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Several Department of Defense (DoD) and Air Force publications have highlighted evolutionary acquisition (EA) as the preferred strategy for acquiring materiel solutions to an identified military need. However, there is no consolidated guide that explains EA strategy impacts on acquisition programs. The Air Force Materiel Command (AFMC) developed this pamphlet to address this issue with a goal to provide program managers, industry partners, and other acquisition personnel with a source for EA policy and practical application guidance. 
 
To achieve this goal, the document:

· Identifies key EA policy, principles, and terminology.

· Provides information with examples from Air Force programs.

· Addresses vital acquisition functions from an EA perspective.

· Illustrates EA strategy impacts on acquisition program documentation, responsibilities, and organization.

How to use this document.
Program teams can use this pamphlet to support an EA strategy selection. The document explores EA strategy benefits and challenges and explains why EA is different from other strategies. It also addresses how various acquisition functions (such as testing, logistics, financial management, and others) should be structured to support EA strategies. 
The document can also be used to clarify issues involving EA strategy implementation. Information contained herein describes the different approaches to EA strategy implementation and how documents and acquisition procedures should be tailored.
The pamphlet is not intended to be the comprehensive source on EA. Cataloging every consideration for selecting and implementing an EA strategy is beyond the scope of this document. Instead, this pamphlet highlights the main considerations and points out types of issues programs may encounter when implementing an EA strategy. 

This pamphlet is not a step-by-step manual for EA strategy implementation. Program teams should use this pamphlet as guidance and tailor the acquisition strategy to their specific situations.

Assumptions.
This document assumes readers have a basic knowledge of the DOD acquisition process, including major phases and milestone (MS) decisions. While these concepts are discussed, they are not expanded upon. Refer to DoDI 5000.2 or the Defense Acquisition Guidebook for complete information on DoD’s acquisition process.
Contributing programs and interviews.

To gather practical information on EA strategies, AFMC analyzed several Air Force or Air Force-led programs through interviews and case studies. The results of these analyses are discussed throughout the pamphlet. HQ AFMC/XR thanks the following program offices for their time and many contributions to this effort:
· Global Theater Weather Analysis and Prediction System
· Joint Direct Attack Munitions System
· Joint Helmet Mounted Display
· Joint Primary Aircraft Training System
· Joint Strike Fighter
· Large Aircraft Infrared Countermeasures (LAIRCM)

· Mission Planning within the Battle Management Wing (Mission Planning)

· Multi-Sensor Command and Control Aircraft
· Small Diameter Bomb
Note:  While the participating programs are discussed herein, the names of those interviewed have been intentionally omitted by request. In addition, this document contains unclassified information only.
Appendixes.
The following list provides short descriptions for the appendixes included in this document:
· Appendix A provides a reference list of documents used to create this pamphlet.

· Appendix B contains participating program details. This appendix includes descriptions of the interviews and case studies. It also includes details about the interviewed programs.

· Appendix C presents definitions and acronyms applicable to this document.

· Appendix D presents the LAIRCM case study.

· Appendix E presents the Mission Planning case study.

Comments.

This pamphlet is hosted on the AFMC Knowledge Now Evolutionary Acquisition Community of Practice (CoP) at http://www.hyperlink.com. Comments, suggestions, or questions on this document are welcome and may be submitted through the CoP.
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1. Introduction: The Need for Evolutionary Acquisition (EA)
1.1 DoD leadership calls for EA as part of acquisition transformation.
In 2000, DoD leadership called for a transformation in the way the Services develop and acquire defense systems. This call to action has impacted how operational concepts are organized and integrated, how needed capabilities are identified, and how materiel is fielded. Leadership called for this transformation in concert with issuing high level defense planning guidance, which described a new model for how the United States should prepare for operations. For example, the Quadrennial Defense Review Report
 published on 30 September 2001, states:
A capabilities based model — one that focuses more on how an adversary might fight than who the adversary might be and where a war might occur — broadens the strategic perspective. It requires identifying capabilities that U.S. military forces will need to deter and defeat adversaries who will rely on surprise, deception, and asymmetric warfare to achieve their objectives.
In order to achieve this transformation, the DoD and the Services have revised policy and guidance to describe a new acquisition strategy: evolutionary acquisition. Dr. Marvin Sambur, then Assistant Secretary of the Air Force for Acquisition, Research and Development, summarized this best is his 04 June 2002 memo Reality-based Acquisition System Policy for All Programs
:
The primary mission of our acquisition system is to rapidly deliver to the warfighters affordable, sustainable capability that meets their expectations. All actions by any leader, staff, or supporting organization will support the Commander’s Intent…Evolutionary acquisition is the preferred acquisition strategy for achieving the Commander’s Intent.
Why is EA the preferred acquisition strategy? As this document shows, EA:

· Promotes the rapid delivery of a militarily useful and supportable capability to counter threats and satisfy user-defined
 needs.
· Addresses main limitations of the single-step-to-full-capability (single step) acquisition strategy.

· Provides key flexibilities to an acquisition program.
1.2 The EA strategy promotes rapid delivery of capabilities.

A main goal of today’s acquisition community is to field systems that meet user needs in the shortest time practicable. EA resembles a commercial development model, where rapid delivery to the customer is emphasized. To achieve rapid delivery to the user, EA introduces the concept of fielding capability in “increments” (see 2.4 for more information). Incremental delivery of capability has major implications for acquisition program activities, including (but not limited to) planning, technology development, testing, operations, and sustainment.
1.3 The EA strategy addresses limitations of a single step strategy.
In the past, DoD has predominately used the single step strategy to acquire defense systems. In a single step strategy, the capability, defined by a set of requirements, is developed, demonstrated, and fielded in one lengthy sequential process. While this strategy has resulted in world class defense systems, there is a long cycle time before any capability is delivered to the user.
A main goal of an EA strategy is to reduce these cycle times and deliver an initial militarily useful capability faster than single step. With EA, the first increment of a fielded capability may represent only a portion of the desired final capability. However, by focusing the first increment on available, affordable, and mature technologies, the EA strategy shortens the fielding to the user. Subsequent increments can accommodate improved technology or additional capabilities over time.
Change is a constant during all acquisition programs, but a limitation of a single step strategy is the difficulty of adapting to changes in requirements, technology or threats because the acquisition process is long and sequential. Conversely, an EA strategy recognizes upfront that change will occur, and plans accordingly for the incremental evolution of a system to meet the final, full capability.
1.4 The EA strategy increases flexibility.
In today’s environment, materiel solutions and their acquisition strategies must be flexible so they can quickly respond to changes in environmental factors. The following sections analyze how EA enhances the flexibility of a program to adapt its materiel solution to main challenges in today’s acquisition environment.
1.4.1 Responding to threat changes.

EA strategies allow acquisition programs the flexibility to adapt materiel solutions to the growing base of threat information. The strategy enables subsequent increments of a capability to incorporate new threat data into system requirements. Therefore, subsequent increments of the solution have capabilities that effectively counter evolving threat data. The single step strategy, however, has typically had difficulty keeping pace with changing threats because capability requirements are locked in early in the acquisition process.
1.4.2 Responding to user requirement changes.
A core tenet of an EA strategy enables lessons learned during the system’s operational use to define/refine requirements for subsequent increments. This “use and learn” data may range from a fix for a specific problem, to a shift in desired performance, to additional missions and users. The ability to make this shift results in an added dimension of flexibility for the materiel solution so it can adapt to the changing needs of the user.
1.4.3 Responding to technology changes.
The EA strategy takes advantage of open architectures to incorporate upgraded technologies into a materiel solution. With these open architectures, the initial system can easily accept planned upgrades as well as upgrades that may not be initially defined. This results in a flexible system architecture that can adapt to meet additional requirements over time. It also provides the flexibility to easily upgrade or replace obsolete or outdated system components.
1.4.4 Responding to funding changes.
Funding changes are difficult to predict. An EA strategy however, provides an acquisition program with increased flexibility to address funding changes. If funding is cut for outlying years of a program, planning for subsequent increments can take the new funding situation into consideration while development and fielding of the current increment continues on course. This contrasts with a single step strategy, where funding cuts for outlying years could end a program before any capability is fielded. 

If funding changes impact the initial capability, EA strategies allow for a reprioritization of increments. Insertion of more expensive technologies can be pushed to subsequent increments, as long as the initial capability still meets a defined user need. 

Additionally, an EA strategy helps mitigate the threat of funding cuts by emphasizing the rapid fielding of a capability that meets a definite user need. If the strategy is carried out, the fielded capability makes an immediate difference for the user. This helps reduce the probability of Congressional impacts or funding cuts for subsequent increments.
1.4.5 Responding to contractor performance.
EA provides programs the flexibility to change contractors at the end of an increment without a termination of contract for default or convenience. If a particular contractor is not performing up to a program’s expectations for an increment, the program can hire a different contractor for the subsequent increment(s). This also provides an opportunity to expand the industrial base and create additional competitions during a program’s life cycle. 

Note: Hosting multiple competitions (either competing new work or recompeting an existing contract) has significant impacts on a program’s schedule, continuity, and configuration control. Refer to 4.7.4 for more information on the decision to compete contracts in an EA environment.

1.4.6 Responding to changing political environments.
EA strategies provide the flexibility (and the immunity) against changes in political administrations. It lessens the likelihood of program cancellation when a new administration takes over with different national priorities. This flexibility results from two attributes of EA strategies; the current increment may be closer to fielding and subsequent increment can be shaped to meet the newest national defense strategies.
2. EA Primer

This section introduces EA concepts and answers key questions about EA principles, tenets, and policy.

2.1 EA strategy summary.
At its core, EA is a strategy for acquiring a weapon system in a changing environment. In this strategy, an acquisition program fields an initial increment of capability very quickly and then builds on that capability with future planned increments. Each and every increment must be fully supportable and meet a user defined and accepted militarily useful need. The increments are based on time-phased requirements that are provided by the user and developed in concert with the force modernization community. The main factor that helps field increments both quickly and affordably is the selection of mature technologies to start each increment. Plans for future increments can and will change along the way. EA welcomes, and even encourages these changes, in order to provide better products at the end of each increment.

2.2 EA defined.
The following are dictionary definitions for the component parts of the “evolutionary acquisition strategy” phrase:

· Evolutionary, adj:  process in which something changes (develops) into a different and usually better or more complex form. 

· Acquisition, n:  the act of gaining possessions. (The acquisition community does not just gain possession but delivers warfighting capability.)
· Strategy, n:  a plan of action.

Putting these three component definitions together, a dictionary definition would be: “A plan to develop and deliver warfighting capability over time.”

DoD policy clearly indicates that EA is the preferred materiel acquisition strategy. Section 3.3.1 of DoDI 5000.2 states:

EA is the DoD’s preferred strategy for rapid acquisition of mature technology for the user. EA delivers capability in increments, recognizing up front, the need for future capability improvements. The objective is to balance needs and available capability with resources, and to put capability into the hands of the user quickly. The success of the strategy depends on consistent and continuous definition of requirements, and the maturation of technologies that lead to disciplined development and production of systems that provide increasing capability towards a materiel concept.

Air Force policy documents enforce the DoD’s viewpoint on EA. Section 7.2 of AFPD 63-1 states:

Everything we do will drive toward the goal of getting an operationally safe, suitable, and effective product of best value to the warfighter in the least amount of time. Evolutionary Acquisition is the preferred acquisition strategy for achieving this goal. EA is an acquisition strategy that rapidly acquires and sustains a supportable capability for the warfighter and incrementally inserts technology or additional capability to ultimately meet the warfighter’s final requirements.
2.3 History of EA.

EA is not new. The EA concept has existed since the mid-1980s (see Figure 1). DoD and Air Force leadership began highlighting EA strategies in 1998 and key acquisition policies and guidance documents have since been updated to present EA as the preferred acquisition strategy.

Figure 1. EA strategy timeline.
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2.4 Increment defined.
Knowing the definition of “increment” is necessary to understanding EA strategies. The glossaries of CJCSM 3170.01A and AFPD 63-1 define an increment as:

A militarily useful and supportable operational capability that can be effectively developed, produced or acquired, deployed, and sustained. Each increment of capability will have its own set of threshold and objective values set by the user.
An increment contains a distinct set of planned activities supporting the goal of delivering an operational capability to the user. These activities include: developing new capabilities supporting the operational requirements and goals of the system; exploiting opportunities to insert new technologies that reduce cost of ownership or accelerate fielding of new capabilities (resulting from technology demonstrations); and refining current capabilities based on user feedback, testing, or experimentation.

Figure 2 shows how an EA strategy organizes capability delivery into multiple increments. Each increment adds more capability until the expected full capability is realized. The initial increment is fully supportable and meets a user-defined need, but only delivers a subset of the full capability. The subsequent increments are also fully supportable and provide added capability based on defined user needs. Each increment is not dependent on future increments and provides a stand alone fully operational capability. The system requirements for early subsequent increments may be relatively defined; where as future increments may be less defined.
Figure 2. Increments in EA.
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2.5 Increment enablers.
Table 1 identifies the key acquisition elements that enable a program to organize capability delivery efforts into increments. These elements are discussed in-depth throughout this document.

Table 1. Description of the increment organization enablers.

	Enabler
	Purpose
	Example/Explanation

	Time-phased requirements
	Enable capabilities to be organized into increments that are militarily useful and supportable.
	Time-phasing may be based on urgency of need, technology maturation, or emerging threats. In some cases, the schedule of needed capabilities is based upon replacement of retiring systems, matching the scheduled fielding of a complementary system, or a forecast of maturing technologies. (See 5.1.1 for more on time-phased capabilities.)

	Modular Open Systems Approach (MOSA)
	Enable successive increments to easily integrate into current and future system designs and avoid unnecessary rework.
	MOSA is utilized during system engineering to identify a modular system design which can use open systems architectures to the greatest practical extent. This modular approach allows components and subsystems to be added or upgraded with a minimal amount of redesign to the entire system. (See 4.4.4 for more on MOSA.)

	Evolutionary sustainment strategies
	Enable support activities to adapt to capability improvement in subsequent increments.
	Identify and acquire logistics elements to sustain each increment in advance of the initial deployment. (See 4.6.2 for more on evolutionary sustainment strategies.)

	Test and evaluation (T&E) consistent with the EA strategy
	Enables the rapid development and fielding of multiple increments.
	Limits duplication of testing for subsequent increments as much as possible and planning regression testing for upgraded systems. This will eliminate unnecessary testing while still ensuring the viability of the system. (See 4.5.3 for more on T&E consistent with the EA strategy.)

	Full funding for the current increment
	Enables the fielding of a defined increment as rapidly as possible.
	Full funding of the current increment demonstrates to the user that the sponsoring authority is committed to delivering a militarily useful and supportable capability. (See 4.3.1 for more on funding increments.)


2.6 Comparing EA with other acquisition strategies.
2.6.1 EA vs. single step.
Figures 3 and 4 work together to demonstrate how developing capability in increments maximizes value to the customer.
  A single step strategy is represented in Figure 3. In this strategy, a development program sequentially progresses through the acquisition framework processes
 in a single step before delivering and fielding the full expected capability to the user. This long sequential process requires a large investment during pre-systems acquisition, and continues during development, system demonstration, and testing. The end user only begins to obtain value from the development effort when operationally suitable systems are fielded and they can begin to use and learn from them.

Figure 3. “Value to the customer” representation for the single step strategy.
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As previously discussed, an EA strategy breaks the development up into multiple increments of capability, each building on the successes of previous increments (see Figure 4). This strategy involves a smaller initial investment for the shorter development, demonstration, testing, and typically limited production processes required to deliver the initial increment of capability (less than full expected capability). This strategy can result in value to the customer within a much shorter cycle time. The customer can begin using and learning from the initial increment much sooner and provide feedback to the acquisition community for the subsequent increments still in development to increase the value of future deliveries.
Each additional increment of capability provides a cumulative increasing value to the user by incorporating changes identified by user feedback (“use and learn”), technology availability, changing threats, or planned additional capabilities.

Figure 4. “Value to the customer” representation for the EA strategy.
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While preferred, an EA strategy may not be the most appropriate strategy for all acquisition programs. For example, when full capability is needed and nothing less than full capability will suffice, a single step strategy is appropriate. Or, if all capability requirements can be met with proven available technology or a commercial-of-the-shelf (COTS) solution, a single step strategy could be appropriate.
To ensure the correct strategy is selected, acquisition programs should perform an in-depth analysis of the user’s current and future needs. The program manager documents the rationale for either the EA or single step strategy in the Life Cycle Management Plan (LCMP).
2.6.2 EA vs. pre-planned product improvement (P3I).
The P3I strategy involves the delivery (or attempted delivery) of all stated requirements via a single step strategy and then an initiation of a subsequent effort to address capability requirement changes not supported with existing technology or not funded at the outset of the original acquisition program. A P3I strategy enables programs to adapt a system design to accommodate changes that may provide an increase in capability prior to fully fielding the system or shortly thereafter. The subsequent effort may take the form of a second acquisition program (either a modification program or a whole new effort).
Figure 5 shows the similarities and differences of EA and P3I. EA builds on P3I to emphasize additional acquisition goals. The main additional goals found in EA, but not P3I, are listed below: 

· Field a militarily useful and supportable capability as quickly as possible: EA emphasizes that an initial increment should match a subset of the capability requirements with proven technologies, enabling it to reach the field in a shorter timeframe compared to delivering all of the desired capabilities at once.
· Promote efficient improvement: EA emphasizes the use of open architectures wherever possible. This smoothes the transition to improved technologies and additional capability in the future (refer to 4.4.4 for more information on open architectures).
· Ensure the production of useful and supportable capabilities: EA emphasizes the analysis of “use and learn” data, technology maturation, threat changes, and other factors in increment definition. As a result, each increment in an EA strategy addresses capability requirement changes. In fact, the final capability resulting from an EA strategy can be radically different from the originally defined capability requirements.
Figure 5. EA and P3I: Similarities and differences.
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2.6.3 Comparing EA with the “block upgrade” strategy.

Block upgrades are similar to P3I and are often used as interchangeable terms. The strategy of block upgrades is to combine a number of system improvements and/or fixes into one large “block upgrade.”  The rational behind this strategy is to combine the non-recurring design, engineering, and modification efforts. Additionally, the strategy of using block upgrades results in a simpler modification process, so that systems are not taken out of service multiple times. Finally, the use of block upgrades produces a well defined configuration control process using a few block designations instead of multiple small changes. 
The block upgrade strategy uses feedback from users to improve the system through upgrades, but does not deliver several key benefits of an EA strategy. In particular, block upgrades do not:

· Shorten the initial development time of an increment.

· Rely solely on proven technologies.

· Designate needed capabilities to future increments.

2.7 EA benefits and drawbacks.

Table 2 summarizes the benefits and drawbacks of the EA strategy. Programs will not experience all of these benefits or drawbacks.

Table 2. Some benefits and drawbacks of an EA strategy.
	Benefits

· Increments are fielded rapidly.

· Reliance on proven technology reduces program risk for any given increment.

· Shorter development times and lower technology risks for increments enable realistic cost and schedule requirement estimations.

· User can “use and learn” from fielded increments and provide feedback to help shape future increments.

· Obsolescence issues are reduced.

· Capabilities are developed with improvement in mind.
	Drawbacks

· Expectation and configuration management efforts become more complex.

· Multiple configurations make sustainment efforts more complex.

· Additional organizational resources may be necessary to manage multiple increments simultaneously.

· Rapid cycle time requires equally rapid development or tailoring of associated processes such as production, testing, and logistics.
· Fielding increments is not appropriate when only the full capability will suffice.

· Strategy requires a shift in user expectations.

· Funds execution and out-year budgeting, as well as cost estimating become more complex and time consuming.


2.8 Approaches to implement EA strategies.
Section 3.3.2 of DoDI 5000.2 states: “The approaches to achieve evolutionary acquisition require collaboration between the user, tester, and developer. They include: incremental development and spiral development.”

2.8.1 Incremental Development (ID).
When using an ID approach, a desired capability is identified, the end-state requirements are known at program initiation, and the requirements are met over time by developing several increments, each dependent on available mature technology.
2.8.2 Spiral Development (SD).
When using an SD approach, a desired capability is identified, but the end-state requirements are not known at program initiation. Those requirements are refined through demonstration and risk management; there is continuous user feedback; and each increment provides the user the best possible capability. The requirements for future increments depend on feedback from users and technology maturation.
2.9 Differences between Spiral Development (SD) and Incremental Development (ID).

With ID, the final capability of the program is known and each increment is defined at program initiation. With SD, the final capability is left open and only the initial increment is defined at program initiation, with varying degrees of definition for subsequent increments (see Figure 6).
Figure 6. Increment definition in ID and SD.
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An ID approach is most appropriate when the final capability requirement is well known and the entire system development can be divided into well-defined increments. This means that maturing technologies can be matched to specific increments within a comprehensive technology development strategy. These conditions normally occur when the timeframe for capability development is short (typically between 1 to 5 years).

An SD approach is appropriate when the final required capability is not known or not clear, when emerging technologies or threats could drive requirements changes, or when the development strategy cannot be distinctly separated into well-defined increments with current knowledge. For many DoD programs, SD may be the more appropriate approach as many requirements are generally not definable with certainty until well after the program starts.
One advantage of the SD approach over ID is that it can more easily adapt to changing threats, technologies, and budgets. In SD, definition of future increments can be left open until they can be completely defined through “use and learn” data, the maturation of technologies, threat assessments, cost constraints, budget definition, and other criteria. ID allows for significant flexibility to adapt to these factors as well (compared to a single step strategy), but not to the extent SD does.

However, some program managers have observed that a potential drawback to the SD approach is that SD programs can face budgeting issues at program initiation due to the lack of future increment definition. The service acquisition executives and comptrollers prioritize budget requests based upon proposed funding, schedule, and system capabilities. However, the SD approach may run counter to this process by not providing detailed estimates for all future increments. 

This situation requires the program manager to define as much of each increment as is possible given known requirements, technology maturity, budgets, and other constraints and to highlight to leadership and the decision authority where there is uncertainty and what impacts are associated with the uncertainty. To remedy this concern, the SD approach calls for a closer working relationship between the various team members (i.e. user, acquirer, sustainer, tester, technologist, and financial managers) to maintain the adaptability for the changing environment.
2.10 Preference for SD.

DoD policy documents state a preference for SD when implementing an EA strategy. Specifically, section 4.2.3, of DoDD 5000[1].1 states 

Evolutionary acquisition strategies are the preferred approach to satisfying operational needs. Spiral development is the preferred process for executing such strategies.

SD is preferred because of the increased flexibility provided when some future increments are left undefined at program initiation. Additionally, SD may be more prevalent as more programs and modifications are initiated in a joint-service environment where the interface and interoperability requirements are less certain.

2.11 Special SD reporting requirement to Congress.

Section 803(e) of the National Defense Authorization Act for Fiscal Year 2003 (public law 107-314)
 requires OSD to file a special report regarding research and development programs designated as SD. The report, due each fiscal year between 2003 and 2008, will contain estimates on unit costs for prototypes of each SD program initiated for the year. 

OSD did not submit any reports in FY 2003, because there were no officially SD-designated programs initiated that year. However, this reporting requirement will need to be satisfied for all programs in fiscal year 2004 through 2008.
3. The Spiral Development Process

The term “spiral development” applies to both a specific approach for implementing an EA strategy and a general process for developing capability. In order to further clarify this distinction, this section defines and explains the SD process and how it is applied in today’s acquisition environment.
3.1 What is a “spiral development process”?

The SD process is nothing more than the smaller steps taken within an increment to achieve an objective. Even with mature technologies, there will often have to be multiple developmental steps taken to create, test, and field a proven system that meets an end user’s need — be that a flight or space or desert use qualified asset. When using the SD process, needs are analyzed, prototypes are built, tests are performed, and results are assessed. If the objectives are not met, the process is repeated until the results meet the desired end state.

3.2 SD process definitions.

The definitions below further clarify the SD process:

AFPD 63-1 and AFI 63-123 state that SD:

“... is an iterative set of sub-processes that may include: established performance objectives; design; code, fabricate, and integrate; experiment; test; assess operational utility; make trade-offs; and deliver. Other sub-processes may be added as needed. Spiral development characteristics include: a team of stakeholders motivated to collaborate and mitigate risk; a development plan and decision process; a process to refine requirements; a firm schedule per increment; continued negotiation of performance and cost goals; test/experimentation; and a user decision to field, continue development, or terminate any portion of the increment.”
A memorandum from USD/AT&L to the Services, 12 April 2002, states SD is an:
“...iterative process for developing a defined set of capabilities within one increment. This process provides the opportunity for interaction between the user, tester, and developer. In this process, the requirements are refined through experimentation and risk management, there is continuous feedback, and the user is provided the best possible capability within the increment. Each increment may include a number of spirals.”

Each definition describes SD as an iterative process that includes collaboration with the stakeholders/users and continuous feedback in the decision to refine requirements to provide the best possible capability for a specific solution. While the final objective of an SD process is to produce a system increment, the SD process also develops and tests non-operational prototypes, which are not intended to be delivered for operational fielding. Instead, these developmental prototypes are used to demonstrate and test technologies in order to gain knowledge. This knowledge is then used to refine both the requirements and the system design.

Both definitions include a reference to risk or risk management. Risk is associated with all programs because they evolve in an environment of changing threat, technology, user needs, etc. If implemented properly, this process will address the risks associated with concept and technology development, system development, and then the operational use.
3.2.1 When to use spiral development.
The SD process may be appropriate for any acquisition strategy selected to deliver capability. It can be applied in single step and EA strategies as a process to develop, refine, and prove a capability for operational fielding. In the case of a single step acquisition strategy, an SD process may be used throughout the acquisition phases to refine requirements and improve the system design in order to deliver the final system capability. In an EA strategy, an SD process may be applied throughout the acquisition phases within each increment to refine requirements and improve the design in order to deliver an increment. 

One key difference of using an SD process for an EA strategy is that knowledge learned during the SD process can influence the requirements for subsequent increments as well as to refine the requirements for the current increment. In contrast, for a single step strategy, the knowledge learned from the SD process can only influence the single set of requirements.
3.2.2 What makes up a spiral?

There are several models for the SD process. In one of the first published descriptions, Barry Boehm developed a model for SD in the mid-1980s as a way to develop software. The model describes four steps that represent one cycle of a development process, called a single spiral. The four steps are:

1. Determine objectives, alternatives, constraints.

2. Evaluate alternatives; identify and resolve risk.

3. Develop and verify product.

4. Refine, plan next phases.

In an SD process, these single spirals build from one to the next, with knowledge gained from previous spirals being applied to current and future spirals. This enables the concept and baseline in each subsequent spiral to progress toward the desired objective of the increment. An SD process successfully ends when the result of a spiral matches the required capabilities for an operational system increment, and the verification of capability is successful.

Boehm’s model is structured for a software development environment, but other models for spiral development exist that better match a standard DoD system development. One such model is shown in Figure 7, and contains five activities:

1. Refine requirements.
2. Design concept or baseline.
3. Create prototype (Fabrication/code/integrate).
4. Conduct experiment or test scenario.
5. Assess operational utility.
Figure 7. A single spiral in the DoD model.
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These spirals are tied together when the last activity of one spiral feeds directly into the first activity of the next spiral, or in this model, when the results of the assessment are used to refine requirements for the successive spiral.

3.2.3 Functional community participation in the SD process.
All functional communities are involved in the SD process. Within a single spiral, objectives may encompass requirements for manufacturing, logistics, product support, security, network centric interoperability, integrated testing, and other functional areas that impact the system increment. The functional communities form the basis for evaluation and refinement of requirements prior to the next spiral. Acquisition programs should be aware that not all functional requirements are necessarily considered during every spiral. In some cases, spirals are defined to evaluate a particular system capability. However, by the end of System Development and Demonstration (SDD), all capabilities required for fielding a useful and supportable increment must be included and validated.

3.3 How is the SD process applied?
Figure 8 shows a single increment in relation to the DoD acquisition phases. For the DoD SD model above, activities and decisions generally fit into three stages: pre-system acquisition, system integration, and operational fielding. The following sections describe the activities within the spiral development process that support these stages.
Figure 8. Spirals through increments.
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3.3.1 SD in pre-systems acquisition

For complex systems, the SD process relies on trade studies and modeling and simulation to build concepts for experimentation and assessment. A concept, initially a general description of an objective, is matured through any mix of analysis, rapid prototyping, experimentation, simulation, battlelabs, operational evaluation, and/or laboratory experiments. The technology development process is managed by considering remaining risks, return on investment, and net benefit. Rapid prototyping tools enable short spirals to evaluate specific advanced technologies, resulting in better systems engineering and reduced risk. Concepts are developed with operator “hands on” involvement early and often, and technologies should be assessed for maturity.

Within the pre systems acquisition phases, the possible decisions may include:

· Continuing the spiral process of concept refinement or technology development (pre-systems acquisition).
· Constructing the baseline (leading to system acquisition) and starting system development and demonstration.
· Stopping the process (results not progressing or capability no longer required).
3.3.2 SD process in system development and demonstration.
SD activities in system development include construction of higher fidelity models and operational prototypes for testing, production, and logistics assessment. SD experimentation activities should include frequent user participation, so that operational utility and refinement of requirements are based upon a realistic environment. To manage risk, SD process managers should guard against the addition of unproven technologies within the system integration stage. System integration spirals conclude when the user accepts the results of the increment for fielding.

Within the system development phases, the possible decisions may include:
· Continuing the spiral process of refining the baseline and performing system integration.
· Proceeding to operationally field the system.
· Stopping the process (results not progressing or capability no longer required).
3.3.3 SD process during operational use

The SD process may continue during the operational use stage to provide improvements to operational increments as well as provide refinements for subsequent increments as part of an EA strategy. Spirals that intend to improve the operational increment can test solutions using operational systems. If successful, these changes can be implemented using Operations and Support (O&S) funds as part of a Performance Based Logistics strategy. In addition, feedback from the system operators as part of the SD process is used to improve or change upcoming increments and may alter the envisioned final state of the system.
Within the operational phases, the possible decisions may include:

· Continuing to improve the fielded system.
· Providing recommendations for subsequent system increments.
· Stopping the process (results not progressing or upgraded capability no longer required).
4. EA Impacts on Functional Roles and Responsibilities

Programs implementing EA strategies address the same functional roles and responsibilities as single step strategies; however, EA strategies provide new points of emphasis. Using interview data, policy guidance, and case study references, this section describes how the EA strategy impacts the following functional roles and responsibilities: technology transition from science and technology to acquisition, program management, financial management, systems engineering (SE), T&E, logistics, and contracting. While not every functional role or responsibility of a program is covered, the information in this section demonstrates the types of issues to consider when applying an EA strategy.

“Key activities” and “checklists” are also presented for the roles listed above. The key activities are composed of actions required to plan, manage, and describe an EA strategy. The checklists present EA-specific issues that impact the role as well as potential solutions for the issues.

4.1 Technology transition.

4.1.1 Validating mature technologies.

Lab programs under the Air Force Research Laboratory (AFRL) provide a crucial link between the development of mature technologies and the transition of the technologies into an acquisition program. For EA strategies, AFRL supports the development of phased capability requirements by helping acquisition program offices and operators assess the maturity and viability of technologies being considered. This process should result in higher fidelity requirements that are time-phased to a more realistic schedule with more accurate cost estimates.
 

Several program offices interviewed had assistance from AFRL to transition technologies. For these programs, the lab helped develop technologies in need of military customization, assess the maturity of technologies, and coordinate tests with academic communities and government agencies. There are also instances where AFRL personnel assigned to program offices.

4.1.2 Technology readiness assessments (TRAs).

All acquisition programs are required to complete an objective TRA for Milestone Decision Authority (MDA) consideration at MS B and C. The assessment is intended to ensure that critical technologies are sufficiently mature, and thus low risk, for product development and production prior to MS B and C, respectively. However, assessments similar to a TRA are necessary to support the pre-MS A activities.
For EA strategies, the timing of the TRAs should be carefully considered in order to accurately estimate maturity, develop technology transition roadmaps, and allocate technology into specific increments. If a technology is too high a risk, it should be shifted to a future increment, with a lower risk technology implemented to satisfy the near-term need, as appropriate. This allows the developers (including lab programs) more time to prove the technology in an operational environment while minimizing cost and schedule risk to the earlier increment(s).

One program office highlighted the benefits of focusing on technology transition early on. This program had people from the labs (Navy Research Laboratory and AFRL) involved from the start in defining the program’s requirements documents. By involving the science and technology (S&T) community early, the program understood that certain technologies needed further development. As a result, the office planned to transition these technologies into subsequent increments, not the initial increment.

Programs should continue to assess the readiness of key technologies, particularly as new increments are planned and requirements are refined. An important factor to consider is that critical technologies may mature slower or faster than originally forecasted, which can shift needed capabilities to later or earlier increments. Assessments should be performed by experts in the technology area, and in critical cases be independently verified prior to initiating an increment.
4.1.3 Technology readiness levels (TRLs) to support TRAs.
TRLs are a systematic metric/measurement system that supports assessments of the maturity of a particular technology and the consistent comparison of maturity between different types of technology. This rating system is covered completely in the Technology Readiness Assessment Deskbook.
Application of TRLs helps promote a level of consistency when planning increments. By holding each increment to the same technology maturity standard, the program can work from a common basis.

In addition, TRLs can be correlated to the program investment strategy to ensure adequate S&T funding, transition funding, and program funding to ensure critical technologies are available (as necessary) for the appropriate increment. The program manager should form a clear strategy to ensure that needed technologies are adequately developed throughout the life of the program. Program offices still rely on technology transition projects funded through AFRL investment accounts; therefore, AFRL, in concert with the program manager (PM), should construct technical objectives for these projects that include TRLs as specific exit criteria. This insistence on long-term planning is a hallmark of EA.
TRLs alone, however, are not sufficient for evaluating the maturity of a technology. They do not capture key issues about production, sustainability, technology interface issues, and other issues. A more complete process involves the use of TRLs as an initial screening for critical technologies, followed by a systematic approach for assessing the maturity of technologies of special interest. Other measures, such as Manufacturing Readiness Levels (MRLs) and Sustainment Readiness Levels (SRLs) can be used to provide a more comprehensive picture of maturity.

MRLs assess the underlying manufacturing processes required to successfully transition a technology for operational use. TRLs answer the question “Will the technology perform adequately in an operational environment?” MRLs answer the question “Can the technology be manufactured in an efficient, effective manner?”  MRLs range from 1-9 and are generally associated with a range of TRLs.
For example, if a new technology consisted of blending carbon fiber with Kevlar fiber for increased fatigue life, a progression of TRLs would represent successful fatigue tests of small panels in the lab followed by large panels tested on actual vehicles. A progression of MRLs would represent the successful production of small lots using lab equipment followed by tolerance testing using actual tooling, followed by full rate production of affordable parts.
SRLs
 provide a measure of maturity for the sustainment processes associated with an advanced technology or product design. In much the same way that TRLs measure the maturity of the technology, and MRLs measure the maturity of the manufacturing and production processes, SRLs can be used to determine the readiness of a system design or prototype to be supported in the field. An example of the need for SRLs can be found by considering the use of advanced composites. For composites used in aircraft or vehicles structures, inspection and repair techniques traditionally used for metal components were not effective. Therefore, ultrasonic inspection equipment was developed and combined with low temperature epoxy repair techniques to provide a sustainment capability. Without these new processes, the composite design would not be supportable.

4.1.4 Key EA activities for technology transition.

For an EA strategy, the program’s technology transition team should perform the following activities:

· Conduct market research into commercial and Government sources, using AFRL and industry associations. 

· Contact other defense agencies having a high probability for similar capability requirements.

· Determine technology readiness level via demonstration or simulation. 

· Confirm that proven technology exists to support this effort. 

· Schedule technology insertion points with the corresponding increment. 

4.1.5 EA checklist for technology transition.

The following list contains EA issues for technology transition teams to consider:

· Has the technology reached maturity required for acquisition phase? If not, construct technology development program and associate the technology with a subsequent increment. Track technology advances using AFRL directorates.

· Can the technology be readily transferred to DoD? If not, consider alternate means for access, such as Cooperative Research and Development Agreements or licensing. Confirm limitation associated with the transfer, such as data rights, proprietary information, or patents.

· Is the technology estimated to mature for future increments? If not, contact appropriate AFRL directorate to propose technology development and/or transition effort. Submit Small Business Innovative Research topic for consideration. Contact sponsor and user commands to promote priority during AFRL strategic planning process.

4.2 Program management.

4.2.1 Emphasizing configuration management.

Programs using EA strategies should consider upfront the number of increments that are best suited to meet the operational requirement, and if activities in multiple increments will overlap. Over the course of a program, there may be layered concurrent tasks for multiple increments, including development, production, fielding, and milestone planning. Managing multiple deployments, variants, and increments is a challenging job and requires constant supervision from the program office. The PM should ensure that the management of multiple, concurrent increments can be performed adequately. In addition, the configuration management approach should be flexible and account for change in the definition of subsequent increments.
Effective configuration management is shown in the Mission Planning case study (see E.3.3). The program office is in charge of supplying the software system that provides routes, maps, and other tools for every aircraft type in the Air Force, plus aircraft for other Services. To ease the configuration management workload, the program is developing an increment that will put all of its variants on a single, easily-updatable operating system. The goal of this effort is to standardize how the system is developed and allow for easier upgrades in the future.

One key to addressing configuration management issues is to be proactive in program planning in terms of staff size and resource needs. In one example, an interviewed program office said the pre-systems acquisition work significantly increased due to the long range planning involved in defining multiple increments. Issues such as logistics, cost estimates, and technology roadmaps required more attention upfront (pre-MS B), as compared to a single step program. According to the interviewed office, programs should deal with the work increase by adding staff or by increasing the coordination with the other involved parties such as logistics, systems engineering, technology transition, testing, financial management, and contracting. This proactive, upfront planning helps ease the burden of configuration management issues that result from an EA strategy. 

4.2.2 Integrated master plan (IMP) and schedule (IMS).

The primary purpose of the IMP and its supporting detailed schedule, the IMS, is for use by the contractor and/or Government as the day-to-day tools for executing the program and tracking its program technical and schedule status, including all significant risk mitigation efforts. The IMP and IMS provide a systematic approach to program planning, scheduling, and execution. For more information on the IMP/IMS, refer to the Integrated Master Plan and Schedule Guide (AFMC Pamphlet 63-5).

IMP/IMS is a management enabler for EA. Knowing what should be happening (capability development, delivery, or support) at a certain time can grow complex when multiple increments are in play. By using this practice, program offices can directly link everyday tasks to major program events. Therefore, task, event, and review information for one increment can be more easily referenced when planning another. This can streamline transitions from increment to increment, which helps deliver capability to the user.

4.2.3 Coordinating feedback.

For EA strategies to succeed, PMs should define direct lines of communication between the program office and the user, sponsor, the test community, the intelligence community, logistics, industry partners, and the assigned gatekeeper/MDA. These direct lines of feedback can make subsequent increments more useful to the user, reduce program costs going forward, or uncover hidden value in existing capabilities.

In terms of user feedback, many interview participants said the key to clear communication lines is steady involvement. The users should help to continuously manage capability requirements in development of both initial and subsequent increments. The user should help guide the program definition in forums such as high performance teams (HPTs), requirements control working groups (RCWGs), and integrated product teams (IPTs). By heightening the user involvement, feedback is easier to access and incorporate into program planning.

At the oversight level (such as MDAs, sponsors, and Joint Capability Integrated Development System (JCIDS) gatekeepers), interviewees said feedback coordination should be done more often than just during milestone reviews, but there is no standard schedule for doing so. For example, one interviewed program office coordinated feedback with its sponsor multiple times a month. Another interviewee said his office provided feedback to the sponsor during quarterly teleconferences. By coordinating feedback to these oversight bodies regularly, a program can limit unforeseen issues and delays resulting from milestone reviews.

4.2.4 Integrated product teams (IPTs).

Use of an IPT
 is an acquisition program practice for coordinating information, planning, and feedback. These teams help promote cohesion, enhance understanding, and reduce risk throughout the entire acquisition lifecycle.

The PM, or a PM designee, should form and lead an IPT. The team’s membership should include personnel from across the acquisition community. This allows issues involving strategy and capability development to be discussed with input from each stakeholder. However, not all stakeholders need to be active at once. IPT activity and membership should reflect the evolution of the program as it progresses through acquisition phases.
IPTs provide a venue for all stakeholders to participate in increment definition, capability development, and feedback coordination. As increments are defined, developed and fielded, this participation results in valuable communication, configuration management and organizational benefits for the program. For example, an interview participant said user participation on the IPT helped his program avoid confusion and manage the user’s expectations for each increment. Through this program’s IPT, the user participated in defining the increments and therefore knew what to expect from each increment’s fielded capability. In another example, a program office said that the IPT helped promote program coordination so that concerns on the capability development side were balanced with concerns on the logistics and sustainment side before program initiation. This balance has enhanced the program’s ability to field militarily useful and supportable increments.

4.2.5 User-defined requirements and expectations management.
Effective requirements management provides traceability back to user-defined capabilities. In EA, requirements management changes as capabilities grow in complexity. The PM should institute requirements management to (1) maintain the traceability of all requirements from capabilities needs, (2) to document all changes to those requirements, and (3) to record the rationale for those changes. Emerging technologies and threats can influence the requirements in the current as well as future increments of the system.

An Expectations Management Agreement (EMA) is a useful requirements management tool, especially for EA strategies.
  In an EMA, the user community and acquisition program office agree to and document cost, schedule, and performance expectations for capability development and production.
The PM is responsible for creating this document and attaching it to the Program Management Directive (PMD). Changes to expectations, no matter what their source, must be identified and communicated to leadership by updating the original EMA. The program offices and operating communities review their EMA on an annual basis (at least) and make updates when necessary.
The EMA is especially important for EA strategies because of the potential confusion during the fielding of multiple increments. Without an EMA, the operating community may expect to gain certain capabilities that may not be planned until the next increment scheduled for fielding. The whole issue can be avoided by mutually agreeing to an EMA for all known increments. 
In the LAIRCM case study (see D.4.1), the program office highlighted the EMA as a useful way to ensure customer understanding of the program strategy. The program office constructed the EMA to contain useful, real-world descriptions of prioritized deliverables, costs, and strategies, not found in any other documentation. 
4.2.6 Managing and mitigating risks.

The appropriate strategy for a program provides a risk-management approach through which an identified need can be satisfied in minimal time consistent with common sense, sound business practices, DoD policy and guidance, and legal requirements. The program office should evaluate risk probability and severity in deciding how best to tailor an EA strategy. This evaluation may indicate whether an ID or SD approach is more appropriate.
Table 3 presents some of the important risk factors for a program using an EA strategy. It is unlikely that any specific system or program will have high risk in every factor; rather, the risks will probably vary depending on program characteristics.
Table 3. Risk factors for a PM to consider.

	Factor
	EA Considerations

	Schedule/urgency of need
	Can immature technologies be moved to subsequent increments? If the technology is not urgently needed to satisfy user needs, planning inclusion of that technology in a subsequent increment could preserve the delivery schedule and substantially reduce risk.

	Requirements
	How well understood and stable are the requirements? In this context, “requirements” means the operational capability needed, not in how it is to be provided. If the requirements are not well understood upfront, the risk increases that the program may develop a non-useful or non-supportable capability.

	Technology and industrial base
	What are the state of the art and expected time to obsolescence (or cycle time) for the technologies involved? This includes considerations for the technology itself, as well as industry’s fabrication or manufacturing capabilities for consistent production incorporating the technology.

Are plans in place to accommodate the introduction of new technologies and suppliers in the face of an incumbent contractor team? This requires a good market research effort as well as an effective contracting strategy.

	Complexity
	What is the level of complexity of the program or capability in terms of functional interface definition, potential performance growth, availability of test and support assets, level of software development, interoperability needs, and schedule dependencies on other systems?

	Modularity
	Does modularity make sense from both an operability and supportability point of view?

	Financial issues
	How stable or well understood are the costing assumptions on which the program budget is built? How certain and stable are near- and long-term funding commitments, funding types, and availability?

	Life cycle costing
	EA is not expected to change the fact that 80% of life cycle costs are likely spent during the operations and support phase of the life cycle. System design considerations as well as support strategy elements for each increment should address how the system will be effectively and affordably operated and supported.

	Other considerations
	What other elements must be considered which affect the overall risk? For example, there may be logistics, user involvement, intelligence and security factors, or growth considerations, plus any others that cannot be classified under one of these headings.


4.2.7 Integrating security in an EA strategy.

Delivered capabilities must be inherently secure and survivable in order to operate in a hostile environment. Critical research and program technologies, systems, and information must be protected to prevent compromises that could significantly impact the warfighting effort.

For PMs, EA strategies add a level of complexity regarding security issues because capability in a subsequent increment may require additional security measures. For example, an initial increment may use an unclassified data subsystem. A future increment, however, may include an upgrade to a classified data subsystem. The related security measures and regulations should be accounted for in the initial program planning, so the upgrade does not cause schedule delays or added costs.

PMs document their security strategy in a Program Protection Plan (PPP) prior to MS B. This plan is a comprehensive effort that encompasses all security, technology transfer, intelligence, and counterintelligence processes through the integration of embedded system security processes, security manpower, equipment, and facilities. For programs using an EA strategy with an SD approach, the PPP should be updated to address security issues as increments are defined. For programs using an ID approach, the PPP should document the planned security issues at program initiation. See section 8.4.5 of the Defense Acquisition Guidebook for more on the PPP.

4.2.8 Integrating intelligence data in an EA strategy.

Program offices should emphasize the integration of intelligence information into the acquisition strategy and throughout the lifecycle of the program.
  For EA strategies, systems should be developed where evolving intelligence data can be integrated into the planning for each increment. By performing this integration, costly rework and adjustments can be avoided.

A program’s intelligence integration plan is documented in the PPP. The PPP should be reviewed during increment development and between increments. If necessary, changes should be made to the PPP to adapt to changes in applicable intelligence data.

4.2.9 Managing interoperability.
The acquisition strategy should describe the treatment of interoperability requirements. For example, if an EA strategy involves successive increments satisfying time-phased capability needs, the PM should address interoperability within each increment and the transitions from increment to increment. The strategy should reflect full compliance with the interoperability considerations required by DoD and Air Force guidance. For information technology and national security systems, interoperability requirements are contained in the network ready key performance parameters (NR-KPP) as described in DoDI 4630.8.

EA strategies result in a progressively more complete capability as increments are fielded. Therefore, PMs are responsible for planning interoperability testing and certification for each increment. There may be instances when PMs characterize a system’s interoperability before all critical interface requirements have been tested and certified. However, all critical interfaces, identified in the NR-KPP, must be successfully certified for interoperability prior to fielding.

4.2.10 Key EA activities for program management.

For an EA strategy, program managers should perform the following activities:

· Ensure that the capability requirements for the system are well documented and understood. Determine technologies to meet capability needs. Consider factors defining increments, such as technology, deployment schedule, or budget. Match different time-phased capabilities to planned increments.

· Describe the rationale for utilizing an EA strategy to best acquire defense system capabilities. Show how an ID or SD approach would best meet the high priority deployment, and what capability level is available in the initial increment. Schedule demonstrations and simulation in advance of future increment designs.

· Assess the division of capabilities between increments, matching time-phased capability requirements with technology options and budget constraints. Identify multiple options for deployment of increments based upon required user functionality or minimizing fielded configurations through retrofit opportunities.

· Describe configuration management practices used during concurrent increment development (if applicable). Select a tool to manage the multiple increments and configurations within the program.

4.2.11 EA checklist for program management.

The following list contains EA issues for PMs to consider:

· Have acquisition risks been identified for the EA strategy? If not, consider the risk from fielding multiple increments, the support structure needed, and potential need for retrofitting early increments. Propose options for a different schedule of increment based upon the assessment of risk.

· Has a communications plan been developed to document the flow of information/data to program stakeholders? If not, identify all user (service unique and joint) commands and other critical stakeholders as well as the information/data that is obtained from or provided to the specific stakeholder. 

· Have initial and incremental system deliveries been defined? If not, match user communities to increment deployment. Determine if scattered deployment or group deployment best fits user needs.

· Are thresholds and objectives for proposed increments identified? If possible, define measurable key performance parameters and system attributes for each increment in terms of threshold and objective values. If not possible, schedule future reviews based upon technology development results and initial increment demonstrations.

· Is there justification to request delegation authority for approvals during future increments? If there is justification, identify and request delegation authority for future increments based upon programmatic considerations: rapid schedule, decreased budget, limited technical change.

· Has an overall program master schedule been developed that spans from increment to increment, including functional components such as systems engineering, contract management, integration efforts, and configuration management? If not, construct, with contractor’s input, a comprehensive IMP/IMS in accordance with DoD policy. Highlight interactions between defined increments and define an interval between updates of the IMP/IMS. Include a plan for identifying and tracking newer increments, including any retrofit components for older systems.

4.3 Financial management.

4.3.1 Applying the Planning, Programming, Budgeting, and Execution (PPBE) process.

For an EA strategy, funding needs and availability should be evaluated during Concept Refinement, at program initiation, and when each increment is being defined. Several PMs that were interviewed stated increments were primarily defined based upon the available budget. However, this is not a good practice as each increment should be based on the user’s documented time-phased capability needs. These time-phased capability needs should drive cost estimates and in turn impact the budgeting process. If the budget is not available to support the estimates, the increments may have to be adjusted to allow more time or to reduce the capability to be fielded in a particular increment. 
Throughout the PPBE process, the program’s financial management team should try to determine if incorporating a new capability in a future increment will increase the proposed budget. They should consider the types of details to provide about future increments to ensure adequate funding is made available. Working with the PM, they should also attempt to demonstrate the cost benefits of the EA strategy. For example, the Mission Planning program provided an analysis of how the module architecture resulting from the EA strategy would reduce the time and cost for developing all future unique aircraft functions (see E.3.2).

In the interviews, the participants were asked how the PPBE process changed under an SD approach. Results showed a substantial amount of concern because the organizations that review the programs’ PPBE processes (such as Air Force review panels and OSD) often question the unknown end state. These PPBE reviewers want deterministic cost estimates and performance guarantees for all increments, but these elements are not always possible in the SD approach. This emphasizes the need for each increment to be useable and supportable and not dependent on future increments to be fully operational. 

Program managers indicated that they tried to provide as many details about as many increments as possible, and to make careful funding estimations so extra funding requests are minimized. Three programs specifically stated that rapid fielding of an initial increment provided much needed support for future increment budget requests.
4.3.2 Structuring Cost Analysis Requirements Descriptions (CARDs).

Acquisition category (ACAT) I and IA programs prepare CARDs for program executive officer (PEO) approval in support of major milestone decision points (MS B, MS C, or the full-rate production decision review). This process is used to formally describe the acquisition program, as well as the capability itself, for purposes of preparing both the program office cost estimate, the DoD Component cost position (if applicable), and the OSD Cost Analysis Improvement Group (CAIG) independent cost estimate. (See DoDI 5000.2, section E6.1.2 for more information on CARDs).

For programs employing an EA strategy, the CARD should be structured to reflect the specifics of the approach. For programs in incremental development, the entire acquisition program, including all increments, is included in the scope of the program to be approved at the program initiation milestone review. The entire program typically is included in the CARD and in the subsequent program lifecycle cost estimate. For programs using the SD approach, the situation varies somewhat depending on circumstances. Normally, the CARD should include as much of the program as can be described at the time of the decision review, and clearly document any exclusions for portions of the program that cannot be defined.

4.3.3 Cost as an independent variable (CAIV).

CAIV is a DoD strategy that makes total lifecycle cost, as projected within the acquisition environment, a key driver of capability requirements, performance characteristics, and schedules. (For more information on CAIV, refer to the Defense Acquisition Guidebook, section 3.2.4).

Securing resources for future increments is a major challenge for EA. To meet this challenge, program offices should attempt to define increments clearly. Even when using an SD approach, all known increments should be defined to the maximum extent possible.

CAIV studies help remove ambiguity in increment definition by requiring the program office to define the system incremental capabilities to the fullest extent possible and estimate their costs. Additionally, the CAIV studies require the program office to describe the threshold and objective levels of performance for these capabilities.

CAIV is applicable throughout all acquisition phases. However, the greatest single point of leverage for CAIV to affect program requirements, schedule, and performance is at the beginning of a program’s life. By performing a CAIV study at the start of a program (pre-MS B), the program office better understands the full range of implications involved in defining increments. It helps identify performance, schedule, cost, and technology trade-offs. For example, a CAIV study can show how “technology A” will cost 50 percent less if integrated in three years. Armed with this information, a program office, in concert with the user, sponsor, and other stakeholders, can then decide whether “technology A” is vital to the current increment (thus increasing the cost), or if the associated capability can be put off to a future increment. In this way CAIV trade-offs don’t just take into account the cost of the requirement but also the cost of the requirement over time.
Many interview participants mentioned CAIV as a key aspect of their strategy. Many interview participants said this practice should be done early (pre-MS B), and continued throughout the life of the program. It should involve representatives from all stakeholder communities (the user and logistics communities being highlighted as critical).
4.3.4 Key financial management activities for EA strategies.

For an EA strategy, a program’s financial managers should perform the following activities:

· Estimate the costs associated with each of the increments. 

· Ensure that appropriations are made within the appropriate funding category to support development and production for multiple increments. 

4.3.5 EA checklist for financial management.

The following list contains EA issues for financial management teams to consider:

· Is each increment of capability fully funded when it enters the formal acquisition process? The sponsor should request full funding of subsequent increments as soon as they can be fully described. Cost estimates should be developed for both the entire system acquisition (if defined) and each increment, in order to support Program Objective Memorandum (POM) inputs. If unable to define a future increment with enough details to estimate cost, identify when such information will be available.

· Have opportunity costs associated with the EA strategy been identified, understood, and accepted? If not, construct a model of costs associated with an EA strategy, including cost of delay, aging equipment support costs, and any required retrofit costs.

· Has the incremental schedule been identified in advance to allow for appropriate programming and budgeting? If not, document the process to obtain transition funding for future increments as necessary to introduce new technology.

· Is funding available to field an initial capability to meet the user’s needs? If not, work with sponsor and user commands to phase in production funding for current increment.

· Are operational benefits defined along with each cost for each increment? If not, construct an operational effectiveness model with the user considering the Concept of Operations (CONOPS). Include any reduction in support gained from replacement of aging systems.

· Are adequate resources available during times of concurrent activities across increments, for example, during simultaneous development and production efforts? If not, identify multi-year appropriations needed within POM input requests.

4.4 Systems engineering (SE).

4.4.1 Disciplined SE ensures viable system performance.

When fielding multiple configurations of a system, a disciplined SE process is essential to the program’s ability to assure the operational safety, suitability, and effectiveness (OSS&E) of each configuration throughout the system’s life cycle. Disciplined SE includes effective coordination with the user on near-term and follow-on requirements planning and effective communication with the developmental and operational test organizations.

Disciplined SE also includes minimizing scrap and rework as the capability is grown over time. This is accomplished by maintaining a long-term view of the capability’s final state (to maximum extent possible). This long-term view also allows the SE team to focus on an orderly process of adapting to technology changes over time without completely repeating the development, build, and test phases.

Compared to a single step strategy, the creation of the Configuration Control Board (CCB) has an earlier and more consistent role in the acquisition process. System and functional reviews occur earlier due to the compressed development cycle, so the CCB should be in place earlier to support them. An added complexity with EA is that multiple configurations may exist in the field simultaneously, meaning that configuration control remains critical to logistics and support. 

All interviewed program offices observed that there were no real changes to their SE processes under an EA strategy. However, several participants qualified this response by saying the EA strategy motivated future planning and forward thinking regarding SE. By understanding the need for future change upfront, contractors or programs could build that knowledge in at program initiation. In turn, smoother transitions were made from increment to increment, and a higher clarity of programmatic understanding and direction was achieved.

4.4.2 Emphasizing scalability.

For SE in an EA strategy, a principal requirement is to design for scalability and/or expandability. Several interviewees said their programs included design margins based on known objectives for future increments. For instance, one program office knew a future increment would require more memory for its system. So, the initial increment for the system included extra memory card slots, allowing the future upgrade to be performed with less difficulty. Failure to lay the groundwork early in the initial increment design process may result in significant cost increases and delays in each follow-on increment and an inability to economically retrofit fielded systems to the latest configuration. Design decisions should consider the need for future improvements and backwards compatibility with existing configurations.
One way to emphasize these scalability needs is to ensure that the system engineers are invested in the growth of the program. An example is found the Mission Planning case study (see E.4.4). The program office is competing a long-term (12-year) systems engineering contract. The SE contractor will perform technical oversight for other contractors developing software modules. As a result, the contractors developing these software modules will have proposals evaluated on their long-term growth potential and scalable SE approach.

4.4.3 Providing technical traceability through the SE Plan (SEP).

The SEP is a detailed formulation of actions that should guide all technical aspects of an acquisition program.
  It is intended to be a living document tailored to the program and a roadmap that supports program management by defining comprehensive SE activities on both the Government and contractor sides. It should address how SE supports the translation of capability needs into an effective, suitable capability that is sustainable at an affordable cost. The plan should also describe how technical reviews enable an independent assessment of emerging designs.

Due to the nature of EA, design, development, deployment, and sustainment can each occur simultaneously for different increments. This feature of EA emphasizes the need for traceability. If a defense system has multiple increments, the SEP should trace the evolution of the system by documenting the technical decisions made for each increment. It should record the repeated trade-off analyses and decisions associated with each increment.

In addition, interview participants indicated that SEP clarity and forward-thinking helped condense the SE development schedule. Specifically, clear thresholds and an agreed-upon set of priorities helped expedite the SE part of the program. These elements made decisions and trade-offs easier to judge.

4.4.4 Modular Open Systems Approach (MOSA).

MOSA is an integrated business and technical strategy that employs a modular design and defines key interfaces using open standards. This open systems design strategy should be implemented as part of the program’s overall technical approach. Adherence to this strategy is needed to ensure access to the latest technologies, achieve interoperability, and facilitate affordable and supportable modernization of fielded assets.

The EA strategy emphasizes the ability to adapt to change while delivering technologically superior, sustainable, and affordable increments of militarily useful and supportable capability. Using MOSA helps ensure this delivery. 

MOSA emphasizes “design for change,” which includes: 

· Establishing an enabling environment

· Employing modular design

· Designating key interfaces

· Using open standards

· Certifying conformance

It provides a way for EA strategies to field increments that build upon previous efforts, rather than “starting from scratch” each time. Also, by using MOSA, programs can replace obsolete technologies faster and more cost effectively, while not disturbing the overall system integrity.

MOSA may also enable a wider range of support options. If the system is based on a proprietary or “closed architecture,” only specific companies or organizations would be able to provide support. This situation may result in higher risk for the program.

4.4.5 Key EA activities for SE.

For an EA strategy, a program’s system engineering team should perform the following activities:

· Construct a consistent technical approach to the systems integration process to ensure total life cycle system responsibility.
· Trace user requirements to specific increment designs and describe how each increment provides the desired functionality and supportability.
· Articulate the use of modular open systems in the SEP. Allow for affordable and timely integration of new technologies into the initial increment.
· Formally trace design decisions to capability requirements, including impact upon future increment capabilities. Increment designs should not preclude forward and backward compatibility within the family of systems.
4.4.6 EA checklist for SE.

The following list contains EA issues for SE teams to consider:

· Has the architecture been designed so that new technology components which increase capability can be easily added?

· Has a process for configuration management been constructed for both within the current increment and between increments? Does this process extend to all design, production, and sustainment communities?

· Has a technology roadmap been constructed to show when S&T activities will transition advanced, proven technologies into the current and future increments? Does the roadmap use standard metrics (such as TRLs and MRLs) to define entrance criteria for the technologies?

· Have network centric issues been addressed in the design? If not, configure capability requirements documents to define the network centric interfaces and standards to use for each increment. Seek certification from the DoD authority for programs of joint interest and joint integration.

4.5 Test and Evaluation (T&E).

4.5.1 Addressing increments in the T&E strategy.

The integrated test team (ITT) is responsible for developing a program’s T&E strategy
 before MS A, and managing this strategy through the program’s life cycle. For programs in their initial increment, this strategy should provide an evaluation framework for every defined increment’s usefulness and supportability. This includes each increment’s ability to:

· Provide appropriate levels of operational effectiveness, suitability, and survivability (OESS).
· Meet user needs and thresholds.
· Demonstrate measurable increases in mission capability.
· Adapt to capability additions in future increments.
The T&E strategy for an initial increment may also include comparisons of legacy system capabilities and the planned increments. This assists the EA strategy by demonstrating how the new increments provide enough of an improvement in mission capability to warrant fielding to the force.

Another important aspect of T&E strategy planning is for Air Force Operational Test and Evaluation Center (AFOTEC) to be involved in the EMA process. This can promote AFOTEC understanding of exactly what is on contract to be delivered for each increment. In this manner, the test plan will be limited only to capabilities applicable within each increment.

As increments are fielded, the ITT should update the T&E strategy to accommodate changing test practices, “use and learn,” and other feedback. The strategy should also remain consistent with evolving program documentation.

4.5.2 Condensing the demonstration/testing schedule.

A program should create a testing framework that enables subsequent increments to build off of previous tests to eliminate unnecessary rework. According to the programs interviewed, the testing community should consider the following issues before MS B when strategizing how to condense the testing cycle:

· Can future increments take advantage of tests performed in previous increments? T&E that confirmed the effectiveness and suitability of a previous increment generally does not need to be repeated in its entirety for the subsequent increments. One program said this “piggy-backing” on previous tests was a key to its testing strategy, since subsequent increments used many similar components of the initial increment.

· How much involvement do contractors have with the testing? In many cases, contractors play an integral role in capability testing. One program office interviewed said it decided to require a detailed test plan as part of the contractor down-select. This strategy enabled the program to evaluate the test plans in a competitive context and select the one that best fit its needs. Another program said it decided to have a contractor run its entire developmental testing (DT) program. By deciding on this early in the process, the ITT was able to focus on ways to facilitate interaction between the contractor and Government testing organizations.

· What are the technology changes between increments? Substantial testing occurs if the subsequent increment introduces a significantly changed hardware or software configuration, or introduces new functions, components, or interfaces that could reasonably be expected to alter previously confirmed capabilities. The programs interviewed said early consideration of this issue helps establish testing schedules and support new technology tradeoffs.

4.5.3 Seamless verification.

Seamless verification implements integrated testing techniques and procedures that minimizes gaps and creates overlaps between contractor, developmental, and operational testing. It helps testers structure T&E to more effectively support the requirements and acquisition processes. Moreover, seamless verification calls for key stakeholders from  multiple disciplines to integrate their efforts, produce efficient schedules, eliminate “stovepipes,” share all test data in open T&E databases, identify problems early, engage contractors to fix deficiencies sooner, and ensure capabilities are ready to enter dedicated operational testing with a high probability of success.
Programs using EA should take advantage of seamless verification to condense the testing schedule and field increments more efficiently. The emphasis of communication in seamless verification helps maintain a consistency in testing throughout multiple increments. This consistency may enable savings in time and cost. Additionally, some operational testing can be combined with developmental testing to save time. Operational assessments (OAs), if planned correctly, can review multiple technology spirals. 

Figure 9 shows how seamless verification can condense T&E within an increment. The test strategy, including opportunities for overlaps, is defined in early integrated planning. Between MS B and MS C, each successive spiral overlaps an increasing number of Developmental Test and Evaluation (DT&E) and Operational Test and Evaluation (OT&E) events. This overlapping helps the program reach an MS C decision and dedicated OT&E faster than a program that does not practice seamless verification.

Figure 9. Early planning for integrating T&E activities.
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In the interviews, the most common seamless verification techniques were merging DT&E and OT&E efforts, involving the AFOTEC in the pre-systems acquisition activities, and using subsets of tests for subsequent increments. In the LAIRCM case study (see D.4.3), the program office said finding ways to use subsets of tests for subsequent increments is a critical part of their testing strategy and a main focus of their test team.

4.5.4 Modeling and simulation (M&S).

The cost and complexity of modern weapon systems, particularly within a family-of-systems or system-of-systems, preclude the development of full-scale prototypes to merely provide proof of concept. Similarly, the cost of testing events limits the number of tests that can be practically conducted. M&S can represent the system-of-systems environment as a context for a program to properly design, develop, and test individual systems.

With its emphasis on fielding capability in as short a time frame as possible, the EA strategy calls for time savings in every possible area. M&S attempts to reduce testing cycle time and cost. When feasible, M&S should be used to verify compliance with contract requirements, and developmental testing and evaluation should be used to validate the M&S. If specified in the contract, designed-in growth or upgrade capability should be verified with this practice as well. In addition, lessons are learned during the modeling and simulations that can have a positive influence on the next increment definition.

The T&E strategy should describe how T&E and M&S would be applied to each increment. The planned M&S may be applicable to not only the first increment of an EA strategy, but to later increments, as well.

One interview participant said his program used M&S to ensure technologies scheduled for future increments could be easily integrated into the system. Another participant said his program had an M&S person assigned from AFRL on the program team. The AFRL team member helped coordinate the M&S effort between the program, the lab, and academic sources. They used M&S to evaluate technology maturity and establish a technology transition approach.

A challenge for M&S implementation is the need for the upfront investment in the associated tools in order to achieve long-term gain in program effectiveness. The PM should understand the long-term gains of M&S in order to invest limited resources in M&S development. A related issue is the cost of tailoring M&S tools to a particular program rather than amortizing the costs over a range of programs. The M&S strategy should be incorporated in the pre-systems acquisition activities so it is part of the test and evaluation strategy from the program outset.
4.5.5 Key EA activities for T&E.

For an EA strategy, a program’s T&E community should perform the following activities:

· Document an integrated test approach consistent with the required attributes for all defined increments. For the current increment, the ITT should describe a detailed justification for use of DT&E results to refine OT&E objectives. 

· Identify the developmental and operational test agencies in the Test and Evaluation Master Plan (TEMP). Also document an integrated strategy addressing operational testing of all increments. (See 5.2.6 for more information on the TEMP.)

· Justify the use of component-based testing and interoperability testing during future increment deployment based upon the level and structure of the system changes. While end-to-end full system testing is required for the initial increment, subsequent increments may not need full-system regression testing to meet operation evaluation requirements. 

· Identify and arrange availability for all required testing assets, including test articles, test equipment, and test facilities. For each increment, describe the common test resources, unique assets and the estimated schedule for availability.

4.5.6 EA checklist for T&E.

The following list contains EA issues for T&E teams to consider:

· Has the ITT been identified and invited to assist in development of the requirements documents and the EA strategy? If not, consider an invitation from the sponsor to both DT&E and AFOTEC.

· Has industry test capabilities and contractor testing been identified and addressed in the TEMP? If not, the ITT should consider the testing capabilities of all contractors for each increment. The TEMP should include scheduled demonstrations at the contractor facilities during SDD, bringing users from the command to evaluate the system prototypes.
· Is there a plan to use test results to adjust requirements for future increments? If not, determine in concert with the sponsor how to provide demonstration results and deployment feedback to the capability requirements coordination process.

· Has the use of M&S been identified and incorporated in the test approach for an EA strategy? If not, consider the early creation of simulations using past increment configurations as baseline systems.
4.6 Logistics.

4.6.1 Designing and planning for supportable systems.

The logistics planning in the pre-system acquisition activity should strike a balance between the need for capability and the need for support. For example, an interviewed program office said pre-MS B discussions with the user, sponsor, and logistics community resulted in a prioritization of the schedule over capabilities that required complex support systems. The program office decided to push the capabilities that needed complex support to subsequent increments while still fielding a militarily useful and supportable initial increment. This solution enabled the program to develop the proper support systems over time and meet the strict schedule.

The logistics planning should also include consideration of whether to upgrade previous increments to the latest configuration, or to field multiple increment configurations. This includes analysis of the potential cost, configuration control, and training problems that can arise with multiple configurations of end-items and support systems. In the LAIRCM case study, for example, the program office realized that establishing a repair capability for its initial increment did not make sense from a cost and feasibility standpoint because the program planned to upgrade all versions to the second increment’s technology (see D.4.5). By focusing on this logistics issue during program planning, the program has realized valuable resource savings.

4.6.2 Support strategies in an EA environment.

Support strategies such as Contractor Logistics Support, Total Systems Support Responsibility, Total Systems Support Partnerships, and Interim Contractor Support should be analyzed from an EA perspective.
  As increments are fielded, the support strategy should evolve to accommodate additional capabilities. The support strategy should be flexible to take advantage of existing support processes and infrastructures from previous increments. The incorporation of spare parts, including use of the Contractor Supported Weapons System program, should be considered. An effective support strategy arrives at best value decisions, using decisions tools, including Business Case Analyses, to develop the optimum support sourcing decisions.

4.6.3 Support assessments in an EA strategy.

EA introduces the need for assessment and revision of support strategies as a continuing, life-cycle process. Thorough assessments of support strategy effectiveness in terms of performance and support requirements should be conducted for every increment, and changes made when necessary. These assessments could form the basis for source of repair assignment process (SORAP) evaluation, and should be documented in the LCMP (see 5.2.4).

An assessment at the initial increment should address the support implications of the logistics strategy for both the initial and follow-on increments. As each successive increment is fielded, a total systems support assessment should be conducted. The feedback generated from these assessments can be incorporated into the planning of successive increments, resulting in an adaptable, flexible support system. The feedback also helps make system design decisions that improve the system’s supportability.

4.6.4 Performance-based logistics (PBL)

PBL is the DoD preferred approach for implementing product support
. It employs the purchase of support as an integrated performance package designed to bring higher levels of system readiness. PBL delineates outcome performance goals of weapon systems; ensures that responsibilities are assigned; and provides incentives for attaining those goals for the overall life-cycle management of system reliability, supportability, and total ownership cost. Refer to 5.3 of the Defense Acquisition Guidebook for more on PBL.
Because EA strategies promote capability delivery in multiple increments, the logistics and support systems need to be carefully planned. The support strategy needs to cover an increasing list of capabilities and technologies over time.

By employing PBL, programs can help ensure that the support needs are met and changes will be addressed in a cost-effective manner. One interview participant said they got the best logistics value from their contractor by stressing PBL “from the beginning.”  Another interview participant said doing “as much PBL as can be expected” has helped reduce the logistics support development schedule.

In terms of getting contractors to agree to the PBL strategy, one interview participant said the whole premise is to avoid “promising rose gardens.”  This means that the logistics plan and schedule should be as realistic as possible. The PBL approach is documented in the LCMP and should clearly define what should be delivered, when the delivery should occur, and how the delivery should be performed.
4.6.5 Key EA activities for logistics.

For an EA strategy, the program’s logistics team should perform the following activities:

· Address the logistics strategy for the current and future increments in the LCMP.

· Design an integrated support strategy specifically addressing the current increment while considering the logistical implications of subsequent increments.

· Identify and acquire logistics elements to sustain each increment in advance of the initial deployment.

· Build an initial supportable system design and improve that supportability in the system design of subsequent increments.

· Include support techniques during the operational effectiveness evaluation. 

· Build an initial supportable system design and improve that supportability in the system design of subsequent increments.

4.6.6 EA checklist for logistics.

The following list contains EA issues for logistics teams to consider:

· Does the strategy involve upgrading the existing systems to the latest increment? If so, construct a strategy that considers the reduced logistics and configuration management efforts required for supporting a single system version. Include modification funding and schedule for retrofitting past increments, and ensure available support during any change over.

· Does the strategy involve supporting separate capability deliveries? If so, ensure that support resources are identified in advance of initial fielding for any new increment.

· Has it been clearly documented how all integrated logistics support elements are adequately addressed and funded for the initial and subsequent increments? If not, address each element for defined increments in the LCMP (refer to 5.2.4). Be sure to schedule the acquisition for all support elements in advance of fielding for each increment.

· Are decisions/objectives reflected both in the systems’ design(s) and the support execution plan(s)? If not, include the traceability of requirements to decisions in both the SEP and the LCMP. For each increment, decisions affecting the logistics support should be clearly explained in program documentation.

4.7 Contracting.

4.7.1 EA impact on Government and industry contractor teams.

In general, EA strategies increase the resources needed by Government and the contractor teams to prepare multiple delivery orders, contracting documents, proposals, prices, and reviews. Specifically, the shorter the increments and concurrency between increments, the greater the requirements placed on contracting and business teams. However, the shorter contract periods and reduced requirement for full and open competition also may result in fewer contract modifications and lower workload for each particular contract. Due to this situation, contracting strategies should be chosen with these required resources in mind.

4.7.2 EA impact on teaming arrangements and small business plans.

For contractor teams, teaming arrangements should be constructed between the prime and subcontractors to allow for refinement between increments. The ability to rapidly adapt to changes in increment scope and requirements can represent an evaluation measure during competition. Additionally, small business plans may be more critical in EA strategies to provide access to innovative solutions. Small businesses are an excellent source of innovative technologies, and under EA there are increased opportunities for technology insertion. Therefore, small business plans should stress continuous outreach and market research activities for all increments.

4.7.3 Using performance-based and modular contracts.

Performance-based contracts have clear, definitive connections between rewards (fees) and the success in attaining performance parameters as defined by the user/program. These contracts focus more on the end-state of the system, rather than the processes needed to build the system. This type of contract fits well with an EA strategy because of the flexibility allowed to the contractor to achieve the desired performance.

An interview participant provided an example of a way to make contracts performance-based. That program used “carrots and sticks” in its contracts to emphasize its EA strategy. In other words, the program included incentives (carrots) and penalties (sticks) in the contracts that focused on meeting strict schedule requirements and use of open architectures. Examples of incentives include fee structure, sole source contracting for next increment, or increased procurement, while examples of penalties would include loss of fee, no-cost delivery of technical data, increased warrantee length, or reduced procurement. The use of these incentives and penalties increased the motivation of the program’s industry partners to adhere to the EA strategy.

In addition to being performance-based, contracts for EA strategies should be modular. Modular contracting breaks large acquisitions into smaller, more manageable modules. In this approach, complex requirements can be addressed incrementally to enhance the likelihood of achieving workable solutions while allowing for subsequent modules to take advantage of technological changes. Each module should be defined to provide a militarily useful capability not dependent upon any subsequent module. The modular contract approach allows the team to attack risk incrementally, making it easier to manage. As technology advances and/or Air Force needs change, the subsequent modules can be adjusted or modified to accommodate those changes. There are no particular competition requirements for contract modules.

4.7.4 Deciding on contract competitions for increments.

Acquisition strategy planning before and during MS B should include an overall contracting strategy that addresses each increment. Central to this planning is a decision when to conduct contractor competitions for the planned increment.
A contractual benefit of using EA is that it provides the ability to easily change contractors at the end of an increment (without a termination of contract for default or convenience) if a particular contractor is not performing up to expectations. This ability can provide leverage to ensure contractor performance. It also can provide an opportunity to expand the industrial base. It opens several opportunities for contractors to win work.

Modules (or contracts) should be structured to ensure the Government is not required to procure additional increments from the original contractor or the original equipment manufacturer. The requirements may be acquired via successive single procurements or by multiple procurements, but should ensure that the Government is not obligated to purchase more than one segment or module at a time. The freedom to transfer work to other contractors is enabled through penalty clauses that require delivery of reprocurement data if certain capability, schedule, or cost conditions are not met.

Competition for each increment, however, is a complex issue and should be made based on the specifics of a particular program. Typically, a program will not compete each increment. Several interviewed program offices voiced concerns about competitions for each increment because of potential resource and time constraint issues. The activities associated with competing contracts for every increment (setting up contractor days, performing the selection process, and all the other tasks related to running a competition) take up valuable time and resources.
Competing contracts for subsequent increments may affect a system’s continuity in system integration and interoperability. There is a steep learning curve required for one contractor to pick up where another left off, which could result in a significant time impact for the program. A related issue is the difficulty in replacing the expertise from an incumbent supplier on a program team. The single greatest way to mitigate and control this risk is the formulation and enforcement of an acquisition strategy based on common and commercial standards, and the use of robust open-system architecture.
Another risk involved in competing subsequent increments is protecting against organizational conflict of interest. Industry partners involved in previous increments may have access to proprietary information that could lead to an unfair advantage in the bidding for subsequent increments. To protect against this risk, contracts should clearly set the boundaries for subsequent increment competition. The LAIRCM program (see D.4.4Appendix D), for example, wrote non-competition language into the initial request for proposal (RFP).

A lesson learned here is that adequate resources should be allotted to planning contractor competitions in an EA strategy. Successive competitive contracts may be appropriate when there is sufficient time to award them, where the administrative cost is outweighed by the potential cost or technical benefits derived from the competitive marketplace, or where contractor continuity is not the predominant concern. An example of this situation is found within technical areas led by commercial interests, such as cell phone or network technologies, where the advantages of leveraging the open market outweigh the administrative costs. In general, however, the contractor selected for the initial increment is normally considered the preferred source for subsequent increments.
4.7.5 Meeting user needs through contract modifications.

With an EA strategy, constant feedback from users may require changes to the contract so subsequent increments may be improved. Programs should be prepared to not only modify contracts, but modify them quickly to avoid delays.

One program interviewee said users have a tendency to misinterpret the EA strategy as a way for programs to “add this or that” as an increment is developed. While the feedback is valuable, it needs to be carefully considered. Ill-timed additions or changes may add large costs or cause serious delays if the contracts do not allow for the recommended changes. The program should be ready to receive the feedback, determine how to apply it, and quickly modify the related contracts so the work can get done in the most effective manner. For this particular program, the contract for the next planned increment was modified based on the feedback received, and the recommended changes were performed successfully.

4.7.6 Applying EA in a typical contract.

All programs interviewed said they used standard contracting practices. This includes using cost reimbursable type contracts for development and fixed price type contracts for production. Table 4 presents the EA considerations in a typical contract.

Table 4. EA considerations in a typical contract.

	Section
	EA considerations

	Statement of objectives
	The EA strategy should be specified in the statement of objectives. This statement should address the EA impact on:

· The overall mission

· End items

· Unique program features (critical processes, test approach, incremental segmentation)

· Cost and schedule goals and limitations

	Section B—Supplies or services and prices or costs
	The contract line-item number structure of the initial contract should segregate the known requirements into manageable units. Recurring and nonrecurring activities should be identified separately. The descriptive data should cross-reference to the requirement documents.

	Section C—The description/specification/work statement
	EA encourages the streamlining of Government specifications. The typical contract should, therefore, identify commercial and standard practices. Performance objectives should also be included here and within the Statement of Objectives.

	Section H/I—Special contract requirements and clauses
	EA does not necessarily warrant the inclusion of any unusual contractual clauses beyond those required pursuant to Federal regulations. Programs, however, may include custom clauses to support a “quick response” contract modification strategy. An example would be a pre-set negotiation process for cost and/or schedule impacts.

	Section L—Instructions to Offerors
	This section should clearly answer to the following questions:

· Contracting for initial capability only?

· Contracting for defined option requirements?

· Contracting for initial capability and use of an engineering change proposal process to modify the existing contract for follow-on increments?

	Section M—Evaluation Methodology
	The criteria the Government uses to determine which proposal is selected for award should correlate to the critical aspects of the program’s EA strategy.


4.7.7 Matching the contract data requirements list (CDRL) to the EA strategy.

The contract data requirements list exhibit in the RFP should correlate to the EA strategy such that all data requirements necessary for the Government to conduct its business are appropriately acquired and documented. Additional thought must be given to buying and taking delivery of any product definition data (formerly technical data packages) such that for increments being procured by competitive source selections, the data are available, current, and releasable for the solicitation.

4.7.8 Using indefinite delivery or indefinite quantity (ID/IQ) contracts.

ID/IQ contracts provide an efficient means of acquiring supplies and/or services if the exact times and/or quantities of future deliveries are not known at the time the contract is awarded. The ease of task order awards and the ability to retain development and production contractors make these contracts particularly applicable to EA.
Task or delivery order contracts are generally appropriate for all types of modular acquisitions, but are particularly applicable when the scope of subsequent modules cannot be clearly defined at contract award or when significant development effort may be necessary. Depending on the task or requirement, the program team can explore the use of an existing ID/IQ contract or award its own contract, which could include any unique terms and conditions or requirements. Depending on the task or requirement, the program team can explore the use of an existing ID/IQ contract or award its own contract, which could include any unique terms and conditions or requirements.
This contracting technique is proving successful for the Mission Planning program office (see E.4.4). They performed a one-time full and open competition for the ID/IQ contract, resulting in five qualified sources. As a result, subsequent awards for software modules can be made to one of five authorized contractors through a quicker fair-opportunity competition, thus eliminating traditional barriers for rapid contracting in increments.
4.7.9 Key contracting activities for EA strategies. 
For an EA strategy, the program’s contracting team should perform the following activities:

· Establish a contracting strategy that fits the needs of all defined increments. Contract vehicles selected should ensure incremental contract phasing through modifications. Specific contracts should utilize modular contracting practices. 

· Consider separate contracts for tasks with high interdependencies between increments.
4.7.10 EA checklist for contracting.

The following list contains EA issues for contracting teams to consider:

· Has competition been considered in contracting for each increment? The contracting strategy should describe the exact level of competition sought for each increment. The level of competition should reflect the degree of system changes anticipated for each increment, beginning with fair and open in the initial increment, then evaluating options such as fair opportunity, or subcontract management with contractor evaluation.

· Have the interdependencies (technical, management and business) between increments been considered in selecting a source? If not, match each connection between increments with an element of the source selection criteria. 

· Are the contracts phased to ensure capability is delivered to the user on time? If not, modify contracting strategy for agreement with deployment schedule as constructed in the Acquisition Program Baseline (APB) and the EMA. Implement performance based features within the contract to tie contractor’s award or incentive fee to scheduled deployment.

5. Documenting Evolutionary Acquisition 

Documents that capture objectives and describe the acquisition strategy can be divided into two categories: JCIDS coordinated documents and Acquisition Framework coordinated documents. These categories deal with the coordinating and approval process in conjunction with milestone and development reviews. The JCIDS coordinated documents are key enablers for the EA strategy because they represent opportunities to refine the objective capabilities for all future increments based upon experience from the current increment.

The EA strategy impacts the documents that are created for the acquisition of a defense system. A program’s acquisition documentation should describe the required capabilities and development processes for the initial and future increments. Each increment is described in as much detail as possible and the documentation is updated as future increments are further defined.

5.1 EA impact on the Joint Capabilities Integration and Development System (JCIDS) process documents.

JCIDS is focused on defining the needed capability. Certain JCIDS documents are reviewed and approved by either joint staff or Air Force Requirements for Operational Capability Council (AFROCC) before each milestone of each increment. Due to multiple increments, an EA strategy heightens the involvement of the acquisition community in the JCIDS process as each increment provides opportunities for refinement of documents describing current and future increments. The JCIDS documents are the Initial Capability Document (ICD), Capability Development Document (CDD), and Capability Production Document (CPD).
5.1.1 EA impact on the Initial Capability Document (ICD).
After a thorough analysis of a capability gap, the ICD sponsor documents the solution in an ICD.
  An approved ICD is required before a concept decision is made and the project enters the Acquisition Management Framework.

An ICD with time-phased elements includes specific deployment dates for different capabilities, a priority listing for associated capabilities, and any estimated schedule for changes in threat environments. These time-phasing details can help define an EA strategy. The time phased requirements may describe a changing capability gap as a result of threat evolution, shifting deployment levels, equipment retirement, or CONOPS refinement.

The sponsor or JCIDS stakeholders may update an ICD if they determine a change in the capability gap. ICD updates, however, are rare. Figure 10 shows the EA impact on the ICD.
Figure 10. The EA impact on the ICD.
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5.1.2 EA impacts on the Capability Development Document (CDD).
The project sponsor, in coordination with appropriate DoD Components, develops the CDD prior to a MS B decision. The CDD for an EA strategy uses key performance parameters (KPPs) to describe both detailed information on the current increment and the plan for developing the capability in subsequent increments. KPPs should be kept to a minimum set of measurable system performance parameters.

For programs using the SD approach, the CDD documents the current increment in detail, as well as all other known increments to the greatest extent practicable (see Figure 11). The CDD for projects using the ID approach describe all increments in equal detail.
The CDD in an EA strategy includes a time-phased and prioritized layout of the desired capabilities so that the acquisition strategy can be tailored to meet urgent user needs first, followed by less urgent needs as technology and the understanding of capability needs mature. The KPPs in the CDD are critical to the capability becoming operational. The document may also describe other attributes that represent less critical capabilities
. If technologies are not mature enough to be part of the current increment, they may be described in the CDD for further technology development as a part of a future increment.
Figure 11. The EA impact on the CDD.
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CJCSI 3170.01D specifies that JCIDS stakeholders review the CDD and CPD for each increment. This heightened capability development oversight enables JCIDS stakeholders to closely monitor what is being developed and define capability gaps with more precision. In single step strategies that do not involve increments, the JCIDS involvement is reduced because the stakeholders only perform the reviews one time.

5.1.3 EA impacts on the Capability Production Document (CPD)
A CPD describes the capability needs of a specific increment that will be manufactured, operationally tested, and fielded. The CPD references the associated ICD and CDD, but only addresses the current increment. In EA, there is a CPD and a MS C review for every increment.

The CPD addresses the production attributes and quantities specific to a single increment of an acquisition program. The sponsor finalizes a CPD prior to MS C when projected capabilities of the increment in development have been specified with sufficient accuracy to begin production.
Performance and supportability attributes in the CPD are specific to the current increment only. The design trades have been completed and a specific production design determined for the increment. The threshold and objective performance values of the CDD are, therefore, superseded by the specific production values detailed in the CPD for the increment. A decrease in KPP thresholds to accommodate the introduction of an additional capability is not normally desired. There can be cases, however, where this is acceptable as long as the overall operational effectiveness is improved. Figure 12 displays the EA impact on the CPD.

Figure 12. The EA impact on the CPD.
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5.2 EA impact on acquisition management framework documents.

5.2.1 The acquisition management framework in EA.

DODI 5000.2 defines three general activities: pre-systems acquisition, systems acquisition, and sustainment. Within these activities, five distinct framework phases exist:

· Concept Refinement

· Technology Development

· System Development and Demonstration (SDD)

· Production and Deployment (P&D)

· Operations and Support (O&S)

Figure 13 shows how the acquisition framework phases work in an EA strategy. Based upon demonstrated technology maturity, an initial increment may enter the acquisition process at MS A, B, or C. The proposed increment must meet all entrance criteria for the acquisition phase of entry. For an EA strategy, only an initial increment will include Concept Refinement tasks, which define each of the known increments. As the figure shows, feedback from milestone reviews and users on the initial increment is used to refine requirements for the next increment(s). Subsequent increments can start at the earliest in the Technology Development phase (pre-MS B) and at the latest in SDD (pre MS C).
Figure 13. The Acquisition management framework in an EA environment.
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An EA strategy requires a number of documents to guide and record the progress of the program. Since each increment may be considered a new acquisition, all acquisition documents may need to be reviewed and updated prior to a milestone review. The required documents include:

· Course Of Action (COA) plans
· Technology Development Strategy (TDS)

· Life Cycle Management Plan (LCMP)

· Acquisition Program Baseline (APB)

· Test and Evaluation Master Plan (TEMP)

The following sections discuss the EA impacts on these documents.

5.2.2 Course of Action (COA) plans. 
COAs describing EA strategies include broad details on developing capabilities in increments. These details may include defining either an SD or an ID approach. For example, a COA might state the first increment will definitely yield objectives A, B, and C. Subsequent objectives would be identified later and implemented in subsequent increments (SD). Another COA might state delivery of limited capabilities in two years (or longer) with additional capabilities added in subsequent, defined increments (ID). 

The MDA selects the most appropriate COA based on the maturity of the technologies involved and the need for the capability. An EA COA proposes a way to field a militarily useful and supportable capability as quickly as possible. The COA should include plans to incorporate proven technologies that can effectively adapt to threats and budgets over time.
 

5.2.3 The Technology Development Strategy (TDS).
The TDS documents the acquisition strategy to support the selected course of action during concept refinement and is approved by the MDA. It represents a critical roadmap for the EA strategy. The industrial base and AFRL are two critical sources in helping define the TDS, specifically technology spirals and development increments. The objective of the TDS is to align the proposed technology development activities with the required capabilities for each defined increment.

For an EA strategy, the TDS information includes technology and system development efforts, and descriptions of test, production, fielding, operational support, and upgrade planning for the initial and subsequent increments (if possible). The TDS for an EA strategy should include a preliminary description of the: 

· Plan to divide the proposed program into technology spirals and development increments. This plan should be defined by required capabilities, available technology, and budget. It should also include a limitation on the number of prototypes and how these units will be supported.

· A program strategy, including overall cost, schedule, and performance goals for the total research and development program.

· Specific cost, schedule, and performance goals, including exit criteria, for the first technology spiral/increment demonstration.

· A test plan to ensure that the goals and exit criteria for technology demonstration are met. 

5.2.4 The Life Cycle Systems Management Plan (LCMP).
AFI 63-107 requires a completed LCMP as an exit criterion for MS B. The LCMP merges a program’s development and sustainment plans and is the main source of logistics support planning information for a program. It records the decisions made, actions planned, impacts anticipated, and costs projected for the logistics part of the program. It communicates the logistics approach to MDAs, acquisition strategy panels, and Air Force corporate review panels. It enables an adequate assessment of the proposed system of systems to ensure the user can be satisfactorily supported before approving progression into subsequent phases of the acquisition process.

For an EA strategy, the LCMP should be reviewed and updated for each increment. For logistics purposes, the review should focus on how the sustainment plan should be tailored for the current increment and future increments. If plans for a future increment include a major upgrade in capability, the PM and associated logistics staff should document in the LCMP how the program will support the future change. If a technology does not mature and is pushed to a future increment, the LCMP should document how the sustainment plan is affected.
5.2.5 The Acquisition Program Baseline (APB).

The APB documents program goals prior to (or just after) program initiation. It clearly states performance and schedule parameters (in threshold/objective format) as well as realistic cost estimates. The parameters and estimates should be directly traceable to the sponsor’s capability document(s) and the applicable approach outlined in Table 5.

Table 5. The APB in an EA strategy.
	CDD
	APB

	CDD defines multiple increments of capability
	APB contains multiple sets of parameter values, each set defining an increment

	CDD incrementally updated and revalidated
	APB values incrementally updated

	Separate CDDs for each increment
	Separate APBs for each increment


DoDI 5000.2 requires the MDA to formally initiate each increment of a program that uses an EA strategy. Program initiation may occur at MS B or C. Therefore, the PM should develop APBs for each program increment. Planned program goals (parameters and their values) for any program may be refined, according to the actual results demonstrated by the program.

5.2.6 The Test and Evaluation Master Plan (TEMP).

The TEMP correlates and integrates T&E with the overall acquisition program strategy, schedule, and other program documentation. It defines the critical path for completing T&E by identifying necessary developmental, operational, and live-fire test activities. 

The TEMP for the initial increment of an EA strategy provides a plan for testing in increments. For the SD approach, the TEMP covers only the defined increments. For the ID approach, the TEMP covers all increments equally.

The TEMP should also be consistent with the time-phased statement of desired capabilities in the CDD or CPD. It provides a road map for integrated simulation, test, and evaluation plans, schedules, and resource requirements necessary to accomplish the T&E program objectives.

A main goal of the TEMP should be to minimize the amount of comprehensive operational testing on subsequent increments. When multiple increments are planned, comprehensive testing on each one can significantly lengthen a program. While strict testing policies exist and should be adhered to, interpretations and compromises between the program and the test communities may eliminate unnecessary effort. As described in the Mission Planning case study (see E.4.3), unnecessary comprehensive testing was not needed for many upgrades when changes were made to individual software modules.
EA strategies may require more TEMP reviews than single step programs. As testing gets under way, lessons are learned that may have an influence on the next increment definition. As the increments change, the testing plan changes accordingly. 

5.3 Summary of documentation.

Figure 14 shows the various documents for a single increment in relation to required events. These events may include AFROCC or Joint Requirements Oversight Council (JROC) reviews, Defense Acquisition Board (DAB) meetings, and test team stand ups and certifications. Many documents are updated at several points within the acquisition framework, and all are updated or re-written for subsequent increments. In addition to the documents covered in this section, any documentation required for acquisition is also required for an EA strategy, including security and intelligence documents. Since each increment is considered a separate acquisition program, all documents need to be coordinated and approved for each increment, in accordance with Air Force or DoD guidance.

Figure 14. Documents scheduled throughout an increment.
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Appendix B
Participating Program Details

B.1
Scope.

This appendix provides details on the programs that participated in the interviews and case studies for this document.

B.2
Interview description.

The interviews consisted of individual phone conferences attended by the programs and AFMC representatives. Using interactive questionnaires, the AFMC representatives sought to highlight the evolutionary elements of the programs, identify potential best practices, and uncover lesson learned concerning the application of EA. Each program applied various evolutionary elements to their acquisition strategy, but the development approaches varied (spiral or incremental). Some programs started out using an EA strategy. Others adapted their existing strategy to apply EA principles.

B.3
Case study description.

AFMC conducted additional case studies for two programs; LAICRM (see Appendix D) and Mission Planning (see Appendix E). These analyses discuss the programs’ acquisition strategies from start to finish. They identify several specific ideas, situations, and issues a program using an EA strategy may encounter. The case studies also provide insight into EA programmatic experiences, lessons learned, and barriers/enablers.

B.4
Table summaries.

The following tables (B-1 and B-2) contain background details on the participating programs.

Table B-1. Program address and background information.

	Program
	Location
	Spiral or Incremental Approach
	Program Initiated Using EA
	New or Replacement System

	Joint Primary Aircraft Training System
	Wright-Patterson AFB, OH
	Spiral
	No
	Replacement

	Joint Helmet Mounted Display
	Wright-Patterson AFB, OH
	Spiral
	No
	New

	Large Aircraft Infrared Countermeasures
	2Wright-Patterson AFB, OH
	Spiral
	Yes
	New

	Small Diameter Bomb
	Eglin AFB, FL
	Spiral
	Yes
	New

	Joint Direct Attack Munitions
	Eglin AFB, FL
	Incremental
	Yes
	New

	Joint Strike Fighter
	200 12th Street South, Suite 600,  Arlington, VA  22202-4304
	Incremental
	Yes
	Replacement

	Global Theater Weather Modeling and Prediction System
	Offutt AFB, NE
	Incremental
	Yes
	Replacement

	Multi Sensor Command and Control Aircraft
	Hanscom AFB, MA
	Incremental
	Yes
	New

	Mission Planning

	Hanscom AFB, MA
	Spiral
	Yes
	New


Table B-2. Program ACAT, contract type(s), and status at the time of the interview.

	Program
	ACAT
	Contract Type(s)
	Status (last MS review)

	Joint Primary Aircraft Training System
	IC
	CP - FFP
	FRP

	Joint Helmet Mounted Display
	III
	CPAF - FFP
	FRP

	Large Aircraft Infrared Countermeasures
	II
	CPAF
	MS C

	Small Diameter Bomb
	ID
	FFP - CPAF
	MS B

	Joint Direct Attack Munitions
	ID
	CP/FFP
	FRP

	Joint Strike Fighter
	ID
	CPFF - CPAF
	SDD - LRIP

	Global Theater Weather Modeling and Prediction System
	III
	Not available
	Increment 4

	Multi Sensor Command and Control Aircraft
	ID
	CPAF
	MS A

	Mission Planning
	ID
	ID/IQ - CPAF
	MS B


Key:

CP = cost plus 


FFP = full fixed price


LRIP = Low rate initial production
CPAF = cost plus award fee

FRP = Full rate production

MS = Milestone
CPFF = cost plus fixed price

ID/IQ = indefinite delivery/indefinite quantity 
B.5
Survey.

Along with several discussion questions, the interviews also included a short quantitative survey. AFMC representatives asked participants to rank their agreement level with five statements. The results are displayed in table B-3. The table shows the number of times an answer was cited for each question.

Table B-3. Results from interview survey.

	
	Strongly Disagree
	Disagree
	Unsure
	Agree
	Strongly Agree

	The EA strategy has helped (is helping) to produce a better product for the warfighter (user).
	
	
	1
	5
	2

	The EA strategy has reduced the time needed to field capabilities required by the warfighter (user).
	
	1
	1
	2
	4

	The program team had (has) sufficient access to the tools, knowledge, and training needed to implement the EA strategy successfully.

	
	
	
	7
	

	This program’s EA strategy received strong support from inside DoD.
	
	1
	1
	4
	2

	Industry was a proficient and effective partner in implementing the EA strategy.
	
	
	2
	4
	2


Appendix C
Definitions and Acronyms
C.1
Definitions.

This section provides a comprehensive definitions list for the terms included in the document. The list does not include definitions for EA, SD, and ID, which are defined in 2. EA Primer. 
Note: The definitions are from various sources. Each entry has an italicized source statement.

Acquisition Category (ACAT) - Categories established to facilitate decentralized decision-making and execution, and compliance with statutorily imposed requirements. The categories determine the level of review, decision authority, and applicable procedures. DoDI 5000.2 contains specific definitions for each ACAT. Source: CJCSM 3170.01A

Acquisition Decision Memorandum (ADM) - The Acquisition Decision Memorandum documents MDA approval of the Analysis of Alternatives (AoA) Plan and establishes a date for the MS A review. Source: The Defense Acquisition Guidebook

Acquisition Program - A directed, funded effort that provides a new, improved, or continuing materiel, weapon or information system or service capability in response to an approved need. Source: DoDD 5000.1

Acquisition Program Baseline (APB) - Each program’s APB is developed and updated by the program manager and will govern the activity in the phase succeeding the milestone for which it was developed. Source: CJCSM 3170.01A

Air Force Requirements for Operational Capabilities Council (AFROCC) - The AFROCC reviews, validates, and recommends approval of all Air Force operational requirements and Air Force operational architectures. The AFROCC ensures Air Force operational requirements documentation is prepared in accordance with Air Force and Joint Staff guidance, complies with established standards, and accurately articulates valid Air Force operational requirements. Source: AFI 10-601

Analysis of Alternatives (AoA) - The evaluation of the operational effectiveness, operational suitability, and estimated costs of alternative systems to meet a mission capability. The analysis assesses the advantages and disadvantages of alternatives being considered to satisfy capabilities, including the sensitivity of each alternative to possible changes in key assumptions or variables. Source: CJCSM 3170.01A

Analysis of Materiel Approaches (AMA) - In JCIDS, an AMA is performed to determine the best materiel approach or combination of approaches to provide the desired capability or capabilities. Though the AMA is similar to an AoA, it occurs earlier in the analytical process. Source: CJCSM 3170.01A
Capability - The ability to execute a specified course of action. It is defined by an operational user and expressed in broad operational terms in the format of an ICD or a DOTMLPF change recommendation. In the case of material proposals, the definition will progressively evolve to DOTMLPF performance attributes identified in the CDD and the CPD. Source: CJCSM 3170.01A

Capability Development Document (CDD) - A document that captures the information necessary to develop a proposed program(s), normally using an evolutionary acquisition strategy. The CDD outlines an affordable increment of militarily useful, logistically supportable, and technically mature capability. Source: CJCSM 3170.01A

Capability Gaps - Those synergistic resources that are unavailable but potentially attainable to the operational user for effective task execution. These resources may come from the entire range of DOTMLPF solutions. Source: CJCSM 3170.01A

Capability Production Document (CPD) - A document that addresses the production elements specific to a single increment of an acquisition program. Source: CJCSM 3170.01A

Command, Control, Communications, Computers and Intelligence Support Plan (C4ISP) - See Information Support Plan.

Defense Acquisition Board (DAB) - The DAB shall advise the USD(AT&L) on critical acquisition decisions. The USD(AT&L) shall chair the DAB, and the Vice Chairman of the Joint Chiefs of Staff shall serve as the co-chair. An ADM shall document the decision(s) resulting from the review. Source: The Defense Acquisition Guidebook
DoD Component - The DoD Components consist of the Office of the Secretary of Defense, the Military Departments, the Chairman of the Joint Chiefs of Staff, the combatant commands, the Office of the Inspector General of the Department of Defense, the Defense agencies, DoD field activities, and all other organizational entities within the Department of Defense. Source: CJCSM 3170.01A

DoD 5000 Series - DoD 5000 series refers collectively to DoDD 5000.1 and DoDI 5000.2. Source: CJCSM 3170.01A

Developmental Test and Evaluation (DT&E) - Test and evaluation conducted to evaluate design approaches, validate analytical models, quantify contract technical performance and manufacturing quality, measure progress in system engineering design and development, minimize design risks, predict integrated system operational performance (effectiveness and suitability) in the intended environment, and identify system problems (or deficiencies) to allow for early and timely resolution. DT&E includes contractor testing and is conducted over the life of the system to support acquisition and sustainment efforts. Source: Defense Acquisition Guidebook
Family of Systems (FoS) - A set or arrangement of independent systems that can be arranged or interconnected in various ways to provide different capabilities. The mix of systems can be tailored to provide desired capabilities, dependent on the situation. An example of a FoS would be an anti-submarine warfare FoS consisting of submarines, surface ships, aircraft, static and mobile sensor systems and additional systems. Although these systems can independently provide militarily useful capabilities, in collaboration they can more fully satisfy a more complex and challenging capability: to detect, localize, track, and engage submarines. Source: CJCSM 3170.01A

Full-Rate Production and Deployment (FRP) - Continuation into full-rate production results from a successful Full-Rate Production Decision Review by the MDA (or person designated by the MDA). This effort delivers the fully funded quantity of systems and supporting materiel and services for the program or increment to the users. During this effort, units shall attain Initial Operational Capability. The tables at enclosure 3 identify the statutory and regulatory requirements associated with this decision. Source: DoDI 50001[1].2
Functional Area - A broad scope of related joint warfighting skills and attributes that may span the range of military operations. Specific skill groupings that make up the functional areas are approved by the JROC. Source: CJCSM 3170.01A

Human Systems Integration - The integrated and comprehensive analysis, design and assessment of requirements, concepts and resources for system manpower, personnel, training, safety and occupational health, habitability, personnel survivability, and human factors engineering. Source: CJCSM 3170.01A

Information Support Plan (ISP) - The ISP (formerly called the Command, Control, Communication, Computers, and Intelligence Support Plan (C4ISP)) is intended to explore the information-related needs of an acquisition program in support of the operational and functional capabilities the program either delivers or contributes to. The ISP provides a mechanism to identify and resolve implementation issues related to an acquisition program's Information Technology (IT), including National Security Systems (NSS), infrastructure support and IT and NSS interface requirements. Source: The Defense Acquisition Guidebook.

Initial Capabilities Document (ICD) - The ICD documents the need for a materiel approach to a specific capability gap derived from an initial AMA executed by the operational user and, as required, an independent analysis of materiel alternatives. It defines the capability gap in terms of the functional area, the relevant range of military operations, desired effects, and time. The ICD summarizes the results of the DOTMLPF analysis and describes why nonmateriel changes alone have been judged inadequate in fully providing the capability. Source: CJCSM 3170.01A

Integrated Architectures - An architecture consisting of multiple views or perspectives (operational view, systems view, and technical view) that facilitates integration and promotes interoperability across capabilities and among related integrated architectures. Source: CJCSM 3170.01A

Initial Operational Test and Evaluation (IOT&E) - IOT&E determines the operational effectiveness and suitability of systems using production or production-representative articles with stabilized performance and operationally representative personnel. Tests are conducted under operational conditions and mission scenarios, including combat, that are as operationally realistic as possible and practical. IOT&E determines if operational requirements and critical operational issues (COI) have been satisfied and assesses system impacts to peacetime and combat operations. A dedicated phase of IOT&E is required for ACAT I and II programs according to Title 10 §2399 and is strongly encouraged for all other programs. Additional IOT&Es may be required for later increments depending on the acquisition strategy. IOT&E is conducted by AFOTEC. Source: AFI 99-103,
Interoperability - The ability of systems, units, or forces to provide data, information, materiel, and services to and accept the same from other systems, units, or forces and to use the data, information, materiel and services so exchanged to enable them to operate effectively together. IT and NSS interoperability includes both the technical exchange of information and the end-to-end operational effectiveness of that exchanged information as required for mission accomplishment. Source: CJCSM 3170.01A

Joint Capabilities Integration and Development System (JCIDS) - The procedures established in the JCIDS (see CJCSM 3170.01 and CJCSI 3170.01D) support Chairman of the Joint Chiefs of Staff and the Joint Oversight Requirements Council (JROC) in identifying, assessing and prioritizing joint military capability needs as specified in 10 U.S.C. §§ 153, 163, 167, and 181. Validated and approved JCIDS documents provide the Chairman’s advice and assessment in support of these statutory mandates.

The JCIDS, the Defense Acquisition System, and the Planning, Programming, Budgeting, and Execution (PPBE) process form DOD’s three principal decision support processes for transforming the military forces to support the National Military Strategy and the Defense Strategy.

JCIDS implements a capabilities based approach that better leverages the expertise of all Government agencies, industry and academia to identify improvements to existing capabilities and to develop new warfighting capabilities. This approach requires a collaborative process that utilizes joint concepts and integrated architectures to identify prioritized capability gaps and integrated DOTMLPF solutions (materiel and nonmateriel) to resolve those gaps. Source: CJCSI 3170.01D

Joint Requirements Oversight Council (JROC) - The JROC reviews programs designated as JROC interest and supports the acquisition review process. In accordance with the CJCS Instruction 3170.01, the Joint Staff reviews all JCIDS documents and assigns a JPD. The JROC charters Functional Capabilities Boards. Source: The Defense Acquisition Guidebook
Key Performance Parameters (KPP) - Those minimum attributes or characteristics considered most essential for an effective military capability. KPPs are validated by the JROC for JROC Interest documents and by the DoD Component for Joint Integration or Independent documents. CDD and CPD KPPs are included verbatim in the APB. Source: CJCSM 3170.01A

Life Cycle Management Plan (LCMP) - This document integrates both the acquisition and sustainment strategies from concept development to disposal and provides all product support requirements of a supported system, subsystem, or major end item. The LCMP lays out full life cycle product support strategies; and maximizes system effectiveness from the perspective of the warfighter. Note: This document is a blending of the Single Acquisition Management Plan (SAMP) and the Product Support Management Plan (PSMP). Source: AFI 63-107
Live Fire Test and Evaluation (LFT&E) - The firing of actual weapons (or surrogates if actual weapons are not available) at components, subsystems, sub-assemblies, and/or full-up, system-level targets or systems to examine personnel casualties, system vulnerabilities, or system lethality; and the evaluation of the results of such testing. Source: Defense Acquisition Guidebook
Logistic Support - Logistic support encompasses the logistic services, materiel, and transportation required to support the continental United States-based and worldwide-deployed forces. Source: CJCSM 3170.01A

Low-Rate Initial Production (LRIP) - Production of the system in the minimum quantity necessary (1) to provide production-configured or representative articles for operational tests pursuant to §2399; (2) to establish an initial production base for the system; and (3) to permit an orderly increase in the production rate for the system sufficient to lead to full-rate production upon the successful completion of operational testing. NOTE:  The LRIP quantity should not exceed 10 percent of the total number of articles to be produced as determined at the MS B decision. (Title 10 §2400) Source: AFI 99-103
Materiel Solution - A defense acquisition program (nondevelopmental, modification of existing systems, or new program) that satisfies, or is a primary basis for satisfying identified user capabilities. In the case of FoS and SoS approaches, an individual materiel solution may not fully satisfy a necessary capability gap on its own. Source: CJCSM 3170.01A

Milestones - Major decision points that separate the phases of an acquisition program. Source: CJCSM 3170.01A

Milestone Decision Authority (MDA) - The individual designated, in accordance with criteria established by the USD (AT&L), by the ASD (NII) for automated information system acquisition programs or by the USecAF (as the DoD Space MDA) for space programs to approve entry of an acquisition program into the next phase. Source: CJCSM 3170.01A

Militarily Useful Capability - A capability that achieves military objectives through operational effectiveness, suitability, and availability, which is interoperable with related systems and processes, transportable and sustainable when and where needed, and at costs known to be affordable over the long term. Source: CJCSM 3170.01A

Modular Open Systems Approach (MOSA) - An integrated business and technical strategy that employs a modular design and defines key interfaces using open standards. Source: Under Secretary of Defense Michael Wynne Memo, April 5, 2004
Modularity - For hardware and software, characteristics of an open-system architecture include partitioning by which functions are organized, minimized, and isolated into discrete modules. A modular system comprises discrete elements, each of which is defined in such completeness and detail that selected element(s) can be replaced and/or modified with minimal or no modification to other system elements while maintaining equal or improved system performance and capability. Source: Air Force Evolutionary Acquisition Guide, draft as of November 2000

Module - An economically and programmatically separable segment (in the form of hardware and/or software) that can be developed and acquired without necessarily going to the prime contractor or the original equipment manufacturer. Source: Air Force Evolutionary Acquisition Guide, draft as of November 2000

Nonmateriel Solution - Changes in doctrine, organization, training, leadership and education, personnel, or facilities (DOTMLPF) to satisfy identified functional capabilities. Source: CJCSM 3170.01A

Open-System Architecture - A system composed of subsystems and components that rely on common formats and services, allowing relatively easy system upgrades. The architecture is characterized by:

· Well-defined, widely used, nonproprietary interfaces and protocols.

· Use of standards to define the interfaces - primarily standards developed or adopted by industrially recognized standards bodies.

· Explicit provision for expansion or upgrade through insertion of new technology.

· Use of performance-based specifications to describe the system. 
Source: Air Force Evolutionary Acquisition Guide, draft as of November 2000

Operational Assessment (OA) - An analysis of potential operational effectiveness and suitability made by an independent operational test activity, with operator support as required, on other than production systems. The focus of an operational assessment is on significant trends noted in development efforts, programmatic voids, areas of risk, adequacy of requirements, and the ability of the program to support adequate operational testing. Operational assessments may be made at any time using technology demonstrators, prototypes, mockups, engineering development models, or simulations, but will not substitute for the dedicated OT&E [sic] necessary to support full production decisions. Source: Defense Acquisition Guidebook
Operational Test and Evaluation (OT&E) - 1. The field test, under realistic combat conditions, of any item of (or key component of) weapons, equipment, or munitions for the purpose of determining the effectiveness and suitability of the weapons, equipment, or munitions for use in combat by typical military users; and the evaluation of the results of such test. (Title 10 §139(a)(2))  2. Testing and evaluation conducted in as realistic an operational environment as possible to estimate the prospective system's operational effectiveness and operational suitability. In addition, OT&E provides information on organization, personnel requirements, doctrine, and tactics. It may also provide data to support or verify material in operating instructions, publications, and handbooks. Source: AFI 99-103
Operator - An operational command or agency that employs the acquired system for the benefit of users. Operators may also be users. Source: CJCSM 3170.01A

Performance-based Logistics (PBL) - A strategy for weapon system life cycle sustainment that links product support to an integrated weapon system performance package designed to optimize readiness. Performance-based support arrangements/contracts are based on operational requirements, e.g., system availability and MC rates, with clear lines of authority and responsibility. PBL is strategy that intends to optimize total system availability while minimizing cost and logistics footprint. Source: The Defense Acquisition Guidebook
Program Manager (PM) - The designated individual with responsibility for and authority to accomplish program objectives for development, production, and sustainment to meet the user’s operational needs. The PM is accountable for credible cost, schedule, and performance reporting to the MDA. Source: DoDD 5000.1

Program Management Directive (PMD) - The PMD provides the authority to execute a program and provides a framework to identify the major activities included in the life cycle of a program. The PMD conveys the guidance and direction of the decision authority and identifies the various organizations essential to the success of a program or other effort. This includes the Air Force Acquisition Executive (AFAE), Milestone Decision Authorities (MDAs), PEOs, Air Staff Agencies, Program Managers, Capabilities Directors (CDs), MAJCOMs, test organizations, field units and any other component or organization essential for meeting the operational need. Source: AFI 63-101
Program Protection Planning (PPP)- An acquisition and logistics managed program process that identifies a system’s critical program elements, threats and vulnerabilities throughout the system’s life-cycle. Program Protection Planning is a comprehensive effort that encompasses all security, technology transfer, intelligence and counterintelligence processes through the integration of embedded system security processes, security manpower, equipment, and facilities. Source  AFPD 63-17
Single Acquisition Management Plan (SAMP) - See Life Cycle Management Plan. Source: AFI 63-101
Sponsor - The DoD component responsible for all common documentation, periodic reporting, and funding actions required to support the capabilities development and acquisition process for a specific capability proposal. Source: CJCSM 3170.01A

Sustainability - The ability to maintain the necessary level and duration of operational activity to achieve military objectives. Sustainability is a function of providing for and maintaining those levels of ready forces, materiel, and consumables necessary to support military effort. Source: CJCSM 3170.01A

Sustainment - The provision of personnel, logistic, and other support required to maintain and prolong operations or combat until successful accomplishment or revision of the mission or of the national objective. Source: CJCSM 3170.01A

System of Systems (SoS) - A set or arrangement of interdependent systems that are related or connected to provide a given capability. The loss of any part of the system will degrade the performance or capabilities of the whole. An example of an SoS could be interdependent information systems. While individual systems within the SoS may be developed to satisfy the peculiar needs of a given user group (like a specific Service or agency), the information they share is so important that the loss of a single system may deprive other systems of the data needed to achieve even minimal capabilities. Source: CJCSM 3170.01A

Test and Evaluation Master Plan (TEMP). The TEMP integrates the requirements, acquisition, T&E, and sustainment strategies, along with all test and evaluation (T&E) schedules, funding, and resources, into an efficient continuum of integrated testing. The PM, working through the integrated test team, is responsible for preparing a TEMP prior to MS B (KDP-C for space programs) for ACAT I, IAM, ACAT II, and all OSD T&E Oversight programs. TEMPs are strongly encouraged for all other programs. Source: AFI 99-103

Threshold Value - A minimum acceptable operational value below which the utility of the system becomes questionable. Source: CJCSM 3170.01A

User - An operational command or agency that receives or will receive benefit from the acquired system. Combatant commanders and their Service Component commands are the users. There may be more than one user for a system. Because the Service Component commands are required to organize, equip, and train forces for the combatant commanders, they are seen as users for systems. The Chiefs of the Services and heads of other DoD Components are validation and approval authorities and are not viewed as users. Source: CJCSM 3170.01A

C.2
Acronyms
The following list contains key acronyms for this document:

ACAT
acquisition category

ADM 
Acquisition Decision Memorandum

AFOTEC
Air Force Operational Test and Evaluation Center

AFRL
Air Force Research Laboratory

AFROCC 
Air Force Requirements for Operational Capabilities Council

AMA 
Analysis of Materiel Approaches

AoA 
Analysis of Alternatives

APB 
Acquisition Program Baseline

CAIG
Cost Analysis Improvement Group

CAIV
Cost as an Independent Variable

CARD
Cost Analysis Requirements Descriptions

CCB
Configuration Control Board

CDD 
Capability Development Document

CDRL
Contractor Data Requirements List

COA
Course of Action
CONOPS
Concept of Operations

CPD 
Capability Production Document

DAB 
Defense Acquisition Board
DT&E
Developmental Test and Evaluation

EA
Evolutionary Acquisition

EMA
Expectations Management Agreement

FCB 
Functional Capabilities Board

FOC
Full Operating Capability

FoS 
Family of Systems

FOT&E
Follow-on Test and Evaluation

FRP
Full-Rate Production and Deployment

HPT
High Performance Team

ICD 
Initial Capabilities Document

ID
Incremental Development

ID/IQ
Indefinite Delivery/Indefinite Quantity Contracts

IMP/IMS
Integrated Master Plan/Integrated Master Schedule

IOC
Initial Operating Capability

IOT&E
Initial Operational Test and Evaluation

IPT
Integrated Product Team

ISP 
Information Support Plan

ITT
Integrated Test Team

JCIDS 
Joint Capabilities Integration and Development System

JROC 
Joint Requirements Oversight Council 

KPP 
Key Performance Parameter

LCMP
Life Cycle Management Plan

LRIP
Low-rate Initial Production

M&S
Modeling and Simulation

MDA 
Milestone Decision Authority 

MOSA 
Modular Open Systems Approach 

MRL
Manufacturing Readiness Level

MS
Milestone

O&S
Operations and Support

OA
Operational Assessment

OT&E
Operational Test and Evaluation

P&D
Production and Deployment

PBL
Performance-based Logistics

PM 
Program Manager

PMD 
Program Management Directive 

POM
Program Objective Memorandum

PPBE
Planning, Programming, Budget, and Execution 

PPP
Program Protection Planning

RCWGS
Requirements Control Working Group

RSR 
Requirements Strategy Review 

S&T
Science and Technology

SD
Spiral Development

SDD
System Development and Demonstration

SE
System Engineering
SEP
System Engineering Plan
SoS 
System of Systems

SRL
Sustainment Readiness Level

T&E
Test and Evaluation
TDS
Technology Development Strategy

TEMP
Test and Evaluation Master Plan

TRA
Technology Readiness Assessment

TRL
Technology Readiness Level

Appendix D
The LAIRCM Case Study

D.1
Summary.

The Large Aircraft Infrared Countermeasures (LAIRCM) program used an evolutionary acquisition strategy (EA), specifically a spiral development approach (SD), to rapidly provide a baseline level of protection for aircraft against infrared (IR) missiles. This strategy used established components from other programs, added a new laser technology, and worked towards system integration and demonstration of a fully autonomous laser jamming system. Increment II is targeted at increased system performance, improved reliability, and reduced costs. The EA strategy has dramatically accelerated the initial deployment for the system, moving low rate initial production (LRIP) forward by 12 months. The program success has resulted in aircraft currently flying with LAIRCM protection in Iraq.

During the implementation of EA, the LAIRCM program office noted several lessons learned, particularly in respect to organizational workload, constant communication with the user, compatibility in systems engineering, and early planning for support and testing. The methods or tools cited by the team to help implement the acquisition strategy include Expectation Management Agreements (EMAs), use of technology transition programs, early Test and Evaluation Master Plan (TEMP) agreement on developmental and initial operational test and evaluation (IOT&E) processes, and configuration management with traceability.

D.2
Program background.

This section describes important background elements of the LAIRCM program.

D.2.1
The need for LAIRCM.

The LAIRCM system is the Air Force’s response to the urgent need to protect transport aircraft from shoulder-fired IR missiles. Over 90% of all air combat losses during the past 25 years can be attributed to IR missiles. These missiles are common, with more than 500,000 deployed worldwide. Because these missiles are man-portable and simple to operate, the threat is urgent for transport aircraft, particularly during asymmetrical threat operations such as the Global War on Terrorism and Operation Iraqi Freedom.

D.2.2
Program and documentation history.

The Air Mobility Command (AMC) initiated the LAIRCM program in 1999 as a new system. It was a derivative of the Directional Infrared Countermeasures (DIRCM) program, and used some of the same base DIRCM technologies for the first increment of LAIRCM. An existing Mission Need Statement and Operational Requirements Document (ORD) described the requirements based on threat and deployment platform. The ORD was developed based on available technology and on-going technology development projects at the AFRL. The ORD contained time-phased requirements as part of the acquisition strategy. The time-phased requirements provide enough information to define the first two increments, but left open the final end state. Therefore, the program followed an EA strategy, using an SD approach.

D.2.3
Program schedule.

The program passed a MS B review in late 2001, entering System Development and Demonstration (SDD) for the first increment. The initial increment is scheduled for completion in 1 QT FY04. However, a “LAIRCM Lite” program was initiated after AMC validated an “Urgent and Compelling Need” for accelerated fielding. The “LAIRCM Lite” effort involves installation of a single laser turret and has accelerated the program schedule for baseline protection by 12 months. In addition, the single turret solution resulting from the LAIRCM Lite effort will significantly improve the C-17s survivability in the near-term.

Table D-1. LAIRCM schedule.

	LAIRCM Schedule as of November 2004

	Aug-98
	Multi-Command ORD for LAIRCM validated

	Sep-01
	MS B Start of SDD

	Sep-01
	Prime Contract Awarded

	Jul-02
	Operational Assessment (OA)

	Aug-02
	MS C LRIP Decision C-17

	Nov-02
	AMC “Urgent and Compelling Need” requirement

	Dec-02
	MS C LRIP Decision C-130

	May-03
	First C-17 Delivered under LAIRCM Lite (12 Month Reduction)

	FY04
	Start development of Increment II 

	FY05
	Increment II FRP Decision


D.2.4
Contract details.

The program awarded the prime system development contract to Northrop Grumman in 2001. The original development contract with Northrop Grumman was modified in June 2002 to include the integration of the system into the C-130. Subsequent contracts will integrate the LAIRCM system into other transport/tanker platforms and develop Increment II technologies.

D.3
Implementation of EA strategy.

This section highlights how LAIRCM applied EA over the life of the program.

D.3.1
EA strategy origins.

LAIRCM program’s EA strategy was evident from the start. The 1998 ORD had time-phased requirements. In both the initial ORD and the “Urgent and Compelling Need” determination by AMC, one of the most critical program attributes was the time required to field the system. During SDD, subsystems were used from previous programs, and the Mid-IR Viper Laser was developed. The first increment consisted of inserting the laser into the system design and completing the system integration and installation.

D.3.2
Contrast versus a traditional strategy.

To contrast this strategy with a traditional single step approach, the final LAIRCM system with the improved Viper Laser, pointing and tracking, and missile warning system technologies would likely not be available for LRIP until late in FY07. Applying the EA strategy resulted in the ability to provide protection for aircraft operating in Iraq by late 2003, with a strategy to upgrade this protection to the Increment II performance when available through retrofits.

D.3.3
Flexibility to meet needs.

In summary, the main reason behind the implementation of an EA strategy was the urgent need and the immature technology. The program was then further modified through the “LAIRCM Lite” program strategy to provide protection to the largest possible number of aircraft. This last deployment approach demonstrates how flexibility can be used to meet the immediate user needs through the EA strategy.

D.3.4
An environment conducive to change.

Technically, the Viper Laser was the only major component of the system not fielded by the end of SDD at MS C for the initial increment. The development and final testing of this component was just being completed at the review. The program entered LRIP and included a MANTECH program to improve the laser producability, while further enhancing performance and reliability. The second phase will investigate new technologies with a goal of increased system performance, decreased cost, and increased reliability. Due to the EA strategy, other improvements – such as updating the mission processor and providing a more simple wiring kit – are easier to implement alongside planned increment rollouts. Since production changes are being made to several components, the required processes to modify the production system are already in place. This includes the system engineering changes, follow-on testing, logistics modifications, and contract modifications.

D.3.5
Application of seamless verification.

The program applied the new Air Force seamless verification process during the development and operational testing. AFOTEC was involved in the test planning from the very beginning, and the team was able to plan some development testing to accelerate the operational effectiveness evaluation process. An initial TEMP was published as part of the first increment MS B.

D.3.6
Logistics.

Complex configuration management methods were required to track the deployment of particular system elements. Logistics support difficulty increased because of the planned migration of Increment I components to alternate aircraft as part of Increment II. For example, the initial C-17s are planned to be upgraded to most current configuration (Increment II) when available, making more assets available to the rest of the fleet via the original turrets. This strategy increases the number of protected aircraft and makes possible the efficient use of all equipment.
D.4
Lessons learned.

Overall, the team felt that having an urgent requirement helped to focus the attention on the delivery schedule and to keep the funding stable. This section provides lessons learned on topics that are common to all EA programs.

D.4.1
Communicating the strategy.

One central lesson learned to implementing EA within this project is effectively communicating the strategy among all the program players. This includes the development and program management team, the user, and the sponsor and budget authority. Making sure that everyone understands the strategy and is on the same page is critical when multiple increments, configurations, and aircraft are in play simultaneously. 

The LAIRCM program was initiated to rapidly develop a capability. All the stakeholders were aware of this, creating a community of understanding among the sponsor, user, and acquisition communities. However, this strategy has to be explained to oncoming personnel.

There are several best practices that were described by the program office. These are listed below.

Expectations management.

The first is the proper use of expectation management reviews to provide a more detailed description of the end items as part of the acquisition strategy. Expectation Management Agreements (EMAs) are valuable to acquisition program managers, sponsors, and users. They allow everyone to understand what is to be delivered and when, and to revise the agreement based on programmatic changes when they occur. EMAs are more detailed than the Acquisition Program Baselines. Each year (or less) the EMAs are reviewed by both parties and are updated to the current situation. As an example, an APB would clearly state a budget, schedule and performance for a particular system. However, an EMA would provide more useful, real-world information such as the contents of the system, the rate of delivery of systems, the estimated time to install these systems, the support spares and potential modification schedule. The EMA would also discuss the likely performance parameters instead of the standard KPP thresholds. In other words, EMAs document what exactly should be provided by the program manager and what can be expected by the user. Within the LAIRCM program, this is useful due to the multiple variants, upgrade options, retrofit requirements, and transfer of system components. Both technical and programmatic changes are documented in the EMA.

Configuration management.

Another important tool is configuration management to track the systems engineering results. This provides a rigorous technical view of the configuration for each increment and variant, including the ability to trace the design constraints and decision support process. For example, LAIRCM currently has two increments defined, and each increment may ultimately be installed on different aircraft types. There is also the potential for joint service use and foreign military sales. EA strategies often result in a large number of configurations, and this can make future increments difficult to design based upon meeting backwards compatibility requirements.

Scalability in systems engineering.

System Engineering is key to defining and managing the forward and backward compatibility. Scalability was one aspect that was constantly discussed in context to any technical architecture decisions. The SE process does not change, it just becomes more important and more geared toward forward-planning. Essentially SE uses the same methods and tools, but it’s more complex because multiple solutions are allowed instead of one single solution. SE tools tracks the entire family of solutions to show how requirement are being met.

D.4.2
Organization workload and technical knowledge.

Under LAIRCM’s EA strategy, the program office workload and required technical expertise has remained high as new increments are developed, even through the deployment phase. This contrasts with a single step strategy where the workload and required technical expertise is reduced significantly during deployment. A consistent presence of technical expertise is needed to make decisions in the complex environment of multiple increments and variants.

Another observation provided by the program office is that EA provides validation on design decisions more rapidly. A single step approach carries higher risk and thus consequences for failure are greater. Risk management techniques are similar under an EA strategy, but the increments provide more opportunities to improve the system over time. This means that programs can avoid falling into the trap of requiring a final, perfect solution before fielding.

D.4.3
Testing.

The Air Force Operational Test and Evaluation Center, the Air Force Flight Test Center, and other evaluation experts from AFRL were involved very early in developing a draft TEMP and given responsibility for planning and streamlining the testing schedule. Labs and reviewers are in sync with the program and understand the requirements. This is not necessarily a change for EA. The LAIRCM program had to prove that this was NOT a new approach. Providing a consistent testing approach was critical, and LAIRCM is a success story used by the seamless verification community. The program plans a subset of tests for subsequent increments. The Test Planning Working Group (TPWG) decided on test schedule and content. Use of the TPWG means the user can interact directly with the testing community whenever feedback is needed during operational effectiveness evaluations.

D.4.4
Contracting and competition.

Multiple increments could be perceived to allow a shorter guarantee of revenue for industry contractors in comparison to a single step strategy. On one hand, a contractor may limit their investment since they may be limited to producing one increment. On the other hand, the sense of competition may keep the company looking forward to new technologies and innovative solutions. When source selection for subsequent increments is conducted, organization conflict of interest can be a key problem. One way to manage this is to write in non-competition language into the request-for-proposals up front.

Another observation captured is that each potential improvement or increment should be evaluated, both using operational effectiveness and a business case analysis, to see if production and deployment makes sense. The entire team should be able to show the potential benefits for each improvement. They should try to minimize buying more capability, so they need to show why new capabilities will lead to improvements to the user.

D.4.5
Logistics support decisions.

Decide how to repair upfront. The system does not always account for EA issues such as determining logistics support for smaller production quantities of each spiral/configuration. To mitigate this, the decision on organic depot or contractor logistics support (CLS) should be made in the context of a core configuration. There is a high cost and cycle time associated with establishing an organic repair infrastructure, so this decision should be made after the number of fielded systems for a particular configuration is clear.

For LAIRCM, as an example, it does not make sense to establish a repair capability for the Increment I configuration, because the acquisition strategy is to transition most aircraft to new hardware systems. Thus the EA strategy should be a part of the source of repair assignment process (SORAP).
Appendix E
The Mission Planning Case Study

E.1
Summary.

The Mission Planning program is currently developing a Generation III (Gen III) system for battle management called the Joint Mission Planning System (JMPS). The JMPS system will be fielded for 46 aircraft types, each requiring a custom system configuration. This system is meant to replace the Generation I (Gen I) and Generation II (Gen II) systems currently in the field with an updated, modular architecture. Future increments will use this common architecture to deploy updates and increase performance across all user communities. 
The program is using a spiral development approach that provides both product releases for specific aircraft and major software performance increases. The EA implementation features a modular system architecture, complex fielding schedule, efficient testing process, and novel contracting approach. Lessons learned in testing, contracting, and user involvement should help other program managers implement EA and SD in software intensive systems.

E.2
Program background.

For air tasking orders, aircrews use the MP system to construct an automated route plan using waypoint navigation. This information is used to produce aircraft data cartridges and aircrew charts and maps.
The Gen I system, now for primarily strike aircraft, provides a comprehensive mission planning capability that was originally used for all aircraft types. It runs on UNIX workstations. The Gen II system provides a more basic set of capabilities for a subset of aircraft types serviced by the Gen I system, but runs on a laptop computer. The Gen III system will be a comprehensive suite of ground and in-air tools. It will run on a standard Windows laptop.
JMPS is different from previous versions because the Mission Planning program office will be responsible for both core software and all aircraft-specific software modules. In the past, the program was responsible for the core software only. Each aircraft program office was responsible for creating and maintaining any software module required for their specific aircraft. The up-scope happened in 2002. The responsibility for the entire functionality was shifted to the MP office, and funds were shifted into the MP Program Element raising the designation from acquisition category (ACAT) III to ACAT ID.
E.3
Implementation of the EA strategy.

E.3.1
The current plan.

After the up-scope decision, an acquisition strategy was constructed in partnership with OSD. The new strategy consisted of three increments (II, III, and IV), delivering capability from 2005-2012. Each increment consists of a set of software releases and will add substantial functionalities to a set of aircraft. The initial set will require the fewest functions. The last set will require the most functions. Specifically, software for the F-15 will be the first deployment in 2005, and the B-2 bomber will be the last deployment by 2012.
E.3.2
System architecture.

The JMPS system architecture will consist of a common framework of core functions, a set of common modules, and a set of unique platform modules. The common modules will provide a specific functionality needed across a set of aircraft, such as a refueling module or precision guided munitions module. Unique modules will provide an interface for one particular aircraft type. Unique platform modules will be grouped according to aircraft type, such a fighters; bombers; tanker, airlift, special missions (TASM); or intelligence, surveillance and reconnaissance (ISR). This architecture will provide the highest degree of software re-use and reduce development cost/time for both common and unique platform modules. For one specific common module development, the program has estimated that the architecture reduced the development cost of software by 50%.
E.3.3
Strategy benefits.

The MP program developed the EA strategy and development architecture concurrently. The strategy and architecture support the rapid fielding of an initial capability, followed by fielding of progressively more sophisticated mission planning systems with advanced capabilities such as stealth, electronic warfare, and in-flight re-planning. In each case, the initial migration from previous generations to the JMPS Gen III will not provide any new functionality. Performance increases will likely result from new hardware. The major benefit will be the standardization of all systems on one framework enterprise. This allows for substantial performance improvements throughout the JMPS inventory, and newer technologies under development have demonstrated reductions in mission planning times significantly. Additionally, the standard systems will provide a large reduction in support costs, for both hardware and software components.
E.3.4
Contracting.

Mission Planning applies a novel method for contracting the system development, using two contract vehicles. One contract, the Mission Planning Enterprise Contract (MPEC), covers the development and evolution of common software modules for JMPS. A second contract, the System Engineering Integration Contract (SEIC), provides persistent system engineering expertise throughout the entire program. 

The MPEC contract used an indefinite delivery/indefinite quantity (ID/IQ) type vehicle. It was awarded to five contactors. These contractors were pre-qualified to compete for the development of various software functional modules, using a rapid proposal process under the ID/IQ structure. This strategy reduced the demands from the customer base to award a sole source contract to their preferred industry contractor, since qualified contractors could participate under the ID/IQ contract. The MPEC contractors were responsible for all vertical elements for the software module, including hardware requirement, database interfaces, training, and support.

In contrast, the SEIC provides a Cost Plus Award Fee contract to a single contractor for JMPS systems engineering and integration. This long term contract (12 years) provides consistent systems engineering expertise to integrate the software products from the MPEC developers, as well as evolutionary planning for future JMPS generations. This allowed for a reduction in office staff levels while preserving the system architecture expertise and management. The contract used a Cost Plus Award Fee structure where the award fee was dependent upon the successful fielding of software by the MPEC contractors. Thus, the SEIC contractor was responsible for the successful delivery of the MPEC products.

System support is provided through the MPEC contract, with scheduled software updates occurring approximately every 18 months, or when specific advanced capabilities are required by the user commands. The scheduled software updates incorporate spiral improvement based upon any deficiency reports, combined with suggested additions collected through user feedback. These updates bundle improvements together so that operational testing requirements can be met more efficiently, and multiple aircraft can standardize on the core framework and common modules. The SEIC contractor will plan and direct the spiral improvements in accordance with the evolutionary strategy.
E.3.5
Testing.

Both developmental and operational testing requirements are critical to the deployment of JMPS. Because of the multiple custom versions of the system (more than 40 specific aircraft versions) the fielding of JMPS will be highly dependent upon the best combination of end-to-end testing and component based testing. End-to-end testing is a comprehensive testing regime that requires testing of all possible functions in all possible situations to support the operational evaluation of the entire JMPS system. Component based testing is a limited test of specific functions within the system to validate a component modification. The time and cost required for component based testing is significantly reduced because of the limited scope. For JMPS, a plan has been constructed that calls for end-to-end testing of each system increment, and component based testing for each specific aircraft release within an increment. This is justified by the common framework for each release; only the unique aircraft modules or new common module should require comprehensive testing. The systems engineering contractor will be able to trace the interactions, and present a list of modified functions that require testing. This testing approach will build upon the past success from the Mission Planning spiral development approach.
E.4
Lessons learned.

E.4.1
Interpretation of “increment.”

Defining “increment” is difficult because of the large number of process improvements and aircraft types. The program completes several product spirals each year and has been responsible for a huge amount of different product improvements. However, each product fielding does not fall into the definition of a separate increment, requiring a milestone review and approval process. The program observed that the best definition of increment should indicate a substantial change in technology or product contents. If the MP program followed a strict interpretation of policy to define an increment, a MS B and a MS C review would be required every month. The difference noted within this program between a spiral improvement and an increment was determined in accordance with the degree of change. An increment should be associated with a significant change to the core technologies or system integration. A spiral improvement should seek to correct a deficiency or add a limited functionality to an existing system. Changes to the support structure and training should be minimal. 

The late switch from ACAT III to ACAT ID challenged the program. This required a MS B and C review in a program that had been performing system development and integration for almost three years. Thus, the MS B review was 6 months before fielding and the MS C review will be 1 month before fielding.

E.4.3
Test-cycle reduction.

A strong observation from the program staff was the role of testing in conjunction with both increments and spiral improvements. Since most spiral improvements only change a limited number of modules, and even increments change only a subset of the modules, comprehensive testing of all system elements should not be required. The program noted that an effective way to condense the testing cycle is to prove to the testers that the system engineering processes are modular. Detailed documentation of these processes can prove to testers that subsequent increments with modifications in one area do not require end-to-end testing. If a program makes its case effectively early in the program, the testers will be more likely to keep to the program’s schedule. In addition, continuous success in proving the modularity of the systems engineering processes builds trust between the program and testing communities. This trust can also help expedite testing.

A similar case can be made for security accreditation. If each spiral improvement or increment required a full security accreditation, the program would not be able to rapidly deliver capabilities using spiral development or EA.
E.4.4
Effective contracting techniques.

The contracting strategy employed by the MP program supports the EA strategy by speeding the contracting process for specific software modules among pre-qualified contractors, but also providing a consistent expertise in formal systems engineering. The separation of the MPEC and SEIC contracts meets the competition requirements without slowing the development processes in the rapidly changing software system. By undergoing a one-time fair and open competition for the ID/IQ contract, awards for software modules can then be made to one of the five authorized contractors through a quicker fair-opportunity competition. 

However, this approach to using different contractors for separate modules often leads to integration problems. To eliminate these potential barriers to EA implementation, the second contract, SEIC, will provide a persistent, long-term systems engineering expertise to define and manage a formal architecture during development, integration and fielding. The key to the successful award for this contract was approval for a long term (12-year) Cost Plus Award Fee contract. The award fee is tied to the successful fielding of the software modules within the increments, the most critical performance metric for the end-user. Each of these two contracts supports the EA strategy by eliminating traditional barriers for rapid contracting in increments.
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� There is no expansion on National Security Space System acquisition in this document; however, this guidance may also be applicable in that acquisition environment as well.





� The Quadrennial Defense Review Report is online at � HYPERLINK "http://www.defenselink.mil/pubs/qdr2001.pdf" ��http://www.defenselink.mil/pubs/qdr2001.pdf�.


� Dr. Sambur’s memo is online at � HYPERLINK "http://contracting.hill.af.mil/HTML/ae/samburletter.pdf" ��http://contracting.hill.af.mil/HTML/ae/samburletter.pdf�.


� For this document, the term “user” includes all operators of Air Force materiel, including warfighters. It is defined in � REF _Ref100046108 \h � \* MERGEFORMAT �Appendix C�.


� The graphics are adapted from “Process Design and Implementation: Reengineering and Change Management,” Hammer & Company, Jan 03.


� The acquisition management framework consists of five phases: Concept Refinement, Technology Development, System Development and Demonstration, Production and Deployment, and Operations and Sustainment. Refer to � REF _Ref99939891 \r \h � \* MERGEFORMAT �5.2.1� for more on this framework.


� AFPD 63-1 and the DoD 5000 series use the terms “approach” and “process” interchangeably to describe SD and ID. To be clear and consistent, this document uses the term “approach” to describe strategy implementation and “process” to describe the development of a defined set of capabilities within an increment. (Refer to � REF _Ref100477709 \r \h � \* MERGEFORMAT �3.1� for more information on the SD process.)


� The National Defense Authorization Act for Fiscal Year 2003 is available online at � HYPERLINK "http://www.defenselink.mil/dodgc/olc/docs/PL107-314.pdf" ��www.defenselink.mil/dodgc/olc/docs/PL107-314.pdf�.


� For a complete description of technology transition in an EA environment, refer to the “Manager’s Guide to Technology Transition in an Evolutionary Acquisition Environment” (January 31, 2003). It is available at � HYPERLINK "http://www.acq.osd.mil/dpap/Docs/AQ201S1v10Complete.pdf" ��http://www.acq.osd.mil/dpap/Docs/AQ201S1v10Complete.pdf�.


� An SRL scale of 1-9 is currently under development and will provide an assessment of whether the logistics processes will be mature enough to support an increment in the field. The most current documents describing the SRL scale can be found on the Acquisition Community Connection Web site at � HYPERLINK "http://www.acc.dau.mil" \o "http:www.acc.dau.mil" �http:www.acc.dau.mil�.


� To avoid confusion, the IPT section in this document focuses on the best practices of the IPT used by programs across the Services. There are other IPT types, such as overarching (OIPT), integrated (IIPT), and working (WIPT). Refer to section � HYPERLINK "http://akss.dau.mil/dag/Guidebook/IG_c10.3.asp" ��10.3� of the Defense Acquisition Guidebook for more information on these additional IPTs.


� AFI 63-101 provides guidance on EMAs. In addition, SAF/AQ issued the Interim Policy Memo on Expectations Management in Acquisition (Policy memo 03A-006) in February 2004. The memo is available at � HYPERLINK "http://www.safaq.hq.af.mil/acq_pol/pmtoolkit.shtml" ��http://www.safaq.hq.af.mil/acq_pol/pmtoolkit.shtml�.


� For more information on the role of intelligence information in the acquisition environment, refer to section � HYPERLINK "http://akss.dau.mil/dag/Guidebook/IG_c8.2.asp" ��8.2� of the Defense Acquisition Guidebook. Refer to � HYPERLINK "http://www.dtic.mil/cjcs_directives/cdata/unlimit/3312_01.pdf" ��CJCSI 3312.01� for program intelligence certification information.


� Refer to the Systems Engineering Preparation Guide for specific DoD recommendations for SEP format and content. This guide is located online at �HYPERLINK http://www.acq.osd.mil/ds/se/publications.htm ��http://www.acq.osd.mil/ds/se/publications.htm�.


� Refer to � HYPERLINK "http://akss.dau.mil/dag/GuideBook/IG_c2.3.15.asp" ��2.3.15� and � HYPERLINK "http://akss.dau.mil/dag/GuideBook/IG_c4.4.1.asp" ��4.4.1� of the Defense Acquisition Guidebook for more on MOSA. Also, the � HYPERLINK "http://www.acq.osd.mil/osjtf/" ��Open Systems Joint Task Force� Web site is a useful open systems reference.


� See � HYPERLINK "http://www.e-publishing.af.mil/pubfiles/af/99/afi99-103/afi99-103.pdf" ��AFI 99-103�, sections 3.14.1 and 3.14.6.


� Refer to the � HYPERLINK "https://acc.dau.mil/simplify/ev.php?URL_ID=9914&URL_DO=DO_TOPIC&URL_SECTION=201" ��Life Cycle Logistics Management Community of Practice� on the Acquisition Community Connection Web site (� HYPERLINK "https://acc.dau.mil/simplify/ev_en.php" ��https://acc.dau.mil/simplify/ev_en.php�) for more information on these support strategies.


� In accordance with � HYPERLINK "http://akss.dau.mil/dag/DoD5001/Enclosures_1.1.asp" \l "E1.17" ��DoDD 5000.1�, program managers are required to develop and implement PBL strategies that optimize total system availability while minimizing cost and logistics footprint. The directive also requires that program managers become the single point of accountability for accomplishing program objectives for total life-cycle systems management, including sustainment. 


� The JCIDS process, including details on how a capability gap is defined and the creation of an ICD, is described in � HYPERLINK "http://www.dtic.mil/cjcs_directives/cdata/unlimit/m317001.pdf" ��CJCSM 3170.01A�. In � HYPERLINK "http://www.e-publishing.af.mil/pubfiles/af/10/afi10-601/afi10-601.pdf" ��AFI 10-601�, however, the Air Force describes its own process for creating an ICD.


� The Air Force provides guidance on KPPs and attributes in � HYPERLINK "http://www.e-publishing.af.mil/pubfiles/af/10/afi10-601/afi10-601.pdf" ��AFI 10-601�.


� Section 5.2.5.5 of AFI 63-101 states the “final COA should clearly state when each capability will be delivered as well as a high fidelity cost estimate showing the funding requirements.” This statement conflicts with the tenets of SD approach. COAs involving SD cannot provide a final capability delivery date or high fidelity cost estimates for all increments, because the capability development for future increments is left open.


� A new version of AFI 63-101 is scheduled for publication in 2005. It will be available at � HYPERLINK "http://www.e-publishing.af.mil" ��http://www.e-publishing.af.mil�. 


� This program participated in a site visit only. Program personnel were not interviewed over the phone.


� One respondent for this question said “not applicable.”





