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Guidance for the use of Robust Engineering in

Air Force Acquisition Programs

Introduction

The term robust engineering, within this document, is used to denote the use of a disciplined Systems Engineering (SE) process in conjunction with a robust product design.  The appropriate application of robust engineering principles will enable acquisition programs to achieve the desired end state: to quickly deliver high-quality, low cost products (capabilities) that fully meet the operator's needs, and are designed to easily and inexpensively accommodate growth (scalability/expandability) of capabilities in subsequent increments.

This document is not intended as an implementation guide for SE processes.  Rather, it will define the role of SE in the overall execution, management and control of Air Force acquisition programs.  It will provide preliminary guidance for addressing SE in solicitations, proposals, contractual documentation, and the management and control of programs.

 Systems Engineering

As the Air Force develops and modifies systems and capabilities for the warfighter, it is critically important to consistently and effectively employ disciplined SE processes, focused explicitly on delivering the desired end state. A disciplined SE process, being the technical integration and technical management processes/subprocesses, is critical to successfully managed products and system’s that exhibit the high levels of mission performance, reliability, maintainability, supportability (RM&S) and other characteristics demanded by our warfighters.  In addition, the rigorous application of the SE processes can enable the program to deliver products on time and schedule.  The shortest, and least expensive, path to the desired end state is by eliminating scrap and rework during ever increasing levels of integration.  That is, by doing it right the first time.  The goal of these processes is to design systems capable of not only meeting the required capabilities, but also capable of adapting to meet enhanced levels of performance, additional capabilities, and changes to existing performance features without excessive rework, capturing and focusing not only on the present but on the future states as well. 

The objectives intended by our refocusing on SE are to: 

· Establish an environment founded on SE principles that delivers products that exhibit attributes of robustness:

· Deliver promised capabilities within budget and schedule

· Are easily scalable/expandable to meet future capability needs

· Are desensitized to expected variabilities in manufacture and use

· Reintroduce and elevate key elements of SE as principal considerations in solicitation, award and execution processes

· Provide sample leading indicators for proactive SE that:

· Are measurable

· Map to incentive strategies

· Minimize surprises

Robust Design

The term “robust design” encompasses design and process flexibility that rapidly and affordably accommodates change.  Some areas in which change may occur are: increasing definition of initially ambiguous requirements; evolutionary acquisition strategy; underpinning technological advancements; and inherent variability of the design, test, production, and sustainment sub-processes embedded in SE.  For example, the term that is used in the world of networks system engineering is "scalability". There is not much value in designing, producing, and fielding a network that can only connect to 100 users when your eventual plan is to accommodate millions of operators... the network must be scalable.  

Systems Engineering Processes

Since SE is applicable to all phases of the system life cycle, within this document we will refer to the “program team” as stakeholders of the system, e.g. war fighter requirement architects/analysts, war fighter operators and maintainers, program office personnel (acquisition and sustainment), test personnel, and industry, etc.  At any given time in the programs life the members of the program team may be adjusted to reflect the current program structure.
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The systematic nature of SE is evident in the following two “classic” graphics.  Figure 1 illustrates the organized, disciplined approach to identifying and allocating operator needs to the various parts of the system, with the emphasis on integration.  

Figure 1.  SYSTEMS ENGINEERING MODEL

Figure 2 illustrates the overall process steps overlaid with the government/contractor team responsibility emphasis to assure success of a program’s SE endeavors. 
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Figure 2.  SYSTEMS ENGINEERING “ENGINE”

Change Accommodation

The program team must realize early in the requirements-design-development process that the ability to accommodate changes, both predictable and uncertain in nature, must be a design and process consideration from the outset.  Changes in key constraints or operating conditions often lead to downstream perturbations from an originally charted course, and thus can be utilized as “leading indicators”, influence factors that can be measured (i.e., metrics) and impacts or responses predicted.  

Some key changes that need to be accounted for in initial planning include:

· Appropriately mature technology advancements, particularly in electronics/avionics and weaponry;

· Accommodating commercial technology;

· DoD imposed constraints (Ada, Core Audits, etc.), and new weapons that will need to be integrated;

· Accommodating obsolescence, or plans for diminishing manufacturing sources;

· Requirements discovery and evolving requirements that will constitute the basis of future design increments;

· Evolving operational roles and missions, i.e., Air-to-Air today, multi-role, Intelligence, Surveillance and Reconnaissance (ISR), or Suppression of Enemy Air Defense (SEAD) in the future;

· Quality attributes (i.e. modifiability, scalability, expandability, security, interoperability, etc.);

· Assessing the interoperability of the system with other systems; and

· Network Centric Warfare.

These are but a few of the expected, yet not readily predictable, changes that may occur over the course of a program. The acquisition strategy, system and system of systems architectures and program/product design(s) must explicitly address these issues in order to ensure the necessary flexibility to affordably accommodate them downstream. 

In addition to external influences, numerous changes internal to a program need to be included in the metrics used to monitor progress.  Disruptions ultimately manifest themselves in impacts to cost, schedule, or performance, yet metrics in all three areas have historically been lagging indicators of earlier perturbations.  Proactive management demands the use of appropriate leading indicators to provide a picture of the future course the program is likely to follow.  The Technical Management Leading Indicators section of this document includes several examples of leading indicators that can be identified and tracked.

A key part of making this robust engineering initiative effective is the role the Program Manager and his Chief Engineer play in managing the program and working with the program team.  Their efforts will impact the behavior of the overall team as well as the individual members.  The contract will always be the foundation of a successful program, but in managing the program, the areas emphasized either through the award fees or other incentives and the areas emphasized by the program team leaders will receive most attention.  

It must be clearly understood that for source selection purposes, the evaluations of the proposed application of a disciplined SE process and the robustness of the proposed design are separate factors.  The proposed SE process will primarily be in response to the sections L and M as discussed in the Proposal Guidance for Effective Systems Engineering (SE), and Technical Management Leading Indicators sections.  The proposed robust design will primarily be in response to the system requirements, and therefore part of the technical evaluation.
Robust Design Methodologies

The deﬁnition of robust is “having or exhibiting strength or vigorous health” or “strongly formed or constructed”.  A robust design exhibits these attributes for the program and system.  Developing a robust design requires understanding: the relationships between design parameters, system performance, cost, and schedule; the need to plan for maintaining current capabilities (obsolescence) as well as future capabilities (both defined and undefined), and; the effects of external factors on the overall program.  With proper application of this understanding, a robust design will perform optimally even with changes to requirements, technology, or constraints.  An essential element of a robust design is a robust architecture.  One that easily adapts to both internal and external changes and interfaces.  

External factors are of two types: those that can be easily controlled and those that cannot.  These external factors come from variabil​ity and uncertainty in inputs or constraints such as program require​ments, changes in external interfacing systems, schedule, funding, technology, industrial base, etc.  Changes are inevitable in any large development program.  They are generally manifested in revised cost and schedule estimates.  Early planning in the development program and a robust design should minimize the impact of changes on capabilities, as well as on cost and schedule.  It must be recognized that up front cost will increase with the implementation of this approach although life cycle costs should be lower.  

Given the increasing complexity of modern systems, ﬁelding the “best” system requires application of good SE processes/sub-processes throughout the three top-level phases of the system’s life cycle: program planning, development, and sustainment.  Disciplined SE processes in conjunction with quality engineering, six-sigma, and design of experiments extend across the system life cycle focusing respectively on what to build, how to build it, and how to keep it working.  

Systems Architect - what to build 
Systems Architecting, or Concept and System De​sign. This stage is deﬁning what system needs to be developed.  During the program planning phase prior to Milestone B, capability gaps are identiﬁed and described, user needs are reﬁned, and the system solution is synthe​sized. The end product is a set of capabilities reflecting the user needs and deﬁning what needs to be built. 

The first step in developing a robust architecture is to understand that requirements analysis begins with the needs of the operator and other stakeholders, the program constraints, and the external interfaces.  These requirements and constraints come from numerous sources, including Systems of Systems (SoS) architecture views, operational capability documents, policy limitations, supporting infrastructure, etc. All must be considered.  This requirements analysis activity should include the entire program team.

DoD has greatly emphasized systems architecture in order to support complex SoS challenges.  Today’s major weapon systems are part of an integrated battlespace, not independent entities.  Understanding and deﬁning needed capabilities is increasingly complex.  Architecting is a disciplined approach to requirements development and solution synthesis.  Its pur​pose is to provide a structured approach, that is repeatable, that supports analysis (comparing and contrasting), and provides an integrated ap​proach linking operational concepts and needs to systems with their technical standards.

A robust architecture deﬁnes how the system under design interacts with the current and evolving SoS.  It considers the operational environment and what less-than-ideal conditions the system may encounter.  As an ex​ample, a guided munition receives targeting data from another system within the SoS.  A failure in that system, or degraded data transmission, might render the munition unusable in a non​-robust architecture for lack of needed information.  However, a robust architecture provides an alternate means to deliver this capability.  

Development - how to build it 
Development begins with the Analysis of Materiel Alternatives and development of the Initial Concept Document (ICD). The complete program team must be active in all four components of the Development (Integrated Risk Management, Strategy Development, Design and Testing). 

Integrated Risk Management: An Integrated (cost, schedule and performance) Risk Management process is critical throughout every program’s life cycle.  A complete and integrated risk assessment of the requirements/constraints by the entire program team sets the foundation for the acquisition strategy.  Risks can arise from the product being developed (technology maturity), the processes the program team or developer choose to employ, and from external sources.  Risks from all sources should be identified, analyzed, planned, tracked and controlled by the program team throughout the program life cycle.  Identifying/classifying/mitigating the risks associated with the program and developing plans to mitigate the top risks is essential.  Leading indicators that focus on program risk should be applied by the program team.  At contract award the Integrated Risk Management process becomes a shared process between the Government and the Contractor.

Strategy Development:  The program team performs an analysis of the operational requirements, constraints, and risks, and uses this analysis as the basis to develop the program strategies. The technical strategy is integrated with the other program strategies (finance, contracting, logistics, etc.) to form the overall acquisition strategy and lay out the plan for meeting the requirements within the constraints while managing the risks.  Implementation of the technical strategy will include the entire set of tools and techniques to assure a disciplined SE approach toward managing the development of the robust system design -- one that is well-integrated, producible, and supportable, and that meets all the stakeholder needs.  A few of the tools and techniques supporting a robust design and its testing that should be considered are addressed below.  

Robust Design - The philosophy behind robust design is to produce systems that are less sensitive to variation in uncontrollable design parameters when compared to those developed using more traditional (point design) methods. This is accomplished by minimizing the effects of uncertainty and/or variability without eliminating the source of the uncertainty or variability.  The fundamental principle of robust design involves two steps; the use of control parameters to reduce variance in the output function of a product or system, and adjustment of a single control variable to bring the mean of the output to the target.  Robust design should provide a product solution where all performance parameters approach their objective values, and deliver systems that will operate without failure in a larger range of conditions. 

Testing – Testing can also be accomplished in a more robust manner through the use of tools such as Design of Experiments or orthogonal arrays to provide the most information from the fewest number of tests. The goal of testing more robustly is to intelligently select test points in order to get the most thorough coverage/span of the test domain information, and effectively and efficiently utilize limited test resources.  The term “Scenario-Based Evaluation” is sometimes applied to this construct.

Dur​ing manufacture, robustness using quality engineering techniques such as six-sigma has been demonstrated to improve quality for the same or lower cost.  Incorporation of robust features in the actual product/system design provides enhanced ability to adapt to changing conditions in the field, improving effectiveness and suitability. 

Sustainment - how to keep it working 
Sustainment begins during both the program planning and development phases as the design is evolved.  A more robust sustainment process is a result of both the robust design and the implementation of a disciplined SE process. 

During program planning and development a concentrated effort to design performance attributes that are less sensitive to changes in the environment or usage, and inclusion of support tools in the system will allow sustainment to be more robust down stream in the product life cycle.  These attributes or tools may increase the front-end cost but in the long run will reduce the overall life cycle cost.  An example would be to develop a model or simulation of the system in parallel with the development of the system.  It would need to be validated as part of the system verification.  After validation it would be available to assess the impact of new capabilities, new manufacturing processes, new parts, etc.

During Production, Deployment, and Fielding there are still many activities required to achieve sustainment.  The system configuration has been established, so the focus is now on solving prob​lems that arise during manufacturing, assembly, checkout, integration, and delivery, as well as on customer orientation and acceptance testing.  SE activities include troubleshooting, risk management, problem solving, design change processing/control, manufacturing liaison, and product sell-off to the customer. 

Operation and Support (O&S) many is generally characterized by upgrades to the systems to achieve improved capability; performing assessments such as mission readiness, supply chain and component management; diminishing manufacturing; technology insertion; repair (organic and contractor) and sensitivity analyses.  These analyses are performed to determine needed future actions for continued sustainment (modification or replacement of components).  Each upgrade or incremental update is frequently managed as a discrete program with its own SE cycle to focused on development of the upgraded product or system.  It will be essential to integrate these upgrades within the ongoing sustainment program.

Safe and efficient disposal of many products/systems is a very complicated process, frequently requiring trained personnel and specialized support systems and facilities.  These needs must be anticipated and accommodated during all life cycle phases, including development, production, deployment/fielding, and O&S.  They must, however, be implemented during the disposal phase. As in every other phase, it is prudent for SE personnel and processes to be in use during the planning and conduct of disposal operations. 
Proposal Guidance for Effective Systems Engineering (SE)

The following provides examples of generic Request for Proposal (RFP) inputs and associated contract language necessary to guide a new/modification program team in preparing RFPs.  The result will be better proposals, more discriminating source selections, and improved contract and program administration after award.  Proposal evaluation will emphasize the SE Processes in conjunction with the technical evaluation of the robust design.  A caveat:  One size does not fit all.  The needs of the program, the type of contract, the phase of the life cycle, and the type of system being procured will dictate tailoring of the examples provided in this document.  The selection of a contractor should include an evaluation of its SE past performance as well as linking its SE performance to the contract award fee or incentive fee structure.  There are several points during the development process, as depicted in Figure 3, where the government can influence the processes used by the developer.  The RFP preparation is the first opportunity.  
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Figure 3.  Development Target Points for Assessment

While the RFP consists of many different sections addressing payments, delivery, contract warranties, etc., the two sections of most significance to this effort are Section L, Instructions to Offerors (ITO), and Section M, Evaluation Factors for Award (EFA).  It is generally helpful to write Section M first, to identify the criteria wanted to base the award on, then identify the information required to complete that evaluation within Section L.  If your program team is working on a sole source award, requirements for a SE Management Plan (SEMP) and Integrated Master Plan (IMP), and Integrated Master Schedule (IMS) and Statement of Work (SOW) tasks can be negotiated with your contractor to cover many of the same types of applications.  A review of the intent in Section M and examples of Section L, in addition to incentive methods could help identify what works best for your program.  Obviously, it would have to be tailored and additional help is available within the Acquisition Center of Excellence offices established across the USAF.  For more information contact one of these offices through the SAF/ACE website at: http://www.safaq.hq.af.mil/ACE/.

Section M, Evaluation Factors for Award (EFA) - GENERAL COMMENTS

The purpose of the EFA is to convey to the offerors the basis for proposal evaluation.  Evaluation factors must be measurable, meaningful, traceable, and limited to contractor-controllable items.    The task for the proposal team is to provide the criteria that will be used to evaluate the information provided for SE and design robustness in response to the Section L requirements of the proposal.  As stated earlier, it is essential that information requested in the ITO correlates to criteria in the EFA.  This section will also describe the weight that the information provided by the offeror will have in the overall assessment of the contractor’s proposal.  There are three primary points that must be considered:  the offeror’s plan for implementing and managing the SE process, the offeror’s proposed technical approach including planning for a robust design, and the offeror’s demonstrated past performance in rigorous design development.

Section M - SPECIFIC COMMENTS:

Systems Engineering Management, Design, Integration and Verification & Validation

This subfactor will evaluate the offeror’s System Specification, SOW, SEMP, IMP, and IMS to assure proper SE management, integration, validation and verification of the proposed system in accordance with the RFP.  The evaluation will include an assessment of the offeror’s approach to develop, integrate, produce, test, and verify/validate, deliver, and support the proposed system while supporting any respective release schedules.  The offeror’s ability to manage any planned capability updates will also be evaluated.  The offeror’s proposed use of Technical Performance Measures (TPM), leading indicator and other measures of technical maturity, and robust development measures will be evaluated to ascertain the soundness of their overall SE approach.  

This subfactor is met when the offeror’s proposal demonstrates the following:

a.  Adequate processes and planning required to accomplish the scope and magnitude of the requirements within the contract;

b.  An adequate IRM process, including an effective approach to utilize TPMs, leading indicators, measures of technical maturity, and robust development measures to identify potential problems early and establish appropriate methodology for correction.  A clear description of appropriate IRM actions required to scope the cost and schedule of the contracted work effort.  

c.  The capability to manage, develop, integrate, produce, test, verify/validate, deliver, and support the proposed system in accordance with the RFP;

d.  Mature processes, practices, procedures, tools and a trained workforce are in place to ensure accomplishment of the work effort;

e.  An adequate integrated proposed approach to the contracted effort through coordinated documentation (including but not limited to System Specification, SEMP, IMP, IMS, SOW) and a rigorous SE process;

f.  An adequate process improvement program is in place and active, and;

g.  An innovative design approach to incorporate robust attributes into the product is defined with adequate robustness development measures to track overall impacts.

Section L, Instructions to Offerors (ITO) - GENERAL COMMENTS:

The ITO tells prospective offerors the specific types of information the program evaluators require as part of the proposal—e.g., prices, delivery schedule, past performance on similar contracts, and the technical approach the offeror will use in the design, development or production of the system or product.  Indication of the SE process maturity is critical.  It is a real predictor of the developer’s ability to plan effectively and accurately, and to execute to the schedule planned while delivering a quality product within cost constraints.  Information should be in enough detail to let prospective offerors understand the types of information that the program evaluators need to make a determination of the “best” technical approach.  It is essential that the information requested in the ITO correlates to the criteria in the EFA.

Section L - SPECIFIC COMMENTS:

Systems Engineering Management, Design, Integration and Verification & Validation

The offeror shall describe the SE organization, its capability, responsibilities and authorities; methods, tools and approach for the design, integration, production, missionization, etc., for the proposed system.  The offeror shall describe in a draft SEMP the technical integration and management processes/subprocesses to be used for the development effort and in the event based program plan (IMP) the efforts for maturing the system design including planned technology maturation/insertion and associated risk tradeoffs.  The offeror shall provide the planned approach for tracking all design changes, including the reason for incorporating design changes in program decisions.  The offeror shall describe the planned approach to provide change status at the appropriate reviews, including analysis and corrective action plans for unusual change activity.  The offeror shall provide the planned approach for tracking and reporting specification approval status, engineering staffing, and subcontracts signed vs. planned at appropriate reviews, with appropriate analysis and corrective action plans for deviations from those planned.  In addition, describe any other leading indicators that the offeror plans to use to measure the maturation process of the design, the performance of subcontractors, the transition phases of the development process (i.e., design to fabrication, fabrication to integration, integration to test, etc.).  The offeror shall address the proposed plan to integrate leading indicators into the IMP.  The offeror shall explain any process improvement program that will be utilized on the program.  The offeror shall discuss any proposed innovative design approaches to incorporate robust attributes into the product and any robustness development measures to track overall impacts of these innovative design approaches.

Means to Incentivize Systems Engineering

There are two recommended ways of incentivizing the contracted effort; Award Fee, and Cash Incentives.  These incentives may be tied to performance of leading indicators.  Performance Based Payments also provide a way of encouraging the contractor to demonstrate technical achievements in special areas.  The following are samples of how a new program/modification can be structured or an existing contract can be updated to incentivize effective SE and robust development.  Although an example is not provided, a contract can be set up to provide additional profit or fee incentives set against early completion of schedule milestones.  In other words, the contractor has a baseline profit or fee they will receive if they complete on time.  The schedule incentive offers them additional profit or fee, a bonus, if they complete early.  They should also loose profit or fee if they are late.  The incentives should be both positive and negative.  

Award Fee 

In structuring an award fee, the leading indicators and the criteria used in the Section M examples above provide the types of guides helpful to incentivize contractors.  SE needs to be a significant part of the award fee criteria.  It is also important to keep in mind that, in awarding fees earned as the program progresses, it is the final product at contract completion that really determines how successful the contractor has been. Programs should therefore consider writing contract clauses to keep a portion of the award fee in reserve, or to allow a rebate to the government if cost, schedule, or technical performance goals have not been met at contract completion.  Following are some suggestions on wording for an award fee plan.
Technical Performance: 
Technical: Meets technical requirements (e.g., weight control, maintainability, reliability, etc.) for performance and robustness, and will retain interoperability (or other desired performance attributes) throughout the operational life in initial delivered configuration and any/all other configurations that are formally established.

1. Contractor routinely demonstrates timely and efficient preparation of engineering documentation, its implementation, and updates for currency. Contractor’s documentation provides a layered description of how a system functions. 

2. Contractor clearly uses an effective process to translate customer needs into system capability, design, manufacturing, and sustainment. Contractor’s technical practices and disciplines facilitate system maintenance, management of requirement changes, and system evolution.

3. Contractor has adequate technical staffing that is qualified, trained and assigned to the program 

4. Contractor’s design efforts are focused on designing robust system functions that are insensitive to sources of variation - environmental variations, manufacturing variations, component deterioration, etc. 

5. Contractor’s design of test specimens, models and simulations, and prototypes support a validation and verification program that provides thorough coverage with a minimum number of tests.  It embodies focused attention on the usage of the system being tested, and uses appropriate tools to span the entire operating domain uniformly with minimum number of test cases.  Contactor uses methods that help analyze failed tests, and provides feedback into plans/procedures for subsequent tests, leading to greater test effectiveness and efficiency. 

6. The contractor’s technical reviews demonstrate appropriate levels of progress in systems definition and design maturation.  A useful indicator would include drawings at PDR being at least 40% completed and at CDR being at least 90% completed.  

7. Contractor demonstrates effective risk management in accordance with an IRM plan by identifying and assessing major risk areas, and describing how risks will be mitigated. Risk reduction efforts are aggressively managed and appropriately reported.

8. Contractor manages subcontract efforts to incorporate a sound SE approach, including configuration management, with its suppliers/subcontractors.  Effective requirements and standards are developed for adequate subcontractor test program. Contractor demonstrates effective management of subcontractor/supplier SE efforts, with particular emphasis on demonstrating technical performance.

9. Contractor prepares timely and effective documentation that provides a layered description of how a system functions.

10. Contractor is highly effective in anticipating problems and gives specific emphasis to these areas during design and testing. 

11. Contractor demonstrates and maintains effective configuration management practices, to include but not limited to such things as baseline documentation, change control process, interface control documentation, etc.
12. Trade studies are well thought out, relevant, and provide conclusive resolution of issues. Trade studies and analyses demonstrate comprehensive SE approach with clear benefits to the system definition. All program disciplines (e.g., logistics, contracts, finance, test and evaluation, et al) participate in trade studies.  
Incentive Fees

When it is determined that the contract schedule is very critical for a specific program, the Contracting Officer may establish a cash incentive above and beyond normal negotiated profit margins.  A cash incentive is distinguished from, and entirely separate from contract profit or fee.  A range should be determined based on the importance of early or on-time delivery and that is sufficient to incentivize the contractor.  The incentive is earned in accordance with the contractor’s ability to deliver supplies or services on time or in advance of the required contractual due date as set forth in the contract.
This approach will be most effective when incentives are earned based on meeting discrete, specific milestones that are reasonably obtainable.  For example, given a baseline contractual delivery schedule of 24 months, the incentive might be pro-rated over a period of 4 months with the greatest amount being earned for supplies and/or services being delivered 4 months early, the next greatest amount for those products delivered 3 months early, and so on with the least amount earned for delivery on time.  When multiple units are involved, any reasonable combination of proration between time of delivery and quantity of delivery may be used so long as the focus remains on meeting the program objectives.  Care should be taken not to make the formula too complicated or to make the delivery milestones so restrictive or difficult that the contractor is not incentivized to attempt early delivery.
Below are examples of different cash incentive clauses.  If any of the following sample clauses are used, the Government has to obligate the funds for the maximum incentive that may be earned.


a.  Government shall pay an incentive payment of $[insert amount in dollars] for each unit that is delivered [insert number of days, weeks, or months, as appropriate] early and that has satisfactorily met its acceptance requirements as set forth in [insert appropriate identifier].  The total of such payments shall not exceed $[amount in dollar] for the total units purchased by Government under the contract.


b.  Government and Contractor agree to an early delivery incentive for Contractor's completion of each specially designated Milestone (identified as “Incentive Milestone”) of this contract as set forth in the Schedule.  In the event the Contractor completes an Incentive Milestone on or before the date specified in this Contract, they earn a specified amount for each defined delivery period prior to the date the contract specifies for completion of the Incentive. 


c.  The contractor is incentivized to complete milestone(s) prior to or no later than a specified date.  For the contractor to earn the schedule incentive amount established for the specified milestone, all of the following shall be completed to the government's satisfaction not later than the dates specified:


1. The Contractor may earn delivery incentives for early/on time delivery of specified CLINS to specified destination, subject to the specified schedule:


2.  For final delivery incentive determination purposes, signatures in blocks 21a (source Quality Assurance (QA)) and 22 (by Government QA personnel at the facility) of the DD 250 shall indicate proper delivery of the said units, or the Contractor may use its own internal shipping document provided said document clearly contains evidence of the date of receipt of the unit at the facility by DCMA personnel.


3.  For billing purposes only, the Contractor may bill for certain SubCLINs at their target amount.

Performance Based Payments 

Use of Performance Based Payments (PBP) should not be used a mechanism to encourage or cause contractor performance beyond what is specified by the contract.  In no case should PBP be used as a contractual incentive. If the contracting officer wants to establish performance incentives for the contractor (especially to reward faster performance or extra output), then specific contractual incentive arrangements as discussed above should be used.

Some key points concerning PBPs are identified below:

1. PBP is the Government’s preferred form of contract financing for fixed price contracts valued at $2 million and higher with an expected duration of 6 months or longer.

2. PBP ties financing to demonstrated technical achievements -- putting contracting officers and program managers in a strong position to affect the contractor’s cash flow and thereby to focus the contractor’s attention on true technical progress. 

3. PBP is a type of contract financing in which financing payments depend on the achievement of meaningful progress indicated by completing payment events. It is neither a milestone payment system nor a traditional cost-based progress payment system. 

4. PBP can provide significant benefits for both the Government and the contractor. 

5. PBP is a good choice if technical and financial risk is low and the product or process under consideration has high stability. 

6. The decision to use PBP necessitates more pre-award communication between the Government and the contractor. All parties should be willing to contribute the needed time and energy to insure success. 

Technical Management Leading Indicators
There are six critical SE areas that capture much of the cost/schedule/performance risk in a program: 

· Requirements definition

· Design maturation

· Subcontractor management

· Test and evaluation/verification and validation

· Manufacturing

· Sustainment 

These key areas must be anchored by a strong technical foundation.  As such, the contract should include a system performance specification, SOW, SEMP and IMP.  The program performance specification captures the minimum essential functional performance requirements and the basis for product verification.   It is the bridge between the operator’s requirements (Initial Capabilities Document [ICD], Capability Development Document [CDD], and Capability Production Document [CPD]) and the allocated requirements as manifested in the contractor’s product description specification tree.  The IMP represents the developer’s view of product maturation and defines key events and milestones with associated entrance and exit criteria.  There should be a strong link between design maturity measures, SOW tasks, TPMs and IMP entrance/exit criteria to assure that system performance specification and verification requirements are being appropriately addressed in a timely and disciplined fashion.  A program schedule that ties directly with the IMP is important and should provide insight for identifying development milestones to establish the critical path.  The SE sub-processes that the contractor will use on the program should not only be established, baselined, measured, and tracked for improvement but should define how the contractor will implement the development effort in the SEMP.  For example, resource management, integration, test and subcontractor requirements management processes all produce products that should be identified in the SEMP and tied to the IMP/IMS to show the internal contractor’s operations maturation.



From a technical viewpoint there are many leading indicators that address the critical SE areas listed above and assist the program management team in maintaining design discipline.  They are useful in providing advance warning that the design/associated processes are not on track, and whether any potential exists for program cost overrun and schedule slip.  These indicators should form the basis for tracking program progress, monitoring the effectiveness of the SE process, and measuring the robustness of the development products.  They should be reviewed and discussed in periodic (monthly/quarterly) technical/management briefings as well as reflected in the award/incentive fee scheme.  As part of the source selection for new/modification development, have the contractor identify specific leading indicators they propose to use to manage the technical aspects of the program.  As part of an existing development effort, use these indicators to formulate questions to be raised at technical interchange meetings and other reviews to determine if the contractor is effectively managing the technical development effort on contract or if risks are lurking in the future.
In all these measures, however, a baseline is needed for comparison.  Comparisons of change activity, specification approval, subcontracts awarded, engineering staffing, etc. with similar measures on past similar programs can assist in determining the “goodness” of the measure.  Comparing the measures over time can provide leading indicators of performance.  If similar data are not available, the program office should request plans for each of the appropriate areas from the contractor and monitor actual vs. planned progress along with the relevant trend data.  This allows the program office to establish a correlation between these measures and overall program performance for use on follow-on programs.  It should be noted that using any one of these measures independently may be ill-advised, since combinations of measures are often necessary for a complete picture of progress.  

Within this contractual framework, the following are examples of candidate metrics to serve as indicators for the critical SE areas.  These are suggestions only. All indicators should be tailored to a specific program’s need with additional ones added as appropriate.  These same indicators could/should be captured and tracked within the IMP/IMS.  When monitoring plans in these areas, recommend that the objective be a maximum deviation from the plan of 5% with a threshold for action no greater than 10%.  The recommended leading indicators are:
1. Change activities against time, such as: requirements changes to baselines (internal to the contractor and external, controlled by Government), corresponding changes to verification plans, design changes to a design in work (completed and baselined), and growth and stability of an existing baseline.  This includes changes initiated by production floor.

Design change activity will have a significant impact on design maturity, and therefore on cost and schedule performance.  Tracking design change activity provides and indication of design maturity.  It is most effective early in the development phase, but it remains useful through to deployment. Measuring change assists in determining if the product is ready to support the next stage, activity, or event.  It also provides insight into “requirements creep.” There are various levels of design change monitoring.  Recommend that at least all Class 1 and Class 2 changes be tracked, and if possible a means of monitoring lower-level internal contractor change activity--especially with software--be established. 

2. Status of specifications approved vs. planned at all levels against time and status of Requirements Concurrence at all levels.
Tracking all specifications and Interface Control Drawing/Document (ICD) approval status is another measure of design maturity.  It is related to the early program phases through FCA/PCA.  The contractor must have a specification and ICD release plan, and a disciplined process to review and approve all specifications and specification changes.  The program office should have insight into the plan, process, and activity, fold it into the design review process, and make it part of the specification development criteria for the SEMP/IMP.  Plan should have approximately 70-80% of development specifications completed with 50% approved by PDR, and 100% of development specifications approved by CDR.  In the sustainment phase, this measure should address issues such as parts substitutions and change package processing/approval time.   

3. Number of subcontracts signed vs. planned at all levels against time.

This is another measure of design maturation that is appropriate for the early phases of development through CDR. Slips in subcontracting effort indicate that the design effort is lagging, and that there may be cost and schedule impacts as a result.  This measure may tie closely with the specification release measure above, including a statement on how to report it.  Plan should be for 30% to 50% by PDR and 100% by CDR. 

4. Engineering manpower totals actual vs. planned for each technical specialty against time.

Engineering staffing numbers, training, qualification, and timing are appropriate for early development phases through and beyond IOC.  They reflect engineering effort and design maturation in each of the specialty areas.  These measures indicate whether the organization’s current and future staffing needs are adequate.  For example, insufficient S/W engineering at a time when S/W effort should be at its peak could be an indicator of delayed S/W development.  However, this measure needs to be used with caution and in conjunction with other associated measures.  Engineering productivity and efficiency need to be factored in.  High levels of engineering staffing early in the program may be due to high levels of change activity, which as noted above may indicate an immature design.

5. Design Documentation actual vs. planned at all levels against time.

Drawing/model release schedule performance is critical in all phases of the program.  The contractor should have a plan for the number of drawings/models anticipated at each level (top-level assembly, piece-part, etc.) to be completed by each designated milestone ( e.g., 40% of 135 piece-part drawings completed by PDR).  “Completed” should also be defined, i.e. signed off at what level, coordinated by whom, etc.  Special attention should be given to the complexity of the drawings/models remaining, whether or not the design is complete but just needs to be documented, or whether the design is complex and needs more work before the drawing package can be completed.  The contractor should also track the status of tooling designs, Build-to-Packages (work instructions and associated drawings), and Functional/Acceptance Test Procedures.  These items are needed for a complete product definition package under a disciplined SE approach. Contractor progress in creating the complete product definition package should be carefully assessed against the plan during program reviews.  Drawing release should be included in the SEMP/IMP as entrance criteria for design reviews.  Plan should be for 40% by PDR, and 90% by CDR.  

6. Trade studies complete vs. defined by topic.

Trade study completion progress applies to the early design phase of a program (typically pre-PDR, possibly up to CDR for the purpose of supporting the allocated requirements definition process as well as to assist in determining specific design solutions).  It may be applicable to later phases depending on the program strategy.  The contractor should identify what trade studies they plan to conduct, preferably in their proposal but sometimes immediately after contract award.  Associated with this list of trade studies should be a completion plan, including any order dependencies, i.e. if one study must be completed before another can be started or completed.  The completion plan is typically documented in the SEMP/IMP as entrance criteria prior to a milestone or major event.  Plan should be for 75% to 100% of the appropriate trade studies complete prior to PDR with the results subsequently presented at PDR.

7. Software Lines of Code (SLOC) or their equivalent (objects or function points) tracked and labor hours complete vs. planned against time.  Also complexity factors should be factored into this measure.
SLOC progress mainly applies to detail design (post-CDR); however, it is important to track initial prediction of the number of SLOC based on design pre-CDR.  The contractor should predict total SLOC as well as the associated labor hours to accomplish the coding as part of their proposal and actuals against this prediction throughout SDD.  Until coding actually begins, both SLOC and labor hour predictions may change depending on how the design is maturing.  After coding begins, the contractor should continue to track predictions, as well as actuals for each within the reporting period (generally monthly or quarterly, sometimes weekly if critical).  There should also be a plan for SLOC verification vs. time, i.e., how many SLOC verified by when.  Especially important is corrective action status and time required to verify corrections  As with drawing releases, special attention should be given to the complexity of the SLOC verification remaining, (whether or not the design is complete but needs to be coded, or whether the design is complex and needs more work before coding can begin).  Good software design is highly dependent upon well defined and understood performance and interface requirements.
8. EVMS trends and complexity assessment (how complex the work remaining is relative to work completed) against time. 

Tracking of EVMS trends and continuing assessment of the complexity of  work remaining apply to all of the critical SE areas of the program.  Trends indicating that planned technical work is not being accomplished or is taking longer than originally anticipated may indicate significant problems in one or more of the key technical areas.  Proactive measures can be taken as a result of the above trends to correct problems before they have significant impact on cost, schedule, or performance.  Similarly, a continuing assessment of work remaining, relative to how its complexity is either increasing or decreasing, will provide indications of trouble ahead if complexity does not follow the expected trend.  This will thus provide opportunities for proactive intervention.  Additionally, the prime contractor should monitor their internal equivalent of EVMS trends and continually assess and report the complexity of the work to go for their subcontractors and associate contractors.

9. Deliveries, HW and SW, completed vs. planned for verification, to/from vendors, GFE and internal to the contractor, against time and completed First Article Inspections (FAI).

These deliveries and FAIs are a measure of design and process maturation and stability in SDD as well as in sustainment for projects that are adding more capability to the system (i.e., subsequent increments).  They may also raise flags that HW and/or SW assets and manufacturing processes may not be mature enough, available in time, or taking too long to produce for timely design verification.  The contractor should monitor the actual vs. planned deliveries of assets so that proactive measures can be taken to prevent delays that could result in significant cost and schedule perturbations.  This includes HW and SW assets to or from subcontractors, associate contractors, and vendors, including GFE and CFE.  Only deliveries which are acceptable products (meet requirements) are to be counted in this measure.

10. Technical Performance Measures (TPM) actual vs. planned with trend assessment.

TPMs are measures of the performance of the system and its constituent parts. These apply throughout the life cycle, but tracking during SDD is particularly valuable as a measure of design maturity.  Especially relevant are TPMs that are linked to key performance parameters (KPP), identified in the development program baseline, since these represent essential system capabilities that must be achieved.  TPMs should always be measurable quantities; at the system level they are typically top-level parameters such as range, endurance, reliability, radar cross-section, etc.  They can also relate to subsystem and component performance parameters, that are key to meeting higher-level system requirements. These could include items such as core processor spare memory or structural design margins (robustness). TPM trends that diverge from expectations provide strong evidence that design maturity is not progressing and an indicator of potential problems in component, sub-system, or system designs.  Effort should be expended to understand the causes of such trends; corrective action will be required to ensure that total program cost, schedule, and performance are not significantly impacted.  Each TPM usually contains its unique objective and threshold parameters. 

11. Actual vs. expected frequency of deficiency reports (DR) and software problem report (SPR) for each phase of verification (integration, test, and delivery).  “Expected” is a trend instead of actual/planned number, i.e. increasing at the beginning of a phase, then a plateau, followed by a decrease.  A method should be established to track an indicator of severity of the problem within each DR/SPR.  
These measures primarily apply to the SDD phase and are another measure of design maturity and stability.  For each verification phase, a substantial number of DRs can be expected early on, with the number tapering off as testing progresses.  However, if the number of DRs does not diminish as expected, it may be a warning that problems have surfaced and proactive action may be required in order to mitigate.  Additionally, data may be collected on DR closure, but in timeliness and repeatability. 

12. Facility requirements (including production) changes activity discrete tracking. 

These changes apply starting in SDD and continuing into the production phase. Under the integrated product/process development concept, the product, production and support processes to develop, produce and support the system are developed concurrently. Maintenance and support facility planning must also be accomplished during this period as the design solution is matured. Early identification of facilities requirements allows for timely decisions about construction of new facilities and/or modification of current ones. Changes to facilities requirements should decrease over time.  As the program enters the production phase, changes should be minimal.

13. Closure of Design Review actions actual vs. planned tracking. 

This indicator is most significant in SDD when the design solution is being matured, but it may apply to any program phase where significant engineering activity to develop, evaluate, and execute design change is occurring. Timely closure of actions identified is essential for the design maturation and verification. Once the design owner has established a plan and schedule for closure of open items, this plan should be adhered to as closely as possible. If closure actions are not being accomplished in accordance with the established plan, it could indicate potential future schedule slips, rework activity, and increased costs.  It could also reflect other issues  such as inadequate staffing, poor work scheduling, or lack of management attention.

14. Product Key Characteristics and Process Capability Indices.
Key Characteristics (KC) are critical attributes of the product that are essential to the successful function of the hardware/software component, subsystem, or system. In contrast to product design requirements which are independent of the design solution, KCs are integral to the particular design solution chosen and must be identified by the design owner(s) during SDD. These may be derived requirements that are created as part of the design.  They should be identified at every level of the product design hierarchy as a complement to the design requirements at that level, and should be included in appropriate specifications and drawings. Examples include items such as a dimension on a mechanical component which affects proper fit  into a higher-level assembly, or the length of the leads on a microprocessor attached to a circuit card which is subject to vibration and failure over time.  The contractor must determine which manufacturing processes create or contribute to each KC, then for each critical process, the contractor should calculate the Process Capability Index (or Cpk), which is an objective measure of how well the process must perform to consistently meet design tolerances.  These measures can then be fed back to the designers to assure a producible design.  The number of stable, capable processes should be tracked as a measure of the producibility of the design and the maturity of the manufacturing processes.  Contractor progress in creating the complete product definition package should be carefully assessed against the plan during program reviews throughout SDD.  Plan should be for 70% to 90% of key characteristics defined by PDR.  By CDR 100% of the key characteristics should be identified and the contractor should have determined process stability and capability for all key processes.  For processes with insufficient data, estimates of capability should be made and verified prior to use.

15. Verification and Validation activities (e.g., test points) approved vs. planned. 

This indicator would apply in SDD.  As system requirements are created, verification and validation requirements should also be developed.  Design verification should begin as early as possible and conducted over the development of the system.  System level verification and validation follows design verification   Prior to the detail design of the product solution, a plan should be defined for the accomplishment of performance demonstrations (to determine performance shortfalls so that design improvements can be developed) and qualification activities for the “final” design solution (could involve testing, modeling, simulation, analysis, or combinations of all of these) to verify product performance against requirements. Progress against this plan should be monitored closely. Failure to accomplish or complete planned verification activities increases the risk of slips in the production schedule.  Conversely, if the production schedule is held fixed, the probability increases that an immature design, one that may not meet important capability requirements, will be produced, driving unanticipated changes and rework costs. 

16. Schedule bid in proposal vs. actual schedule at start of effort.
This is a simple metric that is most relevant at the beginning of any program phase, although it can also be applied to major program development milestones as defined by the product designer/developer. Failure to start the work effort on time is an early indicator of probable overall program slips unless the lost time can be recovered without sacrificing essential program content. Any substantial schedule slips that impact the critical path must resolved, either as slips to downstream activities or by some other means. The developer (contractor) must prepare a recovery plan, and must identify why the risks associated with each element of this plan are considered acceptable. Typically, schedule slips can be accommodated more easily without major impacts earlier in the program before to many  high-dollar financial commitments are made, than later on when significant production facilities and workforce investments are in place. For example, a two-month slip in the system requirements review early in SDD has less program impact than the same 60-day delay  in a major qualification test.

17. Subcontract Management.
Each of the above indicators should also apply to all subcontractors, associate contractors, and vendors, including GFE and CFE, and should be integrated into the assessment of the prime contractor’s management performance
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