops/approves study guidance for ACAT | & IA programs and for Analysis
each joint military or business requirement for which the Chairman of the JROC
or the IRB is the validation authority. It includes: N

e Full consideration of possible tradeoffs among life cycle cost, schedule T
and performance objectives for each alternative.

e Assessment of the joint military requirement ability to meet cost and
schedule objectives recommended by the JROC or others.

o Consideration of affordability analysis results and affordability goals if established by the MDA.
DCAPE evaluates the AoA and provides a memorandum to the MDA and others which includes:

e The extent to which the AoA: examines sufficient feasible alternatives; considers tradeoffs among
cost, schedule, sustainment and required capabilities for each alternative considered; achieves
the affordability goals established at MDD and with what risks; uses sound methodology;
discusses key assumptions and variables and sensitivity to changes in these; bases conclusions
or recommendations, if any, on the results of the analysis and considers the FBCE where it is a
discriminator.

e Whether additional analysis is required.
e How the AoA results will be used to influence the direction of the program.

The final AoA will also be reviewed by the requirements validation authority prior to MS A or release of
RFPs for TMRR Phase.

Source: DoDI 5000.02, Enclosure 9

“
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INFORMATION REQUIREMENT

ANALYSIS OF ALTERNATIVES (AoA)

PROGRAM TYPE

LIFE-CYCLE EVENT

ACAT

pri MDD

MDAP MS A

mais | ACAT

DEV
RFP
REL

FRP/
FD
DEC

CcDD

VAL MS B

MSC OTHER

v v y

DISCRIPTION:

instruction

STATUTORY for MDAPs, MAIS programs, and all AIS programs, including National Security
Systems (NSSs), at Milestone A. STATUTORY updates required through Milestone C (or
Milestone B if there is no Milestone C) for MAIS programs, and all AIS programs. Regulatory for
all other specified Program Type/Event combinations. A DoD Component is responsible for
conduct and approval of the AoA. The distinct assessment and approval roles of the Director of
Cost Assessment and Program Evaluation (DCAPE) and the MDA associated with the AoA and
the selection of the materiel solution(s) are detailed in section 2 of Enclosure 9 of this

40 U.S.C. 11312
SEC. 811, P.L. 106-398
10 U.S.C. 2366a

SOURCE:

APPROVAL
AUTHORITY:

MDA (DCAPE assesses AoAs for ACAT
ID/IAM only)

OVERARCHING QUESTION: Does the preferred

solution provide the maximum value for cost within
affordability constraints?

KEY QUESTIONS TO BE ASKED:

INFORMATION REQUIRED: Describe the analysis

approach that is contained in the AoA to accomplish the
objectives of the study plan, include details on the
effectiveness/capability analysis, cost and affordability

analysis, rationale for accepting or rejecting an
alternative, associated risks and mitigations and
sensitivity analysis conducted to support the preferred
solution selection.

INFORMATION REQUIRED TO ANSWER THE
UESTIONS:

Which operational requirements are the principle drivers
of program cost, schedule and programmatic risk for the
recommended solution?

Describe the operational requirements that are principle
drivers of program cost, schedule and programmatic risk
and the associated analysis that identified them as
principal drivers.

Are cost estimates of each alternative based on a well-
defined strawman system design with reasonable and
realistic assumptions?

Show how LCCEs are consistent with the technical
description of each alternative. Identify areas of technical
and cost estimation uncertainty/sensitivity and bound
with ranges.

Are all stakeholders, particularly user communities
involved in defining the MOES/MOPs?

Show how the significant stakeholders participated in the
development of MOES/MOPs and how the user
communities review and validate the MOEs as
appropriate against mission needs and functional

objectives.
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OTHER QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
UESTIONS:

Are all relevant issues and constraints (policy,
acquisition, and political) addressed in the AoA
alternatives?

Show the constraints and assumptions and how they
were coordinated with the MDA staff (e.g. required
capabilities, capability gaps, mission areas, threats and
scenarios, etc.).

Do the alternatives considered reflect different
technology, acquisition and execution approaches? Is
the set manageable  within  the  AoA
schedule/resources? Is the cost/effectiveness trade
space broad enough?

Review the ADM or AoA guidance on the minimum
number of alternatives. Engage SMEs and users to
develop a set of viable alternatives. Document all feasible
alternatives showing their significant differences.

Do operational concepts identify reasonable
employment, logistics, interdependencies, joint and
enterprise impact and DOTMLPF requirements?

Describe the details of the employment of each
alternative as it will function within the target organization,
interoperability with other services/allied systems,
incorporation into  organizational  structures and
relevance of Joint CONOPs with respect to DOTMLPF
requirements.

Are threats and scenarios realistic and validated?

Show how Threat Assessment Reports (STARs or STAS)
were used for the AoA threat description. Show the
scenarios used and how AoA mission need, constraints
and assumptions and the physical environments
expected were considered.

Are key MoEs/MoPs measurable and testable? Are
effectiveness analysis approaches suitable, realistic
and supported by appropriate data?

Describe the tools/methods used for MoE/MoP
calculation, the reasonable ranges of MOP values and
the sensitivity of MOE results to these ranges.

Are all risks associated with each alternative costed?

Show the ranges of cost input parameters or the
quantified cost impact of each risk. Identify gaps where
risks have not been appropriately accounted for.

Should/will CAIV and/or cost analysis be accomplished
for the alternatives?

Show how alternatives are within bounds of MDA funding
constraints or other cost targets. Show potential LCC
savings approaches or initiatives within the defined
alternatives.

Are all tools and methodologies used (cost and
effectiveness) appropriate for their application and
supported by relevant data sources?

Show the credibility/acceptance of the tool output or
process results; who ran the M&S, how SME input and
assessment were used; tool's ability to support the
analysis within time/funding constraints. Show the
sensitivity of results to uncertainty in MOE/MOP values
for alternatives where ability of tools or adequacy of the
data is limited.

Are the alternative comparison criteria appropriate and
applicable to all alternatives? Is affordability a criterion?

Show approach for comparing and eliminating
alternatives and how affordability was used as a criterion.
Show sensitivity analysis to key assumptions and
constraints as well as any judgments used in evaluating
any alternative.
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Has sufficient schedule and resource been allocated to
complete the AoA?

Demonstrate that sufficient resources have been
allocated to bring the right expertise to the AoA study,
with adequate time to conduct and integrate cost and
effectiveness analysis components.

Are threshold and objective effectiveness levels defined
for each measure?

Show MOE threshold values and how they are consistent
with user capability needs. Show how above threshold
analysis for each MOE is wused to guide
comparison/selection of most cost effective alternative
and how affordability as gating criteria for including any
alternative in the comparison

Are AoA measures (e.g. MoE/MoPs) based on relevant
capability documents (e.g. ICD/CDD)?

Develop MOEs for all KPPs and other critical functions
and ensure correlation with the ICD/CDD.

Are all requirements and activities captured by the WBS
for the alternatives?

Show the description of each alterative against a generic
Level 2 WBS structure and the technical baseline.
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Decision Point e — Approve Draft CDD

Decision: Approve the Draft CDD Decision Makers: AF CDC, AFGK Review,
CSAF

Decision Point: Prior to the Milestone A Decision

The Draft Capability Development Document (CDD) is required for the e
Milestone A acquisition decision, shapes the requirements before the Technology

Development Phase and informs the Technology Development Strategy (TDS), l
Requests for Proposals (RFP) and T&E Strategy. The draft CDD outlines the

minimum essential information for technology development. Further refinement will Draft
be required for the final CDD. DD
The Draft CDD will contain the following as a minimum: an Operational Context <> \
with focus on summary of the CONOPS (CDD Section 1); Program Summary with

focus on the synchronization of System of Systems (SoS) efforts across other Material
CDDs, CPDs and Joint DCRs (CDD Section 4); development KPPs, KSAs and i‘;!:;';';
additional performance attributes with focus on the initial/draft performance

attributes resulting from the AoA or other studies/analysis (CDD Section 5); and Q

other System Attributes with focus on attributes which require significant Technical
Development Phase efforts (CDD section 6). The draft CDD outlines the minimum essential information
for technology development and further refinement will be required for the final CDD. NOTE: Sections
indicated are from the JCIDS guidance.

A validated ICD and an AF CDC approved AoA are required before submitting an RSR request for the
Draft CDD or suitable analysis/studies of alternative in lieu of an AoA. In cases where an AF sponsor is
using a Non-AF ICD or AoA the documents shall be approved by AF/A5R before initiating a Draft CDD.
Note: See the JCIDS Manual for additional guidance.

After the Draft CDD is developed, it is reviewed by the AFGK Review, validated by the AF CDC and
approved by the CSAF (ACAT 1) or VCSAF. The Draft CDD is not submitted to the JS for staffing or
validation.

Source: AFI 10-601
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INFORMATION REQUIREMENT Capability Development Document (CDD)
PROGRAM TYPE LIFE-CYCLE EVENT
DEV FRP,
moap | wmais [ ACAT | ACAT | wvpp | wmsa | SBP RFP MsB | Msc ol | omen
< REL DEC
° ° ° ° ° V \ \ \/
Regulatory. A draft CDD is required at Milestone A; a validated CDD is required at the
Development RFP Release Decision Point and informs Milestone B. If there are no changes, a
DISCRIPTION: revalidated CDD may be submitted for the Capability Production Document (CPD) required at
| Milestone C. An equivalent DoD Component-validated requirements document will satisfy this
requirement for certain information systems. For approval authorities, JROC is Joint
Requirements Oversight Council; JCB is Joint Capabilities Board.
CJCSI 3170.01 APPROVAL S
SOURCE: JCIDS Manual AUTHORITY: JROC, JCB, or Component Validation

OVERARCHING QUESTION: Do the KPPs and

KSAs reflect life cycle trades between cost, schedule

and performance resulting in the maximized value
within the affordability constraints?

INFORMATION REQUIRED: Show the trades analysis
accomplished to arrive at KPPs and KSAs that are the

maximized capability within the affordability constraints.

KEY QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
UESTIONS:

For each KPP and KSA, what are the cost and
operational impacts and resulting military worth to
accepting a lower threshold value?

Show the trade analysis that reveals the cost and
operational impacts and military worth to accepting a
lower threshold value.

What are the cost, schedule and technical drivers for
the initial set of performance attributes (KPPs / KSAs)?

Identify the cost and scheduled drivers for each KPP
and KSA. Show the analysis that identified the drivers.

OTHER QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
QUESTIONS:

Describe the program and outline what gaps will be
mitigated by this program.

Show how each gap will be mitigated by the capability
against a generic Level 2 WBS structure and the
technical baseline.

What are the development, procurement and life cycle
operations and sustainment costs associated with this
capability?

Show how LCCEs are consistent with the technical
description of each alternative. Identify areas of
technical and cost estimation uncertainty/sensitivity and
bound with ranges.

Describe the supporting cost / capability trade space
analysis used to refine the key operational
requirements for major program cost drivers. If the
threshold value is planned to be achieved following
Full Rate Production or a full deployment, what is the
testable threshold value for the Full Rate Production or
fielding decision.

Show the supporting cost / capability trade space
analysis used to refine the key operational requirements
for major program cost drivers. If the threshold value is
planned to be achieved following Full Rate Production
or a full deployment, describe the testable threshold
value for the Full Rate Production or fielding decision.
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What are the threats, current versus required
capabilities and operational risks associated with this
requirement with respect to the mission area/portfolio?

Show how Threat Assessment Reports (STARS or
STAs) associated with this capability. Show the
operational risk scenarios defined for this capability and
how they impact the mission need, their constraints and
assumptions and the physical environments expected.

What is the CONOPS, Operational View-1 (OV-1) and
the key linkages to other enabling capabilities and the
program dependencies?

Describe the details of the employment of the capability
as it will function within the target organization,
interoperability with other services/allied systems,
incorporation into organizational structures and
relevance of Joint CONOPs with respect to DOTMLPF
requirements. Provide an Operational View-1 (OV-1).

What are the Intelligence supportability requirements
for this capability?

Outline the intelligence supportability requirement for
the capability.

NOTE: The draft CDD should be built upon the AoA Results. Ensure that the AoA results and data are available to the HPT that

is developing the Draft CDD.
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Decision Point 6 — Milestone A

Decision: Milestone A Decision Makers: MDA

Decision Point: Milestone A approves entry into TMRR and release of RFPs for TMRR

Milestone A - The Milestone A decision approves program entry into the TMRR
Phase and release of final RFPs for TMRR activities. The responsible DoD 6
Component may decide to perform technology maturation and risk reduction work
in-house and/or award contracts associated with the conduct of this phase.

Competitive prototypes are part of this phase unless specifically waived by the Draft
MDA. Key considerations are: 20
1. The justification for the preferred materiel solution. <>
2. The affordability and feasibility of the planned materiel solution. Material

i, . - Soluti
3. The scope of the Capability Requirements trade space and understanding Analysis

of the priorities within that trade space.

4. The understanding of the technical, cost and schedule risks of acquiring AOA
the materiel solution and the adequacy of the plans and programmed
funding to mitigate those risks prior to Milestone B.

5. The efficiency and effectiveness of the proposed acquisition strategy (including the contracting
strategy and intellectual property (IP) management plans) in light of the program risks and risk
mitigation strategies.

6. The projected threat and its impact on the material solution.

If Milestone A is approved, the MDA will make a determination on the materiel solution, the plan for the
TMRR Phase, release of the final RFP and specific exit criteria required to complete TMRR and enter
EMD. The MDA will document these decisions in an ADM.

If substantive changes to the plan approved at Milestone A are required as a result of the source selection
process, the DoD Component will notify the MDA who may, at his or her discretion, conduct an additional
review prior to contract awards.

Source: DoDI 5000.02
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DoD 5000.02 Information Requirement:






OVERARCHING QUESTION: Does the acquisition

strategy reflect maximizing the capability?

AFLCMC CCA Guidebook v1.0

INFORMATION REQUIRED: Show how the acquisition
strategy was developed (i.e. trade analyses) to deliver

the maximum capability in the draft CDD.

INFORMATION REQUIRED TO ANSWER THE

KEY QUESTIONS TO BE ASKED: OUESTIONS:
Is the scope of the capability requirements trade space | Show the level, maturity, inclusiveness and

defined?

completeness of the technical baseline and how the
program life cycle cost/schedule estimates are aligned,
consistent and represent an adequate estimate of
cost/schedule of the technical baseline.

Is there an understanding of the cost, schedule and
operational implications for materiel solutions at different
points within that capability requirements trade space?

Show how all viable alternatives for the material solution
have been analyzed, include details on the
effectiveness/capability analysis, cost and affordability
analysis, rationale for accepting or rejecting an
alternative, associated risks and mitigations and
sensitivity analysis conducted to support the preferred
solution selection

OTHER QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
QUESTIONS:

What is your Acquisition Strategy and business
approach? Describe the decision process used to arrive
at this approach, including any trade studies conducted.

Describe the program acquisition strategy and business
approach, in doing so identify how and why decisions
were made; provide a description of the analyses that
were used to support decisions.

What are the program risks? Describe what specific
technology development and other risk mitigation
activities have or will be conducted to reduce the risk to
acceptable levels, what technology or other trades were
conducted to determine the appropriate mitigations?

Identify the program risks accompanied by the analysis
used to arrive at risk mitigation. In particular provide
specifics with respect to alternatives considered and
rationale for selecting a specific mitigation, for example
the details of the Cost Capability Analysis (CCA) if used.

What are your “should cost management” targets and
how will you achieve them?

Show how “should cost management” targets were
developed, include the analytical basis of the target as
they relate to the program “will costs”.
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What are your affordability goals and how did you arrive
at them?

How does your affordability analysis support the Air
Force's proposed affordability goals for unit production
and sustainment costs?

Provide your affordability analysis and proposed
affordability goals based on the resources that are
projected to be available to the Air Force in the
portfolio(s) or mission area(s) associated with the
program under consideration. The analysis will be
supported by a quantitative assessment of all of the
programs in the prospective program’s portfolio or
mission area that demonstrates the ability of the Air
Force’s estimated budgets to fund the new program over
its planned life cycle. This analysis is intended to inform
current decisions about the reasonableness of
embarking on long-term capital investments at specific
capability levels.

What is the Air Force's cost estimate for the preferred
solution(s) identified by the AoA?

Provide an LCCE and the underlying basis of that
estimate, by appropriation and FY. (See DAG Para 3.1)

Demonstrate that the program will be fully funded within
the FYDP at Milestone A.

Provide program projected funding vs. program LCC by
appropriation and FY. Identify shortfall and overages
and projected fix details.
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Decision Point 0 — CDD Validation

Decision: Validate the Draft CDD Decision Makers: JROC, MDA, AF CDC, CAE

Decision Point: Prior to the release of the EMD RFP Release

DOD Description

CDD Validation occurs during the TMRR Phase, the requirements

validation authority will validate the CDD (or equivalent e

requirements document) for the program. This action will precede

the Development RFP Release Decision Point and provides a basis

for preliminary design activities and the PDR that will occur prior to Vaﬁdzgon §§i%§%

MS B unless waived by the MDA. Active engagement between '

acquisition leadership, including the MDA, and the requirements “ A

leadership, including the validation authority (JROC for MDAP/MAIS

programs), during the development and review of proposed Technology

requirements trades is essential to ensuring that the validated Matiig=tiEtE
. . . . Risk Reduction

requirements associated with the program continue to address the

priorities of the Air Force and the Joint force in a cost effective and

affordable way. The MDA (and CAE when the MDA is the DAE) will

participate in the validation authorities’ review and staffing of the CDD (or equivalent requirements

document) prior to validation, to ensure that requirements are technically achievable, affordable and

testable and that requirements trades are fully informed by systems engineering trade-off analyses

completed by the Program Manager or the DoD Component.

The KPPs and KSAs included in the validated CDD, will guide the efforts leading up to PDR, and inform
the Development RFP Release Decision Point. As conditions warrant, changes to KPPs and KSAs may
be proposed to the applicable capability requirements validation authority. All non-KPP requirements
(when delegated by the capability requirements validation authority) are subject to cost-performance
trades and adjustments to meet affordability constraints. Cost performance trades (for non-KPP
requirements) will be coordinated with the cognizant capability requirements validation authority.

Source: DoDI 5000.02

A
N

AF Description

A Capability Development Document (CDD) outlines an affordable increment(s) of militarily useful,
logistically supportable and technically mature capability. The CDD contains a carefully selected minimum
set of prioritized requirements (e.g., KPPs, KSAs and additional attributes), each of which drive cost,
schedule and risks. A validated CDD is required before the pre-Engineering and Manufacturing
Development (EMD) review leading up to the MS B decision and identifies the operational KPPs, KSAs
and other attributes necessary to design and sustain the proposed system. It describes the increment
and provides an outline of the overall acquisition program strategy. An AF CDC validated Draft CDD and
Lead Command verification that Technology Development Phase activities are sufficiently matured to
determine CDD requirements. The CDD strategy lays the foundation for CDD development and supports
the EMD phase for one or more increments. The preferred materiel solution is based on analysis and
mature technologies demonstrated before MS B. The sponsor applies lessons learned during the previous
phases, plus any other appropriate risk reduction activities such as experimentation, T&E and
capability/schedule trade-offs.

C-19





AFLCMC CCA Guidebook v1.0

Source: AFI 10-601

INFORMATION REQUIREMENT Capability Development Document (CDD)
PROGRAM TYPE LIFE-CYCLE EVENT
DEV FRP,
voap | mais [ ASAT | ACAT | wvpp | msa | SBP | RFP | mseB | wmsc fo | ome
< REL DEC
° ° ° ° ° N Y \ V
Regulatory. A draft CDD is required at Milestone A; a validated CDD is required at the
Development RFP Release Decision Point and informs Milestone B. If there are no changes, a
DISCRIPTION: revalidated CDD may be submitted for the Capability Production Document (CPD) required at
| Milestone C. An equivalent DoD Component-validated requirements document will satisfy this
requirement for certain information systems. For approval authorities, JROC is Joint
Requirements Oversight Council; JCB is Joint Capabilities Board.
CJCsI 3170.01 APPROVAL _
SOURCE: JCIDS Manual AUTHORITY: JROC, JCB, or Component Validation

OVERARCHING QUESTION: Do the KPPs and

KSAs reflect life cycle trades between cost, schedule

and performance resulting in the maximized capability

INFORMATION REQUIRED: Show the trades analysis

accomplished to arrive at KPPs and KSAs that are the
maximized capability within the affordability constraints.

within the affordability constraints?

KEY QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
QUESTIONS:

Are the defined performance attributes (KPPs and
KSAs) both feasible and affordable?

Show the trade analysis that reveals the cost and
operational impacts and capability feasibility and
affordability of the defined performance attributes (KPPs
and KSAs).

What trade-offs between cost, schedule and
performance were made that adjusted KPP
objective/thresholds?

Show the trade analysis that reveals the cost, schedule
and performance adjustment to KPP
objective/thresholds.

For each KPP and KSA, what are the cost and
operational impacts and resulting capability to
accepting a lower threshold value?

Show the trade analysis that reveals the cost and
operational impacts and capability to accepting a lower
threshold value.

OTHER QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
QUESTIONS:

What are the Key Performance Parameters (KPPs)?

Demonstrate that all of the KPPs, their goals and
thresholds, have been completely defined and agreed
upon with the user/sponsor. Show the analysis
conducted to determine feasibility, design impact and
life cycle cost impact of each KPP as it is finalized in the
CDD.

What are the design drivers imposed by the KPPs?

Show how the PMO has identified the design drivers
imposed by the KPPs and why (show analysis) the PMO
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is comfortable that design solutions that fit within the
threshold-goal trade space window for the entire set of
KPPs is both feasible and affordable

What is the impact of the KPP design drivers on Show the KPP design drivers, how they were identified
acquisition cost and life cycle cost? and analysis that has been done to show their impact on
both acquisition and life cycle costs. Provide analysis
results that show how the threshold values are
achievable within either acquisition or life cycle budget

constraints
Are the KPPs clearly related to the mission need(s) Show how all of the KPPs are clearly related to the
stated in the ICD? mission need(s) stated in the ICD and the threshold

values for these KPPs are reasonable for the stated
mission need and consistent with, the CONOPS, the
Maintenance and Support Concept and the guidelines in
Enclosure B to CJCSM 3170.01.

Is a system design that meets the KPPs and the ICD Show the PMO "straw-man" design that is based on the
mission need(s) feasible and can be delivered within KPPs presently contained in the draft CDD that is a

the program budget? feasible solution. Show how you used that "straw-man"
design as the "technical baseline" for a life cycle cost
estimate. Show how the life cycle cost estimate
compares to the program budget in the FYDP and
identify the changes necessary to make that solution
affordable (show the decision space and the alternative
available). Also show the affordable solutions that were
not feasible and identify the requirement changes
necessary to make them feasible, yet still affordable.
Provide the rationale used to decide on a course of
action (increase the budget or change the
requirements).

What other performance requirements in the CDD Using the "straw-man" design developed to support the
impose design drivers? KPPs show how KSAs impose any new and
unanticipated design drivers. Show the design,
feasibility and cost impact of the KSA(s) in question.
Show the decision process and analysis for mitigating
the impact of these KSAs.

Are the other (non-KPP) requirements prioritized? There is an effective four tier priority scheme (KPPs,
KSAs, [thresholds and goals] non-negotiable attributes
and negotiable attributes). Show how an operational
prioritization and an analysis of the negotiable attributes
have been conducted that creates an effective larger
trade-space for the system and how it will be used (i.e.
future contingency, should-cost target etc.).
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Are there other user requirements (e.g. maintenance
and support concept) that impose significant
acquisition and/or life cycle costs that exceed the
program budget?

If applicable, show the other user requirements
(maintenance concepts, operations concepts, training
equipment, support equipment, construction costs,
environmental remediation costs, government
maintenance, production competition, etc.) that are
included in the life cycle cost estimate that have not
been included in the program budget. Show the decision
process and analysis to handle these other
requirements.

What other (non-KPP) requirements could be changed
to reduce the acquisition and/or life cycle cost and still
deliver a system that meets the KPPs and the ICD
mission need(s)?

Show the analysis used to change these requirements
and how the user/sponsor negotiated a resolution.

What CDD requirements are cost-drivers for the
program?

Identify the "knee of the curve" analysis for each of the
cost drivers and the current value for their associated
KPP or KSA requirement in the CDD. Identify the
largest savings associated with the smallest change in
the CDD's KPP or KSA threshold. Negotiate changes to
the budget or these KPP / KSA values with the user to
permit an affordable program.
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Decision Point 9 — Approve RFP Release

Decision: Approve RFP Release Decision Makers: MDA

Decision Point: Authorizes release of RFPs for EMD and often LRIP

The Development RFP Release Decision Point authorizes the 9
release of RFPs for EMD and often for Low-Rate Initial Production

(LRIP) options. This review is the critical decision point in an -
acquisition program. The program will either successfully lead to a CDD  pelcase

Validation Decision

fielded capability or fail, based on the soundness of the capability

requirements, the affordability of the program and the executability

of the acquisition strategy. The acquisition strategy is put into =
execution at this decision point by asking industry for bids that Technoloc
comply with the strategy. Release of the RFP for EMD sets in motion Maturation :
all that will follow. This is the last point at which significant changes Risk e
can be made without a major disruption.

The purpose of the Development RFP Release Decision Point is to
ensure, prior to the release of the solicitation for EMD, that an executable and affordable program has
been planned using a sound business and technical approach. One goal at this point is to avoid any major
program delays at Milestone B, when source selection is already complete and award is imminent.
Therefore, prior to release of the final RFP(s), there needs to be confidence that the program requirements
to be bid against are firm and clearly stated; the risk of committing to development and presumably
production has been or will be adequately reduced prior to contract award and/or option exercise; the
program structure, content, schedule and funding are executable; and the business approach and
incentives are structured to both provide maximum value to the government and treat industry fairly and
reasonably.

Source: DoDI 5000.02

OV L\

INFORMATION REQUIREMENT Request for Proposal (RFP)
PROGRAM TYPE LIFE-CYCLE EVENT
DEV FRP,
moap | mais | ASAT | ACAT | vpp | msa | P RFP MsSB | Mmsc i OTHER
g REL DEC
[ ] [ ) [ ] [ ) [ ) [ ] [ ] [ )

Regulatory. RFPs are issued as necessary; they include specifications and statement of work.
DISCRIPTION: | See also Defense Federal Acquisition Regulation Supplement subpart 201.170 (Reference (al))
for the requirement for peer reviews.

Federal Acquisition
SOURCE: Regulation Subpart
15.203

APPROVAL

AUTHORITY: MDA is release authority
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strategy and preferred solution reflected in the RFP

maximize capability?
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INFORMATION REQUIRED: Show how the acquisition
strategy and preferred solution were developed (i.e.

trade analyses) to deliver the max capability in the

KEY QUESTIONS TO BE ASKED:

CDD.
INFORMATION REQUIRED TO ANSWER THE
QUESTIONS:

Have there been any changes to the capability
requirements since the validation of the CDD, if so are
the capability requirements both feasible and
affordable?

Show the trade analysis that reveals the cost and
operational impacts and capability feasibility and
affordability of the changes to the defined performance
attributes (KPPs and KSASs).

Have there been any changes to the capability
requirements since the validation of the CDD, if so
What trade-offs between cost, schedule and
performance were made that adjusted KPP objective /
thresholds?

Show the trade analysis that reveals the cost, schedule
and performance adjustment to KPP
objective/thresholds that have changed.

Have there been any changes to the capability
requirements since the validation of the CDD, if so
what are the risks to accepting lower threshold values?

Show the trade analysis that reveals the cost and
operational impacts and capability risks to accepting a
lower threshold value.

OTHER QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
UESTIONS:

Are you using the most recent DoD guidance to
construct / refine your acquisition strategy?

Identify the guidance used to develop the acquisition
strategy.

Does the reference design concept come from a PMO
technical baseline? How does it incorporate the results
of TMRR?

Show how you sourced the technical baseline (including
results from TMRR) and how it is linked to the
acquisition strategy and to the program office cost
estimate.

Have trade studies been used to assess contracting
approaches and ensure the approach documented in
the acquisition strategy supports BBP affordability
targets? What are the “should cost” targets and how
did you arrive at them?

Show how trade studies were performed as excursions
off of the program office cost estimate and how the
preferred contracting approach is within the budget and
schedule. Show the should-cost targets and the
analytical detail used to arrive at them.

Are the findings of the market assessment consistent
with the contracting approach?

Show how a complete market assessment (what
capabilities are exploitable versus what remain
immature) was performed and how it was used to frame
an executable, affordable and efficient contracting
strategy.

Are the schedule, periods of performance and delivery
dates in the acquisition strategy consistent with those
used to produce the program office cost estimate?

Show how the schedule, durations and delivery dates in
the acquisition strategy are consistent to the ones
derived with the program office cost estimate.

If increments are decomposed into blocks and builds,
are the necessary integration (HW-HW, SW-SW and
HW-SW) and subsystem/system testing accomplished
at every build-block-increment transition point?

Show how the program cost estimate captures the
builds/blocks/increments that are defined in the
acquisition strategy and described in the technical
baseline and how they are incorporated into the
program office cost and schedule estimates.

Are efforts associated with the use of external
dependencies (such as subscribing to an external
service in a SOA) cited in the acquisition strategy

Describe all external dependencies and how they are
fully and consistently described in the technical baseline
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described in the technical baseline and incorporated in
the program office cost and schedule estimate?

and acquisition strategy and captured in the program
cost estimate and budget.

Are the efforts to accomplish legacy migration (e.g.,
interim dual maintenance and operation of parallel HW
and SW, repeated acceptance testing, procurement
and installation of additional infrastructure) as
described in the acquisition strategy described in the
technical baseline and included in the program office
cost and schedule estimate?

Identify legacy migration efforts and how these efforts
are fully scoped in the technical baseline and acquisition
strategy.

Are the quantities shown in the acquisition strategy
consistent with rates and cost improvement (“learning
curve” and/or COTS quantity discount) expectations
applied in production cost estimation in the program
office cost estimate?

Show how the production quantities have been held
stable or at least within unit cost target needs.
Demonstrate how control has been maintained on
requirements growth and schedule change and how it
will help keep control on unit cost affordability.

Is the risk management system described in the
acquisition strategy managed independently by the
Government?

Show how the program runs an objective risk
management program, further show how the technical
baseline and associated cost estimate reflect all
planned mitigations.

Are competition strategy, contracting approaches,
schedule and acquisition approaches aligned and
consistent with the technical baseline and ground rules
and assumptions used to develop the program office
cost/schedule estimate?

Show how the competition strategy, contracting
approaches, schedule, acquisition approach all are
cross-checked against one another for consistency and
lack of conflict.

Is the approach to hardware/software subsystem
breakouts shown in the reference design concept
consistent with the sustainment strategy and
maintainability/reliability levels defined in the
acquisition strategy?

Show how the hardware/software subsystem breakouts
were developed in order to satisfy the sustainment
strategy and maintainability/reliability levels defined in
the acquisition strategy.

Does the work breakdown structure and cost estimate
make visible cost drivers and key risks such that the
financial and schedule management / reporting
described in the acquisition strategy can be
accomplished?

Show how risks and cost drivers are identified in the
WBS and how the financial and schedule
management/reporting will be done to avoid cost and
schedule performance issues and to identify their root
cause.
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Decision Point 9 — Milestone B

Decision: Milestone B Decision Makers: MDA

Decision Point: Milestone B approves entry into EMD and award of contracts for EMD

Milestone B (MS B) provides authorization to enter into the EMD
Phase and for the DoD Components to award contracts for EMD. It ‘9

also commits the required investment resources to the program. ,
Most requirements for this milestone should be satisfied at the b RFP l
Development RFP Release Decision Point; however, if any Validation Decision
significant changes have occurred, or if additional information not

available at the Development RFP Release Decision Point could A

impact this decision, it must be provided at the MS B. MS B requires
final demonstration that all sources of risk have been adequately
mitigated to support a commitment to design for production. This
includes technology, engineering, integration, manufacturing,
sustainment and cost risks. Validated capability requirements, full
funding in the FYDP and compliance with affordability goals for
production and sustainment, as demonstrated through an independent cost estimate (ICE), are also
required.

MS B is normally the formal initiation of an acquisition program with the MDA's approval of the Acquisition
Program Baseline (APB). The APB is the agreement between the MDA and the Program Manager and
his or her acquisition chain of command that will be used for tracking and reporting for the life of the
program or program increment. The APB will include the affordability caps for unit production and
sustainment costs. Affordability caps are established as fixed cost requirements equivalent to KPPs.

MDA will finalize the following if not already completed: The LRIP quantity or the limited fielding scope as
applicable and the specific technical event-based criteria for initiating production or making deployment
decisions.

Source: DoDI 5000.02
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DoD 5000.02 Information Requirement:

OVERARCHING QUESTION: Does the acquisition INFORMATION REQUIRED: Show how the

strategy reflect maximizing capability? acquisition strategy was developed (i.e. trade
analyses) to deliver the maximum capability in the
CDD.
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KEY QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
UESTIONS:

Have there been any updates to the cost estimate or
KPPs that will be going into the APB? If so, what
trades were made to arrive at those values and what
are the cost, schedule, technical and operational
implications?

Show the trade analysis that reveals the cost and
operational impacts and capability feasibility and
affordability of any updates to the defined performance
attributes (KPPs and KSAs) and/or the cost estimate.

OTHER QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
UESTIONS:

What is your Acquisition Strategy and business
approach for EMD? Describe the decision process
used to arrive at this approach, including any trade
studies conducted.

Describe the program acquisition strategy and business
approach, in doing so identify how and why decisions
were made, provide a description of the analyses that
were used to support decisions.

What are the program risk? Describe what specific
technology development and other risk mitigation
activities have or will be conducted to reduce the risk to
acceptable levels, what technology or other trades were
conducted to determine the appropriate mitigations?

Identify the program risks accompanied by the analysis
used to arrive at risk mitigation. In particular provide
specifics with respect to alternatives considered and
rationale for selecting a specific mitigation, for example
the details of the Cost Capability Analysis (CCA) if
used.

What are your “should cost management” targets and
how will you achieve them?

Show how “should cost management” targets were
developed, include the analytical basis of the target as
they relate to the program “will costs”.

What are your affordability goals and how did you arrive
at them?

How does your affordability analysis support the Air
Force’s proposed affordability goals for unit production
and sustainment costs?

Provide your affordability analysis and proposed
affordability goals based on the resources that are
projected to be available to the Air Force in the
portfolio(s) or mission area(s) associated with the
program. The analysis will be supported by a
quantitative assessment of all of the programs in the
prospective program’s portfolio or mission area that
demonstrates the ability of the Air Force’s estimated
budgets to fund the new program over its planned life
cycle. This analysis is intended to inform current
decisions about the reasonableness of embarking on
long-term capital investments at specific capability
levels.

Does the APB clearly and comprehensively denote the
operational performance thresholds for each Key
Performance Parameter (KPP) and Key System
Attribute (KSA) consistent with the capability needs
documents (CDD, CPD)?

Show how the KPPs and KSAs are clearly and
comprehensively stated, and that they are consistent
with the capability needs documents. Show any trades
that were accomplished to meet the needs and how the
technical baseline and program office cost/schedule
estimates were revised and compare them to the time-
phased budget.
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Are you confident that the KPP and KSA threshold
levels in the CDD and repeated in the APB are
attainable?

Show how the threshold KPP and KSA levels are
consistent with an affordable reference design. Show
all alternatives considered and the rationale for the
selected alternative to meet each KPP and KSA.

Does the APB provide objective values for each
performance parameter, describing added operational
value and utility to enable an effective cost/schedule
and performance trade space?

Show how the program and users have used trade-offs
to examine the attainment of objective parameter
values with minimal or acceptable impact to affordability
and/or how you considered trading off complete
threshold satisfaction in certain parameters to achieve
or exceed objective levels in other areas.

Does the technical baseline (and thus the program
office cost estimate and schedule) reflect the
acquisition of capabilities that meet threshold KPPs and
KSAs as defined in the APB?

Show how the reference design inherent in the
technical baseline was purposefully created (show
trade space, alternatives considered, alternatives
rejected and associated rationale) to reflect
performance and capability that would meet threshold
levels of KPPs and KSASs.

Are the costs/schedule in the APB derived from a well-
coordinated program office cost and schedule estimate
that effectively incorporates cost risk?

Show how the costs/schedule in the APB are derived
from a well-coordinated program office cost and
schedule estimate that effectively incorporates cost
risk. Show all trades and associate rationale used to
mitigate cost/schedule risk.

What is the Air Force’s cost estimate for the preferred
solution(s) identified by the AoA?

Provide an LCCE and the underlying basis of that
estimate, by appropriation and FY. (See DAG Para 3.1)

Demonstrate that the program will be fully funded within
the FYDP at Milestone B and beyond.

Provide program projected funding vs. program LCC by
appropriation and FY. Identify shortfall and overages
and projected fix details.
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Decision Point — Approve CPD

Decision: Approval of the CPD Decision Makers: JROC, MDA, AF CDC, CAE

Decision Point: Prior to Milestone C and after the CDR ‘

The Capability Production Document (CPD) outlines an

affordable increment of militarily useful, logistically @
supportable and technically mature capability that is ready !

for production. The CPD is a refined set of prioritized Approved
requirements and identifies the production KPPs, KSAs cPp

and other attributes necessary to produce and sustain the <§

system within cost, schedule and risk constraints. A A A

validated and approved CPD (or revalidated CDD in lieu
of CPD) is required before MS C.

A sponsor can initiate a CPD if they have an approved ICD
and/or CDD and/or they have RSR approval to proceed
with CPD development.

The requirements strategy lays the foundation for CPD strategy development and supports the Production
and Deployment phase for a single increment. The selected materiel solution is based on analysis and
mature technologies demonstrated before MS C. The sponsor applies lessons learned during the
previous phases plus any other appropriate risk reduction activities such as experimentation, T&E and
capability, cost and schedule trade-offs.

AFl 10-601
INFORMATION REQUIREMENT Capability Production Document (CPD)
PROGRAM TYPE LIFE-CYCLE EVENT
DEV FRP,
voap | mais | ASAT | ACAT | mpp | msa | PP | R | msB | msc f | ome
< REL DEC
° ° ° ° °
Regulatory. If there are no changes, a revalidated CDD may satisfy this information
requirement. An equivalent DoD Component-validated requirements document will satisfy this
DISCRIPTION: . L . . o
requirement for certain information systems; the equivalent documents are finalized after
Milestone B, to support deployment.
CJCSI 3170.01 APPROVAL I
SOURCE: 3CIDS Manual AUTHORITY: JROC, JCB, or Component Validation

OVERARCHING QUESTION: Have changes to the INFORMATION REQUIRED: If changes to the

program baseline been assessed to ensure the program baseline have been made, show the trades
maximum capability for cost within affordability analysis accomplished to arrive at these changes,

constraints? If so, what trades were made to arrive at | include details on the effectiveness/capability analysis;

those values and what are the cost, schedule, cost, schedule and affordability analysis; rationale for

technical and operational implications? making changes; associated risks and mitigations;
sensitivity analysis; and operational implications
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associated with each trade made to adjust the program

baseline.

KEY QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
QUESTIONS:

Are the defined performance attributes (KPPs and
KSAs) both feasible and affordable?

Show the trade analysis that reveals the cost and
operational impacts and capability feasibility and
affordability of the defined performance attributes (KPPs
and KSAs).

What trade-offs between cost, schedule and
performance were made that adjusted KPP
objective/thresholds?

Show the trade analysis that reveals the cost, schedule
and performance adjustment to KPP
objective/thresholds.

What are the risks of accepting lower threshold
values?

Show the trade analysis that reveals the cost,
operational impact and capability risks to accepting a
lower threshold value.

OTHER QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
QUESTIONS:

What are the Key Performance Parameters (KPPS)

Demonstrate that all of the KPPs, their goals and
thresholds, have been completely defined and agreed
upon with the user/sponsor. Show the analysis
conducted to determine feasibility, design/manufacturing
impact and life cycle cost impact of each KPP as it is
finalized in the CPD.

What are the design drivers imposed by the KPPs?

Show how the PMO has identified the design drivers
imposed by the KPPs and why (show analysis) the PMO
is comfortable that design/production solutions that fit
within the threshold-goal trade space window for the
entire set of KPPs is both feasible and affordable.

What is the impact of the KPP design drivers on
acquisition cost and life cycle cost?

Show the KPP design/production drivers and how they
were identified and the analysis that has been done to
show their impact on both acquisition and life cycle
costs. Provide analysis results that show how the
threshold values are achievable within either acquisition
or life cycle budget constraints.

Are the KPPs clearly related to the mission need(s)
stated in the ICD/CDD?

Show how all of the KPPs are clearly related to the
mission need(s) stated in the ICD/CDD and the
threshold values for these KPPs are reasonable for the
stated mission need and consistent with, the CONOPS,
the Maintenance and Support Concept and the
guidelines in Encl B to CJCSM 3170.01.

Is a system design that meets the KPPs and the
ICD/CDD mission need(s) feasible and can be
delivered within the program budget?

Show the PMO system design that is based on the
KPPs presently contained in the CDD that is a feasible
solution. Show how you used that system design as the
technical baseline for a life cycle cost estimate. Show
how the life cycle cost estimate compares to the
program budget in the FYDP and identify the changes
necessary to make that solution affordable (show the
decision space and the alternatives available). Also
show the affordable solutions that were not feasible and
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identify the requirement changes necessary to make
them feasible, yet still affordable. Provide the rationale
used to decide on a course of action (increase the
budget or change the requirements (i.e. guantity)).

What other performance requirements in the CPD Using the system design developed to support the KPPs
impose design drivers? show any design/production drivers. Show the
production and cost impact of the design/production
driver in question. Show the decision process and
analysis for mitigating the impact of these drivers.

Are there other user requirements remaining (e.g. If applicable, show the other user requirements
maintenance and support concept) that impose (maintenance concepts, operations concepts, training
significant acquisition and/or life cycle costs that equipment, support equipment, construction costs,
exceed the program budget? environmental remediation costs, government

maintenance, production competition, etc.) that are
included in the life cycle cost estimate that have not
been included in the program budget. Show the decision
process and analysis to handle these other
requirements.

What other (non-KPP) requirements could be changed | Show the analysis used to change these requirements
to reduce the acquisition and/or life cycle cost and still | and how the user/sponsor negotiated a resolution.
deliver a system that meets the KPPs and the
ICD/CDD mission need(s)?

What CPD requirements are cost-drivers for the Identify the "knee of the curve" analysis for each of the
program? cost drivers and the current value for their associated
KPP or KSA requirement in the CPD. Identify the
largest savings associated with the smallest change in
the CPD's KPP or KSA threshold. Show the changes
negotiated with the user to permit an affordable
program.
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Decision Point m — Milestone C

Decision: Milestone C Decision Makers: MDA

Decision Point: Milestone C is a review for entrance into Production & Deployment Phase

Milestone C (MS C) — MS C is the point at which a program m
is reviewed for entrance into the Production and Deployment |
Phase or for Limited Deployment. Approval depends in part
on specific criteria defined at MS B and included in the MS B
ADM. The following general criteria will also be applied: an
updated and approved Acquisition Strategy; demonstration
that the production design is stable and will meet stated and
derived requirements based on acceptable performance in
developmental test; an operational assessment; mature
software capability consistent with the software development
schedule; no significant manufacturing risks; a validated Capability Production Document or equivalent
requirements document; demonstrated interoperability; demonstrated operational supportability; costs
within affordability caps; full funding in the FYDP; and properly phased production ramp up and/or fielding
support. In making MS C decisions, the MDA will consider any new validated threat environments that
were not included in the Capability Production Document and might affect operational effectiveness, and
may consult with the requirements validation authority as part of the production decision making process
to ensure that capability requirements are current.

NOTE: High-Cost First Article Combined Milestone B and C Decisions. Some programs, notably spacecraft and ships, will
not produce prototypes during EMD for use solely as test articles because of the very high cost of each article. In this case,
the first articles produced will be tested and then fielded as operational assets. These programs may be tailored by
measures such as combining the development and initial production investment commitments. When this is the case, a
combined Milestone B and C will be conducted. Additional decision points with appropriate criteria may also be established
for subsequent low rate production commitments that occur prior to OT&E and a Full Rate Production Decision.

Source: DoDI 5000.02

. *
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00.02 Information Requireme

cumants (43)

Documents Requirsd by Statuts [(15)
- 2356A8 Canification Memorandum
= AcoulsRion Imormation Assurance SrEegy
= Aoguisiion Program Easeline (APE)
- Analyss of ARemathes (A0A4)
~ Benefl Aralysls and Determination
= Clinger-Conen Act (C:CA) Compliancs
= Consideration of Technology lssues
= Core Loglstics Analists | Source of Re0air Analsls
- Freguency Allasation Application (DO Form 1434)
= Indepandent Ciost Estimates (ICE)
= Indusirial Base Capablifles Conshkderations
= Manpower Egtimaiz
= MlIRary Equizenent Valuation
= Programmatic Envronment, Satkty, and Cocugational Healn Evaluation (PESHE)
= Techilcl Data Rights Stralegy

Documents Requirsd by Reguiation (25}
- Acmuision Declslon Memorandum (ADM)
= Aomuisiion Program Easaling (APE)
= Acoulsiion Straegy
- Analysls of ARRTiNes [A0A)
~ Caganlify Production Document (CRD)
= Cornoskn Prevention Control Plan
~ Cogt Analysls Fequinements Description [CARD)
- Dol Component Ciost Estimate
~ ExR Crierla
= Iformation Operations Capstone Thneal Assesement
= Iriormation Suppart Plan (I5F)
= e Urilgue identifization (ILIDY molementstion Plan
~ Jolm Assessmeant
= Lle-Cycle Sigrature Suppart Plan
= Lie-Cycle Sustalkment Plan (LCSP)
~ Net-Centric Data Sirategy
- Oparational Test Agency Repom of Oparaticnal Test and Evalustion Resuls
= [Program Protectian Plan (FRR)
= FalianiiRy, Alinlity, Malaineolify, and Cost (RAM-C) Ratnale Repart
~ Regues! for Proposal (RFP)
- Spectnum Sumponabiify Determinatin
= Sygtem Threat Assesemen (STA)
= System THEEt Assessment Repon (STAR)
~ Syshems Engineering Plan (587
- Technical Data Rights Strategy
= Teomology Readiness Assesement (TRA)
= Tt 2 Evalustion Wister Plan [TEME)
~ Wawetorm Development or Modification Application
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those values and what are the cost, schedule,
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INFORMATION REQUIRED: If changes to the

program baseline have been made, show the trades
analysis accomplished to arrive at these changes,
include details on the effectiveness/capability analysis;
cost, schedule and affordability analysis; rationale for
making changes; associated risks and mitigations;
sensitivity analysis; and operational implications
associated with each trade made to adjust the

KEY QUESTIONS TO BE ASKED:

program baseline.

INFORMATION REQUIRED TO ANSWER THE
QUESTIONS:

Have there been any updates to the cost estimate or
KPPs? If so, what trades were made to arrive at those
values and what are the cost, schedule, technical and
operational implications?

Show the trade analysis that reveals the cost and
operational impacts and capability feasibility and
affordability of any updates to the defined performance
attributes (KPPs and KSAs) and/or the cost estimate.

OTHER QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
QUESTIONS:

Are there any updates to your Acquisition Strategy and
business approach for EMD? Describe the decision
process used to arrive at this approach, including any
trade studies conducted.

Describe the program acquisition strategy and business
approach (emphasis on updates), in doing so identify
how and why decisions were made, provide a
description of the analyses that were used to support
decisions.

What are the program risks? Describe what specific
production design and other risk mitigation activities
have or will be conducted to reduce the risk to
acceptable levels, what technology or other trades were
conducted to determine the appropriate mitigations?

Identify the program risks accompanied by the analysis
used to arrive at risk mitigation. In particular, provide
specifics with respect to alternatives considered and
rationale for selecting a specific mitigation, for example
the details of the Cost Capability Analysis (CCA), if
used.

What are your “should cost management” targets and
how will you achieve them?

Show how “should cost management” targets were
developed, include the analytical basis of the target as
they relate to the program “will costs”.

What are your affordability goals and how did you arrive
at them? Show how your affordability analysis supports
the Air Force's proposed affordability goals for unit
production and sustainment costs.

Provide your affordability analysis and proposed
affordability goals based on the resources that are
projected to be available to the Air Force for this
program with respect to production and sustainment.

What is the Air Force's cost estimate for the preferred
solution(s) identified by the AoA?

Provide an LCCE and the underlying basis of that
estimate, by appropriation and FY. (See DAG Para 3.1)

Demonstrate that the program will be fully funded within
the FYDP at Milestone C and beyond.

Provide program projected funding vs. program LCC by
appropriation and FY. Identify shortfall and overages
and projected fix details.

Are there any new validated threats or threat
environments that might affect the system’s operational
effectiveness?

Identify the new validated threats or threat
environments and show how they have been countered
in the production design. Show any trades conducted
and the alternatives chosen or rejected and the
associated rationale.
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Decision Point @ — Full Rate Production

Decision: Full Rate Production (FRP) Decision Makers: MDA

Decision Point: FRP assess the results of initial OT&E, initial manufacturing and initial
deployment, and determine whether or not to approve proceeding to Full-Rate Production
or Full Deployment

Full-Rate Production Decision or Full Deployment ®
Decision - The MDA will conduct a review to assess the

results of initial OT&E, initial manufacturing and initial Fu"tate
deployment, and determine whether or not to approve Producton
proceeding to Full-Rate Production or Full Deployment. <>
Continuing into Full-Rate Production or Full Deployment T
requires demonstrated control of the manufacturing |
process, acceptable performance and reliability, and the

establishment of adequate sustainment and support

systems.
In making the Full Rate Production Decision or the Full Deployment Decision, the MDA will consider any
new validated threat environments that might affect operational effectiveness, and may consult with the
requirements validation authority as part of the decision making process to ensure that capability
requirements are current.

Except as specifically approved by the MDA, critical deficiencies identified in testing will be resolved prior
to proceeding beyond LRIP or limited deployment. Remedial action will be verified in follow-on test and
evaluation.

Source: DoDI 5000.02

I0C FOC

B - Production,
. Deployment, &
RN o7 B Sustainment
2!y men) \\\ ( Operations & Support)
N
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N
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List of All ACAT Documents (26)

Documents Required by Statute (12)
= Acguisition Information Assurance Strategy
= Acguisition Program Bazeline (AFPB)
+ Beyond Low-Rate Initial Production (LREIP) Report
« Clinger-Cohen Act (CCA) Compliance
= Economic Analysis (EA)
« Independent Cost Estimates (ICE)
- Live Fire Test and Evaluation Report
= Manpower Estimate
« Military Equipment Waluation
= Post Implementation Review Plan

= Programmatic Environment, Safety, and Occupational Health Evaluation
(PESHE)

= Technical Data Rights Strategy

Documents Required by Regulation (14)
= Acguisition Decizion Memorandum (ADK )
= Acguisition Program Bazseline (APB)
= Acguisition Strategy
- Core Logistics Analyzis / Source of Repair Analyzis
+ Cost Analysis Requirements Description (CARD)
+ Dol Component Cost Estimate
= loint Assessment
- loint Interoperability Test Certification
- Life-Cycle Sustainment Plan (LCSP)
+ Operational Test Agency Report of Operational Test and Evaluation Results
+ Program Protection Plan (PPP)
- Request for Propozal (RFP)
-+ Technical Data Rights Strategy
- Test and Evaluation Master Plan (TEMP)

OVERARCHING QUESTION: Have changes to the INFORMATION REQUIRED: If changes to the program

program baseline been assessed to ensure the baseline have been made, show the trades analysis
maximum capability for cost within affordability accomplished to arrive at these changes, include details

constraints? If so, what trades were made to arrive at on the effectiveness/capability analysis; cost, schedule
those values and what are the cost, schedule, technical  and affordability analysis; rationale for making changes;
and operational implications? associated risks and mitigations; sensitivity analysis; and
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operational implications associated with each trade made

KEY QUESTIONS TO BE ASKED:

to adjust the program baseline.

INFORMATION REQUIRED TO ANSWER THE

QUESTIONS:

What product baseline attributes are key drivers of
cost, schedule and risk? For each driver, how would
cost, schedule, risk and operational effectiveness be
impacted by changes to the production/deployment
baseline?

Describe the product baseline attributes that are key
drivers of program cost, schedule and programmatic risk
and the associated analysis that identified them as
principal drivers. Show the sensitivity of these drivers by
identifying the "knee of the curve" analysis for each of
the cost drivers and the current value for them
associated with the production/deployment baseline.

OTHER QUESTIONS TO BE ASKED:

INFORMATION REQUIRED TO ANSWER THE
QUESTIONS:

Are there any updates to your Acquisition Strategy
and business approach for Production/Deployment?
Describe the decision process used to arrive at this
approach, including any trade studies conducted.

Describe the program acquisition strategy and business
approach (emphasis on updates), in doing so, identify
how and why decisions were made provide a description
of the analyses that were used to support decisions.

Are there any new validated threats or threat
environments that might affect the system’s
operational effectiveness?

Identify the new validated threats or threat environments
and show how they have been countered in the
production design. Show any trades conducted and the
alternatives chosen or rejected and the associated
rational.

What are the program risk? Describe what specific
production design and other risk mitigation activities
have or will be conducted to reduce the risk to
acceptable levels, what technology or other trades
were conducted to determine the appropriate
mitigations?

Identify the program risks accompanied by the analysis
used to arrive at risk mitigation. In particular, provide
specifics with respect to alternatives considered and
rationale for selecting a specific mitigation, for example
the details of the multi-objective decision analysis
(MODA), if used.

What are your “should cost management” targets and
how will you achieve them?

Show how “should cost management” targets were
developed, include the analytical basis of the target as
they relate to the program “will costs”.

What are your affordability goals and how did you
arrive at them? Show how your affordability analysis
supports the Air Force’s proposed affordability goals
for unit production and sustainment costs.

Provide your affordability analysis and proposed
affordability goals based on the resources that are
projected to be available to the Air Force for this
program with respect to production and sustainment.

What is the Air Force's cost estimate for the full-rate
production?

Provide an LCCE and the underlying basis of that
estimate, by appropriation and FY. (See DAG Para3.1) |

Demonstrate that the program will be fully funded
within the FYDP at Milestone C and beyond.

Provide program projected funding vs. program LCC by
appropriation and FY. Identify shortfall and overages and
projected fix details.
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