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Capability Development Process
1.0 Description: Capability Development (CD) is an overarching term the AF now uses in reference to the organization, execution and oversight of all activities associated with developing capabilities for the total AF across the lifecycle extending from initial identification of need or opportunity through assessment of a fielded capability. CD includes all activities from opportunity, capability gap identification, and capability need identification through warfighter employment. To enable delivery of timely and effective capabilities to the Joint and Air Force warfighter, the execution of all capability development lines of effort must be aligned at the appropriate level. These activities include gap analysis, Science and Technology (S&T), studies/market research, wargaming, experimentation, prototyping, development planning (DP), planning for Development (PfD), acquisition and investment strategies. 

2.0 Purpose and Scope. This process details how AFLCMC receives and responds to Capability Development support requests from AF customers.  This process establishes the AFLCMC Single Point Entry for requests from the AF governance process currently managed by Air Force Warfighting Integration Capability (AFWIC).  In addition, this process establishes the DP framework in AFLCMC to coordinate the identification, evaluation, and documentation of capability needs and acquisition investment opportunities to provide input to AFWIC. Transition to Program of Record is recognized as an important part of CD, however, details are fully covered under Department of Defense Instruction (DODI) 5000.02, Operation of the Defense Acquisition System, and not included in this document. This standard process applies to all AFLCMC organizations except HI, which maintains oversight over the CD process for Defense Business Systems. AFLCMC/XZ will coordinate with other Centers and MAJCOMs as required.

2.1 Strategic Development Planning is used to describe multi-domain, enterprise-wide DP. Strategic DP occurs when the need for capability development planning is identified but additional work is needed prior to entry into the JCIDS process. Strategic activities include planning, experimentation and prototyping. AFLCMC requests for support may come from AFWIC or the Strategic Development Planning and Experimentation (SDPE) office. AFLCMC/XZ is typically the assigned CD Lead for Strategic DP support requests. Assigned CD Leads are encouraged to leverage, as appropriate, Sec 804 authorities on rapid prototyping and fielding granted by the Assistant Secretary of the Air Force, Acquisition, Technology and Logistics in Air Force Guidance Memorandum 63-146-01, Rapid Acquisition Activities, dated 13 June 2018. 
2.2 Planning for Development (PfD) is the early portion of the Capability Development lifecycle which coincides with the Joint Capability Integration and Development System (JCIDS) process from Capability Based Assessment (CBA) through Materiel Development Decision (MDD). AFLCMC/XZ typically leads PfD efforts but may require support from other AFLCMC Directorates. This support should include assistance from the PEO Directorates to factor in integration requirements for all relevant legacy weapon systems. CD is acquisition-based and utilizes early systems engineering to understand requirements and mature potential concept solutions through robust tradespace analysis. Tradespace analysis explores and compares the analysis results of a concept’s performance, suitability, effectiveness, and cost relative to a defined capability need. At MDD, robust tradespace/concept analysis delivers a thoroughly developed and defined tradespace, the identification of viable concept solutions generated from a fully exercised tradespace to take to an AoA, and, subsequently, a requirement definition that is sound and well understood. Improving the pedigree of tradespace and concept analysis leading up to, and supporting, the AoA is central to the Early Systems Engineering (ESE) Master Technical Process (MTP) found in Attachment 1. The PfD process provides the technical foundation for materiel development and provides the analytic basis for life cycle cost and capability trades to inform requirements development and oversight activities supporting acquisition Milestones, decision points, and phases.  
2.3 AoA Support. Customers may use this standard process to request support for AoA execution. In this Phase of the lifecycle is typically lead by a PEO and supported by AFLCMC/XZ. In some cases, it may be appropriate for the PEO and XZ to enter into a co-Lead arrangement. These arrangements are collectively arranged and agreed to on a case-by-case basis.
2.4 Transition to Program of Record (POR) covers the CD process after AoA execution, to accomplishment of Milestone A, and launch of a POR (e.g. PEO assignment). Please refer to Department of Defense Instruction 5000.02, Operation of the Defense Acquisition System for further guidance. Key activities such as the development of the Concept of Operations (CONOPS) and initial Systems Engineering Plan (SEP) may be accomplished concurrently with AoA execution. Similar to AoA Support, Transition to POR is typically lead by a PEO and supported by AFLCMC/XZ. In some cases, it may be appropriate for the PEO and XZ to enter into a co-Lead arrangement. These arrangements are collectively arranged and agreed to on a case-by-case basis.
2.5 Development Planning (DP), a frequently used term, encompasses Strategic DP all the way to launch of a POR.  As previously stated, this document currently covers Strategic DP and PfD efforts but recognizes AoA Support and Transition to POR as important DP activities.  

3.0 Roles and Responsibilities: The entries listed below are summarized, see the Air Force Life Cycle Management CD CONOPS for additional information. 
3.1 AFLCMC/CC will:
3.1.1 Exercise PEO-like authority providing oversight of CD efforts managed by AFLCMC/XZ.
3.1.2 Approves Center CD Lead assignment and execution strategies.
3.1.3 Review technical/programmatic progress of AF CD activities semi-annually.
3.2 AFLCMC/XZ (Senior Materiel Leader) will: 
3.2.1 Be designated as the AFLCMC CD Single Point of Entry (SPE).
3.2.2 Serve as the Center’s primary representative to the AF CD process and AFWIC governance structure.
3.2.3 Work with PEOs to assign CD Lead and develop execution strategies for AFLCMC/CC approval. Maintain insight of execution progress to foster fulfillment of cross-domain effects.
3.2.4 Organize semi-annual review of Center CD activities.  
3.2.5 Serve as Center CD Standard Process owner.
3.2.6 Build a network of CD liaisons and SMEs (PEO and Functional) to facilitate collaboration and information flow across the Center 
3.2.7 Work with functional home offices, as appropriate, to provide processes and tools to aid in CD efforts across the acquisition enterprise.
3.2.8 Executes Strategic DP.
3.2.9 Executes PfD when assigned CD Lead.
3.2.10 Serve as the Center SPM-like POC to SAF/AQR in their DP roles.
3.2.11 Solicit and coordinate support from MAJCOMS, PEOs and/or 2 ltrs, as necessary.
3.2.12 Manage and preserve documentation of DP artifacts to leverage understanding of capability needs and opportunities across AFLCMC and the weapon system lifecycle. This role also includes identifying and initiating periodic capability analysis, to include consideration to legacy platforms and subsystems in the system of systems CONOPs
3.2.13 Facilitate AF-level Technology Transition efforts such as ATDs and JCTDs.
3.3 AFLCMC PEOs will: 
3.3.1 Designate a directorate portfolio liaison who interfaces with AFLCMC/XZ in support of AF CD activities.  Liaisons should have broad understanding of the PEO portfolio and maintain awareness of emerging gaps that may be supported through their portfolios.
3.3.2 Provide SME support to AFLCMC/XZ to develop execution strategies for AF approved CD activities.
3.3.3 Support semi-annual review of Center CD activities, as necessary. 
3.3.4 Executes PfD when assigned CD Lead.
3.3.5 Plans and executes technology transition for those efforts where the PEO is assigned CD lead.
3.4 Functional owners* are responsible to: 
3.4.1 Assign CD liaison who has a broad understanding of functional roles in CD planning and execution.
3.4.2 Coordinate with AFLCMC/XZ and PEO directorates to develop and maintain SMEs required to support CD planning and execution.
3.4.3 Provide SMEs to support CD planning for AF approved projects.
3.4.4 Provide SMEs to execute CD projects in accordance with approved CD strategy.
3.4.5 Support the execution of processes in support of CD—cost estimating, Concept Characterization and Technical Documents (CCTDs), Technology Readiness Reviews (TRR), etc. 
3.4.6 Support semi-annual review of Center CD activities, as necessary.
* Functional owners are the primary Center Functional Home Offices (FHOs): EN/EZ, PK/PZ, FM/FZ, LG/LZ, AQ/AZ, as well as acquisition intelligence, acquisition security and safety.

4.0 Potential Entry/Exit Criteria and Inputs/Outputs.  The following sections provide example entry and exit criteria for a particular CD effort. Exit and Entry Criteria should be tailored for each CD effort based on the need. 
4.1 Entry Criteria: Customer submits a Capability Development Support Request (CDSR), see attachment 2 for a template, to the AFLCMC CD SPE. The CDSR template requests the customer provide as much data as possible to start the process including: problem statement, top-level analysis questions, and desired products. The CD SPE can assist with the development of the CDSR on a case-by-case basis.
4.2 Exit Criteria: AFLCMC delivery of a Technical Analysis Report (TAR) or Concept Characterization and Technical Description (CCTD) report which contains all the information required by the customer, as specified in the customer’s CDSR. 
4.3 Inputs. This section describes mandatory inputs. 
4.3.1 Completed CDSR
4.3.2 Other data and documents identified in the CDSR to include documentation and data from prior CD efforts.
4.4 Outputs: This section describes the required outputs of CD execution. The analysis planning documents and reports are AFLCMC owned products which are used to capture the body of work accomplished to respond to a customer request. The customer may require other tailored products. The CDSR will specify additional desired products.  
4.4.1 For Strategic Development Planning efforts:
4.4.1.1 CC Approved CD Proposal/Execution Strategy. A CD Proposal Template is provided in Attachment 3.  It is recommended that the CD Lead refer to the Master Technical Process (Atch 1) and the Top Level-Program Plan Template (Atch 4) for guidance on how to identify appropriate analysis questions to effectively answer customer questions and complete the CD Proposal.  
4.4.1.2 Technical Analysis Plan (TAP).  Customer questions are typically complex and often qualitative. The TAP is a document which details how the customer’s questions are decomposed into detailed analysis questions which are measureable and traceable back to the capability need. A TAP Template is found in Attachment 5. 
4.4.1.3 Technical Analysis Report (TAR).  This report documents the results of the analysis results and makes recommendations. This document is delivered to the customer closing out the CDSR. A TAR Template is provided in Attachment 6.
4.4.1.4 Other tailored documents (or data) required by the customer as specified in the CDSR.  
4.4.2 For Planning for Development efforts:
4.4.2.1 CC Approved CD Proposal/Execution Strategy.  A CD Proposal Template is provided in Attachment 3.  It is recommended that the CD Lead refer to the Master Technical Process (Atch 1) and the Top Level-Program Plan Template (Atch 4) for guidance on how to identify appropriate analysis questions to effectively answer customer questions and complete the CD Proposal.  
4.4.2.2 TAP.
4.4.2.3 TAR or CCTD. One of these documents is delivered to the customer closing out the CDSR. A CCTD is the traditional product delivered in support of an MDD or AoA. A CCTD Template (revised from dated SAF/AQ guidance) is provided in Attachment 6. A TAR may be used to document other CD analysis outside the scope of a typical CCTD such as Strategic DP or analysis supporting Capability Based Assessments (CBAs) or Initial Capability Document (ICD) development. A TAR may also be used to capture experimentation or prototyping activities.  
4.4.2.4 Other tailored documents (or data) required by the customer as specified in the CDSR.  

5.0 Process Workflow and Activities
5.1 Supplier, Inputs, Process, Outputs, and Customers (SIPOC), Table 1.  The SIPOC outlines the key interactions and interfaces associated with the CD process.  The items detailed in Table 1 are not necessary for every CD effort and can be tailored based on the specifics of the project.
5.2 Process Flowchart.  The high level process flowchart, Figure 1, represents the CD process flow from HAF/AFWIC/MAJCOM/PEO CD request through AoA execution.  Because of the dynamic nature of CD, this process is meant to accommodate multiple perspectives and situations.  This process is not meant to be prescriptive, but instead can be tailored to the specific CD effort.  
5.3 Work Breakdown Structure (WBS).  The WBS, Table 2, provides additional detail corresponding to individual CD activities depicted in the flowchart in Figure 1. 
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Table 1. Supplier, Inputs, Process, Outputs, and Customers (SIPOC) for CD

	Supplier
	Inputs
	Process
	Outputs
	Customer(s)

	HAF/AFWIC/PEO, Funtional Home Office (FHO),  Intelligence Community (IC)
	ICDs, CBAs, Threat analysis, capability gap descriptions, CONOPS, candidate solutions
	Initiate CD Activity
	CD Support Request
	AFLCMC Single Point of Entry (SPE) 

	AFLCMC SPE
	CDSR
	Evaluate/Assign CD Activity
	AFLCMC CD Lead designation
	AFLCMC/XZ, PEO 

	CD Lead
	CDSR, Lead designation
	CD planning
	CD Proposal
	HAF/AFWIC/PEO

	CD Lead
	CDSR, CD Proposal
	Detailed CD Planning and project execution
	TAP, Security Guide (SG), TAR and/or CCTD
	HAF/AFWIC/PEO








Figure 1. High Level Capability Development (CD) Process Flowchart
[image: ]

Table 2.  Planning for Development (CD) Work Breakdown Structure (WBS)

	Lvl
	WBS
	Activity
	Description
	OPR

	1
	1.0
	Planning for Development Process (Pre-MS A)
	This process guide details how AFLCMC receives and responds to CD support requests from the AF governance process currently managed by AFWIC.
	AFLCMC


	2
	1.1
	Customer Identifies need for CD Activity
	Customer identifies need and gathers information needed to complete and submit a CDSR to the SPE. 
	HAF, AFWIC, PEO

	2
	1.2
	Evaluate Request and assign CD Lead
	The SPE will work with the PEO, Functional, and/or customer (as applicable) to assess whether a CDSR requires strategic DP or PfD support. Note: When the AF Form 1067 is used, specific review and approval authorities are defined depending on the funding threshold (e.g., below $50M or above $50M). Refer to the AF/A5R Requirements Development Guidebook, vol. 4 for the specific review and approval authorities.
	SPE, PEO and Functional Liaisons 

	
	1.3
	Perform CD planning
	The CD Lead may reference the ESE MTP (Atch1) and the Top-Level Program Plan Template (Atch 4) to assist with writing the CD Proposal.  A CD Proposal Template is provided in Attachment 3.  The CD Proposal is reviewed, approved and funded by the customer.  
	SPE and CD Lead

	
	1.4
	Perform detailed technical analysis planning (for strategic DP)
	The CD Lead performs additional technical analysis to decompose requirements into an executable plan.  This analysis and plan is documented in the TAP.  A TAP template is provided in Attachment 5.
	CD Lead

	2
	1.5
	Support strategic development planning
	The SPE performs activities outlined in the CD Proposal and TAP in support of Experimentation Campaigns, prototyping and Enterprise Capability Collaboration Teams (ECCTs).  The results are documented in the TAR.  A TAR Template is provided in Attachment 6.
	CD Lead

	2
	1.6
	Perform detailed technical analysis planning (for PfD)
	The CD Lead performs additional technical analysis to decompose requirements into an executable plan.  This analysis and plan is documented in the TAP.  A TAP template is provided in Attachment 5.
	CD Lead

	2
	1.7
	Develop Security Guide
	Security requirements are defined and documented. 
	CD Lead

	2
	1.8
	Perform Concept Development
	Execute the analysis outlined in the CD Proposal and TAP and perform other program management activities such as cost, schedule and risk estimates.  Also develop concept solutions and preform cost vs capability trade space analysis.  All analysis and concept design details are documented in the TAR or CCTD, report templates are provided in Attachments 6 and 7, respectively.  
	CD Lead

	2
	1.9
	Support Pre-MS A JCIDS Process
	Support the customer in developing the AoA Plan (significant content should come from the TAP and the CCTD).  Provided technical and planning info to the customer necessary to support a successful MDD. Provide technical expertise to the customer to ensure successful AoA execution.
	CD Lead



6.0 Measurement.  As with any process, measures need to be put in place to ensure consistency and effectiveness of the process.  CD has developed three metrics to measure this effectiveness, found in Table 3. 
Table 3.  CD Process Metrics
	Metric #
	Activity
	Scope of Activity
	Metric

	1
	Non-Space SPE to process CD request and assign lead CD organization 

Done by AFLCMC/XZ
	· Receive request
· Determine lead organization
· Identify relevant additional stakeholder organizations


	CDSR reviewed and assigned within 5 business days

	2
	Develop CD Proposal 

Done by assigned CD Lead
	· Capability Materiel Team (CMT)-developed
· Schedule to include all activities/resources to complete document for submission to appropriate SPE for governance approval
· Only done for proposals that go through the SPE

	Deliver CD Proposal to customer for approval within 25 business days.  

	3
	Coordinate and Approve TAR, CCTD or Strategic Planning documents, as appropriate.

Done by assigned lead organization
	· Action Officer (AO) Review of Draft documents
· Coordination of Final TAR or CCTD (O-6/GS-15 Level).  Technical Authority Approval of CCTD (when there is no POR), AFLCMC/XZ Director of Engineering (DoE) is the Technical Authority (TA) for AFLCMC.  For non-AFPEO/SS PORs, the PEO DoE is the TA with coordination by AFLCMC/XZ.  
	On-time delivery of final product to customer within approved timeline.  




7.0 Tools.  Several CD tools are available within AFLCMC/XZ (see Attachments below). 
7.1 CDSR and CD Proposal templates are attached.  
7.2 The Early Systems Engineering Master technical Process is also attached.
7.3 Customers may request support by email using the AFLCMC Capability Development Mailbox, or AFLCMC.XZN.AFLCMCXZCapability@us.af.mil.  
8.0 Training.  
8.1 Training courses are in work.  
9.0 Definitions, Guiding Principles or Ground Rules & Assumptions. 
9.1 This standard process does not apply to Defense Business Systems (DBS), per Section 2.0.  
9.2 This process does not cover the following:
9.2.1 Transition to POR part of the DP process, which is adequately described in Department of Defense Instruction 5000.02, Operation of the Defense Acquisition System.
9.2.2 Sustainment efforts to retain or restore existing capabilities but do not lead to an MDD.
9.2.3 Fast-track requirements such as Urgent Operation Needs, Joint Urgent Operation Needs, and Urgent Need Requests. 
9.2.4 Technology demonstrations prioritized via the Applied Technology Councils or similar processes (e.g., Applied Technology Demonstrations (ATDs), Joint Capability Technical Demonstrations (JCTDs), etc.).
9.3 Acronym list is provided at Attachment 8.
10.0 References to Law, Policy, Instructions or Guidance. References that relate to this process are as follows.  
10.1 Air Force Guidance Memorandum 63-146-01, Rapid Acquisition Activities, dated 13 June 2018
10.2 Air Force Instruction (AFI) 63-101/20-101, Integrated Life Cycle Management, 9 May 17
10.3 Air Force Instruction 10-601, Operational Capability Requirements Development, 9 May 17
10.4 Analysis of Alternatives (AoA) Handbook, A Practical Guide to the Analysis of Alternatives, Office of Aerospace Studies (OAS), 10 Jun 13
10.5 Chairman of the Joint Chiefs of Staff Instruction (CJCSI) 3170.01H, Joint Capability Integration and Development System (JCIDS), 10 Jan 12
10.6 Concept Characterization & Technical Description (CCTD) Guide, SAF/AQR, 27 Oct 10
10.7 Department of Defense Instruction (DoDI) 5000.02, Operation of the Defense Acquisition System, 7 Jan 15
10.8 DoDI 5134.16, Deputy Assistant Secretary of Defense for Systems Engineering (DASD(SE)), 19 Aug 2011
10.9 Early Systems Engineering Guide, SAF/AQ, 31 Mar 09
10.10 AF/A5R Requirements Development Guidebook, Vol 1 Air Force Implementation of The JCIDS Deliberate Process, Version 1.3, 30 Oct 17

	Attachment 1.  AFLCMC/XZ Early Systems Engineering (ESE) Master Technical (MTP) Process




	Attachment 2.  Capability Development Support Request Template




	Attachment 3.  Capability Development Proposal Template



	Attachment 4.  Top Level Program Plan Template




	Attachment 5.  Technical Analysis Plan (TAP) Template 



	Attachment 6.  Technical Analysis Report (TAR) Template 




	Attachment 7.  New Concept Characterization and Technical Description (CCTD) Template 



	Attachment 8.  Acronym List 
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1. Overview

1.1. Background and Scope

Development Planning (DP) encompasses the engineering analysis, supportability and technical
planning activities that provide the foundation for informed investment decisions on the fundamental
path a materiel development follows to meet operational needs effectively and affordably and
facilitates integrated capability development. Early (pre-Milestone [MS] A) planning, analysis, and
systems engineering activities provide linkages among operational needs, system performance
requirements, human systems integration, technology needs and opportunities, and potential life cycle
costs. The pre-MS A systems engineering activities (Early Systems Engineering, or ESE) provide a
technical foundation for materiel development and should provide the analytic basis for life cycle cost
and capability trades to inform requirements development and oversight activities supporting
acquisition MSs, decision points, and phases. Conducting DP should result in a robust requirement
definition by performing market research; defining concepts that are mature, testable, and
fiscally/technically feasible; and identifying technology risks and areas requiring S&T investment to
reduce risks to acceptable levels (Ref Air Force Instruction 63-101/20-101, 9 May 2017).

This Early Systems Engineering (ESE) Master Technical Process (MTP), referred to as simply the
MTP, documents the technical activities performed to support the Capabilities Based Assessment
(CBA), to the Materiel Development Decision (MDD) and the planning and execution of the
Analysis of Alternative (AoA). Planning for Development (PfD) is the label used to identify the
specific DP activities covered by the MTP.

1.2. Process Guide Purpose

In 2014, the National Research Council published a report titled Development Planning: A
Strategic Approach to Future Air Force Capabilities, which highlighted the need to “complete
requirements trade-offs prior to the development phase.” This document seeks to define the key
engineering activities used to fully understand and decompose a capability need into a requirement
definition that supports a successful AoA and, ultimately, a successful Technology Maturation &
Risk Reduction (TMRR) Request for Proposal (RFP) release and Source Selection. At MDD, this
process delivers a thoroughly developed and defined tradespace, the identification of viable
concept solutions generated from a fully exercised tradespace to take to an AO0A, and,
subsequently, a requirement definition that is sound and well understood. In other words, the
primary objective of the MTP is not to develop a concept solution but to deliver key information
to support a fully characterized and well-understood materiel requirement.

Improving the pedigree of tradespace analysis leading up to, and supporting, the AoA is central to
the MTP. This requires formalization of the engineering process and establishment of standards.
The MTP provides a framework to adequately plan, execute and document technical analysis and
deliver a traceable, fully characterized requirement (with correlation to performance and
effectiveness analysis) at MDD along with preliminary concept requirements to support timely
and successful AoA execution. The MTP calls for end-to-end documentation of the analysis from
questions to methods to results. The MTP calls for knowledge management of data, models and
analysis to facilitate understanding of requirements and effects throughout the lifecycle and for
efficient reuse in future PfD activities.





The goal is to continue to test and improve this process until it can effectively support all AFLCMC
DP efforts covered under the AFLCMC Capability Development Concept of Operations
(CONOPS). Further process adoption could occur through the Office of Aerospace Studies
(AF/A5R) to help provide guidance on all Capability Development efforts across the Air Force,
through updates to SAF/AQ guidance such as the Air Force Early Systems Engineering Guide and
the Concept Characterization and Technical Description (CCTD) Guide and the Air Force Material
Command’s (AFMC’s) Development Planning Guide.

2. Technical Approach

2.1. Fundamentals of Set-Based Design

System engineers describe system development as a continuous learning process that translates
uncertainty into knowledge. Customer needs and technological choices are inherently uncertain.
Therefore, it is important to understand that system designs must adapt over time as requirements
are developed. Toyota has exhibited decades of success by leveraging Set-Based Design
philosophies that encourages multidisciplinary learning and an enhanced reduction in uncertainty
before closing the design (see MIT Sloan Management Review in Appendix B).

Traditional design practices, whether concurrent or not, tends to quickly converge on a solution, a
point in the solution space, and then modify that solution until it meets the design objectives. This
can be an effective approach unless the starting point is wrong; subsequent iterations to refine that
solution can be very time consuming and lead to a suboptimal design. Point-Based Design is the
process of committing to a specific detailed requirement(s) and a system design early in the
process. A rush to define critical interfaces to allow a program to proceed to subsystem design may
seem beneficial in the short-term but may prove to be costly long-term. Constraining the design
before completing tradeoff analysis, or neglecting to perform tradeoff analysis at all, leads to
suboptimal design and may result in costly rework late in a program or program failure. Point-
Based Design typically does not produce innovative or highly competitive solutions. Under-
developed requirements and premature definition of functional allocations and interfaces often
leads to a large number of fixes or design changes throughout detailed design, test, production,
and operations and sustainment. Due to the large number of design changes, the overall cost of the
program can increase by orders of magnitude. Figure 2-1 demonstrates the importance of concept
development on a program’s overall lifecycle cost. According to INCOSE, concept development
only expends a small percentage of the overall lifecycle cost yet commits roughly 70% of the
program lifecycle cost.
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Figure 2-1. Program cumulative lifecycle costs

By contrast, Set-Based Design begins by broadly considering sets of possible solutions and
gradually narrowing the set of possibilities to converge on a final solution. A wide net from the
start, and gradual elimination of weaker solutions, makes finding the best or better solutions more
likely. With such an approach, designers can assume variability and preserve options late into the
design process, providing for maximum flexibility of approach rather than binding early to a final
option. As a result, Toyota typically took more time early on to define the solutions, but was then
able to move more quickly toward convergence and ultimately, production than its point-based
counterparts. In addition, the designs produced from Set-Based Design methods had fewer
engineering changes as the program progressed, reducing overall time and cost for the program.
Another advantage to Set-Based Design is the potential to design for resiliency so the system
design does not become obsolete too quickly. This requires more research into potential future
requirements to identify what design elements or features may require more margin for resiliency.
For the MTP, Set-Based Design is the preferred approach, with Point-Based Design used
sparingly. Lead Engineers should document reasons for not using a Set-Based Design approach
and secure Chief Engineer (CE) and Director of Engineering approval before proceeding.

2.2. Tradespace Analysis

Tradespace analysis is the exploration and comparison of alternatives in complex problems with
multiple objectives. Tradespace analysis is the core goal of the technical work described in the
MTP. Tradespace analysis explores and compares the analysis results of performance, suitability,
effectiveness, and cost analysis. Understanding the relationships between these objectives is
important to the decision maker. In large complex problems with multiple objectives and multiple
stakeholders, it is difficult to readily see the best solution to a problem or understand the impacts
if a solution fails to meet one or more objectives. A well-established baseline can allow decision





makers to quantify additional modification and/or completely new builds of systems for next
generation technology requirements. Tradespace analysis is fundamental to the philosophy of Set-
Based Design, since it allows alternatives to be iteratively filtered and refined.

Tradespace filtering is the key analytical step in the tradespace analysis process. Tradespace
filtering is primarily an application of one of three Operations Research (OR) analytical
disciplines: Tradespace Exploration, Decision Analysis, or Optimization. During this step,
activities aim to define the relationships between design variables, measures, and values.
Typically, this step generates information used to screen the design points down to a subset of
candidates for further analysis, as well as the information to refine the definition of the concepts.
There are a number of methods to perform these types of analyses including, multi-attribute
tradespace exploration (MATE), simulations, or multi-objective decision analysis (MODA).
Rarely, tradespace analysis may also leverage optimization methods such as multi-objective
optimization that focuses on finding a single optimal answer, as opposed to understanding trades
and searching for an appropriate balance between objectives.

If possible, all MTP tradespace analysis should consist of an analysis of Capability vs. Cost (CvC).
CvC analysis is any analysis that aggregates capability into a single variable resulting in a two-
dimensional comparison between cost and capability. CvC analysis is a decision analysis method
that supports decision making by enabling straightforward “best value” comparisons between cost
and capability. Cost Capability Analysis (CCA) is a specific implementation of a CvC tradespace
analysis developed by the Air Force to support the acquisition cycle. CCA employs value modeling
and value-focused thinking and uses MODA as the aggregation method to reduce capability to a
single variable (see AFLCMC CCA Standard Process Guide). CvC performed in the MTP does
not prescribe the use of MODA as the decision analysis method. Another method to consider is
Multi-Attribute Decision Making (MADM), also referred to as Multi-Criteria Decision Making,
or Multi-Criteria Decision Analysis. MADM is a general topic that includes many methods,
including MODA, for approaching multi-attribute problems. For more information on CCA, please
refer to the AFLCMC Standard Process for Cost Capability Analysis.

Tradespace filtering is a decision support methodology that acts as a screening step within each
phase of the MTP to reduce the number of concepts for analysis in the subsequent phase.
Tradespace filtering considers the cost and capability analysis steps of the MTP and characterizes
the relationship with relevant design parameters. A variety of analytical methods are then used to
explore the trade-offs between cost, performance, suitability, and/or effectiveness to reduce the
number of solutions that need to be further analyzed. Most commonly, capability is associated
with Measures of Effectiveness (MoEs); that is, capability refers to the ability to accomplish
mission objectives and achievement of desired results. Not only does tradespace analysis
characterize relationships between capability and design parameters, it characterizes relationships
between output measures to include performance, effectiveness, suitability, and cost factors.
Tradespace filtering seeks to identify and eliminate the solutions that are dominated/inefficient by
identifying unsupportable tradeoffs, as well as identify the tradeoffs between the non-dominated
or efficient solutions.

In addition to tradespace filtering, many other analytical OR disciplines are needed to support the
tradespace analysis process by generating the data or helping interpret the results. The primary
supporting disciplines include the following: Modeling, Simulation and Analysis (MS&A),





Experimental Design, Sensitivity Analysis, and Uncertainty Quantification. Figure 2-2 provides a
general tradespace framework.
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Figure 2-2. Tradespace Framework

The tradespace analysis process includes planning, Subject Matter Expert (SME) elicitation and
research, data generation, analysis, and documentation. Design of Experiments (DoE) aims to
provide the best design to ensure that experiments have valid reliable results while minimizing
measurement error and achieving sufficient statistical power and sensitivity. The best design is the
design with the fewest number of runs for a desired experimental result (level of sensitivity,
optimization, power, etc.). DoE is useful in any type of experiment, from simulation to human
response to operational test. Different techniques are available for different types of experiments,
and for different experimental goals. For the purposes of effectiveness or performance analysis,
use of DoE is preferred over use of a complex deterministic or stochastic computer MS&A tool.

2.3. Tradespace Analysis Using Set Based Design

Taking a Set Based Design approach to early concept tradespace analysis requires considering four
different design sets, also known as design realms. The design realms, shown in Figure 2-3, are
Realm of the Possible, Realm of the Reasonable, Realm of the Competitive, and Realm of the
Truly Competitive. For the Realm of the Possible, an infinite number of solutions (e.g.
“Everything”) narrows to approximately 10 solution approaches. In this realm, tradespace
analysis focuses on filtering solution approaches by considering Doctrine, Organization, Training,
materiel, Leadership/education, Personnel, Facilities & Policy (DOTmLPF-P) solutions. The
Realm of the Reasonable narrows the solution approaches down to approximately 10 concept
types. Here, concept types refer to materiel solutions — either a materiel modification, a new
materiel solution or perhaps even combinations of both. Each concept type would likely have
numerous variants that could be manifest as specific concept solutions. The Realm of the
Competitive further narrows the myriad of concept solutions from thousands to hundreds. Concept
solutions are defined as system (or system of systems) solutions. It is in the Realm of the
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Competitive where engineers need to exploit robust tradespace analysis techniques. Because of the
large number of solution sets, the analysis in this Realm is quick turn and low resolution. Finally,
the Realm of the Truly Competitive further refines the concept solutions down to a few (tens to
ones). The analysis employed here is high resolution MS&A during an AoA.
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Figure 2-3. Leveraging Set Based Design for Pre-Milestone A Tradespace Analysis

As shown in Figure 2-3, the technical analysis phases described of each Realm above are,
respectively, captured in the following MTP phases: Capabilities Planning, Broad Tradespace
Analysis, Tradespace Development, and Focused Tradespace Analysis. Through the execution of
each phase, the number of solution approaches, concept types, and design points will shrink as the
design sets mature. The level of resolution of the analysis should increase as the design sets shrink.
Large design sets should include basic analysis leveraging analogous data and/or SME opinions.
The tradespace analysis should evolve into a low-level of resolution MS&A to include performance,
cost, effectiveness, and tradespace analysis. Finally, the analysis should evolve into low/medium-
level of resolution MS&A before defining the Realm of the Truly Competitive. Figure 2-4 shows
how the phases flow and align with the Joint Capabilities Integration and Development System
(JCIDS) process.
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Determine Entry Point (Phase 0) activities focus on defining and approving a Top-Level Program
Plan. Every program will enter at Phase 0 to determine which phase(s) to conduct and how it can
feed JCIDS. Phase 0 will conduct the basic investigation into the problem and threat; customer
needs, and decompose the customer needs into the Top-Level Analysis Questions. The team
develops a program schedule, identifies resources needed to complete the program and
recommends an MTP entry phase. The Top Level Program Plan also details roles and
responsibilities between AFLCMC/XZ and the stakeholders to include any commitments
(resources, leadership guidance, manpower/SME support, etc.) provided by the customer.

While best results will likely occur with early AFLCMC/acquisition community involvement in
the JCIDS process (CBA and ICD), many times customers have already accomplished those
activities, but the technical content or documentation may be lacking. The phase 0 assessment is
necessary to determine the adequacy of the existing work (using MTP section 4 as a guide). In
addition, time or budget may limit MTP activities. The phase 0 assessment needs to capture the
proposed process tailoring and identify associated risks. The customer and AFLCMC/XZ
leadership must approve the Top-Level Program Plan and agree to the program plan and resource
requirements prior to program execution. The Top Level Program Plan is essentially a
Memorandum of Agreement, requirement for the MTP to be effective. Appendix C provides a
template for the Top Level Program Plan.
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Capability Planning (Phase 1) activities focus on collaborating with the warfighter and science
and technology community in assessing capability needs versus the “art of the possible” regarding
existing and potential materiel solutions. In this phase, engineers assess potential solution
approaches in an effort to define what types of solutions are possible, which ones warrant further
tradespace analysis, and if new Materiel solutions are necessary. This Phase coincides with the
JCIDS CBA effort. However, the applicability of the MTP is not limited to JCIDS.

In Phase 2, Broad Tradespace Exploration involves the first tradespace exploration of Materiel
solutions, and transitions from the Realm of the Possible to the Realm of the Reasonable to
determine what concepts warrant higher resolution analysis in the next phase. Because each
concept type can have numerous variants, the tradespace should be “broad”. Phase 2 may not be
necessary for every program. For small programs with few objectives, candidate concept types
may be easy to identify. For large programs with many objectives, conducting Phase 2 analysis
can help identify what concepts warrant further exploration. If the customer, stakeholders, and
technical team are struggling to define a direction due to lack of data and insight into the problem,
a Phase 2 analysis could help improve the situation by providing a context for discussion on value
systems, solutions, measures, and top-level concept types. The team should work closely with the
CE to assess program complexity and clarity of direction to determine if Phase 2 is appropriate.
For JCIDS, this Phase could support the development of the Initial Capabilities Document (ICD).

Tradespace Development in Phase 3 involves the development of the tradespace to move from the
Realm of the Reasonable to the Realm of the Competitive. Phase 3 will typically result in multiple
concept solutions traditionally documented in a CCTD report. To support a successful MDD, the
analysis performed in Phase 3 defines key variables, sensitivities, and linkages to characterize the
tradespace, evidence presents concept solutions derived from a fully exercised tradespace analysis,
and that the resulting requirement definition is sound and well understood. The CCTD content
directly supports the AoA Study Plan.

Finally, Focused Tradespace Analysis in Phase 4 focuses on the tradespace analysis that will help
to identify the Realm of the Truly Competitive, which consists of design points that are cost-
effective and operationally responsive. This phase develops the tradespace to refine key variables,
sensitivities, and linkages at a higher resolution level than accomplished in Phase 3. Risk
identification and detailed, parametric cost estimation are key activities performed in this phase.
Phase 4 should provide updates to CCTD(s) as knowledge improves. The work here directly affects
AO0A execution, the AoA final report, and supports System Requirements Document and draft
CDD development.

2.4. MTP Data Products

The MTP calls for end-to-end documentation of the analysis from questions to methods to results.
The MTP was also created to improve expectation management between what the customer is
paying for, what the project team plans to deliver, and what the DOE agrees would be an
appropriate level of documentation for the risks all stakeholders agree to. While the MTP is
tailorable, the two inviolate requirements for each phase is an Analysis Plan to capture the
objectives all stakeholders agree to and a technical report to capture the analytical results and
recommendations for the next phase. In addition, any significant departure from the plan (and
associated recovery plan) the project team deems appropriate due to learning during a phase should
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be coordinated with the customer and DOE as early as possible to prevent misunderstandings at
the end of the phase.

Documentation objectives include a fully characterized requirement that is traceable back to the
customer needs. Fully characterized refers to a requirement which is correlated to performance,
effectiveness and cost analysis and identifies key risks. Currently the MTP is document based but
efforts are underway to define a knowledge management capability that will house data and
developed models and analysis tools to facilitate the understanding of requirements and effects
throughout the lifecycle and for efficient reuse in future PfD/DP activities. Desired data products
include reference data tables, project specific data points, models, analysis results and reports.

2.4.1. Technical Analysis Plan

At the start of each phase, the Lead Engineer writes (or updates) the Technical Analysis Plan
(TAP) to document the right analysis questions; measures; design tasks; MS&A tasks;
technical schedule; resources required; and technical and non-technical support requirements.
Early concept development programs are unique, so what is “right” or appropriate for one
program may not be suitable for another. The primary importance of the TAP is to show
traceability between the Top Level Analysis Questions, analysis tasks and approaches and
measures. The TAP sets the expectations for the program and the current phase. The TAP is a
tailored agreement between the CE, the LE, and the Director of Engineering. The LE updates
the TAP as necessary as the technical team learns more about the design space with approval
from the CE.

The first objective of the TAP is to decompose the Top-Level Program Analysis Questions
into the appropriate Phase-Specific Analysis Questions to generate Detailed Analysis
Questions to guide program technical activity. The LE then defines “what” analysis is required
to answer the detailed questions. The second objective of the TAP is to define the analysis
approach to perform and measure/assess the concept. Almost all Detailed Analysis Questions
will have at least one corresponding Measure that directly or indirectly answers that analysis
question when determined. Approaches include design and MS&A. Measures should include
MoEs, MoPs, or cost. MoEs are measures designed to correspond to accomplishment of
mission objectives and achievement of desired results. They quantify the results achieved by a
system and may be expressed as probabilities that the system will perform as required. MoEs
may also expressed in terms of MoPs and MoSs. Ideal characteristics of MoEs are related to
performance, simply stated and completely characterized (e.g. time dependencies and/or
environmental conditions defined), easy to measure quantitatively, and testable. MoPs are a
measure of a system’s performance expressed as speed, payload, range, time-on-station,
frequency, or other distinctly quantifiable performance features. MoSs are a measure of an
item’s supportability in its intended operational environment. MOSs typically relate to
readiness or operational availability and, hence, reliability, maintainability, and the solution
support structure. Figure 2-5 shows the interrelationships between the various analysis
questions, measures, and tasks and provides examples of Detailed Analysis Questions and their
associated measures.
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Examples of Detailed Analysis Questions and their associated Measures:

. What is a concept’s probability of survival in the relevant mission space?
(Corresponding MoE: [PS])
. What is a concept’s probability of detection in the relevant mission space?

(Corresponding MoE: [Pdetect])

. What is a concept’s sensitivity to change in aircraft range with respect to change in
engine specific fuel consumption? (Corresponding MoPs: [Raircraft], [SFC])

. What is the cost of sensors with respect to their effective identification range?
(Corresponding Cost, MoE, & MoP: [Csensor], [PID], [R @ PID > 0.9])

Figure 2-5. Analysis Questions, Measures, and Task Interrelationships

Every technical team must provide details on the scope, level of resolution, and/or applicability
of the design tasks and MS&A tasks for the current phase. The TAP should document the
analysis approaches (e.g. design, MS&A) planned, the measures and the resolution level of
each task needed to answer the analysis questions. The TAP should include details on who will
perform each task (organization, government, contractor, etc.), define data requirements, and
specify selected design and MS&A methods. Appendix D provides a TAP template.

2.4.2. Technical Analysis Report

The TAR is the product of Phases 1 and 2 of the MTP process. The JCIDS products aligned
with these phases are the CBA report and the ICD, respectively. The Major Commands
(MAJCOMs) own the ICD/CBA products and often seek to restrict report size. Therefore, these
products are not the ideal means of documenting technical acquisition analytical work. The
Technical Analysis Report (TAR) is an acquisition engineering-owned product used to record
the technical work in detail. AFLCMC/XZ created the TAR as means of capturing the
technical work for both historical record and possible reuse, contributing to the associated
Digital Thread concept. The TAR provides the MAJCOM with the information needed to write
the CBA report and/or the ICD.

A Phase 1 TAR tries to answer the key question “What is the Realm of the Possible to fill
mission needs?” It focuses on the mission and capability needs based on the relevant
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operational gaps. A key element of the TAR is to describe the operating environment of the
concept need(s) to ensure that the scope of the problem is reasonable. The LE should review
prior reports to avoid duplication of work, improve the knowledge of the tradespace, and
leverage past work when possible. The customers are often the experts on the non-materiel
solutions/approaches, while the analytical team is often the expert for the materiel solutions.
As such, the customers and analytical team should work to assess the viability of each non-
materiel and materiel solution, to include affordability, requirements satisfaction, and risk. The
TAR provides the MAJCOM with the technical content needed to write the CBA report, if
appropriate.

A Phase 2 TAR tries to answer the key question “What concepts are contained within the
Realm of the Reasonable?” It refines the materiel solution definitions and performs a coarse
trade space exploration. Phase 2 activities seek to refine interfaces, key attributes, design
descriptions, and operating concepts. The Phase 2 TAR will typically include important
tradespace exploration approaches and results. The TAR provides the MAJCOM with the
information needed to write the ICD, if appropriate. Appendix E provides a TAR template.

2.4.3. Concept Characterization and Technical Description

The CCTD documents the technical work (e.g. planning, approaches) and analysis results
performed in Phases 3 and 4. The CCTD also technically describes concept solutions and
identifies risks areas needed further work (e.g. S&T or prototyping) to mature the concept. The
CCTD should describe the methodology and results that answer the questions highlighted in
the TAP. Information in a CCTD represents the analytic basis upon which a materiel concept
was developed, the rationale for decisions made during that development, and the relevant
technical documentation that results from early application of MTP processes and activities.
While a CCTD addresses operational concepts as part of its content, it primarily serves to
capture evolving knowledge of a materiel concept and its constituent elements.

Phase 3 aligns with JCIDS by supporting pre-MDD work to include the development of an
AO0A Plan. A Phase 3 CCTD tries to answer the key question “What concepts are contained
with the Realm of the Competitive?” It starts to develop a set of competitive concepts to enable
“quick-turn” performance analysis with sensitivities. The improved concept descriptions also
allow for improved parametric cost analysis with sensitivities. The tradespace analysis
performed in Phase 3 should provide a more thorough description of the trade space, and lead
to recommendations that are more detailed. This phase also includes a thorough risk
assessment so decision makers understand the implications of each materiel option for a MDD.
The Phase 3 CCTD is an essential document for AoA planning and the MDD accomplishment.

Phase 4 supports AoA execution. A Phase 4 CCTD tries to answer the key question “What
concepts are truly competitive and ready for development?” It utilizes high-resolution cost and
effectiveness models to provide the most accurate tradespace and sensitivity analysis
conclusions and recommendations. A Phase 4 CCTD is a good option to help capture the
tradespace analysis and risks that span multiple working groups to include the Cost Analysis
Working Group, the Technical Analysis Working Group, and the Effectiveness Analysis
Working Group. Appendix F provides a new CCTD template that is a suggested improvement
to the current SAF/AQ CCTD Guide.
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3. Key Tradespace Elements

The following sections summarize the key areas that support tradespace analysis: performance
analysis, effectiveness analysis, cost analysis and suitability.

3.1. Performance Analysis

Performance analysis is the application of engineering disciplines to quantify a concept’s MoPs,
such as range, speed, payload weight, etc. Ultimately, the goal of the performance analysis is to
define a concept’s performance based on design characteristics and utilize this knowledge to
inform pre- Milestone A tradespace analysis activities intended to identify the “best” concept to
meet user/ mission needs. Multidisciplinary analysis is essential for early systems engineering
since many metrics, domains, and fields are dependent on one another. An understanding of these
relationships is required to make informed engineering decisions by trading performance in one
area for another to produce a viable solution. A good way to start a multidisciplinary analysis
activity is to gather the program team and discuss what analyses and pedigree of results are
required. The current MTP phase determines the pedigree of analysis where earlier phases have
less pedigree due to a lack of data and high requirement uncertainty. Table 3-1 generally shows
the level of analysis expected during the different MTP phases.

Table 3-1. Pedigree of Analysis for Each MTP Phase

MTP Phase Resolution Level of Performance Analysis
Phase 0 None

Phase 1 Qualitative Solution Viability Assessment
Phase 2 Low (Primarily qualitative)

Phase 3 Low — Medium (0-1)

Phase 4 Medium — High (1-3)

For example, the engineering work to produce an aircraft’s Outer Mold Line (OML) would not
likely begin until Phase 3, represented by the low-resolution drawing at far left in Figure 3-1. As
the program progresses to conducting detailed trade studies in Phase 4, the OML would evolve to
a medium (middle) or possibly high level (far right) of resolution. Ultimately, the LE should work
with the SMEs from each respective performance area to understand what low, medium, and high-
resolution means for each performance discipline required based on the analysis question.
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Figure 3-1. Evolution of Aircraft OML Data across MTP Phases 3-4

3.2. Operational Effectiveness Analysis

Operational Effectiveness Analyses are methods to estimate the MoEs of alternatives in specific
scenarios. MoEs provide insights into how well alternatives will perform operationally. For
example, MoPs can tell us how fast an aircraft can fly, while MoEs can tell us if it can fly fast
enough to achieve a mission. Essentially, MoEs provide a direct and easier way to understand
measurement for the stakeholders and decision makers and provide a better foundation for multi-
attribute tradespace analysis and exploration. MoEs are essential to a mission-related tradespace
analysis that is at the core of the MTP.

Since real-world tests of future concepts are usually infeasible for pre-Milestone A activities, the
technical team must use various methods to estimate MoEs, including: analogous data, SMEs, and
MS&A. Deciding which MoEs to include in an analysis is important because they will influence
the methods used to estimate them. MoEs should trace back to the gaps as documented and
validated in the CBA or should trace back to emerging mission capability opportunities. They
should also be objective, measurable, realistic, concise, and complete.

Early phases may include methods like analogous data, SME estimates, custom spreadsheets,
simple codes, simple probabilistic military effects chain models, or low-resolution simulations, to
help bound the problem and get an initial characterization of the trade-space. These tools tend to
use engineering-level output to inform one-on-one or engagement-level tools. These tools can offer
early insight into which trades will be most important and help reduce the number of design points
examined in higher resolution simulation tools.

Phases 3 and 4 are where mission and campaign simulations become most useful. Phase 3 may use
low- or medium-resolution simulation like Capabilities-Based Assessment Tool (CBAT) or
Advanced Framework for Simulation, Integration, and Modeling (AFSIM). Phase 4 may use a
higher resolution simulation like Suppressor Mission Simulation, or Extensible Architecture for
the Analysis and Generation of Linked Simulations (EAAGLES). Specific information on
simulation tools is located at the Joint Direct Support (JDS) Modeling and Simulation (M&S)
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Tools Registry (https://jds.cape.osd.mil/default.aspx). Since programs have a large variance in
analysis requirements, it is up to the team to recommend which M&S tools to use to evaluate MoEs
at each phase. Keep in mind that even within the same model, simulations can often run from low
to high resolution depending on the pedigree of the data that is driving the simulation and the
features the user chooses to exercise for a study.

3.2.1. Analogous Data and Subject Matter Experts

Analogous data could provide initial estimates of MoEs, assuming the data is similar to the
alternative and used in very similar operations scenarios. If the data is already available, it can
serve as a quick method to estimate MoEs for systems. One drawback to analogous data is that
it can be difficult to acquire data that is similar enough to the concepts being analyzing. The
quality of estimates depends on the similarity of the analogous data to the alternatives.

SMEs may be able to provide rough order quantitative MoEs from deviations in
existing/analogous data. There are many ways to elicit estimates from SMEs, ranging from
email questionnaires to multi-day elicitation meetings. If well-qualified SMEs are readily
available, qualitative assessments may be relatively fast. However, the qualitative nature of
these estimates means they are generally regarded as low resolution and should be used
primarily (if not only) during Phase 1 and Phase 2.

3.2.1. Modeling, Simulation and Analysis

Modeling, Simulation and Analysis (MS&A) tools are more rigorous than analogous data and
SME estimates. However, MS&A studies are more resource intensive than analogous data or
SME estimates, as most PfD-related MS&A studies take one- to18 months to complete. MS&A
tools can range from basic models in Excel or MATLAB to human-in-the-loop flight
simulators. The MS&A level of the resolution should reflect the analysis resolution at the given
phase.

Use of an established MS&A process to guide study planning is preferred. Performing an ad
hoc study will likely lead to cost or schedule issues due to incorrect analysis questions and
poor tool selection. Three processes that have been successfully used in the past are the Air
Force Research Laboratory (AFRL) M&S Process, the AFLCMC/EBZ-XZW MS&A
Approach (found in the EBZ_XZW Systems Engineering Process Guide), and the AFLCMC
Simulation and Analysis Facility (SIMAF) Master Process. Depending on the problem at hand,
it may be best to select one of these processes or to use elements of each. While the three
processes have many similarities, they mainly differ with respect to their level of detail. The
AFRL process is the least detailed and most open-ended; it may be best suited for early,
research-based questions. The EBZ-XZW process is moderately detailed and well suited for
many of the MS&A efforts technical teams are likely to face. The SIMAF process is the most
detailed and structured; it is best suited for very formal AoA efforts.

Regardless of the process used, it is vital to identify the objectives and needs of the study
upfront, before selecting tools and initiating model development. Understanding MS&A needs
up front ensures selection of the proper tool for a given analysis requirement. Additionally,
when identifying models and tools to help answer analysis questions it is important to consider
whether you have the people, facilities, and processes to support the analysis. In other words,
can you answer “yes” to the following questions?
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e Does the technical team have the analysts with expertise with the tool or a means to
learn the tool in time?

e Does the team have the appropriate computing resources and classification access
(facilities) to execute needed runs?

e Does the team have a process to run lower-level tools that will feed pedigreed data
into the tool under consideration?

If the answer to any of these questions is “no,” then it is critical to find another organization
that has the necessary data, people, facilities, and processes or re-evaluate the MS&A plan.

MS&A activities are a non-trivial effort. Models can become exponentially more complex
and difficult to build as their level of resolution increases. Teams should use tools at the
lowest level of resolution required to answer the analysis questions. Building a model at a
higher resolution than necessary will increase cost and schedule duration unnecessarily.
Building a model with insufficient resolution will lead to poor analysis results. In addition,
making appropriate assumptions is critical to keeping the resolution of a simulation at an
appropriate level. Depending on the problem and tool used, it may be appropriate to make
assumptions for considerations such as weather, sensors, or communications, for example.
It is critical that all documentation, and presentation of results, include assumptions. If
there are problems during verification and validation of the simulation, the assumptions
should be one of the first things to revisit.

The M&S hierarchy shown in Figure 3-2 and Table 3-2 are helpful starting points for
understanding the complexities involved in effectiveness analysis. Each level of the
pyramid (from Engineering Level up to Campaign Level) represents differing levels of
scope and resolution. As you go up the pyramid, the scope increases from analyzing
detailed system/subsystem representations at the Engineering Level to multiple-day, red
versus blue conflicts at the Campaign Level. Similarly, as you go up the pyramid the
resolution of the inputs tends to go down to accommodate the expanding scope of the
model. The vital element of doing MS&A at any level is that the input data builds upon
analysis performed at a lower level in the pyramid. This data pedigree provides true
meaning to the results and explains why simulation at higher levels in the pyramid takes a
long time to setup.
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Figure 3-2. Modeling and Simulation Hierarchy
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Table 3-2. Attribute of M&S Hierarchy

Level Engineering One-on-One Engagement Wizzlur Campaign
. All Regional Threat
System Sm%‘: 'glllrbesaljgrsntem Single Threat System Vs | Few Threat Systems Vs Mﬁfnsy'\"glr:ea‘;vg!st:?s Systems Vs
Y ¥ Single Weapon System Few Weapon Systems Y P Joint-Service,
Components Systems Coalition Forces
L I # Highly Detailed o |ndividual Entities ® Individual Entities ® Individual Entities « Highly Aggregated
evel | | \ndividual & Detailed Subsystems | » Moderately Detailed | » Detailed IADS (Based Upon Lower
of Components, Subsystems o Some Aggregation Level Analysis & Data)
Detail Interactions, (Based Upon Lower
Physics Level Analysis & Data)
Time . ) ) i
Span Seconds to Minutes Seconds to Minutes Seconds to Minutes Minutes to Hours Days to Weeks
* Prob. Of Kill/Hit e Miss Distance e Loss Exchange Rate ® Survival/lLoss Rates # Target Drawdown
. ® Vulnerable Area e Prob. Of Kill ® Survival/Loss Rates e Prob. Of Engagement Over Tlme-
Metrics » Acquisition Range ® Missile Performance » Missile Shots/Kills ¢ Target Kills
# Campaign Cost
# Design Trades ® Analysis of ® Analysis of ® Analysis of # Analysis of
» Performance Altematives Altematives Altematives Altematives
Trades @ Design Trades @ Design Trades * Requirements * Requirements
] * Requirements « Perfomance Trades * Performance Trades Development Developm '_E"t
Potential | Development « Requirements « Requirements « CONOPS « Wargaming
u » Test Development Development @ Operational Concepts # Sustainment
ses ® Tech Investment ® Tactics Evaluation ® Tactics Evaluation ® Test * Mobility
® Test ® Test ® Tech Investment « Military Werth
® Tech Investment ® Tech Investment « CONOPS
* Tech Investment

PfD teams must consider data needs at the beginning of a program. A data strategy
identifies information needed on current or future platforms that are used by our military,
allies, or enemies. This could include information on aerodynamics, avionics, component
Size, Weight and Power requirements, signatures, or lethality to name a few. Do not simply
assume that an MS&A tool will include a library of the components needed to perform an
analysis. Failing to assess the data needs of a tool could lead to schedule or cost delays.
Data may be available from various databases. Models can generate additional data. It may
be necessary to resort to SME estimates for certain data needs. Keep in mind that “all
models are wrong, some are useful.” To have confidence in any MS&A result requires
verification and validation. Failure to build a reasonably correct model for the problem of
interest could lead to harmful results that incorrectly influence the direction of future
weapon systems.

Verification is the process of ensuring that a model works as intended. In other words, it is
ensuring that there are no “bugs.” Potential verification approaches include visual
inspection of simulation animations or having experts review the model outputs. Validation
is the process of ensuring that a model matches reality for the problem at hand. It involves
a statistical comparison of model outputs to the real- world. This is particularly difficult
for future military concepts because data may not exist. It may be acceptable to validate
smaller components of a model or use SME estimates of confidence intervals for
validation.
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3.3. Suitability Analysis

Referring back to Figure 2-1, the operations and sustainment phase accounts for a majority of the
lifecycle costs. History has proven that engineering decisions made early in the concept definition
phase, can lock in substantial program life-cycle costs. However, at these early stages of concept
development, the engineering team often has the least understanding of long-term operation and
maintenance approaches. Thus, it is critical to consult a logistician as early as possible to help
understand these impacts and support making logistically informed decisions.

Suitability is the measure of the Air Force’s ability to support an item in its intended operational
environment. Measures of suitability typically relate to readiness or operational availability, and
hence reliability, maintainability, and the item’s support structure. Suitability measures are
included in Warfighter requirements, key performance parameters, key sustainment attributes, or
other subordinate metrics. In designing for suitability, the Life Cycle Logistician (LCL) works as
part of the systems engineering team early in the acquisition cycle to model and forecast how the
system design affects these suitability measures.

The Analysis of Alternatives (AoA), Initial Capabilities Document (ICD) and initial Life Cycle
Sustainment Plan (LCSP) are the primary deliverables of the material solution analysis (MSA)
phase. The AoA requires, at minimum, full consideration of possible trade-offs among cost,
schedule, and performance objectives for each alternative considered. While not officially
designated until Milestone B, a Product Support Manager (PSM) assessment is encouraged
during MSA to inform the design of KPPs, KSAs and subordinate metrics. The initial Life Cycle
Sustainment Plan (LCSP) will include appropriate trade-off studies to validate and forecast
product support sustainment desired outcomes. The intended sustainment footprint should
encompass all twelve integrated product support (IPS) elements. The ICD documents the
system’s capability requirements.

Product Support is the package of support functions required to deploy and maintain the
operational readiness and capability of major weapon systems. DoD Product Support Manager
Guidebook (April 2016) considers 12 Integrated Product Support elements throughout the
lifecycle, including:

e Product Support Management e Technical Data

e Design Interface e Support Equipment

e Sustaining Engineering e Training and Training Support

e Supply Support e Manpower/Personnel

e Maintenance Planning and o Facilities and Infrastructure
Management

e Packaging, Handling, Storage, and e Computer Resources

Transportation

Logistics is everything required to keep a weapon system available from acquisition to disposal,
or “cradle to grave.” History has proven that it is critical for the engineering team to understand
the concept’s sustainment early in the concept development process, as logistics will greatly
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influence the operational performance of a concept. Not conceptualizing sustainment requirements
will lead to misrepresenting weapon system field-level capabilities and life-cycle costs. For
example, since some of the F-22 propulsion support systems were expected to have high
replacement rates, those systems were made easily accessible and were only “one-deep” to
improve maintainability and reduce downtime. There was a significant aircraft availability impact
associated with gaining sub-system access for repair/replacement, to include removal and
replacement of low observable coatings. As a result, the baseline configuration changed to add 11
“Form in Place” panels to provide maintenance access to these sub-systems. Further, Form in Place
lessons learned were carried over early in the F-35 program, with a focus to improve sub-system
access and minimize low observable restoration for frequently accessed maintenance panels.

The four sustainment outcome metrics consist of the Materiel Availability KPP, the Materiel
Reliability, and Ownership Cost KSAs, and Mean Down Time (MDT) established by the JCIDS
Manual 3170 and the 2007 OSD policy memorandum on Life Cycle Sustainment Outcome Metrics
and which apply to all ACAT 1 Acquisition Programs and all major legacy programs.

The primary suitability metrics defined by a concept logistical architecture and concept of
operations include:

e Reliability: Reliability is the ability of a system or component to perform its required
functions under stated conditions for a specified time, often measured as a probability of
failure or a measure of availability. Characterizes a concept’s failure over time under
specified conditions and is commonly expressed by operating hours as Mean Time
Between Failure (MTBF) for sub-systems. Sub-system reliability aggregates into system
reliability.

e Auvailability: Availability is a measure of the degree to which an item is in an operable state

and can be committed at the start of a mission when the mission is called for at an unknown
(random) point in time. Availability as measured by the user is a function of how often
failures occur and corrective maintenance is required, how often preventative maintenance
is performed, how quickly indicated failures can be isolated and repaired, how quickly
preventive maintenance tasks can be performed, and how long logistics support delays
contribute to down time. ldentifies how well a concept can perform an assigned mission.
Expressed as a probability of overall, initial system availability. Availability is the
designated Sustainment Key Performance Parameter. The Sustainment (Availability) KPP
is required for all Acquisition Category (ACAT) | programs requiring a materiel solution;
for ACAT Il and below programs, the sponsor will determine the applicability of this KPP.
The Availability KPP has two components, Materiel Availability (AM) and Operational
Availability (AO).
Materiel Availability (Am) is defined as, “Percentage of the total inventory of a system
operationally capable (ready for tasking) of performing an assigned mission at a given time,
based on materiel condition.” Am measures the percentage of systems in operational use.
This measure provides a meaningful snapshot of the overall efficiency of the program
elements to provide the necessary capability to the Warfighter. Also note the difference
between Am and Ao. The Am measurement applies to all end items acquired throughout
their life cycle, while Ao applies to end items in the operational environment only —
excluding float / spare systems, systems at depot for overhaul or repair, and operationally
unassigned systems.
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Operational Availability (Ao) is the degree (expressed as a decimal between 0 and 1, or
the percentage equivalent) to which one can expect a piece of equipment or weapon
system to work properly when it is required—or, the percent of time the equipment or
weapon system is available for use. (Uptime/Uptime + Downtime). Ao is the probability
that a system or equipment, when used under stated conditions in an actual operational
environment, will operate satisfactorily when called upon. It is expressed as Ao = uptime
divided by total time.

Maintainability: Maintainability is the ability to retain or restore a specified condition of
an item by means of performed maintenance. Personnel having specified skill levels,
using prescribed procedures and resources, at each prescribed level of maintenance and
repair, provide maintenance. Expressed in operating hours (typically, referenced as Mean
Time to Repair).

Mean Downtime (MDT) is the average Total Downtime required to restore an asset to its
full operational capabilities. MDT includes the time from reporting of an asset being down
to the return of the asset to operations/production to operate. MDT includes administrative
time of reporting, logistics and materials procurement and lock-out / tag-out of equipment,
etc. for repair or preventive maintenance. Mathematically, MDT equals total down time

for all failures divided by total number of failures.

Performance-based life-cycle product support implementation begins in the JCIDS process with
the exploration of capabilities. Every system acquired should provide a particular set of
capabilities in a specific concept of operations, sustained to an optimal level of readiness.
Understanding user needs in terms of performance is an essential initial step in developing a
meaningful product support strategy because changes to the CONOPS or the sustainment
approach may affect the effectiveness, suitability, or cost of the system. The PSM must be able
to understand and forecast requirements and translate into product support activities and
outcomes. Logisticians should be collaborating with program requirement analysts and
engineers to identify known technologies expected to reside in the materiel solution and any
unique support requirements associated with the particular technologies.

In the pre-Milestone A portion of the lifecycle the primary methods used to estimate logistics
impact include analogy and parametric. The logistician will utilize a variety of methods to
quantify Reliability-Availability-Maintainability (RAM) based on what the analysis question is
and where in the MTP the activity is as shown in Table 3-3:

Table 3-3. Pedigree of RAM Analysis and Tools per MTP Phase

MTP Phase | Resolution Level Methods -
Analogy | Parametric
Phase 0 None
Phase 1 None
Phase 2 Low
Phase 3 Low-Med X X
Phase 4 Med-High X
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Depending upon the PfD effort, consider the features required to deploy and sustain the system in
a deployed state for greater than 30 days. These deployment attributes can also be leading factors
in deciding home base logistical requirements, as well as potential Air Force Specialty Codes
(AFSCs). Another area of suitability concern is defining the technical data required to sustain the
weapon system, and developing a strategy to obtain or gain access to the data. PfD team members
need to be aware of the requirement to secure the correct level of data rights and/or licenses, and
the associated costs. Finally, consider how the weapon system will be sustained (levels of
maintenance; contractor supported; blue suit field maintained; supply points; etc.). The PfD
customer may have some focused logistical requirements, which translates into the initial Product
Support Strategy. The Product Support Strategy is the heart of the Life Cycle Sustainment Plan,
which is a required document at Milestone A. HAF/A5R-OAS Analysis of Alternatives (AoA)
Handbook, dated 6 July 2016, includes additional information on suitability.

3.4. Cost Analysis

Technical cost estimating skills are essential to the XZ mission. A technical cost estimator employs
engineering and operations research skills to develop Life Cycle Cost Estimates (LCCEs) for MTP
activities. Relatively little information is available to develop cost estimates, so ingenuity and a
statistical analysis perspective into the project cost drivers are required. Consequently, the cost
results are preliminary and rarely suitable for budgetary requests.

3.4.1. Affordability Analysis

According to Air Force Instruction 63-101/20-101, affordability constraints (goals and caps)
for ACAT 1 and IA programs are documented in an Enterprise Affordability Assessment
(EAA) and determined by comparing life cycle cost estimates against future AF resource
allocations. These constraints form the basis for conducting AF portfolio affordability
analyses. For ACAT I and IA programs, AF/A8X is responsible for producing EAAs as well
as AF portfolio affordability analyses.

For ACAT Il and Il programs, the guidance states that the analysis completed as part of the
annual PPBE and strategic planning processes (e.g., Program Office Estimate or POE) can
meet the requirement for an affordability analysis across the Future Years Defense Program
(FYDP). The analysis should ensure that program planning is consistent with the requiring
Lead Command’s or functional sponsor’s current portfolio plans and strategies, includes
approved CSB changes, and addresses resource implications beyond the FYDP.

However, this guidance is for Programs of Record (PORs) and does not apply to pre-Milestone
A programs (pre-POR programs). In response to a request for clarification, SAF/AQX defined
affordability analysis as follows:

“For programs approaching MDD (pre-AoA), the affordability goal is the top line estimate of
how much the Core Function Lead is willing to spend on the program. This is obviously a
rough estimate and a high-level number, but its purpose is to help bound the AoA. The goal is
presented at the MDD and documented in the MDD Acquisition Decision Memorandum
(ADM).” (Ref Email from Joseph R. Allen, Maj, USAF, SAF/AQX, Affordability & EVM
(4B112), dated 7/28/2017).
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Therefore, the sponsoring organization must provide the affordability constraints (goals and
caps) and analysis. Indeed, only the customer can define the value that a capability brings to
them. Therefore, the customer must provide the initial affordability analysis in Phase 1 and
update this analysis in the beginning of each phase, as necessary. The XZ technical team
essentially uses this affordability information as a design constraint.

3.4.2. Concept Life Cycle Cost Estimates

XZ develops LCCEs for each concept developed in Phases 2-4 and compares the LCCEs
against the affordability goals. It is important to avoid simply filtering out concepts that exceed
the customer’s goal. Instead, these data points “test” the boundaries of affordability constraints
are used to guide additional dialogue with the customer to further assess the requirement.
Keeping the customer engaged in the analysis throughout the process will help them better
understand what they can truly afford at MDD.

The initial LCCE estimates done in Phase 2 are very low resolution due to a lack of
information. Additionally, the concepts in early stages are too numerous to cost in detail. As
we progress through other phases, with more information, time, and resources, a higher
resolution LCCE results. However, LCCEs developed in Phases 2-4 are not of budget quality,
and we should avoid using these estimates for defining budget wedges or defining terms such
as Average Procurement Unit Costs when providing a range of costs is more appropriate. The
initial POE performed after the AoA (out of scope for this document) delivers the budget-
quality estimate that becomes the cost baseline of a new POR. NONE of the cost estimates
provided by the MTP process should be mistaken for the cost baseline.

Table 3-4 provides pedigree across MTP phases. In earlier phases, analogy is the preferred
method adjusts costs of similar systems based upon comparisons to complexity, fleet size (that
is often unknown early on) and life cycle. The parametric, or statistical, method uses regression
analysis of a database of several similar systems to develop an equation describing a line or
curve that fits as closely as possible to the data. The resulting equation, known as a cost
estimating relationship, estimates cost based on the value(s) of one or more system
performance or design characteristics (for example, speed). As we progress through the phases,
more parametric methods may be available.

Table 3-4. Pedigree of Cost Analysis and Tools per MTP Phase

MTP Phase | Resolution Level Methods -
Analogy | Parametric
Phase 0 None X
Phase 1 None X
Phase 2 Low X X
Phase 3 Low X X
Phase 4 Med X X

4. Technical Reviews

Figure 4-1 shows a detailed level view of all phases including key technical reviews. The following
paragraphs describe each phase in detail
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Figure 4-1. Process Detailed Level View
4.1.

The initial push to create a PfD program can start in many ways and come from different parties.
For example, a MAJCOM can come forward and request the initiation of a PfD program, the
program could come from the Strategic Development Planning and Experimentation office, it
could come as a direction straight from the Chief of Staff of the Air Force, or it could even start
internally. Phase 0 is the overarching phase that focuses on planning for the entire program across
all technical phases. This is where the team prepares their overall approach to the problem based
on an appropriate amount of research. The team uses the Top-Level Analysis Questions to frame
the entire program and develops a phase-by-phase plan to answer those questions. The team will
recommend the process entry phase, and develop schedule, cost, and manpower estimates based
on the initial research. After completing all of these tasks, the team will be ready to obtain approval
from the CE, Division Chief, Director of Engineering, and the Resource Board.

Key tasks in Phase 0:

e Understand Program Basics: The LE will establish the PfD program’s need through initial
interaction with the customer. An understanding of the customer’s need is essential to
define the problem space. Continuous interaction with the customer is essential throughout
Phase 0 and throughout the entire MTP process. A key part of understanding the customer
needs includes understanding the threat and the potential security needs of the program. It
is critical for the team to obtain the right clearances as soon as the need arises.
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e Establish Top Level Analysis Questions. Gain approval from the customer. This essential
step forms the basis for program success.

e Draft Program Details: Draft the Program Details in Top-Level Program Plan. The plan
should detail recommended phase, resources (time, manpower funding, facilities, etc.), and
risks. The team uses the phase specific questions found in the Top-Level Analysis
Questions template to determine the appropriate entry phase. Essentially, the recommended
Phase is the phase in which few questions can be answered. If there are critical gaps in the
prior phase(s), the team can go back to that phase or add the tasks to the work plan
developed for the next phase. The plan should clearly specify resources provided by the
customer and identify resource gaps that need to be covered by XZ or elsewhere.

e Hold Division-Level Discussion and Review: Leadership ensures that the program plan is
sufficiently complete to take the requirement to the Resource Board for approval.

e Define Program Details and Resource Requirements: The LE and Program Manager (PM)
further refine the plan and specify the roles/responsibilities of all parties and program
success criteria in the program plan. Contracting, financial management, information
protection, etc., are included to develop a more detailed Top-Level Program Plan.

e Hold Directorate Discussion and Review: The Directorate reviews/approves program the
Top-Level Program Plan. Directorate should define the significance of the approved
program and establish the need for, and frequency of, program reviews at the Directorate
level. The customer should attend these reviews to ensure that the program responds to
customer needs. The Directorate should host a program review by MAJCOM at least once
a year. Once approved both the Director and the customer sign the Top-Level Program
Plan.

4.2. Phase 1 Reviews

Phase 1 focuses on capabilities planning and consists of a detailed examination of the problem and
the needs. This phase examines needs, mission threads, gaps, opportunities, market research,
solution generation, DOTmLPF-P, solution viability, relevant technologies, and affordability. It is
critically important that the analysis team work closely with other government agencies (AFRL,
DARPA, NASIC, AFLCMC, ACC, AMC, etc.), academia, and industry to understand needs and
available technology. Much of this phase will involve initiating contacts to begin networking with
such organizations.

Teams should invest time to develop a full understanding of the related mission threads to
determine potential opportunities. This type of mission thread analysis should allow for highly
disruptive, innovative, and/or revolutionary solutions and should not rely only on a gaps-based
approach. Solution analysis during this phase will focus on non-materiel solutions and materiel
mods to help determine if a new materiel solution is required to address the needs/gaps.
Completion of this phase will determine whether Phases 2-4 are still necessary to conduct
tradespace analysis on new materiel solutions.

Key tasks in Phase 1:
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Develop and Review TAP: The phase should start by examining Phase-Specific Analysis
Questions to determine the Detailed Analysis Questions that will help begin answering the
Top-Level Analysis Questions. Measures for this phase will be determined for each
Detailed Analysis Question. Once the measures are determined, the team identifies and
communicates tasks and resources needed to accomplish those tasks. Division leadership
reviews/approves the TAP.

Study Threat: Building upon the initial threat investigation conducted during Phase 0, the
team conducts a more detailed analysis. Intelligence analysts and experts should join the
team and assist with a comprehensive threat analysis.

Establish and Determine Gaps/Needs: Frequent and focused interaction with stakeholders
develops understanding of the relevant gaps and needs. In addition, the team should
research numerous related documents (Core Function Support Plans, Integrated Priority
Lists, etc.) to identify all possible gaps. The team should also conduct customer needs
interviews and/or surveys. Once a comprehensive understanding of gaps/needs is
established, the team should identify the most important gaps/needs to document and
address in future phases. Customer involvement in this step is critical for program success.

Conduct Solutions Analysis: The solutions analysis involves multiple components to
include concept ideation, market research, and identification of solutions. The team will
implement concept ideation methods to help identify more innovative solutions. The team
will also need to conduct market research and open source searching. The solutions
identified through market research and concept ideation should provide new materiel,
materiel modifications, and non-materiel solutions. The team also considers DOTmLPF-P
for each solution. Solution viability could include simple qualitative scoring criteria such
as “Meets,” “Partially Meets,” and “Does Not Meet.”

Determine Applicable Technologies and Assess Basic Tech Readiness: The team identifies
relevant technologies for new materiel and materiel modifications. The team develops
basic descriptions of each relevant technology and provides an assessment of technology
readiness and applicability. These are not formal Technology Readiness Assessments in
this phase but cursory technology assessments. However, this initial assessment does filter
out weaker technology solutions.

Conduct Affordability Analysis: The customer must establish an affordability objective
and baseline. The project team then estimates the rough order of magnitude (ROM) cost
for each identified solution. Comparisons of the solution costs against the affordability
goals and baseline determine the concept affordability. An affordability analysis should
not be parametric or comprehensive. It should only give a basic concept of “affordability”
and worthiness for further investigation. Elimination or selection of solutions based on
affordability analysis should never occur.

Document and Review Results: Once the Phase 1 analysis is complete, the team will
present and document their results for the customer, CE, and relevant division chiefs in the
TAR.
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4.3.

Phase 2 Reviews

Phase 2 focuses on the exploration of the tradespace to help identify which concepts are worthy of
analyzing in greater detail in Phase 3. The analysis involved in Phase 2 includes pre-filtering
methods, quick-turn cost estimates, basic discipline analysis, and an initial tradespace analysis.
The analysis in this phase is low resolution. Any program lacking clarity and direction can benefit
by providing a context for discussion on value systems, solutions, measures, and top-level concept
types. The team should work closely with the CE to assess the program’s state of complexity and
clarity of direction to determine if a Phase 2 is appropriate for the program of interest.

Key tasks in Phase 2:

Develop and Review TAP: The phase should start by examining Phase-Specific Analysis

Questions to determine the Detailed Analysis Questions that will help begin answering the
Top-Level Analysis Questions. Measures for this phase will be determined for each
Detailed Analysis Question and includes MoPs, MoEs, MoSs, cost, and even tiered
qualitative assessments (e.g Technology Readiness Levels and Manufacturing Readiness
Levels. Once the measures are determined, the team defines the program tasks and
resources needed to answer the questions. Division leadership reviews/approves the TAP.

Update Threat, Concept Ideation, Customer Needs, Relevant Technologies, and Market
Research: It is critical to revisit the threat analysis performed in the prior phase. The team
should continue to research threat updates by leveraging Defense Planning Guidance
products and Intelligence specialists. The team should revisit and update customer needs,
or rather their value system, to account for important changes in preferences and/or analysis
requirements. It is also critical to revisit concepts explored during Phase 1 in case changes
in need and/or threat profiles warrant inclusion of concepts previously filtered out. Use of
concept ideation methods is highly recommended in this phase. The LE uses concept
ideation methods to identify concept solutions and to assess concept performance in an
operational environment to explore and develop operational and design variables. Finally,
the technical team should connect with external entities to ensure that they are obtaining
all the applicable technologies that are relevant for this program.

Conduct Pre-Filtering Methodologies: Pre-filtering methodologies provide an initial look
at large solution sets to streamline the design space to a reasonable size. This task is not
always applicable, but is useful when applied to complex and unclear situations to give the
stakeholders an initial idea of which solutions could provide even basic value to the
warfighter.

Conduct Basic Discipline Specific Analysis: The technical team should conduct qualitative
and analogous assessments of performance, suitability, and effectiveness that are
minimally necessary for this program. It is up to the technical team, stakeholders, and CE
to determine what analyses to conduct and at what resolution level.

Generate “Quick-Turn” Cost Estimates: The technical team develops ROM cost estimates
leveraging analogous data as appropriate.
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4.4.

Conduct Tradespace Analysis: Tradespace analysis begins with the development of a
comprehensive value model used to understand and represent the customer’s value system.
In this early stage, the value model relies primarily on qualitative judgment from experts.
The team builds upon this qualitative assessment and decomposes the value model into
measurable MoPs, MoSs, MoEs, and/or cost elements. The initial tradespace analysis
applies the value model in an effort to narrow the solution sets for more detailed analysis
performed in the next phase.

Document and Review Results: Once the Phase 2 analysis is complete, the team will
present and document their results for the customer, CE, and relevant division chiefs in the
TAR.

Phase 3 Reviews

Phase 3 focuses on the development of the tradespace to prepare for an MDD approval of an AoA.
Phase 3 activities aim to use parametric analysis to define the tradespace and identify detailed
linkages and sensitivity between key variables. In this phase, the team uses tradespace analysis to
identify key design variables that drive performance, effectiveness, and cost. The analysis
performed is low to medium resolution. The number of design points should not be arbitrarily
reduced to “save time” to get to an AoA faster. The CCTD report contains details of a logical
narrowing of the tradespace and the filtering from 1000s of solution sets to 100s. The CCTD(s)
should contain all the technical details of the remaining concepts and include enough information
that to ensure the MDA of a successful AoA with minimal rework.

Key tasks in Phase 3:

Develop and Review TAP: The phase should start by examining Phase-Specific Analysis
Questions to determine the Detailed Analysis Questions that will help begin answering the
Top-Level Analysis Questions. The team determines what measures benefit from the use
of parametric analysis. Once determined, the team defines the program tasks and resources
needed to answer the questions and perform sensitivity analysis. Division leadership
reviews/approves the TAP.

Update Threat, Concept Ideation, Customer Needs, Relevant Technologies, and Market
Research: It is critical to revisit the threat analysis performed in prior phases. The team
should continue to research threat updates by leveraging Defense Planning Guidance
products and Intelligence specialists. The team should revisit and update customer needs,
or rather their value system, to account for important changes in preferences and/or analysis
requirements. It is also critical to revisit concepts explored during Phase 2 in case changes
in need and/or threat profiles warrant inclusion of concepts previously filtered out.
Significant changes to need and/or threat profile may prompt re-use of concept ideation
methods. Finally, the technical team should connect with external entities to ensure that
they are obtaining all the applicable technologies that are relevant for this program. In fact,
Phase 3 is well suited to submit a first Request for Information (RFI) to industry to collect
concepts, technologies, and relevant data. It is up to the technical team, CE, and the PM to
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determine if an RFI is an appropriate means for enhancing the empirical foundation of
MS&A tasks supporting a CCTD.

e Conduct Performance and Suitability Analysis: The technical team should conduct
performance and suitability MS&A tasks to evaluate the right MoPs and MoSs for this
phase. This could include the following example disciplines:  weapons, cyber,
aerodynamics, mission systems (sensors, communications, avionics, etc.), and other “-
ilities” such as RAM. The technical team determines the level of resolution implemented
and the number of design points. Division leadership then reviews and approves the
proposed approach.

e Conduct “Quick-Turn” Effectiveness Analysis: The technical team should conduct
effectiveness analysis tasks to evaluate the right MoEs for this phase. Any MoEs developed
should provide a basic understanding of the tradespace to develop the CCTD(s).

e Generate ROM Cost Estimates: The technical team should develop ROM cost estimates
for each design point analyzed during this phase.

e Conduct Tradespace Analysis: Tradespace analysis performed in this phase employs
parametric analysis where possible. The tradespace analysis applies the value model in an
effort to narrow the solution sets for more detailed analysis performed in the next phase.

e Document and Review Results: Once the Phase 3 analysis is complete, the team will
present and document their results for the customer, CE, and relevant division chiefs in the
CCTD.

45. Phase 4 Reviews

Phase 4 focuses on the tradespace analysis to help identify the truly competitive design spaces that
are both cost-effective and operationally effective. This phase analyzes and refines the tradespace
to determine variable sensitivities and linkages to develop KPPs and other key requirements that
will provide the foundation before forming a POR. The analysis used is parametric, high resolution
and includes sensitivity analysis. Phase 4 could include an analysis of just a few design points, or
include as many as a million as conducted with a Design of Experiments. Phase 4 includes a more
detailed analysis, as appropriate, to answer the analysis questions defined for this phase. This could
involve data enhanced through industry responses from an RFI and detailed modeling. This rather
comprehensive analysis should deliver one to five recommended cost-effective designs to key
decision makers to develop requirements and KPPs. Data generated from Phase 4 should provide
enough of an understanding to place the government in the best possible negotiating position. The
technical team should work very closely with the CE and the stakeholders to ensure that the
planned work is right type of analysis and at the right resolution level for the phase.

The process of examining numerous concepts will inherently result in a better understanding of
the tradespace. This could drive additional iterations of Phase 4 analyses to answer the Phase-
Specific Analysis Questions.

Key tasks in Phase 4:
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Develop and Review TAP: The phase should start by examining Phase-Specific Analysis
Questions to determine the Detailed Analysis Questions that will help begin answering the
Top-Level Analysis Questions. The team determines what measures benefit from the use
of parametric analysis. Once determined, the team defines the program tasks and resources
needed to answer the questions and perform sensitivity analysis. Division leadership
reviews/approves the TAP.

Update Threat, Concept Ideation, Customer Needs, Relevant Technologies, and Market
Research: It is critical to revisit the threat analysis performed in prior phases. The team
should continue to research threat updates by leveraging Defense Planning Guidance
products and Intelligence specialists. The team should revisit and update customer needs,
or rather their value system, to account for important changes in preferences and/or analysis
requirements. It is also critical to revisit concepts explored during Phase 3 in case changes
in need and/or threat profiles warrant inclusion of concepts previously filtered out. Finally,
the technical team should connect with external entities to ensure that they are obtaining
all the applicable technologies that are relevant for this program.

Conduct Detailed Performance and Suitability Analysis as Needed: The technical team
should conduct performance and suitability MS&A tasks to evaluate the right MoPs and
MoSs for this phase. This could include the following disciplines (or more): weapons,
cyber, aerodynamics, mission systems (sensors, communications, avionics, etc.),
subsystems, manufacturing, and other “-ilities” such as RAM. The technical team
determines the level of resolution implemented and the number of design points. Division
leadership then reviews and approves the proposed approach.

Conduct Higher-Resolution Effectiveness Analysis: The technical team should conduct
effectiveness analysis tasks to evaluate the right MoEs for this phase. In this phase, higher-
resolution effectiveness models are used. Use of accredited effectiveness models (e.g.
Brawler, Suppressor, etc.) is preferred.

Generate Detailed Cost Estimates: The technical team should develop Air Force Cost
Analysis Agency-approved parametric cost estimates for each design point analyzed during
this phase.

Conduct Tradespace Analysis: the technical team performs a robust CCA or other
tradespace analysis using developed MoPs, MoSs, MoEs, and cost information. The team
uses the tradespace analysis to identify insights into the main trades of the program. The
analysis could include key output such as cost, aggregated capability, complete mission
effects chain probabilistic success rates, risk, and/or schedule. The technical team should
work with the CE and the stakeholders to verify common understanding and agreement of
the main trades.

Document and Review Results: Once the Phase 4 analysis is complete, the team will
present and document their results for the customer, CE, and relevant division chiefs in the
CCTD. The customer may use CCTD content in their AoA Report.
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APPENDIX A: ACRONYMS

ACAT Acquisition Category

ACC Air Combat Command

ADM Acquisition Decision Memorandum

AFLCMC Air Force Life Cycle Management Center

AFMC Air Force Materiel Command

AFRL Air Force Research Laboratory

AFSIM Advanced Framework for Simulation, Integration, and Modeling
Am Materiel Availability

AMC Air Mobility Command

AoA Analysis of Alternatives

CBA Capabilities-Based Assessment

CBAT Capabilities Based Assessment Tool

CCA Cost Capability Analysis

CCTD Concept Characterization and Technical Description
CD Capability Development

CE Chief Engineer

CvC Capability vs. Cost

CONOPS Concept of Operations

DARPA Defense Advanced Research Projects Agency

DoE Design of Experiments

DOTmLPF-P  Doctrine, Organization, Training, materiel, Leadership/education, Personnel, Facilities & Policy
DP Development Planning

EAA Enterprise Affordability Assessment

EAAGLES Extensible Architecture for the Analysis and Generation of Linked Simulations
ESE Early Systems Engineering

FYDP Future Years Defense Program

HAF Headquarters Air Force

ICAD Interactive Computer Aided Design

ICD Initial Capabilities Document

JCIDS Joint Capabilities Integration & Development System
JDS Joint Direct Support

KPP Key Performance Parameter

KSA Key System Attribute

LCCE Life Cycle Cost Estimate

MADM Multi-Attribute Decision Making

MAJCOM Major Command

MATE Multi-Attribute Tradespace Exploration

M&S Modeling and Simulation

MDA Milestone Decision Authority

MDD Materiel Development Decision

MODA Multi-objective Decision Analysis

MoE Measure(s) of Effectiveness
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MoP Measure(s) of Performance

MoS Measure(s) of Suitability

MS&A Modeling, Simulation, and Analysis

MTP Master Technical Process

NASIC National Air and Space Intelligence Center
OAS Office of Aerospace Studies

OML Outer Mold Line

OR Operations Research

0OsD Office of the Secretary of Defense

Pdet Probability of Detect

PfD Planning for Development

PID Probability of Identification

POE Program Office Estimate

POR Program of Record

PM Program Manager

PS Probability of Survival

R Range

Raircraft Aircraft Range

RAM Reliability-Availability-Maintainability
RFI Request for Information

RFP Request for Proposal

ROM Rough Order of Magnitude

S&T Science and Technology

SFC Specific Fuel Consumption

SIMAF Simulation and Analysis Facility

SME Subject Matter Expert

TAP Technical Assessment Plan

TAR Technical Assessment Report

TMRR Technology Maturation and Risk Reduction
XZ AFLCMC Program Development and Integration Directorate
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4. The U.S. Government assumes no liability for direct patent infringement, or contributory patent infringement or misuse of technical data.

5. The U.S. Government does not warrant the adequacy, accuracy, currency, or completeness of the technical data.

6. The U.S. Government assumes no liability for loss, damage, or injury resulting from manufacture or use for any purpose of any product, article, system, or material involving reliance upon any or all technical data furnished in response to the request for technical data. 

7. If the technical data furnished by the Government will be used for commercial manufacturing or other profit potential, a license for such use may be necessary. Any payments made in support of the request for data do not include or involve any license rights.

8. A copy of this notice shall be provided with any partial or complete reproduction of these data that are provided to qualified U.S. contractors.

DESTRUCTION NOTICE

For classified documents, follow the procedure in DoD 5220.22-M, National Industrial Security Program, Operating Manual, Chapter 5, Section 7, or DoD 5200.1-R, Information Security Program Regulation, Chapter 6, Section 7. For unclassified, limited documents, destroy by any method that will prevent disclosure of contents or reconstruction of the document.
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Executive Summary

The Top-Level Program Plan has three primary objectives: 1) provide background on customer needs and the relevant threat for this program, 2) develop the Top-Level Analysis Questions to guide the entirety of the program, and 3) provides a rough plan (recommended phasing, resources, support requirements, risks, etc.) to answer the analysis questions and details roles and responsibilities between AFLCMC/XZ and the stakeholders to include any commitments (resources, leadership guidance, manpower/SME support, etc.) provided by each participating organization. The Executive Summary should highlight content for those three objectives.

[bookmark: _Toc487980535]Overview

Provide a short overview of the program and mission of interest for this DP program.  

[bookmark: _Toc484619734][bookmark: _Toc487980536]Background

Provide background information on the program, top-level program goals, the customer, the stakeholders, short summary of previous work accomplished, and reference relevant documents as appropriate. Summarize other relevant programs with data and/or results that will assist with the completion of this program.   

[bookmark: _Toc487980537]Customer/Mission Needs

Summarize the customer needs and/or the mission needs that motivated the creation of this program.  Identify the customers and stakeholders that will help guide and assist with the technical efforts of this program.  Summarize the mission area and/or relevant gaps that are of interest.  

2.2 [bookmark: _Toc487980538]Relevant Threat

Summarize the methodology and results for the top-level threat analysis conducted to generate this plan. The team should leverage existing threat analysis such as Integrated Security Constructs. Due to short planning timelines during Phase 0, it would be rarely appropriate to have the intelligence community develop new intelligence products for this Top-Level Program Plan.  Developing an initial threat understanding is a critical step of program planning and must be conducted before any Top-Level Analysis Questions or resource estimates are developed.  

[bookmark: _Toc487980539]Top-Level Analysis Questions 

Top-Level Program Analysis Questions are the overall analysis question(s) that the program wants to answer by the completion of the entire program.  These questions should be tightly coupled with the main customer/stakeholder objectives for this program.  The Top-Level Program Analysis Questions are first created during Phase 0 and first documented in this Top-Level Program Plan.  These questions are the foundation of the entire program and every other analysis question, measure, and task should link back to these top-level analysis questions throughout the duration of the program.  These Top-Level Program Analysis Questions can and should be revisited throughout the program in case the program’s direction changes.  

[bookmark: lnxbz9][bookmark: _Toc487980540]Recommended Phasing

Summarize what phase the program analysis should begin and what other phases should be completed to best answer the Top-Level Analysis Questions.  Provide a very short description of what work will be conducted in each phase (1-4 sentences).  The writer can provide diagrams showing the phases and the essential tasks in each.  

Determining the entry phase and subsequent phases is dependent on the amount and type of previous work conducted related to the Top-Level Analysis Questions.  If little to no work was previously or recently accomplished, then the entry phase will most likely be an earlier phase, such as a Phase 1 or Phase 2 (in their entirety or in pieces). It is possible to start a new PfD effort that already has large amounts of data and/or relevant work accomplished and could start with a phase as late as Phase 3 or Phase 4.  It is also possible that certain elements of work have been accomplished which will allow the program to skip phases. It is up to the small planning team and the Chief Engineer(s) to tailor the path through the phases. The analytical framework should support the phasing with a logical and reasonable approach. If the stakeholders are resistant, every effort should be made to improve collaborative understanding between all interested parties on the value of a strong technical approach.

Skipping phases or overlooking key analysis questions from previous phases just to get to an AoA sooner is highly discouraged. There are key questions that should be answered in each Phase to ensure the right questions are being answered at the right time at the right level of analysis fidelity.  Skipping phases would result in a “Garbage In, Garbage Out” scenario and will waste government resources. Skipping phases can only be approved by the Director of Engineering.  

[bookmark: _Toc487980541]Top-Level Resource Estimates Across Phases 

It is essential that the team provides good estimates on schedule, cost, and manpower across the life of this program.  These should be very rough estimates that should be built by considering every main task for every technical phase of this program. Resource estimates should be broken out by internal government, external government, and non-government.  External government resource estimates should include requirements from other critical entities such as MAJCOMs, Intel, Office of Aerospace Studies, etc. Any program’s success is tightly linked with the willingness and proper resourcing of stakeholder support throughout the program. These estimates will focus estimates to complete the core technical work and will not cover the support requirements.  

Leverage the list of required items for each phase to create phase-by-phase resource estimates for sections 5.1-5.3.

Phase 1 required items:

· Customer needs analysis

· Threat analysis

· Gaps analysis

· Solution/concept ideation

· Early market research

· Solutions analysis to include Doctrine, Operational, Training, materiel mods, Materiel solutions, Logistics and Training, Personnel, Finance, Policy (DOTmMLPF-P) considerations 

· Potential relevant technologies and their basic technical readiness

· Basic affordability analysis for non-materiel and materiel solutions/approaches

· Solution viability assessment

· Development of any other long-lead data, analysis or methods that are relevant in other phases 

Phase 2 required items:

· Review threat and update as needed

· Conduct more thorough concept ideation methods

· Review customer needs analysis and update as needed

· Review technology assessment and update as needed

· Review market research and update as needed

· Conduct pre-filtering methods

· ROM cost estimates

· Basic discipline specific analysis (for appropriate disciplines)

· Cost Capability Analysis (or tradespace analysis)

· Development of any other long-lead data, analysis or methods that are relevant in other phases 

Phase 3 required items:

· Review threat and update as needed

· Review concept ideation and update as needed

· Review customer needs analysis and update as needed

· Review technology assessment and update as needed

· Review market research and update as needed

· Performance analysis (weapons, aerodynamics, propulsion, weights, sensors, cyber, communications, and other “-ilities” such as reliability, availability, and maintainability)

· Parametric cost modeling

· Quick-turn effectiveness modeling

· Cost Capability Analysis (or tradespace analysis)

· Development of any other long-lead data, analysis or methods that are relevant in other phases 

Phase 4 required items:

· Review threat and update as needed

· Review concept ideation and update as needed

· Review customer needs analysis and update as needed

· Review technology assessment and update as needed

· Review market research and update as needed

· Performance analysis (weapons, aerodynamics, propulsion, weights, sensors, cyber, communications, manufacturing, subsystems, and other “-ilities” such as reliability, availability, and maintainability)

· Detailed cost modeling

· Effectiveness modeling

· Cost Capability Analysis (or tradespace analysis)

[bookmark: _Toc487980542]Schedule Estimates

Based on each required item for each relevant phase of this program, summarize the schedule/time needed for each phase and required item.  Please note that this should only be a rough estimate based on a PM and the Lead Engineer’s expertise on how long it will take to accomplish each required item.  If applicable, it is required to discuss why some required items are not relevant for this program. 

[bookmark: _Toc487980543]Cost Estimates

Based on each required item for each relevant phase of this program, summarize the funding needed for each phase and required item (i.e. funding profile).  Please note that this should only be a rough estimate based on a PM and the Lead Engineer’s expertise on how much of the work will require funds to accomplish each required item.  If applicable, it is required to discuss why some required items are not relevant for this program.

5.3 [bookmark: _Toc487980544]Manpower/Expertise Estimates 

Based on each required item for each relevant phase of this program, summarize the manpower and types of expertise needed for each phase and required item.  Please note that this should only be a rough estimate based on a PM and the Lead Engineer’s expertise on what organic and contractor manpower will be required to accomplish each required item.  If applicable, it is required to discuss why some required items are not relevant for this program.

[bookmark: _Toc487980545]Top Level Support Requirements 

This section discusses the support needed to support the core technical work.  Provide rough estimates for support requirements in sections 6.1-6.7 for each phase and identify what resources currently exist to identify shortfalls.  Based on those shortfalls, prescribe how those shortfalls could be addressed (if possible).  

[bookmark: _Toc487980546]Security Clearances/Accesses Required 

Based on the emerging threat and the relevant analyses to be conducted, define the security clearances and special accesses required for the team to accomplish the right analysis.  

6.2 [bookmark: _Toc487980547]Facilities Required 

Based on the emerging threat and the relevant analyses to be conducted, define the facilities and security levels of the facilities required for the team to accomplish the right analysis.  

6.3 [bookmark: _Toc487980548]Equipment Required 

Based on the relevant analyses to be conducted, define the equipment (if any) that are required for the team to accomplish the right analysis.  

6.4 [bookmark: _Toc487980549]Unique Analysis Methods Required 

Based on the relevant analyses to be conducted, define the analysis methods (if any) that are required for the team to accomplish the right analysis.  

6.5 [bookmark: _Toc487980550]Required Contracting Support 

Based on the relevant analyses to be conducted, define the contracting mechanisms/vehicles and contracting support that is required for the team to accomplish the right analysis through contracted technical efforts. 

6.6 [bookmark: _Toc487980551]Required Financial Management Support 

Based on the relevant analyses to be conducted and the level of funding resources, define the financial management support that is required for the team to execute key tasks across the program. 

6.7 [bookmark: _Toc487980552]Software Required 

Based on the relevant analyses to be conducted, define what software (if any) that is required for the team to accomplish the right analysis. 

7 [bookmark: _Toc487980553]Top Level Program Risks 

Describe the major risks that would impair/obstruct completing the technical work in order to answer the Top-Level Analysis Questions. If possible, specify the likelihood and severity of each major risk. Risks should include major resource risks (cost, schedule, manpower), support, and analysis risk. Identify how each major shortfall could be mitigated to reach the desired state. If the shortfalls cannot be addressed and if the team is then required to reduce the level of analysis, provide an extensive description of the risk of a reduced analysis effort at each phase.



[bookmark: _Toc487980554]Abbreviations and Acronyms

		AF

		Air Force



		AFI

		Air Force Instruction



		AFRB

		Air Force Review Board



		AFRL

		Air Force Research Laboratory



		AFROC

		Air Force Requirements Oversight Council AoA



		C3I

		Command, Control, Communications and Intelligence



		CAPE

		Cost Assessment and Program Evaluation



		CBA

		Capabilities-Based Assessment



		CCTD

		Concept Characterization and Technical Description 



		CDD

		Capability Development Document



		CES

		Cost Element Structure



		CJCSI

		Chairman of the Joint Chiefs of Staff Instruction 



		CONEMP

		Concept of Employment



		CONOPS

		Concept of Operations



		CTE

		Critical Technology Element



		DARPA

		Defense Advanced Research Projects Agency



		DoDAF

		Department of Defense Architectural Framework



		DoDI

		Department of Defense Instruction



		DOTMLPF

		Doctrine, Organization, Training, Materiel, Leadership and Education, Personnel, Facilities



		DOT_LPF

		Non-materiel (Doctrine, Organization, Training, Leadership and Education, Personnel, Facilities)



		DP

		Development Planning



		EMD

		Engineering & Manufacturing Development



		FMS

		Foreign Military Sales



		FoS

		Family of Systems



		HSI

		Human Systems Integration



		ICD

		Initial Capabilities Document



		IOC

		Initial Operational Capability



		IRA

		Integrated Risk Assessment



		ISR

		Intelligence, Surveillance and Reconnaissance



		JCIDS

		Joint Capabilities Integration & Development System 



		KPP

		Key Performance Parameter



		M&S

		Modeling and Simulation MAJCOM



		MDAP

		Major Defense Acquisition Program 



		MDD

		Material Development Decision



		MOE

		Measure(s) of Effectiveness



		MOS

		Measure(s) of Suitability



		MRL

		Manufacturing Readiness Level



		MS

		Milestone



		MSA

		Materiel Solution Analysis



		O&M

		Operations & Maintenance



		O&S

		Operations & Support



		OAS

		Office of Aerospace Studies



		OSD

		Office of the Secretary of Defense



		OV

		Operational View



		R&D

		Research and Development



		RDT&E

		Research, Development, Test, and Evaluation 



		ROM

		Rough Order of Magnitude



		RSR

		Requirements Strategy Review



		RTT

		Requirements Traceability Tool



		S&T

		Science and Technology



		SE

		Systems Engineering



		SME

		Subject Matter Expert



		SoS

		System of Systems



		SRD

		System Requirements Document



		STE

		Special Test Equipment



		SV

		Systems View



		T&E

		Test and Evaluation



		TAP

		Technical Assessment Plan



		TAR

		Technical Assessment Report



		TD

		Technology Development



		TDD

		Technical Description Document



		TDS

		Technology Development Strategy



		TRA

		Technology Readiness Assessment



		TRL

		Technology Readiness Level



		V&V

		Verification and Validation



		WBS

		Work Breakdown Structure



		WSARA

		Weapon Systems Acquisition Reform Act of 2009













[bookmark: _Toc487980555]Tables, Figures, and Cross-References

The styles referenced in this appendix are specific to this document only. The methods and steps apply to Word documents in general.

[bookmark: _Toc487980556]Insert Table

First, create the table by going to the “INSERT” pane and then “Table”. Insert a table of desired size and fill in with data. Then, change the style of all the titles in the table to “Table Title” style from the “Style” section of the “HOME” pane. Change the style of the remaining content to “Table Text”. Adjust column size or use the “AutoFit to Content” option in the “LAYOUT” pane (note: Layout pane is only displayed when editing in the table). Be sure every table has a classification marking; formatting for table classification markers can be done using the “Unclassified”, “Secret”, “TS”, or “TS//SCI” styles, as appropriate. Select the classification marker row and title row(s), right-click, select “Table Properties…”, and under the “Row” tab, make sure “Repeat as header row at the top of each page” to ensure that the classification and titles are repeated if the table spans more than one page.

To insert a caption, click a cell or any text inside the table. Then, go to the “REFERENCES” pane and select “Insert Caption”. Alternatively, when hovering the mouse over the table, a four-directional arrow/move symbol appears in a box in the upper left corner of the table. You can right click on that box and select “Insert Caption” to do the same thing. For a table, the “Label” should be “Table” and the “Position” should be “Above selected item”. The result of this will be a label on top of the table that says “Table #”, with the number automatically filled in. Insert a period after the number and provide a title for the table using sentence case (i.e., not every word is capitalized). There should be one blank line before and one after the table.

Table 1 shows an example of a table. Another option is to copy this caption and table and paste it elsewhere with “Keep source formatting”. Then, reformat the table as desired and change the label. The table number may not automatically update its display, but you can force it to update: select the number, right-click on it, and select “Update field”.



[bookmark: _Ref481153959][bookmark: _Toc484619767]Table 1. Example table

		UNCLASSIFIED



		Column Title 1

		Column Title 2

		Column Title 3



		Table content

		Table content

		Table content



		Table content

		Table content

		Table content







See Section B.3 for instructions on how to make cross-references.

[bookmark: _Toc481082133][bookmark: _Toc487980557]Inserting Figures

To insert a figure or image, go to the “INSERT” pane, select “Pictures”, and browse for the desired image. Alternatively, paste an image or file into the document at the desired location. Right-click on the image and under the “Wrap Text” option, select “In line with text”. Paragraph justification settings (e.g., left align, center, right align) can be used to position the figure appropriately. Apply the “Caption” style to the image to adjust its line spacing and ensure that the image and caption do not break across a page..

To insert a caption, right click on the image and select “Insert caption”. For a figure, the “Label” should be “Figure” and the “Position” should be “Below selected item”. The result of this will be a label on top of the table that says “Figure #”, with the number automatically filled in. Insert a period after the number and provide a title for the figure using sentence case (i.e., not every word is capitalized). There should be one blank line before and one after the figure.

Figure 1 shows an example of a figure. Another option is to copy this figure and caption and paste it elsewhere with “Keep source formatting”. Then, replace the image with a desired one and change the label. The figure number may not automatically update its display, but you can force it to update: select the number, right-click on it, and select “Update field”.



[image: ]

[bookmark: _Ref481154018][bookmark: _Toc484619768]Figure 1. Example figure



See Section B.3 for instructions on how to make cross-references.

[bookmark: _Toc481082134][bookmark: _Ref481154122][bookmark: _Toc487980558]Cross-References

Cross-references can provide references to section numbers, page numbers, tables, figures, and numerous other things. The benefit to using them is that they update automatically as other elements are added to a document (e.g., automatically updating table numbers). To insert a cross-reference, go to the “INSERT” pane and select “Cross-reference”. Choose the desired object type from the “Reference type:” dropdown menu. Select the desired reference in the “For which” section (the exact title changes based on the reference type). Finally, select the desired reference property from the “Insert reference to” dropdown menu. For a table or figure, this is usually “Only label and number”. For a reference to specific section, reference to the “Heading number”, though the word “Section” has to be manually typed in.

Occasionally, cross-references break. Most often, this is due to copy/paste issues or from deleting and inserting sections/objects. A broken cross-reference will look like this: Error! Reference source not found. Be sure to search the document for broken references; the easiest way is to search for “Error!” to find the entire phrase. 

[bookmark: _Toc487980559]Formatting

[bookmark: _Toc487980560]Style Definitions

This sections summarizes the properties of the different styles used in this document. All text uses the Arial font with single line spacing.

[bookmark: _Toc487980561]Normal Text

· Font size: 12 pt

· Effects: None

· Paragraph spacing: 0 pt before, 8 pt after

· First line indent: 0”

· Hanging indent: 0”

[bookmark: _Toc487980562]Main Body Headings

[bookmark: _Toc487980563]Heading 1

· Font size: 18 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 18 pt after

· First line indent: 0”

· Hanging indent: 0.25”

[bookmark: _Toc487980564]Heading 2

· Font size: 14 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 12 pt after

· First line indent: 0.25”

· Hanging indent: 0.45”

[bookmark: _Toc487980565]Heading 3

· Font size: 12 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 12 pt after

· First line indent: 0.7”

· Hanging indent: 0.5”

[bookmark: _Toc487980566]Heading 4

· Font size: 12 pt

· Effects: Bold, Italic

· Paragraph spacing: 0 pt before, 8 pt after

· First line indent: 1.2”

· Hanging indent: 0.65”

[bookmark: _Toc487980567]Captions

· Font size: 12 pt

· Effects: None

· Paragraph spacing: 0 pt before, 0 pt after

· Centered

[bookmark: _Toc487980568]Tables

[bookmark: _Toc487980569]Table Titles

· Font size: 10 pt

· Effects: Bold

· Paragraph spacing: 0 pt before, 0 pt after

· First line indent: 0”

· Hanging indent: 0”

The table classification markers are based on the table titles style, but centered. Unclassified markings are green, secret markings are red, top secret markings are orange, and top secret sensitive compartmented information is black, bolded text with yellow highlighting.

[bookmark: _Toc487980570]Table Text

· Font size: 10 pt

· Effects: None

· Paragraph spacing: 0 pt before, 0 pt after

· First line indent: 0”

· Hanging indent: 0”



[bookmark: _Toc487980571]Appendix Headings and Page Numbers

The Appendix uses a different set of Styles to manage formatting. For the title of the appendix, use the “Heading 7, Appendix Title”. For section and subsection headings, use “Heading 8, Appendix Heading 1” and “Heading 9, Appendix Heading 2”. These styles are automatically linked to the Table of Contents and page numbering.

To manage page numbering, use section breaks. Instead of a page break (or pressing CTRL+ENTER) to start a new page for the appendix, go to “PAGE LAYOUT” and under the “Breaks” dropdown menu, select the “Next Page” option under the “Section Break” heading.

[bookmark: _Toc487980572]Appendix Heading 1

· Font size: 18 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 18 pt after

· First line indent: 0”

· Hanging indent: 0.5”

[bookmark: _Toc487980573]Appendix Heading 2

· Font size: 14 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 12 pt after

· First line indent: 0.25”

· Hanging indent: 0.65”

[bookmark: _Toc487980574]Appendix Heading 3

· Font size: 12 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 12 pt after

· First line indent: 0.7”

· Hanging indent: 0.75”
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[bookmark: _gjdgxs]
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Notice to Accompany the Dissemination of Export‑Controlled Technical Data

WARNING - This document contains technical data whose export is restricted by the Arms Export Control Act (Title 22, U.S.C., Sec 2751, et seq.) or the Export Administration Act of 1979 (Title 50, U.S.C., App. 2401 et seq.), as amended.0 Violations of these export laws are subject to severe criminal penalties. Disseminate in accordance with provisions of DoD Directive 5230.25.

1. Export of information contained herein, which includes, in some circumstances, release to foreign nationals within the United States, without first obtaining approval or license from the Department of State for items controlled by the International Traffic in Arms Regulations (ITAR), or the Department of Commerce for items controlled by the Export Administration Regulations (EAR), may constitute a violation of law.

2. Under 22 U.S.C. 2778 the penalty for unlawful export of items or information controlled under the ITAR is up to ten years imprisonment, or a fine of $1,000,000, or both. Under 50 U.S.C., Appendix 2410, the penalty for unlawful export of items or information controlled under the EAR is a fine of up to $1,000,000, or five times the value of the exports, whichever is greater; or for an individual, imprisonment of up to 10 years, or a fine of up to $250,000, or both.

3. In accordance with your certification that establishes you as a "qualified U.S. Contractor", unauthorized dissemination of this information is prohibited and may result in disqualification as a qualified U.S. contractor, and may be considered in determining your eligibility for future contracts with the Department of Defense.

4. The U.S. Government assumes no liability for direct patent infringement, or contributory patent infringement or misuse of technical data.

5. The U.S. Government does not warrant the adequacy, accuracy, currency, or completeness of the technical data.

6. The U.S. Government assumes no liability for loss, damage, or injury resulting from manufacture or use for any purpose of any product, article, system, or material involving reliance upon any or all technical data furnished in response to the request for technical data. 

7. If the technical data furnished by the Government will be used for commercial manufacturing or other profit potential, a license for such use may be necessary. Any payments made in support of the request for data do not include or involve any license rights.

8. A copy of this notice shall be provided with any partial or complete reproduction of these data that are provided to qualified U.S. contractors.

DESTRUCTION NOTICE

For classified documents, follow the procedure in DoD 5220.22-M, National Industrial Security Program, Operating Manual, Chapter 5, Section 7, or DoD 5200.1-R, Information Security Program Regulation, Chapter 6, Section 7. For unclassified, limited documents, destroy by any method that will prevent disclosure of contents or reconstruction of the document.
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Executive Summary

The Executive Summary should let the reader know what the TAP is intending to deliver, fidelity of analysis, and summarize the content of the principal elements of the TAP to set reader expectations for the rest of the document.



[bookmark: _Toc484619733]Overview

Provide a short overview of the program, mission of interest, and the top-level analysis to be completed for this technical phase for this program.

[bookmark: _Toc484619734]Background

Provide background information on the program, top-level program goals, the customer, the stakeholders, short summary of previous work accomplished, and reference relevant documents as appropriate. Summarize key decisions/conclusions that were made in previous phases or effort, and reference the relevant documents as appropriate. 

[bookmark: _Toc484619735]Analysis Questions and Associated Measures

In section 3.1, summarize the Top-Level Program Analysis Questions that were defined in Phase 0. In section 3.2, list the given Phase Specific Analysis Questions defined for this phase within the ESE MTP. In section 3.3, given those Phase Specific Analysis Questions, list all Detailed Analysis Questions that will help answer each Phase Specific Analysis Question. In section 3.4, define Measure(s) for each analysis question that will provide the result necessary to answer each Detailed Analysis Question.

[bookmark: lnxbz9][bookmark: _Toc484619736][bookmark: _Ref481152496]Top-Level Program Analysis Questions

Restate the top-level program analysis questions that were most likely defined during Phase 0. Provide updates on these questions if appropriate from recent changes and/or analysis conducted in previous phases.

[bookmark: _Toc484619737]Phase-Specific Analysis Questions

State the analysis questions from the ESE MTP that are relevant for this phase of technical work. Include discussion on each question as applicable. If any of the Phase-Specific Analysis Questions should not be addressed or answered for this program, explain why. Below is a list of all analysis questions for each phase. These provide the foundation to create more specific Detailed Analysis Questions for this phase. Only reference the Phase-Specific Analysis Questions that fit this particular phase of work.

Phase 1 Core Question: What is the realm of the possible to fill mission needs?

· What are the key capability gaps/needs based on the threat?

· What possible materiel and non-materiel solution types could fill those capability gaps?

· What is the basic technological readiness and affordability for each solution type? 

Phase 2 Core Question: What concepts are contained within the realm of the reasonable?

· At a very basic level, how feasible/reasonable are concepts with respect to cost and any other essential performance requirements?

· What generic regions of the feasible design space show the most promise for further investigation? 

· What further analysis is required to develop the tradespace?

Phase 3 Core Question: What concepts are contained with the realm of the competitive?

· What are the most important design variables for concepts that are competitive and cost effective?

· What are the most sensitive design variables and how sensitive are they?

· How do design variables link with cost, performance, effectiveness, and suitability?

· What further analysis is required to focus the tradespace? 

Phase 4 Core Question: What concepts are truly competitive and ready for development? 

· What are the most competitive and cost effective concepts?

· For a more focused tradespace analysis, what are the most sensitive design variables and how sensitive are they?

· How do design variables link with cost, performance, effectiveness, and suitability within the optimal points of the design space?

[bookmark: _Toc484619738]Detailed Analysis Questions

Considering the Phase-Specific Analysis Questions from 3.2, define each Detailed Analysis Question for this phase and this program. These questions should trace back to the Phase-Specific Analysis Questions.

[bookmark: _Toc484619739]Define Measures

Define at least one Measure for each key analysis question defined in 3.3. These questions and measures could be listed, placed in a table, or described in an Analysis Traceability Matrix (ATM) to match to each key analysis question. This should include Measures that relate to all the key tasks that should be accomplished in this technical phase. If any major task will not be accomplished, provide rationale and risk to the overall quality and rigor of the program’s technical body of work. This risk should be clearly communicated with leadership and the customer.

[bookmark: _Toc484619740]Design Tasks and MS&A Tasks

Based on the Detailed Analysis Questions and the Measures from section 3.3 and 3.4, provide analysis methods and associated details required in order to develop the Measures of Performance, Measures of Effectiveness, cost, and even Measures of Suitability as appropriate. Describe who will do the work (organization, government, contractor, etc.), what data will be needed, and what analysis methods will be used. Finally, discuss how this phase will leverage the work and products accomplished from the previous phase (if applicable).

Every technical team must provide details on the scope, level of fidelity, and/or applicability of the design tasks and MS&A tasks for the current phase. Each listed item within each phase MUST be addressed in the phase’s TAP before moving beyond the TAP review. Due to the unique nature of every PfD program, there will be items that are not applicable for that phase or even for the entirety of the program. The TAP should discuss why those items are not applicable. Any items that are recommended as non-applicable will be reviewed and then approved or disapproved by the Chief Engineer. For those items that are deemed applicable, the team must provide details on the level of fidelity that will outline the approach for that task. If a particular task is at risk of not be accomplished due to a lack of methods, time, budget, manning, security, etc, then the team will provide an assessment of the risk to the overall technical quality of the program and the ability to adequately answer the associated analysis questions. 

Required items to be addressed in the TAP:

Phase 1 required items:

· Customer needs analysis

· Threat analysis

· Gaps analysis

· Solution/concept ideation

· Early market research

· Solutions analysis to include Doctrine, Operational, Training, materiel mods, Materiel solutions, Logistics and Training, Personnel, Finance, Policy (DOTmMLPF-P) considerations 

· Potential relevant technologies and their basic technical readiness

· Basic affordability analysis for non-materiel and materiel solutions/approaches

· Solution viability assessment

· Development of any other long-lead data, analysis or methods that are relevant in other phases 

· Concept Implementation Analysis

· Risk assessment

Phase 2 required items:

· Review and validate threat and update as needed

· Conduct more thorough concept ideation methods

· Review and validate customer needs analysis and update as needed

· Review and validate technology assessment and update as needed

· Review and validate market research and update as needed

· Conduct pre-filtering methods

· ROM cost estimates

· Basic discipline specific analysis (for appropriate disciplines)

· Cost Capability Analysis (or tradespace analysis)

· Development of any other long-lead data, analysis or methods that are relevant in other phases 

· Concept Implementation Analysis

· Risk assessment

Phase 3 required items:

· Review and validate threat and update as needed

· Review and validate concept ideation and update as needed

· Review and validate customer needs analysis and update as needed

· Review and validate technology assessment and update as needed

· Review and validate market research and update as needed

· Performance analysis (weapons, aerodynamics, propulsion, weights, sensors, cyber, communications, and other “-ilities” such as reliability, availability, and maintainability)

· Parametric cost modeling

· Quick-turn effectiveness modeling

· Cost Capability Analysis (or tradespace analysis)

· Development of any other long-lead data, analysis or methods that are relevant in other phases 

· Concept Implementation Analysis

· Risk assessment

Phase 4 required items:

· [bookmark: _Toc484619741]Review and validate threat and update as needed

· Review and validate concept ideation and update as needed

· Review and validate customer needs analysis and update as needed

· Review and validate technology assessment and update as needed

· Review and validate market research and update as needed

· Performance analysis (weapons, aerodynamics, propulsion, weights, sensors, cyber, communications, manufacturing, subsystems, and other “-ilities” such as reliability, availability, and maintainability)

· Detailed cost modeling

· Effectiveness modeling

· Cost Capability Analysis (or tradespace analysis)

· Concept Implementation Analysis

· Risk assessment

Assumptions and Constraints

Based on the Design Tasks and MS&A Tasks described in section 4.0, describe (in the best way possible at this point in time) the appropriate assumptions and constraints relevant for this technical phase of the program.

[bookmark: _Toc484619742]Technical Products

Describe the technical products that will be created by the end of this phase. Every program is different, so the recommended list of products by phase can be customized to fit the needs of program. Select and describe the data and products that are relevant and will be delivered for this phase for the program and then documented in a TAR or CCTD. Specify additional products that will be generated as needed. If this technical effort is in direct support of a CBA, ICD, CCTD, or AoA for this phase, provide additional details on how this phase’s technical products will support the completion of these JCIDS and CDWG related products. If a TAR or CCTD are not appropriate types of documentation for this phase, only the DOE can waive that requirement. This can occur when another document contains all the same content, such as a CBA during a Phase 1 effort. If there is substantial technical work beyond any other documentation, a waiver to not accomplish a CCTD or TAR at the end of phase is not appropriate.

[bookmark: _Toc484619743]Schedule Overview

Provide a notional schedule of the work to be accomplished for this phase. Specify an engineer or point of contact for each Design task and MS&A task. The amount of detail on the schedule should correspond to the level of fidelity of this phase. A top-level plan (across multiple phases) should be provided to help show how this phase connects to the total program. 

[bookmark: _Toc484619744]Resource Requirements

Describe what support will be needed from security, facilities, network, equipment, contract vehicles, support staff, funding, etc. that is necessary to help the technical team answer all key analysis questions for this phase. It is important that the CE and DOE understand the support that this team will require to properly finish this phase so they can remove obstacles and/or provide assistance.

[bookmark: _Toc484619745]Analysis Approach Risks

Describe the top risks that would impair/obstruct completing the technical objectives/tasks in order to answer this phase’s analysis questions. If possible, specify the likelihood and severity of the technical risk. If the team is required to reduce the level of analysis required to fully answer all the analysis questions for this phase, provide an extensive description of the risk of a reduced analysis effort at this phase and beyond.







[bookmark: _Toc484619746]Abbreviations and Acronyms

		AF

		Air Force



		AFI

		Air Force Instruction



		AFRB

		Air Force Review Board



		AFRL

		Air Force Research Laboratory



		AFROC

		Air Force Requirements Oversight Council AoA



		C3I

		Command, Control, Communications and Intelligence



		CAPE

		Cost Assessment and Program Evaluation



		CBA

		Capabilities-Based Assessment



		CCTD

		Concept Characterization and Technical Description 



		CDD

		Capability Development Document



		CES

		Cost Element Structure



		CJCSI

		Chairman of the Joint Chiefs of Staff Instruction 



		CONEMP

		Concept of Employment



		CONOPS

		Concept of Operations



		CTE

		Critical Technology Element



		DARPA

		Defense Advanced Research Projects Agency



		DoDAF

		Department of Defense Architectural Framework



		DoDI

		Department of Defense Instruction



		DOTMLPF

		Doctrine, Organization, Training, Materiel, Leadership and Education, Personnel, Facilities



		DOT_LPF

		Non-materiel (Doctrine, Organization, Training, Leadership and Education, Personnel, Facilities)



		DP

		Development Planning



		EMD

		Engineering & Manufacturing Development



		FMS

		Foreign Military Sales



		FoS

		Family of Systems



		HSI

		Human Systems Integration



		ICD

		Initial Capabilities Document



		IOC

		Initial Operational Capability



		IRA

		Integrated Risk Assessment



		ISR

		Intelligence, Surveillance and Reconnaissance



		JCIDS

		Joint Capabilities Integration & Development System 



		KPP

		Key Performance Parameter



		M&S

		Modeling and Simulation MAJCOM



		MDAP

		Major Defense Acquisition Program 



		MDD

		Material Development Decision



		MOE

		Measure(s) of Effectiveness



		MOS

		Measure(s) of Suitability



		MRL

		Manufacturing Readiness Level



		MS

		Milestone



		MSA

		Materiel Solution Analysis



		O&M

		Operations & Maintenance



		O&S

		Operations & Support



		OAS

		Office of Aerospace Studies



		OSD

		Office of the Secretary of Defense



		OV

		Operational View



		R&D

		Research and Development



		RDT&E

		Research, Development, Test, and Evaluation 



		ROM

		Rough Order of Magnitude



		RSR

		Requirements Strategy Review



		RTT

		Requirements Traceability Tool



		S&T

		Science and Technology



		SE

		Systems Engineering



		SME

		Subject Matter Expert



		SoS

		System of Systems



		SRD

		System Requirements Document



		STE

		Special Test Equipment



		SV

		Systems View



		T&E

		Test and Evaluation



		TAP

		Technical Assessment Plan



		TAR

		Technical Assessment Report



		TD

		Technology Development



		TDD

		Technical Description Document



		TDS

		Technology Development Strategy



		TRA

		Technology Readiness Assessment



		TRL

		Technology Readiness Level



		V&V

		Verification and Validation



		WBS

		Work Breakdown Structure



		WSARA

		Weapon Systems Acquisition Reform Act of 2009













[bookmark: _Toc484619747]Tables, Figures, and Cross-References

The styles referenced in this appendix are specific to this document only. The methods and steps apply to Word documents in general.

[bookmark: _Toc484619748]Insert Table

First, create the table by going to the “INSERT” pane and then “Table”. Insert a table of desired size and fill in with data. Then, change the style of all the titles in the table to “Table Title” style from the “Style” section of the “HOME” pane. Change the style of the remaining content to “Table Text”. Adjust column size or use the “AutoFit to Content” option in the “LAYOUT” pane (note: Layout pane is only displayed when editing in the table). Be sure every table has a classification marking; formatting for table classification markers can be done using the “Unclassified”, “Secret”, “TS”, or “TS//SCI” styles, as appropriate. Select the classification marker row and title row(s), right-click, select “Table Properties…”, and under the “Row” tab, make sure “Repeat as header row at the top of each page” to ensure that the classification and titles are repeated if the table spans more than one page.

To insert a caption, click a cell or any text inside the table. Then, go to the “REFERENCES” pane and select “Insert Caption”. Alternatively, when hovering the mouse over the table, a four-directional arrow/move symbol appears in a box in the upper left corner of the table. You can right click on that box and select “Insert Caption” to do the same thing. For a table, the “Label” should be “Table” and the “Position” should be “Above selected item”. The result of this will be a label on top of the table that says “Table #”, with the number automatically filled in. Insert a period after the number and provide a title for the table using sentence case (i.e., not every word is capitalized). There should be one blank line before and one after the table.

Table 1 shows an example of a table. Another option is to copy this caption and table and paste it elsewhere with “Keep source formatting”. Then, reformat the table as desired and change the label. The table number may not automatically update its display, but you can force it to update: select the number, right-click on it, and select “Update field”.



[bookmark: _Ref481153959][bookmark: _Toc484619767]Table 1. Example table

		UNCLASSIFIED



		Column Title 1

		Column Title 2

		Column Title 3



		Table content

		Table content

		Table content



		Table content

		Table content

		Table content







See Section B.3 for instructions on how to make cross-references.

[bookmark: _Toc481082133][bookmark: _Toc484619749]Inserting Figures

To insert a figure or image, go to the “INSERT” pane, select “Pictures”, and browse for the desired image. Alternatively, paste an image or file into the document at the desired location. Right-click on the image and under the “Wrap Text” option, select “In line with text”. Paragraph justification settings (e.g., left align, center, right align) can be used to position the figure appropriately. Apply the “Caption” style to the image to adjust its line spacing and ensure that the image and caption do not break across a page..

To insert a caption, right click on the image and select “Insert caption”. For a figure, the “Label” should be “Figure” and the “Position” should be “Below selected item”. The result of this will be a label on top of the table that says “Figure #”, with the number automatically filled in. Insert a period after the number and provide a title for the figure using sentence case (i.e., not every word is capitalized). There should be one blank line before and one after the figure.

Figure 1 shows an example of a figure. Another option is to copy this figure and caption and paste it elsewhere with “Keep source formatting”. Then, replace the image with a desired one and change the label. The figure number may not automatically update its display, but you can force it to update: select the number, right-click on it, and select “Update field”.
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[bookmark: _Ref481154018][bookmark: _Toc484619768]Figure 1. Example figure



See Section B.3 for instructions on how to make cross-references.

[bookmark: _Toc481082134][bookmark: _Ref481154122][bookmark: _Toc484619750]Cross-References

Cross-references can provide references to section numbers, page numbers, tables, figures, and numerous other things. The benefit to using them is that they update automatically as other elements are added to a document (e.g., automatically updating table numbers). To insert a cross-reference, go to the “INSERT” pane and select “Cross-reference”. Choose the desired object type from the “Reference type:” dropdown menu. Select the desired reference in the “For which” section (the exact title changes based on the reference type). Finally, select the desired reference property from the “Insert reference to” dropdown menu. For a table or figure, this is usually “Only label and number”. For a reference to specific section, reference to the “Heading number”, though the word “Section” has to be manually typed in.

Occasionally, cross-references break. Most often, this is due to copy/paste issues or from deleting and inserting sections/objects. A broken cross-reference will look like this: Error! Reference source not found. Be sure to search the document for broken references; the easiest way is to search for “Error!” to find the entire phrase. 

[bookmark: _Toc484619751]Formatting

[bookmark: _Toc484619752]Style Definitions

This sections summarizes the properties of the different styles used in this document. All text uses the Arial font with single line spacing.

[bookmark: _Toc484619753]Normal Text

· Font size: 12 pt

· Effects: None

· Paragraph spacing: 0 pt before, 8 pt after

· First line indent: 0”

· Hanging indent: 0”

[bookmark: _Toc484619754]Main Body Headings

[bookmark: _Toc484619755]Heading 1

· Font size: 18 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 18 pt after

· First line indent: 0”

· Hanging indent: 0.25”

[bookmark: _Toc484619756]Heading 2

· Font size: 14 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 12 pt after

· First line indent: 0.25”

· Hanging indent: 0.45”

[bookmark: _Toc484619757]Heading 3

· Font size: 12 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 12 pt after

· First line indent: 0.7”

· Hanging indent: 0.5”

[bookmark: _Toc484619758]Heading 4

· Font size: 12 pt

· Effects: Bold, Italic

· Paragraph spacing: 0 pt before, 8 pt after

· First line indent: 1.2”

· Hanging indent: 0.65”

[bookmark: _Toc484619759]Captions

· Font size: 12 pt

· Effects: None

· Paragraph spacing: 0 pt before, 0 pt after

· Centered

[bookmark: _Toc484619760]Tables

[bookmark: _Toc484619761]Table Titles

· Font size: 10 pt

· Effects: Bold

· Paragraph spacing: 0 pt before, 0 pt after

· First line indent: 0”

· Hanging indent: 0”

The table classification markers are based on the table titles style, but centered. Unclassified markings are green, secret markings are red, top secret markings are orange, and top secret sensitive compartmented information is black, bolded text with yellow highlighting.

[bookmark: _Toc484619762]Table Text

· Font size: 10 pt

· Effects: None

· Paragraph spacing: 0 pt before, 0 pt after

· First line indent: 0”

· Hanging indent: 0”



[bookmark: _Toc484619763]Appendix Headings and Page Numbers

The Appendix uses a different set of Styles to manage formatting. For the title of the appendix, use the “Heading 7, Appendix Title”. For section and subsection headings, use “Heading 8, Appendix Heading 1” and “Heading 9, Appendix Heading 2”. These styles are automatically linked to the Table of Contents and page numbering.

To manage page numbering, use section breaks. Instead of a page break (or pressing CTRL+ENTER) to start a new page for the appendix, go to “PAGE LAYOUT” and under the “Breaks” dropdown menu, select the “Next Page” option under the “Section Break” heading.

[bookmark: _Toc484619764]Appendix Heading 1

· Font size: 18 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 18 pt after

· First line indent: 0”

· Hanging indent: 0.5”

[bookmark: _Toc484619765]Appendix Heading 2

· Font size: 14 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 12 pt after

· First line indent: 0.25”

· Hanging indent: 0.65”

[bookmark: _Toc484619766]Appendix Heading 3

· Font size: 12 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 12 pt after

· First line indent: 0.7”

· Hanging indent: 0.75”
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[bookmark: _GoBack]Notice to Accompany the Dissemination of Export‑Controlled Technical Data

WARNING - This document contains technical data whose export is restricted by the Arms Export Control Act (Title 22, U.S.C., Sec 2751, et seq.) or the Export Administration Act of 1979 (Title 50, U.S.C., App. 2401 et seq.), as amended.0 Violations of these export laws are subject to severe criminal penalties. Disseminate in accordance with provisions of DoD Directive 5230.25.

1. Export of information contained herein, which includes, in some circumstances, release to foreign nationals within the United States, without first obtaining approval or license from the Department of State for items controlled by the International Traffic in Arms Regulations (ITAR), or the Department of Commerce for items controlled by the Export Administration Regulations (EAR), may constitute a violation of law.
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5. The U.S. Government does not warrant the adequacy, accuracy, currency, or completeness of the technical data.

6. The U.S. Government assumes no liability for loss, damage, or injury resulting from manufacture or use for any purpose of any product, article, system, or material involving reliance upon any or all technical data furnished in response to the request for technical data. 

7. If the technical data furnished by the Government will be used for commercial manufacturing or other profit potential, a license for such use may be necessary. Any payments made in support of the request for data do not include or involve any license rights.

8. A copy of this notice shall be provided with any partial or complete reproduction of these data that are provided to qualified U.S. contractors.

DESTRUCTION NOTICE

For classified documents, follow the procedure in DoD 5220.22-M, National Industrial Security Program, Operating Manual, Chapter 5, Section 7, or DoD 5200.1-R, Information Security Program Regulation, Chapter 6, Section 7. For unclassified, limited documents, destroy by any method that will prevent disclosure of contents or reconstruction of the document.
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Executive Summary

The Technical Analysis Report (TAR) is intended to document research, analysis, conclusions, recommendations, etc. that are not documented elsewhere. For example, much of the material covered during a Phase 1 analysis may be documented in a Capabilities-Based Assessment (CBA), so a TAR may not be needed.

The Executive Summary should let the reader know what the TAR is intending to deliver, fidelity of analysis, and summarize the content of the principal elements of the TAR to set reader expectations for the rest of the document.



[bookmark: _Toc487184439]Introduction

Provide a short overview of the program, mission of interest, and the top-level analysis questions.  Summarize the work that was completed for this technical phase for this program.  Identify how this work contributes to the government owning the technical baseline.  If the content of this report will feed other documents such as a Capabilities Based Assessment (CBA) or Initial Capabilities Document (ICD), identify how this work will augment/support those documents.

The TAR is meant to have a flexible structure that conforms to the needs of the technical team. The titles and categories presented are for guidance only; they can be adjusted by the Chief/Lead Engineer as needed to satisfy documentation requirements.  The TAR should be written such that the content here will easily link to and be reused for future technical phases and other key documents such as a Concept Characterization and Technical Description (CCTD).  

Much of the background and methodology information should be from the Technical Analysis Plan (TAP). This minimizes duplicated work, while also ensuring the TAR tells the “complete story” in one document.

[bookmark: _Toc487184440]Previous Work

Summarize the content from the TAP. Provide background information on the customer, the stakeholders, short summary of previous work accomplished, and reference relevant documents as appropriate.  A comprehensive look at a relevant body of knowledge should be accomplished to provide adequate background for this work.  Sources should include academia, industry, other countries, other services, etc.  Summarize key decisions/conclusions that were made in previous phases or effort, and reference the relevant documents as appropriate. Summarize the project-specific and phase-specific analysis questions and measures.

[bookmark: _Toc487184441]Methodology

Summarize how the technical work was accomplished. Describe ground rules, constraints, and assumptions (GRC&A) that were pertinent for this technical work. Describe how any specific methodologies were selected. Describe how any methodologies, Detailed Analysis Questions, and/or Measures changed from the original TAP. Any assumptions regarding how a system will integrate and interoperate as part of the Family of Systems (FoS) or System of Systems (SoS) environment should be documented here. 

[bookmark: _Toc487184442]Results and Analysis

Provide the answers to the Detailed Analysis Questions and values for the Measures based on the methodology described in the corresponding TAP. Describe any deviations from the TAP and the rationale for the deviation.  Describe how the results will link to and/or be reused for future technical phases and other key documents such as a CCTD.  

Every technical team must provide details on the scope, level of fidelity, and/or applicability of the relevant MS&A tasks and/or design tasks for the current phase. It is recommended to break out large/detailed results in appendices but still include summaries in this section.  Due to the unique nature of every Planning for Development (PfD) program, there will be items that are not applicable for that phase or even for the entirety of the program. The TAP outlined what items were applicable and not applicable. In the TAR, describe any updates or changes to those items from the TAP.  For those items that are deemed applicable, provide the appropriate results for that task. If a task was not accomplished due to a lack of methods, time, budget, manning, security, etc., provide an assessment of the risk or impact to the overall technical quality of the program and the ability to adequately answer the associated analysis questions. 

Recommended items by phase:

Phase 1:

· Customer needs analysis

· Threat analysis

· Gaps analysis

· Solution/concept ideation

· Early market research

· Solutions analysis to include Doctrine, Operational, Training, materiel mods, Materiel solutions, Logistics and Training, Personnel, Finance, Policy (DOTmMLPF-P) considerations 

· Potential relevant technologies and their basic technical readiness

· Basic affordability analysis for non-materiel and materiel solutions/approaches

· Solution viability assessment

· Development of any other long-lead data, analysis or methods that are relevant in other phases 

· Concept Implementation Analysis

· Risk assessment

Phase 2:

· Review and validate threat and update as needed

· Conduct more thorough concept ideation methods

· Review and validate customer needs analysis and update as needed

· Review and validate technology assessment and update as needed

· Review and validate market research and update as needed

· Conduct pre-filtering methods

· ROM cost estimates

· Basic discipline specific analysis (for appropriate disciplines)

· Cost Capability Analysis (or tradespace analysis)

· Development of any other long-lead data, analysis or methods that are relevant in other phases 

· Concept Implementation Analysis

· Risk assessment

For Phase 3, it is recommended that the technical team use a CCTD to document results. If it is deemed inappropriate to use a CCTD, customize the TAR to describe the following items:

· Review and validate threat and update as needed

· Review and validate concept ideation and update as needed

· Review and validate customer needs analysis and update as needed

· Review and validate technology assessment and update as needed

· Review and validate market research and update as needed

· Performance analysis (weapons, aerodynamics, propulsion, weights, sensors, cyber, communications, and other “-ilities” such as reliability, availability, and maintainability)

· Parametric cost modeling

· Quick-turn effectiveness modeling

· Cost Capability Analysis (or tradespace analysis)

· Development of any other long-lead data, analysis or methods that are relevant in other phases 

· Concept Implementation Analysis

· Risk assessment

For Phase 4, it is recommended that the technical team either write a new CCTD or update a previous CCTD with more detailed results. If it is deemed inappropriate to use a CCTD, use a TAR to describe the following items:

· Review and validate threat and update as needed

· Review and validate concept ideation and update as needed

· Review and validate customer needs analysis and update as needed

· Review and validate technology assessment and update as needed

· Review and validate market research and update as needed

· Performance analysis (weapons, aerodynamics, propulsion, weights, sensors, cyber, communications, manufacturing, subsystems, and other “-ilities” such as reliability, availability, and maintainability)

· Detailed cost modeling

· Effectiveness modeling

· Cost Capability Analysis (or tradespace analysis)

· Concept Implementation Analysis

· Risk assessment

[bookmark: _Toc487184443]Conclusions and Recommendations

Describe how well the phase-specific analysis questions were answered. Describe how the work performed during this phase will help answer the top-level program analysis questions and/or feed a CCTD.  Identify how future work or concepts will change based on the results created during this phase.  

This section should make clear to the reader what is currently known about the work in terms of elements in the TAR, what is not known (known unknowns), and what additional work is recommended to provide necessary information at future reviews and decisions.



[bookmark: _Toc487184444]Abbreviations and Acronyms

		AF

		Air Force



		AFI

		Air Force Instruction



		AFRB

		Air Force Review Board



		AFRL

		Air Force Research Laboratory



		AFROC

		Air Force Requirements Oversight Council AoA



		C3I

		Command, Control, Communications and Intelligence



		CAPE

		Cost Assessment and Program Evaluation



		CBA

		Capabilities-Based Assessment



		CCTD

		Concept Characterization and Technical Description 



		CDD

		Capability Development Document



		CES

		Cost Element Structure



		CJCSI

		Chairman of the Joint Chiefs of Staff Instruction 



		CONEMP

		Concept of Employment



		CONOPS

		Concept of Operations



		CTE

		Critical Technology Element



		DARPA

		Defense Advanced Research Projects Agency



		DoDAF

		Department of Defense Architectural Framework



		DoDI

		Department of Defense Instruction



		DOTMLPF

		Doctrine, Organization, Training, Materiel, Leadership and Education, Personnel, Facilities



		DOT_LPF

		Non-materiel (Doctrine, Organization, Training, Leadership and Education, Personnel, Facilities)



		DP

		Development Planning



		EMD

		Engineering & Manufacturing Development



		FMS

		Foreign Military Sales



		FoS

		Family of Systems



		HSI

		Human Systems Integration



		ICD

		Initial Capabilities Document



		IOC

		Initial Operational Capability



		IRA

		Integrated Risk Assessment



		ISR

		Intelligence, Surveillance and Reconnaissance



		JCIDS

		Joint Capabilities Integration & Development System 



		KPP

		Key Performance Parameter



		M&S

		Modeling and Simulation MAJCOM



		MDAP

		Major Defense Acquisition Program 



		MDD

		Material Development Decision



		MOE

		Measure(s) of Effectiveness



		MOS

		Measure(s) of Suitability



		MRL

		Manufacturing Readiness Level



		MS

		Milestone



		MSA

		Materiel Solution Analysis



		O&M

		Operations & Maintenance



		O&S

		Operations & Support



		OAS

		Office of Aerospace Studies



		OSD

		Office of the Secretary of Defense



		OV

		Operational View



		R&D

		Research and Development



		RDT&E

		Research, Development, Test, and Evaluation 



		ROM

		Rough Order of Magnitude



		RSR

		Requirements Strategy Review



		RTT

		Requirements Traceability Tool



		S&T

		Science and Technology



		SE

		Systems Engineering



		SME

		Subject Matter Expert



		SoS

		System of Systems



		SRD

		System Requirements Document



		STE

		Special Test Equipment



		SV

		Systems View



		T&E

		Test and Evaluation



		TAP

		Technical Assessment Plan



		TAR

		Technical Assessment Report



		TD

		Technology Development



		TDD

		Technical Description Document



		TDS

		Technology Development Strategy



		TRA

		Technology Readiness Assessment



		TRL

		Technology Readiness Level



		V&V

		Verification and Validation



		WBS

		Work Breakdown Structure



		WSARA

		Weapon Systems Acquisition Reform Act of 2009













[bookmark: _Toc487184445]Tables, Figures, and Cross-References

The styles referenced in this appendix are specific to this document only. The methods and steps apply to Word documents in general.

[bookmark: _Toc487184446]Insert Table

First, create the table by going to the “INSERT” pane and then “Table”. Insert a table of desired size and fill in with data. Then, change the style of all the titles in the table to “Table Title” style from the “Style” section of the “HOME” pane. Change the style of the remaining content to “Table Text”. Adjust column size or use the “AutoFit to Content” option in the “LAYOUT” pane (note: Layout pane is only displayed when editing in the table). Be sure every table has a classification marking; formatting for table classification markers can be done using the “Unclassified”, “Secret”, “TS”, or “TS//SCI” styles, as appropriate. Select the classification marker row and title row(s), right-click, select “Table Properties…”, and under the “Row” tab, make sure “Repeat as header row at the top of each page” to ensure that the classification and titles are repeated if the table spans more than one page.

To insert a caption, click a cell or any text inside the table. Then, go to the “REFERENCES” pane and select “Insert Caption”. Alternatively, when hovering the mouse over the table, a four-directional arrow/move symbol appears in a box in the upper left corner of the table. You can right click on that box and select “Insert Caption” to do the same thing. For a table, the “Label” should be “Table” and the “Position” should be “Above selected item”. The result of this will be a label on top of the table that says “Table #”, with the number automatically filled in. Insert a period after the number and provide a title for the table using sentence case (i.e., not every word is capitalized). There should be one blank line before and one after the table.

Table 1 shows an example of a table. Another option is to copy this caption and table and paste it elsewhere with “Keep source formatting”. Then, reformat the table as desired and change the label. The table number may not automatically update its display, but you can force it to update: select the number, right-click on it, and select “Update field”.



[bookmark: _Ref481153959][bookmark: _Toc487184449]Table 1. Example table

		UNCLASSIFIED



		Column Title 1

		Column Title 2

		Column Title 3



		Table content

		Table content

		Table content



		Table content

		Table content

		Table content







See Section B.3 for instructions on how to make cross-references.

[bookmark: _Toc481082133][bookmark: _Toc487184447]Inserting Figures

To insert a figure or image, go to the “INSERT” pane, select “Pictures”, and browse for the desired image. Alternatively, paste an image or file into the document at the desired location. Right-click on the image and under the “Wrap Text” option, select “In line with text”. Paragraph justification settings (e.g., left align, center, right align) can be used to position the figure appropriately. Apply the “Caption” style to the image to adjust its line spacing and ensure that the image and caption do not break across a page..

To insert a caption, right click on the image and select “Insert caption”. For a figure, the “Label” should be “Figure” and the “Position” should be “Below selected item”. The result of this will be a label on top of the table that says “Figure #”, with the number automatically filled in. Insert a period after the number and provide a title for the figure using sentence case (i.e., not every word is capitalized). There should be one blank line before and one after the figure.

Figure 1 shows an example of a figure. Another option is to copy this figure and caption and paste it elsewhere with “Keep source formatting”. Then, replace the image with a desired one and change the label. The figure number may not automatically update its display, but you can force it to update: select the number, right-click on it, and select “Update field”.
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[bookmark: _Ref481154018][bookmark: _Toc487184450]Figure 1. Example figure



See Section B.3 for instructions on how to make cross-references.

[bookmark: _Toc481082134][bookmark: _Ref481154122][bookmark: _Toc487184448]Cross-References

Cross-references can provide references to section numbers, page numbers, tables, figures, and numerous other things. The benefit to using them is that they update automatically as other elements are added to a document (e.g., automatically updating table numbers). To insert a cross-reference, go to the “INSERT” pane and select “Cross-reference”. Choose the desired object type from the “Reference type:” dropdown menu. Select the desired reference in the “For which” section (the exact title changes based on the reference type). Finally, select the desired reference property from the “Insert reference to” dropdown menu. For a table or figure, this is usually “Only label and number”. For a reference to specific section, reference to the “Heading number”, though the word “Section” has to be manually typed in.

Occasionally, cross-references break. Most often, this is due to copy/paste issues or from deleting and inserting sections/objects. A broken cross-reference will look like this: Error! Reference source not found. Be sure to search the document for broken references; the easiest way is to search for “Error!” to find the entire phrase.
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Executive Summary

The Executive Summary should let the reader know what the CCTD is intending to deliver, fidelity of analysis, and summarize the content for each of the main sections of the CCTD to set reader expectations for the rest of the document. Key contents include an overview of the mission and capability need statement, as well as a summary of risks/issues/concerns, overview of the conclusion/recommendation, and a sense of remaining work to be done. 

The CCTD is intended to document the analysis performed at various stages of the Master Technical Process. Different iterations of the CCTD will support different JCIDS documents. As such, the different iterations will have different levels of detail in the different sections. For sections where information is not yet available, describe the plan and methodology for getting the necessary details, as well as an expected timeframe.

This section does NOT need to be limited to a single page.

[bookmark: _Toc491267531]Mission Description/Problem Definition

[bookmark: _Toc491267532]Core Mission and Problem Description

Provide the title of the concept; any contextual information needed for the concept, for example, the sponsoring command or agency for the concept; where the concept is being developed (e.g., Air Force Research Laboratory (AFRL), the Defense Advanced Research Projects Agency (DARPA), industry, program office); whether it is a completely new concept, a concept based on a legacy system, or an update to a previously developed concept; and the organization or team responsible for generating the CCTD. Describe the over-arching analysis question(s) here (i.e., the question(s) that will be answered when the all CCTD are completed, not just this one).

Additional information that can provide a frame of reference for both the overall concept and the specific detail in the remainder of the CCTD should also be included. 

[bookmark: 2et92p0][bookmark: _Ref481152504][bookmark: _Toc491267533]Capability Need Statement

This section captures the first step in any engineering process: define the problem. Identify the capability gaps. Typically, this information is documented in a Technical Analysis Report (TAR), the Capabilities-Based Assessment (CBA) of the Joint Capabilities Integration and Development System (JCIDS) process, or other sources such as Initial Capabilities Documents (ICD) and Combatant Command (COCOM) Integrated Priority Lists (IPL). This section may be taken directly from the relevant TAR, ICD, or validated warfighter gap/shortfall that the concept is addressing; as such, it is not concept-specific but gap-/shortfall-specific. Explain how well the documented gaps address the actual capability gap. Engagement between concept developers and sponsors during the CBA is valuable in terms of ensuring mutual understanding of expectations. This section should include the mission tasks under consideration and the capability needs statement. The explanation is especially important in an earlier TAR and/or CCTD (e.g., a TAR that supports a CBA) because any differences in scope can still be resolved. Analyses of future threats can also support information in this section. Inputs for this section should be coupled with unbiased analysis from independent parties to avoid “solutioneering” and “pet rocks.”

Table 1 summarizes the documented capability gaps.



[bookmark: _Ref481651528][bookmark: _Toc491267628]Table 1. Documented capability gaps

		Table Classification



		Document

		Capability Gap



		CBA Title

		



		ICD Title

		



		IPL

		







If the CCTD is being developed for a concept solution that is not in specific response to the JCIDS process, this section can be tailored. For example, for an AFRL CCTD, this section might define a projected capability need based on analysis of future threats. Linkages to the Capability Based Planning (CBP)[footnoteRef:1] process (e.g., to an AF CONOPS) should be made, if possible. This section should be as thorough and accurate as early as possible, because it is the foundation for all analysis. [1:  www.acq.osd.mil/ttcp/reference/docs/JSA-TP-3-CBP-Paper-Final.doc] 


[bookmark: _Toc491267534]Operational View

Consider using the description of the Operational View-1 (OV-1) from the DoD Architectural Framework (DoDAF)[footnoteRef:2]. The view should identify systems that the concept is expected to operate and/or interface with, information flows (also see the OV-2), the physical operating environment, and threats the concept will encounter. It should take into consideration what is known about the concept’s relationship with other systems, Families of Systems (FoS), or Systems of Systems (SoS). Additional text can describe how the OV-1 “frames” the operational mission/task. Information from a Concept of Employment (CONEMP) or Concept of Operations (CONOPS), whether pre-existing or developed as part of earlier documentation (CBA, ICD, TAR, Core Function Support Plan [CFSP], etc), should be referenced or included here. [2:  http://dodcio.defense.gov/Library/DoD-Architecture-Framework/] 


Figure 1 illustrates the OV-1 for the program.
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[bookmark: _Ref481152632][bookmark: _Toc491267639]Figure 1. OV-1



Previous documentation (CBA, TAP, etc.) should provide the information needed to define the Measures of Effectiveness (MOE) and Measures of Suitability (MOS); the operational point of view is generally the source for this information. The sponsor and acquirer must work together to ensure that MOEs/MOSs are defined so that they can be appropriately measured. The writer can utilize Table 2 or other DoDAF views to document the relevant measures. DoDAF views can provide connections and/or hierarchical relationships between measures and gaps/shortfalls.

Table 2 summarizes the measures of effectiveness and suitability.



[bookmark: _Ref481658043][bookmark: _Toc491267629]Table 2. Measures of effectiveness and suitability

		Table Classification



		Measure

		Sub-measure

		Description



		MOE 1:

		MOE 1.1:

		



		

		MOE 1.2:

		



		

		MOE 1.3:

		



		MOE 2:

		

		







[bookmark: _Toc491267535]Operating Environment

Early SE is performed in the context of the CONOPS, and considers characteristics of the operational environment that reflect both human and natural conditions. The operational point of view should include descriptions of the relevant domain (space, air, sea, land, cyber), and may also include other environmental considerations relevant to the concept, (e.g., day, night, climate, atmospherics, vegetation, terrain, electromagnetic environment, nuclear environment, and anti-access). Relevant battlefield environment(s) (contested, denied, specific threats, etc.) should be identified here as well. Reference appropriate threat assessments, security constructs (e.g., Integrated Security Construct [ISC]-A, ISC-B, ISC-C), or other documents (e.g., Defense Planning Guidance [DPG]) that provide information about the operating environment.

An understanding of user needs, constraints, and limitations in the operating environment assists with developing MOEs that can be used to assess military utility of a concept, including operational performance (e.g., reliability, maintainability, availability, supportability, sustainability, testability, deployability). For example, chemical or biological warfare (human-caused conditions) may impact the working environment for operational crews and logistics support personnel. Another key consideration is the manpower/personnel/training impacts on manning and skill levels of anticipated system operators and maintainers.

[bookmark: _Toc491267536]Scope

Define the scope of this CCTD. Describe the Top-Level Analysis Questions that are being answered when the program is complete. Also, describe the analysis question(s) specific to this phase of analysis (i.e., the question(s) that will be answered by this CCTD).

Consider the trade space in terms balancing key characteristics such as affordability, feasibility, schedule (near-term [fielded in 0-8 years], mid-term [fielded in 9-15 years], or far-term [fielded in 15-23 years]), military utility, threshold needs and objectives, and technical constraints to allow proper evaluation of concepts.

[bookmark: _Toc488153664][bookmark: _Toc491267537]Ground Rules, Constraints, and Assumptions (GRC&A)

Summarize the ground rules, constraints, and assumptions (GRC&A) that are pertinent to the whole project. Assumptions are premises that must be true for the trade space to be viable, (e.g., programmatic, technical, cost, schedule, performance). Any assumptions regarding how the future system will integrate and interoperate as part of the FoS or SoS environment should be documented here. Also include any standards (MIL-STD, DOD-STD, professional engineering standards, etc.) that the concept is expected to meet. Constraints are limitations of any nature (programmatic and/or scientific). Leverage work done in CBA, especially to define assumptions, boundaries, constraints, dependencies, and enablers. Some constraints may be known at the beginning of the concept development activities, but participants and stakeholders may identify more during the characterization process.

Identify any laws, standards, or regulations that may provide compliance issues for the concept solutions (e.g., Federal Aviation Administration [FAA] airworthiness certification, Federal Communications Commission [FCC] regulations, spectrum availability, International Law, Environmental Protection Agency [EPA] criteria). Consider the operating environment, including network integration, when determining compliance issues and determine if any compliance issues should be a measure to be used in the trade space. Capture compliance risks in the risk analysis.

Table 3 summarizes the overall GRC&As.



[bookmark: _Ref484008217][bookmark: _Toc491267630]Table 3. Overall GRC&As

		Table Classification



		

		

		



		

		

		







There may also be other externally imposed non-technical limitations that may restrict the range of potential solutions (e.g., Laws of Armed Conflict prohibit use of lethal directed energy against personnel).

[bookmark: _Toc491267538]Stakeholders Values Collection

[bookmark: lnxbz9][bookmark: _Toc491267539][bookmark: _Ref481152496]Stakeholders

Stakeholders are organizations, groups, and/or individuals that are impacted by or invested in the need and/or the solution concept. Examples include end users (operators/warfighters), planners, Office of Cost Assessment and Program Evaluation (CAPE), developers, acquirers, decision makers, owners/users of outputs and/or inputs to the concept, operators, testers, maintainers, modeling and simulation experts, Human Systems Integration (HSI)/human factors experts, technical specialists, the intelligence community, cost and business experts, logisticians, outside agencies and organizations, industry partners, and Science and Technology (S&T) communities including AFRL and academia. As the concept evolves, the stakeholders may change; the list should be reviewed periodically to ensure all stakeholders are identified. Explain the purpose, roles, and responsibilities of the individual stakeholders in this section. 

Table 4 summarizes the stakeholders and their respective roles and responsibilities. 



[bookmark: _Ref481152580][bookmark: _Toc491267631]Table 4. Stakeholder roles and responsibilities

		UNCLASSIFIED//FOUO



		Stakeholder

		Roles and Responsibilities



		MAJCOM*

		



		AFLCMC/XZ

		



		

		



		

		



		

		



		* denotes customers







[bookmark: _Ref483999851][bookmark: _Toc491267540]Stakeholders Values

This section describes what is important to the stakeholders and how much. Qualitatively identify what the customer values. If appropriate, a value hierarchy could be created to represent stakeholders’ values. Identify relationships (if any) between the key measures and the stakeholder values (could utilize value functions). Define the relations between the different metrics (could leverage relative weightings). Make sure that the valuation methodology accurately models stakeholder values (leverage adequate aggregation methods when appropriate). If previous value modeling was conducted, discuss any differences between value models and provide rationale.

[bookmark: _Ref481422585][bookmark: _Toc491267541]Evaluation Methodology

This section contains the analytical data and decision history that represent a project’s technical “pedigree,” including study findings and/or results of any prior analyses or experiments accomplished. It should also identify shortfalls of these efforts that will need to be addressed in future evaluations such as an AoA. Results of other evaluations that support the Early SE effort, but which may have been performed for a different reason, (e.g., in AFRL, under contractor- funded efforts), should also be included here.

Concept developers and sponsors are free to present relevant information in any aggregation that provides a representative description of the analytical efforts behind the concept(s), e.g., by subsystem (communication, displays, processing) or domain aspect (fixed wing, rotary wing).

Provide references and/or links to actual reports and data products if available. If at any point in the evaluation it is determined the concept cannot satisfy the capability need and no further concept characterization will be performed, document the rationale in this section and ensure that the CCTD is appropriately archived.

[bookmark: _Toc491267542]Technical Analysis Plan Summary

Provide the full TAP in an appendix and summarize key points from the TAP in this section. If there were any deviations from the planned methodology, explain those deviations and their rationale. In addition, describe the methodology implemented in previous phases.

[bookmark: _Toc491267543]Previous or Related Work

Provide summaries of results of all analyses performed that are relevant to the evaluation of the concept. Provide references and/or links to full analysis reports. Identify assumptions and data sources; identify essential information that is still needed, and recommend additional analyses to provide it. Identify limitations of any models or simulations used, and characterize any impacts these limitations may have on the results. Analysis can be subjective (qualitative) and objective (quantitative); both are important, and need to be balanced with one another depending on the concept under investigation and the state of its development/maturation. If summaries become too long for a table, summarize previous or related work as separate subsections within this section (i.e., 3.2.1, 3.2.2, etc.).

Table 5 summarizes the previous or related work.



[bookmark: _Ref488663729][bookmark: _Toc491267632]Table 5. Previous or related work

		Table Classification



		Document Title

		Summary of Conclusions

		Source



		

		

		



		

		

		



		

		

		







Parametric studies are an effective way to show dependency of evaluation measures to key design parameters. They identify the sensitivity of measures, and therefore capability, to design parameters, indicating when additional performance does not provide an equivalent increase in capability (i.e., the “knee in the curve”). Parametric studies and sensitivity analyses are particularly relevant in an AoA. Summarize results of any parametric studies (e.g., carpet plots for weight, power, throughput, cooling) performed over the lifetime of the concept to support objective evaluation of the concept. Provide references and/or links to full study reports. Identify limitations of any models or simulations used and characterize the risk/uncertainty due to these limitations; also identify any information shortfalls and recommend studies that could provide pertinent information.

Summarize the results of all experiments performed over the lifetime of the concept that are relevant to the evaluation. Experiments that result in the identification of critical technologies, or that address already-identified critical technologies, are of particular interest. Provide references and/or links to final reports of the experiments; identify shortfalls and recommend additional experiments and/or prototyping to provide needed information. For example, if the experiment was not done in an environment representative of this concept’s operating environment, it should be repeated in a relevant environment, or a recommendation should be made to accomplish it as part of the AoA or elsewhere in the Materiel Solution Analysis phase.

M&S can provide mechanisms and environments to develop and refine concepts, and as such is an important tool for developers, analysts, and users to gain insight into how well a concept might satisfy operational needs. It is often the only way to evaluate a solution in a realistic (simulated) operational environment, including environmental, threat, and SoS or FoS considerations. Use of constructive models with virtual and live components can provide an effective venue for concept evaluation, especially when assessment of the user interface is important. M&S enables experimentation and other evaluations such as mission-level and parametric analyses. Provide summaries of relevant M&S activities throughout the life of a concept. Provide references and/or links to information on actual models, simulations, and related tools used, as well as associated data. Specific tools and data set(s) used to conduct M&S enabled experiments, assessments and analyses should be identified in the appropriate reports. Pedigree information (i.e., verification, validation, and accreditation history) of all M&S tools and data should be documented.

Capture the results from evaluation activities and summarize the concept’s ability to meet key measures. These evaluations help to identify candidate solutions, select those that merit further analysis, and then refine candidate solutions.

Summarize additional studies, analyses, and experiments needed to fully evaluate the concept. Provide rationale for recommendations to discontinue further work on a concept.

[bookmark: _Toc488153678][bookmark: _Toc488153683][bookmark: _Toc488153691][bookmark: _Ref483999583][bookmark: _Toc491267544][bookmark: _Ref481422718]Detailed Analysis Questions and Measures

Describe the detailed analysis questions that help answer the phase-specific analysis questions. Define measures that can be used to answer the detailed analysis questions and to develop and characterize the concept(s) or family of concepts. Whenever feasible, define measures that can be related to military utility across all concepts. Certain concept(s) may add measures to assess their specific value but should still be related to common military utility measures. Specific values of measures may not be known early in the concept development, but identify general parameters as soon as they are known. These parameters should be measurable and/or calculable parameters that can be used to characterize and evaluate concepts within the trade space. 

Table 6 summarizes the measures.

[bookmark: _Ref481667760][bookmark: _Toc491267633]Table 6. Measures 

		Table Classification



		

		

		



		

		

		



		

		

		



		

		

		







[bookmark: _Toc491267545]Design Tasks and MS&A Tasks

As outlined in the TAP, summarize the design and related modeling, simulation, and analysis tasks performed that provided values to the relevant measures. Discuss any updates to the TAP and provide rationale. If approved tasks from the TAP were not accomplished, discuss the gaps in answering the analysis questions and the risks associated with those unfinished tasks. 

[bookmark: _Toc491267546]Concept Definition

This section contains architectural and design information. As a concept matures, more details such as options for design can be provided in additional architecture data supporting more detailed DoDAF views. Concept Characterizations and Concept Evaluations are iterative processes; studies, analyses, and experiments identified in Section 3 can continue to provide additional details of the concept design.

If the CCTD is for a family of concepts or multiple related concepts, summarize the different designs in this section and provide detailed descriptions of each design in appendices. The appendices can contain more detailed information as appropriate and the main body of the CCTD should refer to the appendices as appropriate but still contain the overall set of design examined for the explored concept(s). Compare the strengths and weaknesses of each of the designs in Section 4 through Section 10. If there is a need to use multiple CCTDs, explain the rationale behind doing so.

[bookmark: _Toc491267547]Description and Variants

A solution may have more than one design configuration that will address the identified capability need. Document or reference possible design configurations, including candidate systems, subsystems, and interfaces; identify enabling and critical technologies associated with the design. When available, capture approaches to further validate and determine if the design is feasible. Contents of this section will contain more detail as the materiel concept evolves.

This section may reference or include drawings, draft performance specs, industry specs, to a level of detail appropriate for the state of the concept. Include traceable justification for design attributes, system configurations, and trade studies.

Table 7 summarizes the differences between the key attributes across the different variants.



[bookmark: _Ref481662713][bookmark: _Toc491267634]Table 7. Comparison of different variants

		Table Classification



		Attribute

		Variant 1

		Variant 2

		Variant 3

		Variant 4



		Parameter 1

		

		

		

		



		Parameter 2

		

		

		

		



		Parameter 3

		

		

		

		



		Parameter 4

		

		

		

		







[bookmark: _Toc491267548]Operating Concept

Define how the materiel concept is expected to be used in the operational environment (e.g., CONOPS, CONEMP). Consider using DoDAF models and/or sponsor-provided operating/enabling concepts where appropriate to provide context information (e.g., a concept-specific OV-1). 

[bookmark: _Toc491267549]DOT_LPF Implications

CBA activities evaluate the entire spectrum of materiel and non-materiel approaches, to include alternative uses of existing systems and interagency or foreign systems, as well as policy options. Doctrinal approaches to the military problems in the scenarios also need to be considered a part of the DOT_LPF analysis. Architectures capture the interfaces and interoperability of the materiel solution, however there are other significant non-materiel interdependencies such as training; security; infrastructure; data protection, transfer, and storage; and the like. Capture those DOT_LPF considerations and other interdependencies of fielding the concept and identify if these enablers currently exist or are new requirements to support the concept.

Table 8 summarizes the DOT_LPF implications of the concept.



[bookmark: _Ref481652432][bookmark: _Toc491267635]Table 8. DOT_LPF implications

		Table Classification



		Category

		Implications



		Doctrine

		



		Organization

		



		Training

		



		Leadership and Education

		



		Personnel

		



		Facilities

		







[bookmark: _Toc491267550]Architecture Considerations

Use the DoDAF products and augment as appropriate. However, when all aspects of an architectural view are not yet known, do not hesitate to capture what is known (i.e., provide a partial view). Document expected interfacing and interoperating systems, processes, practices, capabilities, users, and/or technologies. Explain how a system-of-systems approach will be handled, as well as any other integration that will be needed. Consider documenting or referencing any DoDAF architectural products (including Operational, System, and Technical views, inclusive of expected human contributions and unique interface requirements) that are appropriate for the material concept, if the data is available and the view is appropriate. Map concept attributes to customer needs and gaps as appropriate. Identify how open architecture considerations are being addressed. Document architectural conclusions as appropriate. 

[bookmark: _Toc491267551]Critical Design Constraints

Identify constraints that limit choices for concept design (e.g., cost, immature technology, requirements that exceed current technological capabilities). When applicable, provide recommendations to alleviate those constraints (e.g., a technology maturation program, AFRL Manufacturing Technology [MANTECH] program, requirement change). If there are competing critical design constraints, describe the compromises that must be considered and how they affect the overall concept. Consideration may be given to address these recommendations in the AoA Guidance or ICD development. It is critical that these constraints be identified, documented, and provided to appropriate stakeholders for consideration as early as possible; concept exploration and refinement is an iterative process.

[bookmark: 2p2csry][bookmark: _Ref481152473][bookmark: _Toc491267552]Critical Technology Elements (CTE)

“A technology element is ‘critical’ if the system being acquired depends on this technology element to meet operational requirements (within acceptable cost and schedule limits) and if the technology element or its application is either new or novel or in an area that poses major technological risk during detailed design or demonstration.” 

- Technology Readiness Assessment (TRA) Deskbook[footnoteRef:3] [3:  http://www.dtic.mil/dtic/tr/fulltext/u2/a418881.pdf] 


For additional information on identifying CTEs, refer to Appendix B of the TRA Deskbook, Guidance and Best Practices for Identifying Critical Technology Elements (CTEs).

Identify the technology elements or types of technology that are critical to the concept, and provide rationale for identifying those technology elements. Maturation details will appear in Section 8.1.

[bookmark: 3o7alnk][bookmark: _Toc491267553][bookmark: _Ref481152480]Interfaces

This section describes all major external and internal interfaces. It identifies those interfaces that will be available to support the fielded solution, as well as those that may require additional technology and/or infrastructure development. Both physical and functional interface and interoperability should be addressed (e.g., power, controls, mission planning, training, open architecture).

Ensure that the DoDAF artifacts captures expected interfaces required between nodes, users, or systems, as well as how the concept is expected to fit in a SoS or FoS environment. Identify interfaces with infrastructure and enabling systems (e.g., intelligence and data transfer) that the concept is dependent upon to be a successful materiel solution; also capture unique internal interface considerations (hardware, software, or human) that could be design drivers or risk items. Identify and document anticipated future interfaces and schedules for availability.

Table 9 summarizes the impact to interface considerations.



[bookmark: _Ref481668153][bookmark: _Toc491267636]Table 9. Interface considerations

		Table Classification



		Interface

		Impact



		Physical

		



		Power

		



		Controls

		



		Mission planning

		



		Training

		



		Open systems architecture

		



		Functional

		



		Operational

		







[bookmark: _Ref491264700][bookmark: _Toc491267554]Supportability, Sustainment, and Logistics Features

Document features or constraints important to supportability and sustainment of the materiel concept. Identify and document any new requirements that this concept will add to the logistics infrastructure.

Areas of consideration may include, but are not limited to, such things as airfield capacity, maintenance skills, technical data, repair and supply concepts, system and operator certifications, and the like.

Provide details in Section 8.6 on how to reach the new Supportability, sustainment, and logistics requirements from current state to desired state. 

[bookmark: _Toc491267555]Required Enabling Capabilities

Use appropriate SMEs to describe specific analyses (e.g., HSI strategy; supportability concepts; logistics; communications; Intelligence, Surveillance, and Reconnaissance [ISR]) that are relevant to the concept, and document appropriate results here.

Table 10 summarizes the enabling capabilities by subject matter and the analyses or tests that will be used to verify the capabilities. The subjects in the table are for example only; they may or may not be relevant to the concept. The examples in Table 10 is not an all-encompassing list of enabling capabilities. 



[bookmark: _Ref481567265][bookmark: _Toc491267637]Table 10. Enabling capabilities

		Table Classification



		Subject Matter

		Enabling Capability

		Analyses or Tests



		Mission Analysis/Planning

		

		



		Avionics/Interface

		

		



		Supportability/Risk

		

		



		HSI

		

		







Consider using the AF Pocket Requirements Guide, the HSI in Acquisitions Guides, as well as the Air Force Human Systems Integration Handbook[footnoteRef:4], to provide additional guidance for this paragraph. Also refer to the Defense Acquisition Guidebook, Chapter 6 for additional information on HSI.[footnoteRef:5] [4: ]  [5:  http://www.acqnotes.com/Attachments/Air%20Force%20Human%20System%20Integration%20Handbook.pdf] 


Consider involving the operational users, technology community, and ISR support community to identify the baseline ISR support the concept needs to be effectively employed. Examples of ISR support often needed include data (e.g., system signatures, digital terrain data), target folders, bomb damage indication, and the like.

[bookmark: _Toc491267556]Cost Analysis

If detailed descriptions of each concept are provided in appendices, also include the detailed cost analysis there and provide only a summary in this section. Reference the Cost Estimation Handbook…	Comment by Pierce, Gene: Provide reference to handbook (when ready).

[bookmark: _Toc491267557]Cost Methodology

Capture all cost analysis methodologies that will be used to estimate total cost of  ownership of a materiel concept here. The costs for the entire life cycle of each concept should include the cost for R&D (including concept generation and prototyping), Investment, Production and Deployment, O&S, and Disposal. 

Typically few technical, design, and operational details are available during early concept definition. Nevertheless, it is still possible to develop a cost analysis framework, which sets up a cost element structure (CES) that can be used to track costs as the concept matures. The list of cost elements should be sufficiently detailed to provide visibility into tracing how specific cost drivers contribute to the total cost of each life cycle phase. If possible, the CES should be based on cost work breakdown structures (WBS) for acquisition (i.e., R&D and Investment) described in MIL-STD-881C and for O&S in DODI 5000.4-M.

Using the best available information at concept inception, individual cost elements that comprise the cost estimate can be estimated by using one or more standard methods, such as analogy, cost estimating relationships, parametric estimating relationships, and engineering build-up (“bottom up”). Specialized cost estimating tools that could be useful for portions of or the entire cost estimate might also be available.

It is also necessary to determine the kind of input data that needs to be collected. Data should be collected from systems that possess similar features or capabilities to the concept under investigation. It is useful to examine more than one similar system to obtain cost range information for cost driving parameters of interest. Vendor or contractor quotes, catalog prices, and SME judgment can also provide useful inputs.

[bookmark: _Toc491267558]Cost Assumptions

Describe all assumptions that are unique to the cost methodology. As the concept matures, more information will be available for cost analysis and the cost assumptions will also need to be revised over time.

Costs should be estimated in base year dollars (i.e., without escalation for inflation in future years), and the assumed base year used needs to be included in the cost analysis assumptions. The dependencies and impacts on other systems and/or programs should also be addressed in the estimate and included in the assumptions.  It is important to include fleet size assumptions because fleet size is a significant cost driver.  

[bookmark: _Toc491267559]Cost Estimates

Capture all cost estimates and document confidence levels. In Phase 1, an Affordability Analysis is an attempt to quantify the Core Function Lead’s top-line estimate of how much they are willing to spend on the potential program.  Alternatively, a lifecycle cost estimate may be done on an analogous system to establish a cost baseline or threshold. In subsequent phases the cost estimates are updated.  Initial cost estimates may initially be at a Rough Order of Magnitude (ROM) level, but both detail and fidelity will increase as the concept becomes more clearly defined. Cost estimates performed pre-Milestone A are typically not of budget quality.  Therefore, a range of costs should be provided and attempts to summarize costs as an Average Procurement Unit Cost (APUC) should be avoided.  The initial Program Office Estimate performed after the AoA (out of scope for this document) delivers the budget quality estimate which becomes the cost baseline of a new Program of Record.  NONE of the cost estimates provided by the Master Technical Process should be mistaken for the cost baseline of a new Program of Record.  It is not until after establishment of a Program of Record that detailed cost analysis such as would be needed to develop CARDs, actual Average per Unit Cost (APUC), learning curves, quantities determination, and budget quality cost estimates would be built.

Cost estimates for proposed concepts should be sufficiently documented to ensure replication by an independent cost analyst; documentation should include a description of the basis of estimate (BoE) for each cost element, as well as a summary of the cost estimating rationale used to calculate the results, the inputs used to estimate the costs, a list of ground rules and assumptions, and, if available, a Work Breakdown Structure (WBS) dictionary describing each major cost element.

Results should be presented in base year dollars in several summary tables, showing cost breakouts by life cycle phase, by budget appropriation code, by CES or WBS cost element, and by year. For a ROM estimate, it may be appropriate to round the cost numbers in a way that is consistent with the accuracy of the estimate.

It is strongly recommended that the cost estimating team uses Automated Cost Estimate Integrated Tools (ACEIT) as its modeling and estimating tool. The AFMC has an enterprise license which is renewed annually and can be used at all stages of program life from low confidence (ROMs) to the Service Cost Position (SCP) taken to AFCAA and the OSD CAPE reviews.  ACEIT, when properly used and applied, will also display risk parameters, S curves, learning curves, cost appropriations, follows MIL-STD-881-C (preloaded) and can do custom WBS as a user option.  As the program progresses through each phase, the fidelity of the cost estimates should increase.  Use of ACEIT can provide traceability through the phases of the MTP.

AFI 65-503, US Air Force Cost and Planning Factors; AFI 65-508, Cost Analysis Guidance and Procedures; and DoD 5000.4-M, Cost Analysis Guidance and Procedures provide guidance for cost estimating for acquisition programs. However, the policy does not address specific techniques associated with up-front cost estimating and will require modification to include support of up-front cost estimating. An early planning integrated cost/risk estimating methodology will be the focus of a future standard supporting process improvement initiative to provide further guidance on cost estimating.

[bookmark: _Toc491267560]Cost Drivers

For each major phase of the acquisition life cycle, identify which characteristics of the concept will drive the cost. Also describe why cost drivers may be related to technology, hardware, software, integration, logistics support, data, manufacturing, infrastructure, training, testing, production quantities, cost per flying hour, manpower, safety, etc. This information will aid cost estimators in developing their cost estimates for the concept, and can also aid characterization of the program needed to address the cost drivers. It will also help to identify budget appropriation categories (i.e., “color of money”) that could be impacted, namely:

· Research, Development, Test and Evaluation (RDT&E) (3600) funds can be impacted by cost drivers associated with the Technology Development (TD) and Engineering & Manufacturing Development (EMD) phases

· Procurement (30x0) funds can be impacted by cost drivers associated with the EMD and Production & Deployment phases

· Operations & Maintenance (O&M) (3400) funds for sustainment can be impacted by cost drivers associated with the Operations and Support (O&S) phase

· Disposal cost drivers can impact several appropriation categories

· If applicable, Military Construction (MILCON) funds might also be needed for one or more of the above phases, such as facilities construction and related civil works

· Personnel and workload costs, considering appropriation categories

It is important to identify which cost drivers are related to nonrecurring costs and recurring costs. Nonrecurring costs are one-time expenditures (generally for activities that occur at the beginning of the life cycle) and that do not need to be repeated, e.g., design, prototyping, and software development. Recurring costs are repeating expenditures associated with each development unit, production unit, or deployment location.

Early recognition of factors that could potentially contribute to or impact the costs of acquiring and sustaining a materiel concept, such as data rights, can be useful even when uncertainties are too large to prepare high-confidence cost estimates.

[bookmark: _Toc491267561]Capability

Capability is defined as ability to achieve desired effect under specified standards and conditions through combinations of means and ways to perform a set of tasks. Capability should link to the aforementioned gaps as they represent the desired effect. Capability is best measured using MoEs, but combinations of MoEs, MoPs, and MoSs could be leveraged to create an “aggregated” capability score using value models or mission effects simulations.

[bookmark: _Toc491267562]Results of Measures

Summarize the results of the measures (MOPs, MOEs, MOSs, etc.) that were described earlier in Section 3.3. Explain the implications of “good” or “bad” measure results. Explain which results were expected and which were unexpected. Describe any interactions or dependencies that may have been observed between the different measures.

[bookmark: _Toc491267563]Resulting Value

Explain how the individual measures lead to total system capability. For example, explain how the lowest level items in a value hierarchy aggregate to a system-level capability score. Ensure that the aggregation methodology described in Section 2.2 is still valid. If not, explain any deviations that were made from the planned methodology.

If available, a Requirements Traceability Tool (RTT) or a Requirements Correlation Table (RCT) should be included to show the traceability of measured value to needs (i.e., identify how needs are addressed or any that are unmet) described in Section 1.2.

[bookmark: _Toc491267564]Cost vs. Capability Analysis

If you’re breaking up concepts into appendices provide a summary comparison of the different concepts here. 

[bookmark: _Ref484000784][bookmark: _Toc491267565]Comparative Analysis

Explain the essential trades of cost vs. capability between individual concepts and/or within each concept through concept-specific parameters. Provide CCA plots, if applicable, and other explanatory charts (e.g., value gap breakout). Describe the trades that can be made to optimize cost or capability (both positive trades and adverse trades). In addition, compare concepts that reside on the “efficient frontier” which represents those concepts that provide the most capability for cost. 

[bookmark: _Toc491267566]Sensitivity Analysis and Uncertainty Quantification (SA/UQ)

Overall, this section aims to describe the variation and confidence in the comparative analysis illustrated in Section 7.1. Evaluate the sensitivity of the output results to the design and analysis inputs, either descriptively or analytically (e.g., sensitivity plots, confidence intervals, statistical methods). Design inputs are often the lowest-level measures of performance, effectiveness, and suitability (e.g., geometry, range, payload, maintainability, and top speed). Analysis inputs are often the aggregation of the design inputs (e.g., value functions, weights, aggregation methods). Describe the overall uncertainties and sensitivities of the overall Cost vs. Capability results. Advanced SA/UQ methods are described in detail in the SA/UQ Handbook[footnoteRef:6].	Comment by OGINO, DOUGLAS T NH-04 USAF AFMC AFLCMC/HNJX: Provide updated handbook reference (when ready). [6:  Link to SA/UQ Handbook] 


[bookmark: _Ref481423010][bookmark: _Toc491267567]Concept Implementation Analysis

This section describes the various technology, support, and programmatic capabilities that need to be matured and developed to execute the concept.

[bookmark: _Ref481152463][bookmark: _Toc491267568]Technology Maturation Approach

If the level of design fidelity allows for it, describe the maturity level of the CTEs in terms of technology readiness levels (TRL), and recommend which CTEs require additional technology maturation.

The TRL definitions from the TRA Deskbook follow. 

· TRL 1: Basic principles observed and reported

· TRL 2: Technology concept and/or application formulated

· TRL 3: Analytical and experimental critical function and/or characteristic proof of concept

· TRL 4: Component and/or breadboard validation in a laboratory environment

· TRL 5: Component and/or breadboard validation in a relevant environment

· TRL 6: System/subsystem model or prototype demonstration in a relevant environment

· TRL 7: System prototype demonstration in an operational environment

· TRL 8: Actual system completed and qualified through test and demonstration

· TRL 9: Actual system proven through successful mission operations

When completed, this section will provide a top-level description of CTEs and their TRLs that supports characterization of the concept as near-term (fielded in 0-8 years), mid-term (fielded in 9-15 years), or far-term (fielded in 15-23 years).

Describe current and planned efforts and approaches to improve the TRL in industry and DoD labs, focusing on the envisioned timeframe for acquisition and fielding. Be sure to address those CTEs described in Section 4.6. Identify any gaps between the current and planned TRL improvement efforts and needs of the concept. Document any science and technology needs and any technologies that must be “fed forward”. Be sure to identify potential technology needs associated with concepts that may not meet current development or fielding time horizons for further research in AFRL, industry, academia, etc.

The technology maturation approach can include new AFRL efforts, prototyping, and planned technology development efforts as part of the acquisition process, and should identify when CTE TRLs will be reassessed in the context of the envisioned timeframe for acquisition and fielding. The maturation plan will serve as the basis for the Technology Development Strategy (TDS) that is submitted at MS A, and details how critical technologies will be advanced to TRL 6 by MS B.

[bookmark: 2grqrue]The technology maturation approach will play a large role for decision makers in determining where the concept enters the acquisition cycle, as it describes much of the technical work that remains to mature the concept. In some cases the path forward may be to defer embarking on a new system for several years in favor of investing in additional technology efforts.

[bookmark: _Toc491267569][bookmark: _Ref491850631]Integration Considerations

Assess the ability to integrate technologies and interface systems with the concept. Integration considerations not only include technologies required to assemble the concept itself, but also the considerations associated with both internal subsystem interfaces and system interfaces with the outside world. Use the internal and external interfaces described in Section 2.1. Assess the integration readiness level (IRL) of the concept. The IRLs are defined as:[footnoteRef:7] [7:  Sauser, Brian J, et al. “Defining an Integration Readiness Level for Defense Acquisition.” International Symposium of the International Council on Systems Engineering (INCOSE), 2009. http://personal.stevens.edu/~bsauser/SysDML/Evolution_Lifecylce_Management_files/Sauser%20INCOSE%202009.pdf ] 


· IRL 1: An Interface between technologies has been identified with sufficient detail to allow characterization of the relationship

· IRL 2: There is some level of specificity to characterize the Interaction (i.e. ability to influence) between technologies through their interface

· IRL 3: There is Compatibility (i.e., common language) between technologies to orderly and efficiently integrate and interact

· IRL 4: There is sufficient detail in the Quality and Assurance of the integration between technologies

· IRL 5: There is sufficient Control between technologies necessary to establish, manage, and terminate the integration

· IRL 6: The integrating technologies can Accept, Translate, and Structure Information for its intended application

· IRL 7: The integration of technologies has been Verified and Validated with sufficient detail to be actionable

· IRL 8: Actual integration completed and Mission Qualified through test and demonstration, in the system environment

· IRL 9: Integration is Mission Proven through successful mission operations

[bookmark: _Toc491267570]Manufacturing/Producibility Approach

Describe the approach to ensure the concept solution will actually be able to be produced. Assess the manufacturing readiness level (MRL) of the concept and key components. Guidance on defining MRLs of the concept and components can be found in the Manufacturing Readiness Level Deskbook[footnoteRef:8]. The MRLs are defined as: [8:  www.dodmrl.com/MRL_Deskbook_V2.4%20August_2015.pdf] 


· MRL 1: Basic Manufacturing Implications Identified

· MRL 2: Manufacturing Concepts Identified

· MRL 3: Manufacturing Proof of Concept Developed

· MRL 4: Capability to produce the technology in a laboratory environment

· MRL 5: Capability to produce prototype components in a production relevant environment

· MRL 6: Capability to produce a prototype system or subsystem in a production relevant environment

· MRL 7: Capability to produce systems, subsystems, or components in a production representative environment

· MRL 8: Pilot line capability demonstrated; Ready to begin Low Rate Initial Production

· MRL 9: Low rate production demonstrated; Capability in place to begin Full Rate Production

· MRL 10: Full Rate Production demonstrated and lean production practices in place

MRLs 1-3 highlight manufacturing issues requiring attention prior to the end of the MSA Phase. Unless the concept is an off-the-shelf product or system, or based on one currently in inventory, it will likely be at the MRL 1-3 level at MDD.

Identify any gaps in the MRLs to meet the needs of the concept and recommend efforts to address those gaps (e.g., AFRL MANTECH program). The approach should identify event driven opportunities to re-assess the MRL of the products. As efforts to improve manufacturing readiness are complete, document or reference the results here.

The manufacturing readiness of the concept will be a key consideration for the MDA in determining where the concept enters the acquisition cycle as it determines whether a concept is producible or not.

[bookmark: _Toc491267571]Test & Evaluation (T&E)/Verification & Validation (V&V) Approach

Describe the approach for accomplishing T&E activities on the materiel system and subsystem concepts. Identify a test strategy to verify that the concept is testable, that user requirements are met, and to validate that it is a viable solution in terms of operational measures. As an important stakeholder, the T&E community can provide valuable input here. Identify and document test resources (e.g., models, simulations, and simulators) and limitations, as well as other test considerations (e.g., ranges, platforms, targets, environments). Be sure to include any lessons learned from experiments and/or other M&S activities that are clearly relevant to this concept. As T&E/V&V efforts are completed, document or reference the results here.	Comment by Pierce, Gene: Who else do we need to talk to or reference here with regards to T&E community reps? 

[bookmark: _Toc491267572]Prototyping Approach

Prototyping can be done at different architectural levels as needed (e.g., component, sub-system, and/or system). Describe potential relevant prototype efforts here, along with the rationale for the approach to prototyping. If prototyping was done as part of earlier concept exploration or refinement, document or reference the results here. If prototyping will not be performed, provide rationale.

[bookmark: _Toc491266241][bookmark: _Toc491267587][bookmark: _Ref491264787][bookmark: _Toc491267588]Development Tasks to Reach Sustainment, Supportability, and Logistics Requirements 

Document the approach to support and sustain the materiel concepts and incorporated technologies in the operational environment. Identify gaps between current sustainment infrastructure (e.g., aircraft hangars, Special Test Equipment [STE]) and any new programmatic requirements for life cycle sustainment based on the features described in Section 4.8. Provide as much information as possible since sustainability is a major contributor to the total cost of ownership analysis.

[bookmark: _Toc491267589]Other Relevant Considerations

As the concept matures, unique issues associated with actualizing the concept (e.g., resources, processes, politics) begin to emerge. Capture these considerations in this section as they are identified. At a minimum, initial planning for program protection issues (e.g., cybersecurity and anti-tamper) should be addressed here. Additional areas may include intelligence, manpower, budget environment, potential for competition during the development and production phases, potential for joint or foreign military sales, etc. These may influence the eventual acquisition strategy.

[bookmark: _Toc491267590]Schedule Assumptions and Methodologies

Capture all schedule assumptions and methodologies for the materiel concept here. The Initial Operational Capability (IOC) date should match the “Need Date” identified by the sponsor in the ICD. Summarize and reference any reports from completed schedule analyses. Identify any disconnects between the operational need date and the expected concept maturation (e.g. technical readiness, manufacturing readiness, logistics infrastructure) that can be used in the risk assessment.

[bookmark: _Toc491267591]Risk Assessment

This section describes the gaps that exist between the current or expected capabilities and the required capabilities documented in Section 8. Describe identified risks, risk levels based on probability and consequence, and risk handling approaches. In the earliest phases, the focus is on top-level operational risks (e.g., threat analysis, mission completion) associated with not having the desired capability at the desired time; the next evaluations generally examine the impact of technology shortfalls, i.e., only partially achieving a MOE. The sponsor must have a thorough understanding of these risks in order to make an informed endorsement and recommendation about the concept to decision makers.

If no other guidance on risk assessment is available (e.g., an organization guide or instruction on how risk assessments will be accomplished), AFI 63-101 and the Department of Defense Risk, Issue, and Opportunity Management Guide for Defense Acquisition Programs[footnoteRef:9] provides basic guidance for executing risk management; it can also be a source of additional information on risk assessment. [9:  http://www.acq.osd.mil/se/pg/guidance.html] 


[bookmark: _Toc491267592]Program of Record Risk

Assess the risk associated with the potential future Program of Record. This can be due to reduced cost, schedule, and performance of the Planning for Development effort or in the program itself. Also outline the risk handling approach. Identify any steps of the Master Technical Process that were skipped and any impacts on the analysis. Identify in an event-driven manner when an integrated risk assessment will be accomplished. 

[bookmark: _Toc491267593]Operational Risk

Document risks of the materiel concept satisfying the capability gap in the operational environment. Also address risk with respect to completeness of the definition of the capability need statement and associated measures (MOEs, MOPs, KPPs, etc.). Be sure to consider items such as threats, infrastructure (C3I), policy, compliance issues, etc. Provide or reference a risk assessment and risk handling approach for each. Consider how GRC&As may introduce risk to the effectiveness of the concept. Explain any decisions made early in the program that may affect or did affect the analysis. Reference AFI 90-901, Operational Risk Management and AFI 91-202, USAF Mishap Prevention Program for additional guidance.

[bookmark: _Toc491267594]Technology Risk

Based on the CTEs described in Section 4.6 and the technology maturation approach described in Section 8.1, quantify the risks associated with the technology challenges including anticipated cost and schedule impacts of the technology risks. Technology risk can consider the technology itself or the supporting infrastructure to utilize it (e.g., manufacturability, supportability, and sustainment). Specifically address how the technology maturation approach mitigates risk with an event driven schedule (e.g., risk waterfall chart). As part of the technology risk assessment, describe the consequence of a technology not being matured to the point of inclusion in the concept. Describe the backup approach if applicable, and any impact to the concept satisfying the capability need.

[bookmark: _Toc491267595]Integration Risk

Based on the integration considerations described in Section 8.2, Aquantify ssess the risks associated with integrating the concept. Integration risks would not only include technologies required to assemble the concept itself, but also the risks associated with both internal subsystem interfaces and system interfaces with the outside world. Use the internal and external interfaces described in Section 2.1. As part of the integration risk assessment, describe the consequence of a technology not being fully integrated into the concept. Describe the backup approach if applicable, and any impact to the concept satisfying the capability need. Assess the integration readiness level (IRL) of the concept. The IRLs are defined as:[footnoteRef:10] [10: ] 


[bookmark: _Toc491266250][bookmark: _Toc491267596][bookmark: _Toc491266251][bookmark: _Toc491267597][bookmark: _Toc491266252][bookmark: _Toc491267598][bookmark: _Toc491266253][bookmark: _Toc491267599][bookmark: _Toc491266254][bookmark: _Toc491267600][bookmark: _Toc491266255][bookmark: _Toc491267601][bookmark: _Toc491266256][bookmark: _Toc491267602][bookmark: _Toc491266257][bookmark: _Toc491267603][bookmark: _Toc491266258][bookmark: _Toc491267604][bookmark: _Toc491267605]Intelligence Risk

Assess the risk associated with providing the required intelligence to the proposed program that is necessary to support the system throughout the lifecycle. This includes the ability to collect, process, analyze, and disseminate the information at the proper fidelity, quantities, and timeliness required to meet program needs. Also consider the risk associated with the intelligence data used to develop the system requirements. If an Intelligence Health Assessment (IHA) has been performed, provide the results. The Intelligence Risk Assessment should include the possible impacts on the program and options for mitigating the risks. Reference CJCSI 3312.01A, Joint Military Intelligence Requirements Certification and AFI 63-101.

[bookmark: _Toc491267606]Conclusions and Recommendations

This section should make clear to the reader what is currently known about the concept in terms of elements in the CCTD, what is not known (known unknowns), and what additional work is recommended to provide necessary information at future reviews and decisions.

Summarize the concept description and provide a recommendation of the overall maturity of the concept. Also summarize the risk analyses here to support the maturity recommendation. For added emphasis, screening criteria used in earlier sections (i.e., rationale for continuing to develop a particular concept or family of concepts in support of a MDD or AoA) may be reiterated here.

Conclusions include identifying the most promising solutions (e.g., the band of Pareto-optimal solutions in a CCA plot). If a concept has been shelved (i.e., is not undergoing further maturation for this effort) or has otherwise been removed from consideration, this section also contains the conclusions that led to that decision. Further details of these conclusions/results can be documented in the appendices. 

Recommendations may include follow-on work (analyses, M&S, prototyping, etc.) that may be needed in support of other acquisition documentation (e.g., the AoA Study Guidance and the AoA Study Plan) or to account for gaps in analysis. The technical team should suggest next steps (continue to next phase of analysis, redo current phase, go back to previous phase, shelve project, etc.).



[bookmark: _Toc491267607]Abbreviations and Acronyms

		AF

		Air Force



		AFI

		Air Force Instruction



		AFRB

		Air Force Review Board



		AFRL

		Air Force Research Laboratory



		AFROC

		Air Force Requirements Oversight Council AoA



		C3I

		Command, Control, Communications and Intelligence



		CAPE

		Cost Assessment and Program Evaluation



		CBA

		Capabilities-Based Assessment



		CCTD

		Concept Characterization and Technical Description 



		CDD

		Capability Development Document



		CES

		Cost Element Structure



		CJCSI

		Chairman of the Joint Chiefs of Staff Instruction 



		CONEMP

		Concept of Employment



		CONOPS

		Concept of Operations



		CTE

		Critical Technology Element



		DARPA

		Defense Advanced Research Projects Agency



		DoDAF

		Department of Defense Architectural Framework



		DoDI

		Department of Defense Instruction



		DOTMLPF

		Doctrine, Organization, Training, Materiel, Leadership and Education, Personnel, Facilities



		DOT_LPF

		Non-materiel (Doctrine, Organization, Training, Leadership and Education, Personnel, Facilities)



		DP

		Development Planning



		EMD

		Engineering & Manufacturing Development



		FMS

		Foreign Military Sales



		FoS

		Family of Systems



		HSI

		Human Systems Integration



		ICD

		Initial Capabilities Document



		IOC

		Initial Operational Capability



		IRA

		Integrated Risk Assessment



		ISR

		Intelligence, Surveillance and Reconnaissance



		JCIDS

		Joint Capabilities Integration & Development System 



		KPP

		Key Performance Parameter



		M&S

		Modeling and Simulation MAJCOM



		MDAP

		Major Defense Acquisition Program 



		MDD

		Material Development Decision



		MOE

		Measure(s) of Effectiveness



		MOS

		Measure(s) of Suitability



		MRL

		Manufacturing Readiness Level



		MS

		Milestone



		MSA

		Materiel Solution Analysis



		O&M

		Operations & Maintenance



		O&S

		Operations & Support



		OAS

		Office of Aerospace Studies



		OSD

		Office of the Secretary of Defense



		OV

		Operational View



		R&D

		Research and Development



		RDT&E

		Research, Development, Test, and Evaluation 



		ROM

		Rough Order of Magnitude



		RSR

		Requirements Strategy Review



		RTT

		Requirements Traceability Tool



		S&T

		Science and Technology



		SE

		Systems Engineering



		SME

		Subject Matter Expert



		SoS

		System of Systems



		SRD

		System Requirements Document



		STE

		Special Test Equipment



		SV

		Systems View



		T&E

		Test and Evaluation



		TAP

		Technical Assessment Plan



		TAR

		Technical Assessment Report



		TD

		Technology Development



		TDD

		Technical Description Document



		TDS

		Technology Development Strategy



		TRA

		Technology Readiness Assessment



		TRL

		Technology Readiness Level



		V&V

		Verification and Validation



		WBS

		Work Breakdown Structure



		WSARA

		Weapon Systems Acquisition Reform Act of 2009













[bookmark: _Toc491267608]Tables, Figures, and Cross-References

The styles referenced in this appendix are specific to this document only. The methods and steps apply to Word documents in general.

[bookmark: _Toc491267609]Insert Table

First, create the table by going to the “INSERT” pane and then “Table”. Insert a table of desired size and fill in with data. Then, change the style of all the titles in the table to “Table Title” style from the “Style” section of the “HOME” pane. Change the style of the remaining content to “Table Text”. Adjust column size or use the “AutoFit to Content” option in the “LAYOUT” pane (note: Layout pane is only displayed when editing in the table). Be sure every table has a classification marking; formatting for table classification markers can be done using the “Unclassified”, “Secret”, “TS”, or “TS//SCI” styles, as appropriate. Select the classification marker row and title row(s), right-click, select “Table Properties…”, and under the “Row” tab, make sure “Repeat as header row at the top of each page” to ensure that the classification and titles are repeated if the table spans more than one page.

To insert a caption, click a cell or any text inside the table. Then, go to the “REFERENCES” pane and select “Insert Caption”. Alternatively, when hovering the mouse over the table, a four-directional arrow/move symbol appears in a box in the upper left corner of the table. You can right click on that box and select “Insert Caption” to do the same thing. For a table, the “Label” should be “Table” and the “Position” should be “Above selected item”. The result of this will be a label on top of the table that says “Table #”, with the number automatically filled in. Insert a period after the number and provide a title for the table using sentence case (i.e., not every word is capitalized). There should be one blank line before and one after the table.

Table 11 shows an example of a table. Another option is to copy this caption and table and paste it elsewhere with “Keep source formatting”. Then, reformat the table as desired and change the label. The table number may not automatically update its display, but you can force it to update: select the number, right-click on it, and select “Update field”.



[bookmark: _Ref481153959][bookmark: _Toc491267638]Table 11. Example table

		UNCLASSIFIED



		Column Title 1

		Column Title 2

		Column Title 3



		Table content

		Table content

		Table content



		Table content

		Table content

		Table content







See Section B.3 for instructions on how to make cross-references.

[bookmark: _Toc481082133][bookmark: _Toc491267610]Inserting Figures

To insert a figure or image, go to the “INSERT” pane, select “Pictures”, and browse for the desired image. Alternatively, paste an image or file into the document at the desired location. Right-click on the image and under the “Wrap Text” option, select “In line with text”. Paragraph justification settings (e.g., left align, center, right align) can be used to position the figure appropriately. Apply the “Caption” style to the image to adjust its line spacing and ensure that the image and caption do not break across a page..

To insert a caption, right click on the image and select “Insert caption”. For a figure, the “Label” should be “Figure” and the “Position” should be “Below selected item”. The result of this will be a label on top of the table that says “Figure #”, with the number automatically filled in. Insert a period after the number and provide a title for the figure using sentence case (i.e., not every word is capitalized). There should be one blank line before and one after the figure.

Figure 2 shows an example of a figure. Another option is to copy this figure and caption and paste it elsewhere with “Keep source formatting”. Then, replace the image with a desired one and change the label. The figure number may not automatically update its display, but you can force it to update: select the number, right-click on it, and select “Update field”.
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[bookmark: _Ref481154018][bookmark: _Toc491267640]Figure 2. Example figure



See Section B.3 for instructions on how to make cross-references.

[bookmark: _Toc481082134][bookmark: _Ref481154122][bookmark: _Toc491267611]Cross-References

Cross-references can provide references to section numbers, page numbers, tables, figures, and numerous other things. The benefit to using them is that they update automatically as other elements are added to a document (e.g., automatically updating table numbers). To insert a cross-reference, go to the “INSERT” pane and select “Cross-reference”. Choose the desired object type from the “Reference type:” dropdown menu. Select the desired reference in the “For which” section (the exact title changes based on the reference type). Finally, select the desired reference property from the “Insert reference to” dropdown menu. For a table or figure, this is usually “Only label and number”. For a reference to specific section, reference to the “Heading number”, though the word “Section” has to be manually typed in.

Occasionally, cross-references break. Most often, this is due to copy/paste issues or from deleting and inserting sections/objects. A broken cross-reference will look like this: Error! Reference source not found. Be sure to search the document for broken references; the easiest way is to search for “Error!” to find the entire phrase. 

[bookmark: _Toc491267612]Formatting

[bookmark: _Toc491267613]Style Definitions

This sections summarizes the properties of the different styles used in this document. All text uses the Arial font with single line spacing.

[bookmark: _Toc491267614]Normal Text

· Font size: 12 pt

· Effects: None

· Paragraph spacing: 0 pt before, 8 pt after

· First line indent: 0”

· Hanging indent: 0”

[bookmark: _Toc491267615]Main Body Headings

[bookmark: _Toc491267616]Heading 1

· Font size: 18 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 18 pt after

· First line indent: 0”

· Hanging indent: 0.25”

[bookmark: _Toc491267617]Heading 2

· Font size: 14 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 12 pt after

· First line indent: 0.25”

· Hanging indent: 0.45”

[bookmark: _Toc491267618]Heading 3

· Font size: 12 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 12 pt after

· First line indent: 0.7”

· Hanging indent: 0.5”

[bookmark: _Toc491267619]Heading 4

· Font size: 12 pt

· Effects: Bold, Italic

· Paragraph spacing: 0 pt before, 8 pt after

· First line indent: 1.2”

· Hanging indent: 0.65”

[bookmark: _Toc491267620]Captions

· Font size: 12 pt

· Effects: None

· Paragraph spacing: 0 pt before, 0 pt after

· Centered

[bookmark: _Toc491267621]Tables

[bookmark: _Toc491267622]Table Titles

· Font size: 10 pt

· Effects: Bold

· Paragraph spacing: 0 pt before, 0 pt after

· First line indent: 0”

· Hanging indent: 0”

The table classification markers are based on the table titles style, but centered. Unclassified markings are green, secret markings are red, top secret markings are orange, and top secret sensitive compartmented information is black, bolded text with yellow highlighting.

[bookmark: _Toc491267623]Table Text

· Font size: 10 pt

· Effects: None

· Paragraph spacing: 0 pt before, 0 pt after

· First line indent: 0”

· Hanging indent: 0”



[bookmark: _Toc491267624]Appendix Headings and Page Numbers

The Appendix uses a different set of Styles to manage formatting. For the title of the appendix, use the “Heading 7, Appendix Title”. For section and subsection headings, use “Heading 8, Appendix Heading 1” and “Heading 9, Appendix Heading 2”. These styles are automatically linked to the Table of Contents and page numbering.

To manage page numbering, use section breaks. Instead of a page break (or pressing CTRL+ENTER) to start a new page for the appendix, go to “PAGE LAYOUT” and under the “Breaks” dropdown menu, select the “Next Page” option under the “Section Break” heading.

[bookmark: _Toc491267625]Appendix Heading 1

· Font size: 18 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 18 pt after

· First line indent: 0”

· Hanging indent: 0.5”

[bookmark: _Toc491267626]Appendix Heading 2

· Font size: 14 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 12 pt after

· First line indent: 0.25”

· Hanging indent: 0.65”

[bookmark: _Toc491267627]Appendix Heading 3

· Font size: 12 pt

· Effects: Bold

· Paragraph spacing: 8 pt before, 12 pt after

· First line indent: 0.7”

· Hanging indent: 0.75”
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Acronym List

AF			Air Force

AFI			Air Force Instruction

AFLCMC		Air Force Life Cycle Management Center

AFNWC		Air Force Nuclear Weapons Center

AFSPC		Air Force Space Command

AFWIC		Air Force Warfighting Integration Capability

AO			Action Officer

AoA			Analysis of Alternatives

ATD			Applied Technology Demonstration

CBA			Capability Based Assessment

CCTD			Concept Characterization Description Document

CD			Capability Development

CD			Concept Development

CDSR			Capability Development Support Request

CJCSI			Chairman of the Joint Chiefs of Staff Instruction

CMT			Capability Materiel Team

CONOPS		Concept of Operations

DASD(SE)		Deputy Assistant Secretary of Defense Systems Engineering

DBS			Defense Business Systems

DCAPE		Defense Cost Assessment and Program Evaluation

DCMO		Deputy Chief Management Office

DoD			Department of Defense

DoDI			Department of Defense Instruction

DP			Development Planning

ECCT			Enterprise Capability Collaboration Team

ESE			Early Systems Engineering

HAF			Headquarters Air Force

IC			Intelligence Community

ICD			Initial Capabilities Document

JCIDS			Joint Capability Integration and Development System

JCTD			Joint Capability Technical Demonstration

JROC			Joint Requirements Oversight Council

MAIS			Major Automated Information System

MAJCOM		Major Command

MDA			Milestone Decision Authority

MDD			Materiel Development Decision

MS A			Milestone A

MTP			Master Technical Process

PEO			Program Executive Officer

PfD			Planning for Development

POCs			Points of Contact

POR			Program of Record

PS			Problem Statement

RDT&E		Research, Development, Test, and Evaluation

S&T			Science and Technology

SAF/AQ		Secretary of the Air Force for Acquisition 

SAP			Special Access Program

SCG			Security Classification Guide

SDPE			Strategic Development Planning and Experimentation

SE			Systems Engineering

SIPOC			Supplier, Inputs, Process, Outputs, Customer(s)

SPE			Single Point of Entry

TAR			Technical Analysis Report

TRR			Technology Readiness Review

WBS			Work Breakdown Structure


