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[bookmark: _Toc311786244]Purpose

The purpose of this document is to provide FAA cost estimators, financial analysts, and program analysts with a reference document that complements the Government Accountability Office (GAO) Cost Estimating and Assessment Guide.  The FAA has adopted GAO’s cost estimating best practices.  The goal is to produce a cost estimate that incorporates GAO best practices and meets FAA Financial Services verification and validation requirements.  This document provides additional information needed to support cost estimating requirements outlined in the FAA Acquisition Management System (AMS).
 
The FAA AMS emphasizes certain principles that significantly impact the cost estimator’s task.  For example, emphasis is placed on: (1) full life cycle partnership between the acquisition and operational workforces; (2) comprehensive analysis of alternative solutions to shortfalls and/or technological opportunities; (3) stable cost, schedule, risk, and benefit program baselines; and (4) unified agency planning, budgeting, and execution within a long-range strategic framework.

These principles mean that cost estimates generally will be in life cycle terms.  It also means that estimates will occur at major points in the life cycle of a program such as during concept and requirements definition, investment analysis, or when there is a breach to the established program baseline.  The cost estimate is a major consideration at the investment decision, when decision makers must choose among competing alternatives for limited resources.  The cost estimate and the budget it supports are the traditional “yardsticks” by which program affordability, progress, and success are measured[footnoteRef:1]. It is essential that cost estimates accurately reflect an acquisition’s financial requirements. [1:  FAA Acquisition Baseline Management Standard Operating Procedure] 


[bookmark: _Toc387457547][bookmark: _Toc253747831][bookmark: _Toc278285521][bookmark: _Toc311786245]FAA Appropriation Categories[footnoteRef:2] [2:  FAA Order 2500.8, Funding Criteria for Operations, Facilities and Equipment (F&E), and Research, Engineering and Development (R,E&D) Accounts, 10/01/06] 


Cost estimates eventually will have to be compared to a budget to determine if an acquisition is affordable[footnoteRef:3].  Thus, there is a need to categorize cost estimates by budget category.  For a government agency, this means cost estimates will have to be presented by appropriation since that is how Congress allocates money to agencies.  The FAA has four appropriation categories: Research, Engineering & Development (RE&D), Facilities & Equipment (F&E), Operations (OPS), and Airport Improvement Program (AIP). [3:  Investment Analysis Process Guidance] 


[bookmark: _Toc311786246]Research, Engineering, and Development (RE&D)

The RE&D account funds research, engineering, and development programs to improve the NAS by increasing its safety, security, productivity, capacity, and environmental compatibility to meet the expected air traffic demands of the future. FAA R&D programs fall into the categories of "basic research," "applied research," and "development".  R&D programs are funded on a project basis. This account also funds direct federal salaries and benefits as well as related costs of FAA personnel implementing projects funded by the RE&D account.

[bookmark: _Toc311786247]Facilities and Equipment (F&E)

The F&E account generally provides for the capital investment by funding procurement and installation of new equipment, facilities, and construction projects included in the Aviation System Capital Investment Plan (CIP).   Projects include the construction, purchase, or lease to purchase of facilities, land, equipment, and software as required. This account funds direct federal salaries and benefits as well as related costs of FAA personnel implementing programs funded by the F&E appropriation.

[bookmark: _Toc311786248]Operations (OPS)

The FAA Operations account funds administration, operation, repair, and maintenance of FAA activities within the NAS. It finances personnel and support costs of operating and maintaining the air traffic control system, flight service facilities, navigation and landing aids, as well as regulatory and inspection activities which provide for the safety and security of aircraft, flight procedures, and electronic signals from ground-based equipment.

[bookmark: _Toc311786249]Airport Improvement Program (AIP)

The Airport Improvement Program (AIP) provides grants to public agencies — and, in some cases, to private owners and entities -- for planning and developing public-use airports that are included in the National Plan of Integrated Airport Systems (NPIAS).

[bookmark: _Toc253747791][bookmark: _Toc254268962][bookmark: _Toc278285522][bookmark: _Toc311786250]FAA Acquisition Classifications

The FAA has three major classifications of acquisitions:  (1) systems and software, (2) services, and (3) facilities.  Within the three categories, there are different types of acquisition processes (e.g., simple purchases of commercial equipment, non-developmental item hardware with developmental software, full developmental programs, leased services, new facilities, and modification of existing facilities).  The choice of estimating methodology and availability of data will be influenced greatly by the type of acquisition program.  For example, purchasing commercial equipment “off the shelf” is much easier to estimate than a full developmental program.  Estimating the cost of commercial equipment may simply involve market research to obtain price quotes from vendors with additional analysis, perhaps to adjust for quantity discounts and/or inflation.  Estimating the cost of a full developmental program may require formulation of many ground rules and assumptions, an extensive data collection effort, development of mathematical models, and detailed risk analysis.

The FAA AMS stresses commercial and non-developmental solutions to shortfalls/technological opportunities.  It provides a framework for evolutionary development so that upgrading complex systems can be accomplished efficiently and cost effectively.  AMS also emphasizes pre-planned product improvements (P3I).
  
The cost estimator plays a key role during the entire acquisition process, but clearly the estimator’s role is highlighted during the investment analysis phase. Service organizations need cost estimators to represent them on Investment Analysis Teams (IATs), specifically to help them build the life cycle cost estimates for their candidate solutions.  The Investment Planning and Analysis (IP&A) organization consists of professional cost estimators to support the IAT during investment analysis, by building databases, estimating tools and techniques, and developing standard agency-wide estimating guidelines.

Cost estimation is based on both engineering and economics.  The cost analyst must be familiar with the physical and operational characteristics of the proposed program at an engineering level of detail so that the likely costs can be estimated through standard techniques such as analogy or parametric estimation. The analyst must work intensively with the most knowledgeable people that will be directly involved in the project (frequently, this is the systems engineers and other technical specialists) that understand the concepts, the physical nature, and operational properties of the proposed program.  The cost analyst must ask probing and open-ended questions to better understand the program’s likely costs, schedule, and risks; and then synthesize that information into an accurate cost estimate.

NOTE:  Programs seeking an Investment Analysis Readiness Decision (IARD) have no need to develop the risk-adjusted cost estimate.  IARD is designed to validate shortfalls, identify possible alternatives, and define preliminary requirements in the context of both engineering architecture and financial perspectives. Development of a Rough Order Magnitude (ROM) cost estimate is acceptable.
One of the most difficult cost issues is uncertainty.  Since new investments are unique and have no exact historical antecedents, there can be substantial uncertainty associated with predicting the likely actual costs.  The cost analyst needs to understand and apply these uncertainties and risks to derive probabilistic measures of cost outcomes (i.e., the most optimistic estimate to the most pessimistic estimate of life cycle costs).  For Initial and Final Investment Decisions, the analyst must always prepare a risk-adjusted cost estimate, i.e., a cost estimate that reflects the uncertainty associated with the estimated costs.
[bookmark: _Toc104622030]
[bookmark: _Toc278285524][bookmark: _Toc311786251][bookmark: _Toc253747793]GAO Cost Estimating Best practices and 12 step process 

All cost estimates should meet the following best practices:

Well Documented:  Cost estimates should be supported by detailed documentation that describes the purpose of the estimate, the program background and system description, the scope of the estimate, the ground rules and assumptions, all data sources, estimating methodology and rationale, and the results of the risk analysis. Moreover, this information should be captured in such a way that the data used to derive the estimate can be traced back to, and verified against, their sources.

Comprehensive:  The cost estimates should include costs of the program over its full life-cycle, provide a level of detail appropriate to ensure that cost elements are neither omitted nor double-counted, and document all cost-influencing ground rules and assumptions.

Accurate:  	The cost estimate should be based on an assessment of most likely costs (adjusted for inflation), documented assumptions, and historical cost estimates and actual experiences on other comparable programs. Estimates should be cross-checked against an independent cost estimate for accuracy, double counting, and omissions. In addition, the estimate should be updated to reflect any changes.

Credible:  	The cost estimates should discuss any limitations of the analysis because of uncertainty, or biases surrounding data or assumptions. Risk and uncertainty analysis should be performed to determine the level of risk associated with the estimate. Further, the estimate’s results should be cross-checked against an independent estimate.

The twelve (12) step standard cost estimating process[footnoteRef:4] is shown in Figure 1 below. Each of these steps is described briefly in the following sections.  The required depth and extent of each step is dependent upon the relative size (ACAT) of the proposed acquisition, cost uncertainty, and requested investment decision (IID vs. FID)[footnoteRef:5].  [4:  GAO Cost Estimating and Assessment Guide]  [5:  Business Case Analysis Guidance, Appendix A: Business Case Requirements] 


Typically, the large dollar size, complex, and least certain investments will require significant effort, while acquisitions with smaller levels of investment and less uncertainty may be addressed satisfactorily with less effort. Additionally, at FID, cost estimates for the alternative selected at IID are updated by vendor data supplied in response to a solicitation.

[image: ]
[bookmark: _Toc279497824]
Figure 1:  Cost Estimating 12 Step Process
[bookmark: _Toc278285525][bookmark: _Toc311786252][bookmark: _Toc370453628][bookmark: _Toc387460441][bookmark: _Toc253747833]Purpose of the Cost Estimate

One of the first things an estimator should determine is the ultimate use, or purpose, of the estimate.  Knowing how the estimate will be used helps to shape the overall plan of attack.  It is particularly helpful in deciding which elements of cost to include in the estimate and in understanding the level of detail required.  The level of detail required can impact the type and amount of data to be collected and analyzed significantly.  An estimate conducted at a high level of detail generally requires less data than an estimate conducted at a low level of detail.

[bookmark: _Toc278285526][bookmark: _Toc311786253]Determine Estimate’s Recipient, Required Level of Detail, and Overall Scope

The Investment Decision Authority (IDA) makes corporate level investment and resource allocation decisions, based on business case analysis prepared by an Investment Analysis Team (IAT). The IDA for every FAA investment program is determined by acquisition category (ACAT) to ensure the appropriate level of oversight, and can be found on the FAA AMS website at:

http://fast.faa.gov/acquisition/docs/acqcattable.xls 

The required fidelity of a cost estimate varies by ACAT and investment decision point (Initial vs. Final Investment Decision).  Cost estimates for an Initial Investment Decision (IID), while as rigorous as the program data is mature, are generally not as detailed as for a Final Investment Decision (FID)[footnoteRef:6]. [6:  Business Case Analysis Guidance, Appendix A, Table A-1.] 


A contract specific Independent Government Cost Estimate (IGCE) is required for all programs that will include a contract for goods and services.  An IGCE is a subset of the Life Cycle Cost Estimate (LCCE) and is prepared for the preferred alternative prior to issuing the final Screening Information Request (SIR)[footnoteRef:7].  FAA internal costs (i.e., those program costs that will not be purchased from the vendor, such as IOT&E, organic maintenance, etc.) are part of the LCCE and excluded from the IGCE.  The IGCE is an estimate of the program acquisition. [7:   Investment Analysis Process Guidance. ] 

 
See:  “FAA Guidance for Independent Government Cost Estimates” for additional information.
     
[bookmark: _Toc278285529][bookmark: _Toc311786254]Cost Estimating Team and Master Schedule

[bookmark: _Toc311786255]Cost Estimating Team

The exact size and composition of the estimating team will depend on the type of procurement (non-developmental versus developmental), and the time and resources available to produce the estimate.  An FAA cost estimating team would consist primarily of members from the line of business with the need, the Investment Planning and Analysis (IP&A) staff, and IPTs who have candidate solutions.  Ideally, the estimating team should have people with expertise in estimating all cost elements.  This seldom is the case.  Therefore, the team leader must assign available resources efficiently, ensuring a balance of technical and estimating expertise.

When making team assignments, it is important to recognize that each estimate is a learning experience.  Therefore, individuals should be used in a manner that not only ensures a competent estimate, but also broadens the experience base of each estimator.  A common approach in building a team is to assign experienced estimators the responsibility over major areas of the estimate with less experienced estimators working under their control.  In addition, it is a good idea to give estimators an opportunity to participate in areas outside their current experience.  This can be achieved by assigning an individual primary responsibility for an area within their experience base and a secondary responsibility for a portion of an unfamiliar area.

Structuring the optimal estimating team involves careful consideration of the capabilities of available resources in light of the estimating task.  Responsibilities of participating organizations should be assigned formally at appropriate levels of management, via correspondence that clearly states the estimating task and schedule for its accomplishment and review.  Beyond this, each team member’s area of responsibility should be made known to all members of the Investment Analysis Team.

[bookmark: _Toc278285528][bookmark: _Toc311786256]Cost Estimating Plan/Schedule

The cost estimating plan is a systematic, disciplined approach that describes the tasks needed to complete the cost estimate, the deliverable products of the analysis, the schedules and resource requirements for each task, and the roles and responsibilities of each organization or person in completing the effort.  The cost estimate plan should include:

The objectives of the effort;
Identification of the estimates to be developed, including the Legacy Case, the CIP-constrained alternative, and the set of remaining feasible alternatives;
The required cost estimation tasks;
The methodologies available to derive a cost estimate for each WBS element;
The deliverables and products and expected completion dates;
Schedules and resource requirements for each task; and 
Roles and responsibilities of each team member/organization.

See Appendix A for an example of a Cost Estimating Plan 

[bookmark: _Toc278285530][bookmark: _Toc311786257]Independent Cost Estimate

IP&A analysts carefully review and evaluate each business case cost estimate and supporting documentation to ensure that the business case is solid, well documented, and provides a credible picture of the investment and its impact to the National Airspace System (NAS). All aspects of the cost basis of estimate are examined[footnoteRef:8].  Business case cost estimates are compared with IP&A cost analysts’ estimates of costs and variances are negotiated with the business case cost estimating team.     [8:  Guidelines for Documenting Cost Basis of Estimate] 


[bookmark: _Toc278285531][bookmark: _Toc311786258]Cost Estimating Approach

The scope, ground rules and assumptions, inputs required for analysis, estimating methods and basis of estimate documentation requirements are the core of the estimating approach.  As the approach evolves, it is important that management has a full understanding of the approach to avoid confusion and unnecessary revisions to the estimate after it is completed.  Management should be informed of any assistance required in gathering data and of clarification needed to refine the set of ground rules and assumptions. 

[bookmark: _Toc278285532][bookmark: _Toc311786259]Cost Estimate Timeline

The cost estimator must be afforded adequate time to develop a competent estimate.  Constraints on time and resources required to conduct the estimate are a condition that could jeopardize the team’s ability to deliver a quality product.

FAA Enterprise Architecture Roadmaps lay out an optimal timeline for future acquisitions.  This timeline includes major decision points such as Investment Analysis Readiness Decision (IARD), Initial Investment Decision (IID), and Final Investment Decision (FID) where cost estimates are required.  Once the estimator determines the due date, a detailed schedule leading to this date can be evolved.  The estimator should create a schedule with realistic milestones that provide margin for delays.  The schedule should also be sensitive to travel time to briefing locations and to possible reworks directed by review authorities.  Since these delays and activities always consume time, it is appropriate to consider them in the schedule.

Frequently, cost estimators are pressured to compress the estimate schedule to meet a due date.  Compression is risky if additional resources are not available to perform the effort that would have been accomplished by fewer estimators over a longer period.  A key point to remember is that the cost estimator’s acceptance of the schedule constraint does not remove the requirement to deliver an estimate that is complete and possesses a high degree of competence.  The estimator should always insist on a reasonable schedule.  If this is not possible, the constraint should be highlighted under ground rules and assumptions as a condition that curtailed the estimating team’s depth of analysis which may negatively impact the estimate’s confidence level.  Once the estimate timetable has been established, its milestones will be reflected in the Investment Analysis Plan[footnoteRef:9]. [9:  Investment Analysis Plan Guidelines and Template] 


It is important to understand that task definition and planning is an integral part of any estimate.  It represents the beginning work effort and sets the stage for achieving a competent estimate efficiently.

[bookmark: _Toc278285533][bookmark: _Toc311786260]Program Definition

It is impossible to produce a credible cost estimate of an acquisition that does not have an adequate technical and programmatic description.  Knowing the general “character” of the acquisition provides the estimator with a good understanding of what is being estimated.  The character of the acquisition refers to those characteristics that distinguish it from other acquisitions.  Some of these characteristics include:

· Purpose or mission;
· Physical characteristics;
· Performance characteristics;
· Operational characteristics (i.e. the new way of doing business); 
· Maintenance concept; and
· Identification of similar projects.

The Shortfall Analysis, Concept of Operations (CONOPS) document, Description of Alternatives, and Requirements Document, all developed during the Concept & Requirements Definition (CRD) phase, are excellent starting points for understanding what is to be estimated.  

[bookmark: _Toc278285534][bookmark: _Toc311786261]Description of the Technical Baseline

During Concept and Requirements Definition, preliminary descriptions are developed for a range of alternatives that represent feasible solutions for the shortfalls being addressed.  The preliminary Requirements Document specifies:  

· High-level functions the new capability must perform,
· Performance requirements, if known,  for the functions,
· Interfaces with existing and planned systems, facilities, and users,
· Environmental and operational constraints, and
· Regulatory policy and needed changes.
  
During Initial Investment Analysis, the preliminary alternative descriptions are updated into detailed technical descriptions that provide cost and benefits estimators with an understanding of what is being proposed.

With input from program office engineers, an FAA cost estimating “best practice” is for the cost estimating team and the benefits analysis team to work collaboratively to develop an operational and technical program description that meets both of their needs.  This will help ensure that the resulting cost and benefit estimates are an “apples to apples” comparison.  The program description may be a set of related documents covering the following:
 
a. System overview
b. The Legacy Case
c. The set of alternatives 
d. Assumed economic service life
e. System functional relationships
f. System configuration (hardware/ software)
g. System technical/operational performance characteristics
h. System quality expectations
i. Major risks threatening the achievement of benefits
j. Technology Level(s) of Maturity (by WBS products)
k. Technology Level(s) of Maturity (for interdependent programs)
l. Predecessor and successor systems
m. System operational concept & concept of use
n. Quantity requirements/number of systems (incl. development, test, & production)
o. Locations/ site-specific system placements
p. Manpower requirements for system operation and maintenance
q. Spares (historical & projected consumption)
r. System activity rates (e.g., number of flights handled per day)
s. System implementation/deployment schedules and milestones
t. Acquisition strategy
u. System development plan
v. System facility requirements
[bookmark: _Toc370450564][bookmark: _Toc387458245][bookmark: _Toc253747837]  
[bookmark: _Toc278285536][bookmark: _Toc311786262]System Interfaces & Dependencies 

Very few systems operate independently.  In the NextGen system, most communications will be made through digital data, much of it transferred directly from computer to computer. Relevant information will be shared easily among system users through network-enabled information access.

The interrelationship a new system has with others significantly influences its design and may necessitate alterations to legacy systems before this interrelationship can be realized.  Consequently, when a total program estimate is required, the estimator must look beyond the immediate system to gain a full understanding of integration requirements.

[bookmark: _Toc370450567][bookmark: _Toc387458248][bookmark: _Toc253747818][bookmark: _Toc278285537][bookmark: _Toc311786263]Implementation Strategy and Planning Document (ISPD)

The cost estimator must be aware of the effect that the Implementation Strategy and Planning Document has on the total program cost estimate.  The ISPD has the most influence in production and O&M.  This influence is strongest in the areas of support equipment, spares, data, trainers and training, as well as indirect support costs.  Each of these areas should be estimated with knowledge of their fixed and variable elements and how the plan will affect the requirements for these resources.

[bookmark: _Toc278285538][bookmark: _Toc311786264]Procurement Strategy

Procurement strategy involves structuring contracts and formulating a procurement approach that allows the government to reduce program risk and receive the most value per dollar spent.  The two most prevalent acquisition strategies are “competition versus sole source” and “multi-year” procurements.  The reason many programs pursue these strategies is because their payoff, in terms of cost savings, can be significant.  For this same reason, the cost estimator must understand these strategies to estimate their impact on program costs.  

[bookmark: _Toc253747799][bookmark: _Toc278285539][bookmark: _Toc311786265]Competition vs. Sole Source

Competition comes in many forms and can be introduced into a program anytime during its development and production phases.  The type of competition strategy and its timing will determine its ultimate effect on program costs.

Most programs begin in a competitive mode by inviting bidders to participate in source selection for program/system development.  While this up-front competition is beneficial, the program is immediately in a “sole source” mode after selection of a development contractor.  Often a program will continue in this mode attempting to negotiate a “best price” with the single source throughout program acquisition.  However, there is a distinct disadvantage when attempting to negotiate a favorable price when only one source is qualified to provide the required system.

To overcome this negotiating handicap, several alternative procurement strategies have evolved which permit two or more sources to become qualified to deliver the required system.  These alternatives allow price competition for a longer duration and are discussed below.

· Funding two or more contractors to design and develop a system in response to the stated requirement.  At some point in the program, there will be a competitive evaluation with down-selection to a single contractor for the remaining program.  The objective at this point will be to negotiate either a basic contract and/or priced options for a large portion of the remaining program while the advantage of a competitive environment exists.  Beyond the negotiated basic contract and/or priced options, the program returns to a sole source mode.

· A variant of the previous alternative involves the continuation of two or more contractors throughout the entire acquisition phase, thus preserving the competitive environment.  Generally, each contractor is guaranteed some fixed share of each year’s total buy with the remainder awarded to the lowest bidder.  This allows the contractors to maintain a production capability while the customer maintains the program in a partially competitive mode.

There are advantages and disadvantages to the various acquisition strategies that enable a program to establish a competitive environment.  The key question is whether or not the initial investment required to establish and maintain competing contractors is less than the savings that result from negotiating cost in a competitive environment.  

The following costs associated with competition must be considered as offsets to the initial calculation of savings: 

· Maintaining two or more contractors through the development phase,
· Procuring additional technical data packages,
· Technical assistance to the second source,
· Qualification program,
· Excess contractor capacity,
· Economy of scale sub optimization,
· Higher fixed cost burden per unit, and
· Split learning and purchases.

The cost estimator’s analysis must include these non-recurring and recurring costs and deduct them from gross savings to derive net program savings (or loss) resulting from a competitive procurement strategy.

[bookmark: _Toc311786266][bookmark: _Toc253747800][bookmark: _Toc278285540]Contract Types

Contract types are generally grouped into two broad categories: fixed price contracts and
cost reimbursement contracts.

Fixed Price Contracts:
· A price that is not subject to any adjustments.
· Places maximum risk on the contractor and full responsibility for all costs and resulting profit.
· Provides maximum incentive for the contractor to control costs and perform effectively.
· Firm Fixed Price contracts are the preferred method of contracting from the government’s perspective. Used when sealed bid is involved. Used for acquiring supplies and services and/or for acquiring commercial items.

Cost Reimbursement Contracts:
· Provides for payment of allowable incurred costs, to the extent prescribed in the contract.  Establishes an estimate of total costs for the purpose of obligating funds and establishes a ceiling that the contractor may not exceed, except as his own risk.
· Cost reimbursement contracts place the least cost and performance risk on the contractor.
· Cost-reimbursement contracts are suitable for use only when uncertainties involved in contract performance do not permit costs to be estimated with sufficient accuracy to use and type of fixed price contract.

The cost estimator should factor in the type of contract being considered by the Program Office when risk adjusting the cost estimate.

[bookmark: _Toc311786267]Multi-year Procurement

Multi-year procurement authorizes a contractor to purchase materials and parts over several “buy years”, achieving savings through “economic order quantity”.  Without approval for multi-year procurement, a contractor only has purchase authority for a single “buy year”.  Purchases for several “buy years” cannot be aggregated into an “economic order quantity” and attendant savings cannot be realized.

When multi-year procurements are authorized, the cost estimator is confronted with two challenges.  The first is determining the cost reduction (quantity discount) that results from buying materials and parts in greater volume.  Often the cost estimator can obtain direct quotes from vendors and suppliers that describe the discount that is applicable to quantity purchases of various sizes.  In the absence of this information, the estimator may have to rely on a historical multi-year savings factor.

The second challenge facing the estimator involves re-phasing the funding profile.  Re-phasing is needed because the government must indemnify the contractor against loss if an out-year buy under multi-year provisions is canceled.  Re-phasing usually is based on the contractor’s termination liability to vendors and suppliers that may amount to something less than the full value of the items involved.  Termination liability means obligating sufficient contract funds to cover the contractor’s expenditures plus non-cancelable commitments.  In the case of a multi-year contract terminated before completing current fiscal year deliveries, termination liability includes an amount for both current year termination charges and out year cancellation charges.  Policy regarding application of multi-year procurement and indemnification requirements tends to undergo revision from time to time.  Because of this, the cost estimator should seek the latest guidance from local procurement and budget offices.  

[bookmark: _Toc253747801][bookmark: _Toc278285541][bookmark: _Toc311786268]Lease versus Buy

Lease versus buy is another option available to reduce program risk and cost.  Leases are classified into a various types.  The three major classifications are operating, sale and lease back, and financial or capital leases.

Operating leases are characterized by the lease period being less than the economic service life of the item.  Therefore, the lease payments do not amortize the item fully or recover its full cost over the life of the lease period.  Operating leases normally allow the lessee to cancel the lease within a short period of time without any penalties or surcharges.  The only requirement is that the lessee return the item leased to the lessor.  In addition, the lessee generally does not acquire an ownership interest in the item.

A sale and lease back arrangement occurs where a particular organization owning land, buildings, or equipment sells to a bank or financial institution (buyer) and immediately leases back the item.  The seller or lessee receives the purchase price for the item sold to the buyer.  The lessee continues to occupy or use the equipment but now remits a lease payment to the lessor (buyer).  The lease payments amortize the sales price and provide the lessor an adequate rate-of return over the life of the lease.

Common characteristics of capital leases:
* Usually will not provide for maintenance service
* Non-cancelable
* Fully amortized
According to Financial Accounting Standards Board Statement (FASB) No. 13, paragraph 7, a lease that satisfies any one of the following criteria is a capital lease.  Otherwise, the lease is an operating lease.

Ownership of the leased asset is transferred to the lessee at the end of the lease period.
The lease gives the lessee the option of purchasing the leased asset at less than fair value at some point during or at the end of the lease period.
The period of the lease is 75 percent or more of the service life of the leased asset.
The present value of the minimum lease payments is 90 percent or more of the fair value of the leased asset.

The decision maker often considers qualitative factors in evaluating a lease versus buy analysis.  Factors that the government may want to consider are as follows:

Leasing increases the tax base of the community (Leasing under section 801 of Public Law 98-115 for family housing),
Leasing can provide a catalyst for community growth (Leasing under section 801 of Public Law 98-115 for family housing),
Leasing provides flexibility,
Leasing provides a lower initial government outlay, and
Leasing can shift the risk of obsolescence to the lessor.

A lease versus buy analysis provides a decision maker with data to choose the most financially sound option.  Ignoring qualitative concerns, the lease option with the smallest present value should be chosen.  To perform this type of economic analysis, consult FAA APO 82-1, Economic Analysis of Investment and Regulatory Decisions - A Guide.
 
There are other acquisition strategies available to reduce program risk and cost including warranties and contract incentives.  To conduct a competent cost analysis, the estimator must take the time to understand the intricacies of the procurement strategy and incorporate their cost implication in the estimate.

[bookmark: _Toc370450565][bookmark: _Toc387458246][bookmark: _Toc253747838][bookmark: _Toc278285542][bookmark: _Toc311786269]   Support Concepts and Maintenance Plans

The support concept for the system affects acquisition, as well as operating and support costs.  As NEXTGEN proceeds, the trend is toward more complex systems with a high degree of interdependency.  This complexity dictates that increased emphasis be placed on early planning for integrated logistics support and standardization across the NAS.  This early planning will mitigate the cost and schedule impacts of correcting deficiencies after equipment is fielded and minimize subsystem life cycle costs.  To achieve this goal, the FAA requires an integrated process by which the support elements of a system/subsystem are planned, acquired, verified, and deployed in a uniform and systematic manner.  This process is known as National Airspace Integrated Logistics Support (NAILS).

[bookmark: _Toc387462629][bookmark: _Toc278285543][bookmark: _Toc311786270]Integrated Logistics Support Discipline

One of the major reasons that O&M cost estimating is particularly complex is that it is affected significantly by the Integrated Logistics Support (ILS) discipline.  The FAA AMS defines ILS as “the functional discipline that deals with the relationship of supportability requirements to the operational requirements, and their consideration in the design of products.” (FAA AMS, Appendix E).  An ILS management approach means that early in the planning stages of an acquisition, whether it is developmental or off-the-shelf, ILS requirements are being defined.  At that early planning stage, there are trade-offs between design and ILS characteristics that will affect life cycle costs.  This presents the estimator with a challenge, and a need to understand ILS concepts in order to support trade-off analyses during business case analysis.  The estimator must understand the ILS parameters and how they affect all elements in the life cycle cost estimate, from acquisition to operations to support costs.

[bookmark: _Toc278285545][bookmark: _Toc311786271]Cost Estimating Structure

[bookmark: _Toc278285546][bookmark: _Toc311786272] Work Breakdown Structure

An estimate must have a structure for collecting and displaying life cycle costs.  For organizations like the FAA that have a large volume of acquisition programs, there is a distinct advantage to having a standard approach for describing those acquisitions.  All parties involved in the effort can refer to a common language for describing the entire system.  A standard work breakdown structure (WBS) facilitates assimilating data in a format useful for preparing future estimates and comparability studies.  IPTs can refer to the standard elements to ensure that they have considered buying all the elements typically required for a system.

The FAA Standard Work Breakdown Structure may be found on FAST at: http://fast.faa.gov.  The estimator must decide at which level in the WBS to construct the estimate.  This will affect the amount of detail in the estimate and have an impact on choice of estimating methodology.  For instance, if the system being procured can be defined in great detail, there will be numerous levels in the WBS and estimating methodologies can be employed at a low level of detail.  In that case, a detailed estimate appears possible and appropriate.  If, on the other hand, the system is in development, it may be possible only to work at a high-level and the estimator may opt for a top-level parametric estimate.  The required WBS level varies by program ACAT and decision level (IID vs. FID).  WBS requirements can be found on FAST at: http://fast.faa.gov.

The cost estimator may want to refer to the FAA Program Information Reporting and Evaluation (SPIRE) database to compare the WBS of similar programs. 

[bookmark: _Toc278285547][bookmark: _Toc311786273]WBS Dictionary

WBS diagrams and definitions that reflect the breakdown structure are available online for use by the cost estimators in developing the life cycle costs required for investment analyses and studies.  These documents continue to be refined as the WBS is used.

[bookmark: _Toc278285548][bookmark: _Toc311786274]Best Estimating Method for Each WBS Element

Selecting estimating methodologies is probably the most difficult part of planning the estimate since methodology selection is dependent on data availability.  When choosing an estimating methodology, the estimator must keep in mind that cost estimating is a forecast of future costs based on a logical extrapolation of data currently available.  In fact, the amount and quality of data available often dictate the estimating approach.  See GAO Cost Estimating and Assessment Guide, Chapter 11, Developing a Point Estimate for a discussion on cost estimating methodologies.

In any estimate, it is typical to employ a variety of estimating methods.  A program early in development that has not been defined in detail technically may use parametric methods to estimate the majority of its content.  Even so, for those elements that have adequate technical definition, the estimating methodology may make use of analogy or of catalog pricing for off-the-shelf items.

A program entering production typically will use an engineering build-up methodology that relies on the use of actual recurring costs incurred during the manufacture of development articles.  While “bottom up” methods may be predominant in this case, the estimator also may employ parametrics or analogies to estimate items such as electronic components.  Historical factors are often the preferred estimating method for cost elements like program management, systems engineering, support equipment, data, and training.  

The following summarizes the steps leading to estimating methodology selection.

Step 1.  Know in detail the composition of each estimating methodology, its preferred application, and the models and techniques that are available to assist in its application.
Step 2.  Gain a full understanding of the system to be estimated through a comprehensive characterization of its technical and programmatic parameters.
NOTE:
For IARD, the cost model requires engineering analysis for HW and SW.  Pocket Estimation Guide (PEG)[footnoteRef:10] factors, which are based on analogy of historical FAA programs, can be applied to all other WBS elements. However, the program is required to coordinate with IP&A for its use prior to applying PEG factors in the cost model. [10:  PEGs can be found on the IP&A web site http://www.ipa.faa.gov .] 


For IID and FID, the program offices are required to develop the cost model with comprehensive engineering analysis. PEG factors are encouraged for cross-check use only.

For FID, vendor bid information must be incorporated into the model. 

Costing methodologies can be mixed to obtain the best reliable cost estimates.
Step 3.  Establish an estimating framework from selection of those WBS cost elements that capture the estimate’s desired scope and level of detail.
Step 4.  Analyze each element to determine the depth of its technical definition, relationship to technology, and analogy to other articles.
Step 5.  Identify the methodology that is best suited to estimate the cost of each element.


[bookmark: _Toc278285549][bookmark: _Toc311786275]Cost Estimating Checklist

The cost estimating checklist contains all the cost elements that will be included in the LCCE and the summary methodology that will be used to quantify the costs.  This list will be refined and possibly expanded throughout the cost estimating process.  This list is helpful in sizing the overall LCC effort and determining the sources of data that will be required to estimate each WBS item. 

See Appendix B for an example of a Cost Estimating Checklist.

[bookmark: _Toc278285550][bookmark: _Toc311786276]Ground Rules and Assumptions

After learning how the estimate is to be used, the character of the project being estimated, and the level of detail required, the cost estimator is in a better position to establish major ground rules and assumptions (i.e., the conditions upon which an estimate will be based).  The list of ground rules and assumptions is unique for each program and include:
· What is “in” and what is “not in” the cost estimate;
· Base year, time-phasing, and life cycle;
· Program schedule by phase and acquisition strategy;
· Schedule and budget constraints,  inflation estimates, and travel costs;
· Government furnished equipment, facilities, new vs. modified;
· Possible prime contractors and sub-contractors; 
· Tech refresh assumptions and cycles;
· Commonality with legacy systems and possible savings.
  
Refer to the GAO Cost Estimating and Assessment Guide, Chapter 9, Ground Rules and Assumptions for more help identifying relevant ground rules and assumptions. 

[bookmark: _Toc278285551][bookmark: _Toc311786277]Data

The key to data collection and analysis is to narrow the focus in order to achieve a viable database in the time available.  Data collection should be organized, systematic, and well documented to permit easy updating.  A “best practice” is to create a data collection plan with emphasis on collecting current and relevant technical, programmatic, cost, and risk data.  
See Appendix C for an example of a data collection plan.

When conducting research to support a cost estimating effort, an estimator may find that one piece of information leads to another, which leads to another and so on.  The amount of data may, in fact, seem endless.  The key is to locate the most appropriate data sources within the time constraints of the project so that the data retrieved are applicable to the task at hand.  

Refer to the GAO Cost Estimating and Assessment Guide, Chapter 10, Data for guidance in collecting data.  The following paragraphs discuss various sources for obtaining FAA cost data.

[bookmark: _Toc311786278][bookmark: _Toc277942335]Operations & Maintenance

Regardless of the scope of the estimating task, six factors always should be considered:  equipment life cycle, equipment characteristics, system usage, system activation and deactivation, maintenance concept, and relevant cost elements.

Table 2 defines common O&M terms:

	[bookmark: _Toc279392706]Table 1:  O&M Terms and Definitions


	Term
	Definition

	Availability
	A measure of the degree to which an item is in an operable and executable state at the start of a mission, when the mission is called for at an unknown (random) time.

	Corrective Maintenance
	All actions performed, as a result of failure, to restore an item to a specified condition.  Corrective maintenance can include localization, isolation, disassembly, interchange, reassembly, alignment, and checkout.

	Cost Driver
	An item whose influence on O&M costs is disproportionately high.

	Line Replaceable Unit 
(LRU)
	An on-equipment replaced item that is repaired at a maintenance level higher than that of the flight line.

	Maintainability
	The measure of the ability of an item to be retained in, or restored to, a specified condition when maintenance is performed by personnel having specified skill levels, using prescribed procedures and resources, at each prescribed level of maintenance and repair.

	Mean-Time-Between 
Failure (MTBF)
	For a particular interval, the total functional life of a population of an item divided by the total number of failures within the population.  A basic (usually contractual) measure of reliability for repairable items.

	Mean-Time-To Repair 
(MTTR)
	A basic measure of maintainability.  It is the sum of corrective maintenance times at any specific level of repair, divided by the total number of failures within an item repaired at that level, during a particular interval under stated conditions.

	Reliability
	The duration or probability of failure-free performance under stated conditions.  Reliability is quantified as the probability that an item can perform its intended function for a specified interval under stated conditions.

	Repair Cycle Time
	The time span (in calendar days) that begins with the removal of an unserviceable item and ends when the item is made serviceable and ready for use.

	Repair Level
	Level at which maintenance is performed on an item - organizational, intermediate, and depot.

	Scheduled Maintenance 
	Maintenance performed at prescribed points in time to retain an item in a specified condition by providing systematic inspection, detection, and prevention of incipient failures.

	Shop Replaceable 
Unit (SRU)
	An off-equipment replaced item, usually part of an LRU.  It can be repaired at a repair shop, but usually is repaired at the depot.

	Spare Pipeline
	The inventory of spares required to meet an established system availability requirement.  Inventory is a function of item reliability, repair cycle time, and the established availability requirement.



[bookmark: _Toc253747810]
[bookmark: _Toc311786279]Equipment Life Cycle 

Every item of equipment has an expected useful life determined by one of three factors - technological considerations, mission requirements, or physical characteristics.  From a technological standpoint, systems are useful up to the point where technology makes them obsolete.  Physical characteristics (e.g., the inherent wear-out mechanisms in systems) eventually make support and repair impractical.  For O&M cost estimating, the useful life of a system or an equipment item is considered to be the shortest of its technological, mission, and physical life.  This is commonly referred to as Economic Service Life.  OMB Circular A-76, Appendix C, provides suggested economic lives for selected assets.  FAA’s Guidelines for Defining the Required Service Period, Analysis Period, and Economic Service Life provides additional information on this topic.  The FAA document is available on the IP&A web site.

[bookmark: _Toc253747811][bookmark: _Toc311786280]Equipment Characteristics

A number of equipment characteristics impact O&M costs, such as:

· Design and physical parameters such as weight, size, design approach, degree of modularity (e.g., LRU, SRU),
· Required performance characteristics such as reliability and maintainability, availability, redundancy levels, etc.,
· Required interfaces with other systems, equipment, and support equipment,
· Unusual training, operations, and support requirements,
· Unusual testing or certification requirements,
· Required level of technology, and
· Known, similar systems.

Equipment characteristics such as reliability, maintainability, size, and weight often are used in parametric O&M cost estimation. MTBF, a measure of system reliability, is used to predict the frequency at which maintenance and supply actions will occur.  MTTR, a measure of system maintainability, is used to predict the duration of repair actions.  Together, reliability and maintainability information form the basis for determining recurring labor and material costs associated with maintenance and supply.

[bookmark: _Toc253747812][bookmark: _Toc311786281]System Usage

System usage, or usage rate, is defined as the expected or planned use of the asset per unit of time.  This rate is expressed in terms of operating hours per month or year, and in most cases reflects steady-state operations.  When developing usage rates for a system, the cost estimator should consider anticipated surges.  Surges are intermittent additional usage requirements over and above steady-state rates.  An increase (decrease) in usage produces a corresponding increase (decrease) in total O&M cost.  Most O&M cost elements vary linearly with usage.  For instance, the number of system operator hours will vary linearly with usage.  However, there are elements that are more independent of usage.  Fixed costs such as item management, facilities, and technical data are constant regardless of usage.  Semi-variable costs, such as maintenance personnel, may vary only as specific thresholds are exceeded.

[bookmark: _Toc253747813][bookmark: _Toc311786282]System Activation and Deactivation 

Although FAA AMS phases generally are considered sequential, sometimes overlap occurs, especially between solution implementation and in-service management.  During the solution implementation phase, systems normally are deployed on an incremental basis, and system activation takes place shortly thereafter.  Activating all systems within one acquisition program can take as little as a few months or as long as five to ten years, depending on the program.  The start of the activation period generally is considered the beginning of the in-service management or O&M phase.  During the activation period, O&M costs increase with the total number of systems activated.  This ramping up of O&M costs continues until all systems are activated, concluding the activation period.  From this point on, O&M costs usually level off until the end of the system’s economic service life.  As systems are deactivated during retirement, O&M costs ramp down until all systems are deactivated.  Certain cost elements are applicable only during the activation phase; initial transportation and facility construction/preparation are two examples.

[bookmark: _Toc253747814][bookmark: _Toc278285544][bookmark: _Toc311786283][bookmark: _Toc253747815]Maintenance Concept 

The maintenance philosophy, or maintenance concept, defines the means of maintaining a system or equipment item.  It includes maintenance levels, major functions at each level, basic policies, and primary logistic support requirements.  The maintenance concept usually is defined at program inception and is refined over the system design and development phase.  The maintenance plan formally documents the maintenance concept, defining in detail the procedures and resources necessary for supporting a system.

Maintenance can be organic (in-house) or provided by a contractor, and the choice obviously will affect costs.  If the choice is a contractor maintenance approach, the estimator needs to pay attention to the type and amount of contractor repair.  There are various possibilities:  a contractor repair service for certain exchange and repair items, a full contractor maintenance logistics support capability, or simply contractor depot logistics support.  Even if an organic support concept is selected, the estimator must recognize that interim contractor support typically is required during the system’s early operational period.  This is because support equipment and data generally are not developed until the system’s production configuration is fairly definite.  

Early production systems delivered to the operational inventory must be supported by contractor equipment and data.  This, combined with the fact that an organic capability cannot exist until an initial cadre of personnel is trained, sometimes requires contractor support for a period of several years.

Another consideration for the estimator is the number of maintenance levels that will be required to support the system.  Two levels of maintenance (field and depot) are discussed below. 

· Field.  The operating organization performs this maintenance.  It is best thought of as the servicing level of maintenance.  It includes activities such as inspection, service, lubrication, adjustment, trouble-shooting, designated modifications, and replacement of parts, minor assemblies, and subassemblies.

· Depot.  This is the highest level of maintenance and is the responsibility of the FAA Depot.  There are various FAA Depot branches that support the field at deployment of subsystems and assure subsystem operational readiness.  Depot branches are:  Storage and Transportation, Engineering and Production, Quality Control, Supply Management, and Cataloging.  A systems engineering and integration contractor shares responsibility with the depot.  Depot maintenance occurs at organic or contractor facilities and is the overhaul level.  The depot supports field maintenance activities by providing resources (personnel, skill, facilities, and equipment) of a much more extensive nature than the field level possesses.  Depot level maintenance includes repair, modification, alteration, modernization, overhaul, rebuild, and reclamation of parts, assemblies, subassemblies, components, and end items, as well as an ability to manufacture parts, assemblies, components, and end items.

The cost estimator must be aware of how both levels of repair play in the estimate. For instance, the organizational capability may be limited to removing a failed line replaceable unit (LRU) and replacing it with a serviceable unit drawn from field supply.  In turn, the failed LRU would go to the Depot for repair.
  
The support concepts and options discussed above are ones that the estimator will encounter most frequently; however, as systems become more advanced and complex, so does their support.  Because of this, innovative support approaches continue to evolve, each with its own cost implications that affect the system’s life cycle estimates. 

[bookmark: _Toc253747824][bookmark: _Toc278285561][bookmark: _Toc311786284]O&M Model Descriptions

There are many O&M cost models available, particularly in the DoD.  The estimator should research some of the following sources in the search for a good model to use.

The Supportability Investment Decision Analysis Center (SIDAC) is an Information Analysis Center sponsored by the Air Force Materiel Command to increase the effectiveness of logisticians, engineers, and managers engaged in the support of DoD systems.  SIDAC has composed a 600-plus page compendium of supportability models, titled The Supportability Model Catalog.  This two-volume set features detailed information on over 100 active models, including the model’s history, scope, mission, reliability, etc.  Also enclosed is a list of over 50 models that are considered to be obsolete.  Information concerning SIDAC can be obtained from http://www.sidac.wpafb.mil/reprt.html #model.

The Defense Logistics Studies Information Exchange (DLSIE) has the mission of collecting, organizing, storing, and disseminating information relating to the DoD logistics study effort and logistics management documentation.  The principal method of disseminating information relating to the current logistics studies effort is through the Annual DoD Bibliography of Logistics Studies and Related Documents.  DLSIE also produces the Annual DoD Catalog of Logistics Models.  See http://www.sidac.wpafb.mil/data_sys/dlsie.html for DLSIE information. 


	[bookmark: _Toc279392707]Table 2:  Summary of O&M Cost Models


	Name of Model
	Type of Model
	Outputs
	Inputs

	Logistics Support Cost (LSC) Model 
 http://www.sidac.wpafb.mil/models/catelog/modcat.html
	Engineering with CERs
	Hardware estimated:  primarily avionics 
Costs estimated:  depot maintenance, spares, transportation costs, subsystem to system level 
	SRU and LRU reliability and maintainability factors

	Life Cycle Cost Analyzer (LCCA) 

http://www.sidac.wpafb.mil/models/catelog/modcat.html
	Parametric
	Hardware estimated:  complex avionics, test equipment, electronic warfare systems
Costs estimated: Subsystem to system maintenance, spares, supplies, facilities, training
	Significant amount of low level reliability and maintainability data

	Cost Analysis Strategy Assessment (CASA) Model 

http://www.logpars. army.mil/casa
	Engineering
	Hardware estimated:  aircraft Costs Estimated: R&D, acquisition, and all O&M cost elements
	Detailed data on maintenance characteristics of hardware LRUs and SRUs, extensive detail on maintenance support structure

	Standardization Evaluation Program (STEP) Model 

http://www.sidac.wpafb.mil/models/catelog/modcat.html

	Engineering 
	Hardware estimated:  aircraft avionics 
Costs estimated:  three levels of maintenance costs, software maintenance, support equipment maintenance, replenishment spares, packing and shipping costs
	Detailed data on maintenance characteristics of hardware LRUs and SRUs, depot attributes, and support equipment attributes

	Network Repair Level Analysis (NRLA) Model 

http://www.sidac.wpafb.mil/models/catelog/modcat.html
	Level of Repair Analysis Model, allows quick and easy sensitivity analysis of LRU, SRU, and support equipment costs
	Recommended repair level decision and cost of decision
	Detailed data on maintenance characteristics of hardware LRUs and SRUs, depot attributes, and support equipment attributes

	Cost Estimating for Logistics Support Analysis (CELSA)

http://www.logpars.army.mil/alc/webCelsa/celsa.htm
	Simulation delphi technique to estimate the cost of doing an LSA program.
	Estimated man-hours required to complete a LSA task or subtask.
	Type of acquisition, life cycle phases, support concept, type of system/equipment, complexity of system/equipment

	Joint Operating and Support Technology Evaluation (JOSTE) Model

http://www.sidac.wpafb.mil/models/catelog/modcat.html
	LCC and O&M computations for new or existing systems, any acquisition phase, for various technologies
	System sensitivity, total LCC, annual costs, detailed subsystem costs
	Can transfer external system databases into the model database for analysis, availability, maintainability, repair level



[bookmark: _Toc311786285]Sources of Data for Operation & Maintenance Costs

Operations and Maintenance costs can include several data items described above but may also include unique cost factors for site level maintenance and certification (staffing standards) as well a hardware repair and/or failure data that can be used to quantify recurring logistics repair costs.  O&M data may also include recurring support costs (second level engineering, ops costs, etc.) that would continue for the life of the program. 

FAA Cost Accounting System (CAS) and Technet are the two main sources of data for O&M costs. Technet includes the actual maintenance, repair, outage log information. The Technet database is ideal for bottom-up engineering analysis.
 
Maintenance data are collected routinely to help plan maintenance schedules.  For new acquisitions, the information captured in CAS is an excellent source to assist in the cost estimating practice and will reduce the time required to perform the estimate.  Estimating methods will be very similar to methods used for acquisition - the estimator may use a top-level parametric approach or an analogous system as the basis for the estimate. 

[bookmark: _Toc311786286][bookmark: _Toc278285552]Equipment 
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[bookmark: _Toc416835810][bookmark: _Toc424349803]There are two general categories of hardware cost estimating models, cost accounting models and cost estimating relationships (CER) models, used by FAA cost estimators.  Cost estimating relationships are the result of regression analyses with good curve fits and minimal error bands, making them valid predictors of cost.  Three popular hardware cost estimating models are discussed below. 

[bookmark: _Toc253747803][bookmark: _Toc278285563][bookmark: _Toc311786288]PRICE Cost Models

The PRICE Hardware (PRICE H) model is a method for deriving cost estimates of electronic and mechanical hardware assemblies and systems. PRICE H permits "probable cost" evaluations based on project scope, program composition, and demonstrated organizational performance. Operational and testing requirements are incorporated, together with technology growth and inflation.

In addition to cost, PRICE H derives typical schedules for the work to be accomplished. Schedule constraints which have been imposed are examined within the model, and costs are adjusted to account for apparent acceleration or stretch-out. PRICE H is applicable to all aspects of hardware acquisition, from development, production, purchased, furnished, or modification of existing equipment. PRICE H estimates costs associated with design, drafting, project management, documentation, sustaining engineering, special tooling and test equipment, and material, labor, and overhead. Costs to integrate sub-assemblies into a system and to test the system for required operation are also estimated by the model. Costs for field test, site construction, and software are not estimated by the PRICE Hardware model but can be included in the overall estimate if known.  The underlying principle of PRICE H is that all estimates involve comparative evaluation of new requirements in light of analogous histories. 

Key inputs to the PRICE H model are:

Weight:  tells the model the size of the product being estimated.
Manufacturing complexity: a coded value that characterizes product and process technologies and (optionally) the past performance of the organization.
Platform:  a coded value that characterizes the quality, specification level, and reliability requirements of the product application.
Quantities:  the number of prototypes and production items to be estimated.
Schedule:  the dates for the start and completion of the development and production phases may be specified.  The model will compute any dates that are not specified.  Only the date for the start of development is required.
Development costs: effort associated with drafting, design engineering, systems engineering, project management, data, prototype manufacturing, prototype tooling, and test equipment.
Production costs: effort associated with drafting, design engineering, project management, data, production tooling, manufacturing, and test equipment.
[bookmark: _Toc416835811][bookmark: _Toc424349804]
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System Evaluation and Estimation of Resources (SEER) models are used to estimate development, production, and operating/support costs of hardware, software, and integrated circuits.  SEER estimating models were developed by GA SEER Technologies as a computerized system for producing life cycle cost estimates and schedules for acquisition programs involving a wide variety of hardware and software content.  The model’s estimating capability is derived from parametric equations, generated through detailed cost analysis of previous programs, and by applying a knowledge base of relevant cost data.  SEER models assist cost analysts produce estimates of acquisitions in the concept phases where detailed data is not always available.

The SEER family of models includes the basic hardware cost estimation model (SEER‑H) and a hardware life cycle cost model.  The hardware cost model estimates hardware cost and schedules and includes a tool for risk analysis.  The hardware model is sensitive to differences in hardware technologies (ASIC, MCMS), exotic materials, miniaturization, etc., and to different acquisition scenarios (e.g., make, modify, customer‑furnished, purchased, off‑the‑shelf, etc.).  It is also sensitive to differences in electronic versus mechanical parameters and makes estimates based on unique design characteristics.

Key inputs to SEER-H are weight, volume, material composition, complexity of form/fit, production process, electronic parameters, mission description and quantity/schedule.

[bookmark: _Toc253747805][bookmark: _Toc278285565][bookmark: _Toc311786290]Automated Cost Estimating Integrated Tools (ACEIT)

ACEIT is an estimating system consisting of a suite of tools designed to assist cost analysts in arriving at cost estimates, conducting “what-if” studies, developing cost proposals and evaluations, conducting risk and uncertainty analysis, and developing CERs.  Its primary purpose is financial management.  Although ACEIT can be set up to estimate any type of program (hardware, software, O&S, etc.), it has been primarily used to estimate hardware costs.  ACEIT is a Joint Service system, sponsored by the Air Force Materiel Command (AFMC) Electronic Systems Center and the U.S. Army Cost and Economic Analysis Center (CEAC).  The ACEIT suite of applications is available to U.S. government organizations at no charge (but there is an annual maintenance and support fee).  The ACEIT system is a computer based cost model that allows the estimator to start from the ground up with the WBS elements.  The system enables the estimator to define the estimate, build the estimate, and to document the estimate using either built in methodologies or one of their own.  ACEIT is a combination accounting model and CER model.  For government users, a CER database is provided to aid the estimator in tailoring his or her application.

[bookmark: _Toc253747806][bookmark: _Toc278285566][bookmark: _Toc311786291]   Software Cost Estimating Models
New FAA acquisitions, especially NEXTGEN programs, are software intensive to the point of being the acquisition major cost driver.  Estimating software development at high confidence is a multi-faceted practice which includes assessment of the characteristics of the program, requirements maturity and stability, program schedule constraints, level of known historical performance data, and many other attributes of the development program.  

See: GAO Cost Estimating and Assessment Guide, Chapter 12, Estimating Software Costs for more information.

Two commonly used software cost models used by FAA cost estimators are SEER-SEM and COCOMO II.

[bookmark: _Toc278285567][bookmark: _Toc311786292]SEER-SEM
SEER for Software (SEER-SEM) is an algorithmic application designed specifically to estimate, plan and monitor the effort and resources required for any type of software development and/or maintenance project. SEER, which comes from the noun, referring to one having the ability to foresee the future, relies on parametric algorithms, knowledge bases, simulation-based probability, and historical precedents to allow project managers, engineers, and cost analysts to accurately estimate a project's cost schedule, risk and effort before the project is started.
SEER for software (SEER-SEM) is composed of a group of models working together to provide estimates of effort, duration, staffing, and defects. These models can be briefly described by the questions they answer:
· Sizing. How large is the software project being estimated (Lines of Code, Function Points, Use Cases, etc.)?
· Technology. What is the possible productivity of the developers (capabilities, tools, practices, etc.)?
· Effort and Schedule Calculation. What amount of effort and time are required to complete the project? 
· Constrained Effort/Schedule Calculation. How does the expected project outcome change when schedule and staffing constraints are applied? 
· Activity and Labor Allocation. How should activities and labor be allocated into the estimate? 
· Cost Calculation. Given expected effort, duration, and the labor allocation, how much will the project cost? 
· Defect Calculation. Given product type, project duration, and other information, what is the expected, objective quality of the delivered software? 
· Maintenance Effort Calculation. How much effort will be required to adequately maintain and upgrade a fielded software system? 
· Progress. How is the project progressing and where will it end up? Also, how to replan? 
· Validity. Is this development achievable based on the technology involved? 
[bookmark: _Toc278285568][bookmark: _Toc311786293]COCOMO II

Constructive Cost Model (COCOMO) II is one of the most commonly used estimation model that allows one to arrive at fairly accurate and reasonable estimates. COCOMO II comprises three models that estimators can use during different stages of the project depending on the amount of information available. The model uses a basic regression formula, with parameters that are derived from historical project data and current project characteristics.

COCOMO II consists of three models—Application Composition, Early Design, and Post-Architecture model.  The Application Composition model is generally used in the early phases of the project. The Early Design model is used when very little may be known about the size of the product to be developed, the target platform, the nature of the personnel to be involved in the project, and the details of the process to be used.  The Post-Architecture model is used once the software life cycle architecture has been developed and designed, and the actual development or maintenance of the software product begins.

[bookmark: _Toc278285569][bookmark: _Toc311786294]Examples of Software Model Application

Table 4 shows examples of recent FAA programs, using the GAO checklist for their software cost estimation best practices.

[bookmark: _Toc279392708]Table 3:  Examples of Software Model Application
	 
	PROGRAM

	BEST PRACTICES
	CATMT WP2
	CATMT WP3
	SWIM
	TBFM

	1.   Ground rules and assumptions were validated and documented.
	√
	√
	√
	√

	2.  Software sizing was used for capabilities having well defined requirements and a historical database of code counts for similar programs. A standard definition for a line of code was accepted.  
	SLOC
	
	SLOC
FPA
	SLOC
FPA

	3.      Development labor costs for coding, testing, and other labor supporting software development were included.
	√
	√
	√
	√

	4.      Productivity factors embedded in modeling tools for converting software size into labor effort, based on parametric and historical data to match program size and development environment.
	COCOMO
	COCOMO
	COCOMO
SEER-SEM
	Gearings
SEER-SEM

	5.      Industry average productivity factors and risk ranges were used.
	√
	√
	√
	√

	6.      Assumptions about productive labor hours in a day and work days in a year.  
	√
	√
	√
	√

	7.      Development schedules accounting for staff availability, prior task dependencies, concurrent and critical path activities and worker development and test locations.
	√
	√
	√
	√

	8.      Costs for help desk support, database development, and corrective, adaptive, and preventive maintenance as part of the software’s life cycle cost.  Costs for 2nd level engineering (Help Desk) and for life cycle support maintenance were verified by AFI.  
	√
	√
	√
	√

	9.      Multiple reviews of program model results provided cross-checks for cost and schedule accuracy.  The derived SLOC sizing was compared to the historical data to validate for reasonableness of the estimates for the various capabilities.
	√
	√
	for most SIPs
	 

	10.  Costs associated with the physical attributes of the IT infrastructure, the performance and complexity requirements, and economic considerations.
	√
	√
	√
	√

	11.  Impact of risks affecting IT infrastructure technical, cost, programmatic, schedule, and personnel.  Ranges in size estimates of each capability provided distributions used in Crystal Ball Monte Carlo cost modeling to derive risk adjusted costs.  
	Crystal Ball
	@Risk
	@Risk
Crystal Ball
SEER-SEM
	Crystal Ball
SEER-SEM

	12.  Costs associated with labor and material nonrecurring (such as software development) and recurring (such as technology refresh and infrastructure support) efforts.
	√
	√
	√
	√

	13.  Adherence to the FAA WBS as defined by the FAA Acquisition Management System.
	√
	√
	√
	√

	14.  Use of GAO inflation indexes as provided by the AFI Pocket Estimating Guide, annually updated from GAO. 
	√
	√
	√
	√



[bookmark: _Toc311786295][bookmark: _Toc278285570]Sources of Data for Equipment Costs

Obtaining equipment cost data can be the most challenging part of developing an LCCE.  Initially the cost estimator should obtain and review all the program office documentation that has been developed (shortfall analysis, enterprise architecture diagrams, preliminary alternatives document (PAD), requirements documents, concept of operations (ConOps), etc.)  This will provide the cost estimator the necessary background information to then develop the cost estimate.  Sources of data fall into several categories including; engineering data, subject matter expert inputs, full-time equivalent (FTE) labor estimates, material lists, cost factors, source lines of code (SLOC), build-up of training costs, travel estimates, etc.  In some cases it will be required to obtain cost data from organizations such as FTI or the FAA Tech Center.  They should be involved in the program discussions as soon as possible to enable them plenty of time to develop their cost estimates.  The data needs to be in such a form that it can be quantified and fully supported in the cost model and cost supporting documentation.   In some cases outside cost models may be utilized for developing costs and then integrated into the overall LCCE (example:  SEER SEM for software costs).  The Program Office can assist the cost estimator in identifying key technical personnel that will help in providing the necessary cost data   

[bookmark: _Toc311786296]Facilities

In general, facility acquisition and modernization programs are not subject to the typical AMS process. Some FAA organizations receive annual funding for facility acquisition and modernization independent from investment analysis.   When facilities are included in an AMS acquisition, analysis for the facilities is at a very high level, especially at IID, with a heavy usage of analogy, in contrast to costing for HW, SW and O&M.

Service organizations usually engage an Architecture & Engineering (A&E) firm to prepare facilities cost estimates.  Facilities cost estimates can best be classified into three major categories according to their functions: design, bid and control. For Investment Analysis a design estimate is appropriate.  The bid estimate is prepared by the prospective contractor in response to a SIR and is folded into the final LCC cost estimate for FID.  The control estimate is prepared by the A&E contractor and is used for monitoring the project during construction.

A key activity with facility costing is data collection. Data collection is about 60-70% of the cost estimating workload.

[bookmark: _Toc278285571][bookmark: _Toc311786297]Design Estimate

In the planning and design stages of a project, various cost estimates reflect the progress of the design. At the very early stage, the screening estimate or order of magnitude estimate is usually made before the facility is designed, and must therefore rely on the cost data of similar facilities built in the past. A preliminary estimate or conceptual estimate is based on the conceptual design of the facility at the state when the basic technologies for the design are known. The detailed estimate or definitive estimate is made when the scope of work is clearly defined and the detailed design is in progress so that the essential features of the facility are identifiable. The engineer's estimate is based on the completed plans and specifications when they are ready for the FAA to solicit bids from construction contractors. Detailed estimates and engineering estimates are prepared by A&E contractors.
 
[bookmark: _Toc278285572][bookmark: _Toc311786298]Historical Cost Data

Preparing facility cost estimates normally requires application of historical data on construction costs. Historical cost data will be useful for cost estimation only if they are collected and organized in a way that is compatible with future applications.  The FAA Cost Accounting System is a source of historical construction costs.  

Construction cost data are published in various forms by a number of organizations. These publications are useful as references for comparison. Basically, the following types of information are available: 
· Catalogs of vendors' data on important features and specifications relating to their products for which cost quotations are either published or can be obtained. A major source of vendors' information for building products is Sweets' Catalog published by McGraw-Hill Information Systems Company. 
· Periodicals containing construction cost data and indices. One source of such information is ENR, the McGraw-Hill Construction Weekly, which contains extensive cost data including quarterly cost reports. Cost Engineering, a journal of the American Society of Cost Engineers, also publishes useful cost data periodically. 
· Commercial cost reference manuals for estimating guides. An example is the Building Construction Cost Data published annually by R.S. Means Company, Inc., which contains unit prices on building construction items. Dodge Manual for Building Construction, published by McGraw-Hill, provides similar information. 
· Digests of actual project costs. The Dodge Digest of Building Costs and Specifications provides descriptions of design features and costs of actual projects by building type. Once a week, ENR publishes the bid prices of a project chosen from all types of construction projects. 
Historical cost data must be used cautiously. Changes in relative prices may have substantial impacts on construction costs which have increased in relative price.  Errors in analysis also serve to introduce uncertainty into cost estimates. It is difficult to foresee all the problems which may occur in construction and operation of facilities. There is some evidence that estimates of construction and operating costs have tended to persistently understate the actual costs. This is due to the effects of greater than anticipated increases in costs, changes in design during the construction process, or over optimism.
[bookmark: _Toc254336679][bookmark: _Toc278285573][bookmark: _Toc311786299]Facilities Cost Estimating Factors

Listed below are some of the factors used in FAA facilities cost estimating;

Square footage occupied by admin, controllers and equipment in each building and in total entity (major variable)
 Percent utilization of space in individual buildings and in total
Power consumption of equipment in each building and actual utility rates (Facilities O&M)
Dollars actually spent on maintenance (Facilities O&M)
Peak staff and operational periods for each building (Facilities O&M)
Access to dual power grids and broadband rings
Required level of backup
Dynamic capability of the current state and level of dynamic capability required for the end state
Airspace redesign and how it will affect air traffic control
Emerging technologies and how their footprints will affect current and future facilities
Identifying current facility shortfalls, required capabilities, and vision for a future facility
Identifying the impact of interaction with existing facilities
Identifying facilities that are scalable and truly multipurpose
Other options such as leasing, GSA management, etc. 

[bookmark: _Toc311786300]Sources of Data for Facility Costs

Facility costs can be very complicated to estimate due to the unique nature of each building type (example: Tower versus TRACON versus EnRoute Center).  Decisions such as build versus lease will need to be made.  Facilities data typically includes square foot estimates, costs per square foot (note: RS Means publishes standard construction factors that can be used as a starting point).  Analogies to previous construction projects can be another useful source of information.  Utilities and other infrastructure costs can be obtained from the local service providers.  Compliance to federal and local environmental and OSHA regulations can also have a large impact to program costs.   

[bookmark: _Toc254336681][bookmark: _Toc278285556][bookmark: _Toc311786301]Construction/Land/Lease Costs

RS Means - nationwide construction data etc. 
Cost Works - meanscostworks.com 
For lease and land data: Loopnet.com 
Costar, CB Richard Ellis and other reputable real estate firms

[bookmark: _Toc254336682][bookmark: _Toc278285557][bookmark: _Toc311786302]Facility Data

Information such as square footage, facility age, equipment, location etc. 

http://terminalapps.faa.gov/apps/ 
http://terminalapps.faa.gov/apps/dtrb/index.cfm?Action=FacilitiesList 
http://terminalapps.faa.gov/apps/dtrb/index.cfm?Action=AdHocReport 

FAA-Wide Real Estate

https://intranet.faa.gov/faaemployees/org/regional_offices/anm/organizations/ logistics/realestate/ 
REMS: http://rems.faa.gov/ 
ARTCC Data  

[bookmark: _Toc254336683][bookmark: _Toc278285558][bookmark: _Toc311786303]FAA Cost Accounting System

https://rads.faa.gov/ 
AFI Codes within CAS related specifically to the building: BL0100, BL0101, PW0100 
CAS to WBS mapping for Air Traffic Control Services 
Raw Database Data: AJW-1000

[bookmark: _Toc311786304][bookmark: _Toc277942336]Personnel Costs

Activity 5 costs include compensation, benefits and travel of FAA F&E personnel.  See FAA Order 2500.4, Facilities and Equipment (F&E), Activity 5 Personnel and Related Expenses for a detailed description of personnel costs.

Personnel costs are typically developed by first establishing the labor categories that will be required for the program.  Then the quantity of each labor category needs to be estimated (full-time equivalent positions) and then apply average labor rates.  Labor rates can be obtained from similar type efforts or historical contractor costs.  The FAA also publishes specialty labor rates on their website.

The program office and engineering support staff can also assist in developing this information.

Activity 5 costs are not included in the program baseline but are included in the economic analysis.

[bookmark: _Toc311786305]Sources of Data for Personnel Costs

 Costs, Projections, etc.:  AFI Workforce Planning. 

[bookmark: _Toc311786306]Collect Data

Most sound cost estimates are logical extrapolations of actual cost experience, usually called historical cost data.  Cost data are really the raw materials or the basic building blocks of the estimating practice.  Collection and processing of historical cost data are key steps in developing a cost estimate.  Primary cost data are found at an original source.  The original source for manufacturing labor hour data is the end-item manufacturer, while test centers represent the original source for range operations cost data.  Logistics centers are the prime source of depot-level maintenance data, and operating organizations collect and report information regarding the cost to operate their particular function.

Secondary cost data are derived from primary or other secondary data sources and altered for new purposes.  Adjustments may be made to primary cost data to allow for differences in work content, normalization for inflation, learning, quantity or other types of manipulations with the results reflected in the secondary data.  The source of secondary data should be referenced in the estimate, so that an estimator may trace the data back to assess its usefulness in a new estimate.  

[bookmark: _Toc311786307]Analyze Data

The objective of data analysis is to ensure that the data collected are applicable to the estimating requirements.  It often is necessary to delete elements of data and adjust or normalize others to derive a database that will support the selected methodology.  When analyzing contractor data, the cost estimator must understand the peculiarities of each contractor’s accounting system, work breakdown structure (WBS), and labor rate content.  When applying historical factors to estimate various cost elements (e.g., systems engineering and program management as a percent of recurring hardware), the estimator must consider differences between the work content represented by historical data and that of the current system.  

Analyze the data for cost drivers, trends, and outliers and compare results against rules of thumb and standard factors derived from historical data.  Examine data sources and document all pertinent information including an assessment of data reliability and accuracy.

The importance of the analysis function cannot be overemphasized.  

[bookmark: _Toc311786308]Store Data

Data should be stored on a common network drive or through an internet portal to allow all cost team members and oversight organizations access to pertinent information.  In making data available, care must be taken to ensure proprietary or other sensitive data are securely partitioned to allow access to only authorized individuals and organizations.  Since many cost estimating teams are supported by prime contractors who may have several sub-contractors working with them, partitioning data will mitigate any Organizational Conflict of Interest (OCI) issues.   

[bookmark: _Toc278285560][bookmark: _Toc311786309]Develop Point Estimate and Compare it to an Independent Cost Estimate

This section addresses the steps that estimators must go through to load the data into the automated tool chosen for the estimate.  Using automated tools greatly simplifies updating, documenting, and calculating the estimate.  The steps addressed are:  1) entering data and methodologies into the physical structure of the estimate (the WBS); 2) time phasing the estimate; and 3) accounting for inflation.

[bookmark: _Toc370453633][bookmark: _Toc387460446][bookmark: _Toc253747859][bookmark: _Toc278285575][bookmark: _Toc311786310]Enter Data and Methodologies into the Physical Structure of the Estimate 

In general, a computer program is essential to the task of assembling the cost estimate.  Programs allow efficient data processing, electronic calculations, easier documentation, and simpler updating.  There are myriad software tools available to facilitate this practice.  The most commonly used and widely available program, however, is the electronic spreadsheet.  Cost estimates are typically developed in Excel and are structured by FAA WBS.  Costs need to be fully documented, easily understood, and traceable by the reviewer.  The cost estimate must follow the FAA “Guidelines for Documenting Cost Basis of Estimate” to ensure that all elements are addressed. 

As stated before, the WBS is the structure of the estimate.  Therefore, no matter what program or tool is selected for assembling the estimate, the first step is to enter the WBS into the computer program.  Table 5 shows how this might be entered into a spreadsheet.  Next, estimating methodologies are entered directly into the spreadsheet, or the spreadsheet takes an input from a separate model.

If the estimating team has not yet built a data file, this task must also be accomplished.  There should be separate files or locations within files for labor rates, labor hours, material quantities, overhead rates, material prices, data to build cost estimating relationships, data for learning curves, inflation factors, and any other data necessary for the estimate.





	[bookmark: _Toc279392709]Table 4:  Example of an Estimate Spreadsheet Form

	WORK BREAKDOWN STRUCTURE ELEMENT
	11/
2010
	12/
2011
	1/
2012
	2/
2012
	3/
2012
	7/2012 (END EFFORT)

	1.0 Weather System 
(Level 1)
	Sum up level 2 estimates, apply General & Admin
	
	
	
	
	

	1.1 Weather System Processor
(Level 2)
	Sum up level 3 inputs
	
	
	
	
	

	     1.11 Hardware
	Similar to 1.12
	
	
	
	
	

	     1.12 Applications Software 
     (Level 3)
	Sum inputs from levels 4 and lower and apply overheads, or enter estimating methodology formulas or data 
	
	
	
	
	

	     1.13 Systems Software
	Sum up levels 4 and lower estimates and apply overhead
	
	
	
	
	

	1.131 Software Build 1                   (Level 4)
	Sum up estimates from level five, apply labor rates
	
	
	
	
	

	1.1311 CSCI 1
1.1312 CSCI 2
(Level 5)

	Use Parametric Model to derive estimates, then enter the model output, e.g. time phased man loading
	
	
	
	
	

	1.14 Integration, Assembly, Test & Checkout
	Similar to 1.13
	
	
	
	
	

	Remaining WBS Elements
	Similar to 1.14
	
	
	
	
	




[bookmark: _Toc370453634][bookmark: _Toc387460447][bookmark: _Toc253747860][bookmark: _Toc278285576][bookmark: _Toc311786311]Time Phase the Estimate

Estimates reflect tasks that occur over time.  Obviously, cost estimates will vary with the time period in which the work occurs, due to changes in labor rates and other factors.  For instance, the number of man-hours needed to complete a software development effort may be higher if the development time is shortened, or lower if it is lengthened.  Time phasing is essential in order to determine resource requirements, apply inflation factors, and arrange for resource availability. 
 
Typically, an estimate is first prepared in a base year (constant) dollar, often in the prices of the current year.  After the costs for an item or system have been estimated in base year dollars, the next step is to express the estimate in current dollars for inclusion in formal budget requests.  Translating base year dollars into current dollars requires that the estimate be allocated to specific government fiscal years.  The estimator has obtained projected inflation rates during data collection, and now can enter these rates time phased over the period of performance of the task.  This will let the program manager know how much a task will cost in the dollars relevant at a future time.  This is essential for preparing a realistic budget.

[bookmark: _904643270][bookmark: _Toc370453635][bookmark: _Toc387460448][bookmark: _Toc253747872][bookmark: _Toc278285577][bookmark: _Toc311786312]   Apply Inflation Indices

One of the primary purposes for time phasing estimates is that they may be expressed in current dollars and included in budget requests.  Therefore, this section reviews the process of translating base year estimates into “other year” dollars through the application of index numbers. 

To demonstrate how inflation indices are used to translate base year dollars into some other current year dollars, let us use the following example.  A software development cost estimate of $25 million was developed in 1994 constant dollars, and the goal is to convert it to current year dollars.  The $25 million estimate is in 1994 constant dollars, but because the effort will extend over three years, there is a need to spread the estimate over the 33 months and to inflate the dollars to reflect the current year dollars (1996).  The current year dollar estimate is $26.424 million.  Table 6 shows the conversion of the estimate.  The FAA cost estimator would use the Office of Management and Budget (OMB) rates current at the time of the estimate.  

[bookmark: _Toc279392710]Table 5:  Converting Constant to Current Year Dollars
	

Month/Year
	
Cumulative % Budget Expended
	Cumulative $ Expended in FY 94 Base Year
	
Dollars Expended by period
	

Inflation
Factor
	
1996 Current Dollars
	Cumulative Expended in 1996 Current 
Dollars

	3/1994
	  11.1
	2.775
	2.775
	1.057
	2.933
	2.933

	6/1994
	  19.9
	4.975
	2.2
	1.057
	2.325
	5.258

	2/1995
	  50.1
	12.525
	7.55
	1.057
	7.98
	13.238

	8/1995
	  72.3
	18.08
	5.6368
	1.057
	5.872
	19.11

	2/1996
	  89.2
	22.3
	4.1382
	1.057
	4.46
	23.57

	7/1996
	100.0
	25
	2.7
	1.057
	2.854
	26.424



[bookmark: _Toc311786313][bookmark: _Toc278285578]Develop Overall Point Estimate

Sum the WBS elements to develop an overall point estimate.

[bookmark: _Toc311786314] Validate the Estimate

The over-arching question asked during validation is whether the estimate is realistic.  Is the program executable at the cost estimated?  Are the programmatic assumptions correct?  Will the program be able to deploy on schedule at the estimated cost?  What are the programmatic risks?  

Validation seeks to determine the reasonableness and absence of bias if the estimate, particularly when estimates are conducted by advocates or other interested parties.  Validation is the practice of auditing the cost estimate and ensuring that work is done correctly.  It includes checking all of the numbers and ensuring traceability (e.g. Does the document self-check? Is it self-consistent? Do all the numbers in the report and spreadsheets produce traceable and consistent results?).
 
This detailed practice includes tracing the spreadsheets, checking links, checking math and formulas, checking the information sources, and the cost risk calculations.  A clear understanding of the estimate’s components and their application is needed to adequately satisfy this practice.

The cost team should perform this validation prior to IP&A’s evaluation and assessment of the business case.  (See “AFI Business Case Evaluation and Assessment Guideline”).

[bookmark: _Toc311786315]Independent Cost Estimate (ICE) 

The GAO-prescribed independent cost estimate (ICE) serves as a quality check that, in the FAA, is achieved through a series of periodic and formal reviews such as: (1) Periodic reviews with the program office; (2) IP&A Weekly Business Case Reviews; (3) IP&A Managers’ Business Case QC Reviews; and (4) IP&A Director’s Independent Evaluation Reviews (IERs).  The structure and content of these reviews can be found on the IP&A web site at http://www.ipa.faa.gov. At the present time, staffing constraints do not allow FAA Financial Services to have a separate office develop a parallel life cycle cost estimate (ICE).

An ICE should not be confused with an IGCE.  A contract specific Independent Government Cost Estimate (IGCE) is required for all programs that will include a contract for goods and services.  An IGCE is a subset of the Life Cycle Cost Estimate (LCCE) and is prepared for the preferred alternative prior to issuing the final Screening Information Request (SIR)[footnoteRef:11].     [11:   Investment Analysis Process Guidance. ] 


[bookmark: _Toc311786316]Identify Potential Cross-checks for Likely Cost and Schedule Drivers

It is a good practice to crosscheck the results generated by the primary estimating tools with alternate methodologies.  The practice of crosschecking simply involves the application of an estimating approach other than that selected as the primary method.  

Typically a crosscheck is used for those cost elements that contribute heavily to the total estimate or that have a high cost risk.  These cost and/or schedule drivers need cross-checking since inaccuracy in these areas can have a significant impact on the estimate.

In the case of a parametric estimate, an acceptable high-level crosscheck would be to demonstrate that the development program estimate is similar to the actual costs incurred on an analogous program using the FAA Pocket Estimating Guide (PEG).  Another crosscheck would be to determine that the estimated average unit production cost is reflective of those for predecessor systems after normalizing for quantity buy differences.  This type of gross crosscheck for early program estimates is intended to convey that the primary estimating method generated results that appear reasonable in view of experience on similar programs.  

This does not mean necessarily that there will always be a close tolerance between the estimated program and those serving as crosschecks.  The estimated program may possess characteristics that require its estimate to be higher or lower than the predecessor program.  When significant differences do exist, however, it is the estimator’s responsibility to understand them and determine their acceptability.  If it is acceptable due to program characteristic differences, then the estimator must be able to present and document this rationale.  If it is unacceptable, a complete review of the estimate and validity of the crosscheck program are required.

If the estimator employs analogy as the primary estimating methodology, then a parametric estimate may be selected as the crosscheck method.  When actual program costs become available, an engineering methodology may be used to estimate remaining development and production costs with analogy and/or parametric methods serving as a check of the engineering estimate results.

Other forms of crosschecks involve the use of historical factors to test the reasonableness of an estimate conducted using another method.  For example, a typical estimating methodology for support equipment is to use analogies and/or catalog prices.  You can convert this estimate into a factor, for example, as a percentage of prime mission hardware.  This factor can then be compared to other factors computed on the same basis for predecessor programs.  If all factors fall into an acceptable range, the crosscheck validates the primary estimating method.  This technique is applicable to data, training equipment, systems engineering, program management, and other costs that can be estimated in detail and then converted to a factor of an appropriate program element like recurring hardware.

Regardless of the crosscheck methodology used, its purpose is to demonstrate that alternate methods generate similar results, thus increasing confidence in the estimate.  As a program matures and its technical definition becomes more refined and actual costs become available, estimates of the remaining program become more accurate.  In the same vein, the results of primary and crosscheck methods should become closer as the program matures.  When wide margins exist, the estimator must investigate how to correct unacceptable out-of-tolerance conditions or how to explain what makes the variance acceptable.

After the cross-checks have been completed, and as more data become available, the cost tem should update the models and compare results against previous estimates.
  
[bookmark: _Toc278285579][bookmark: _Toc311786317]Conduct Sensitivity Analysis

Sensitive analysis involves changing key parameters in the cost model to test cost variation.
It is very common to perform sensitivity analysis on the key design cost drivers to see the impact of design factors on cost.  Sensitivity analysis includes:
· Testing the sensitivity of cost elements to changes in input values and key assumptions;
· Identifying effects of changing quantities and/or program schedule on the overall estimate;
· Determining which assumptions are key cost drivers and which cost elements are affected most by changes.

See GAO Cost Estimating and Assessment Guide, Chapter 13 for a discussion on sensitivity analysis.

[bookmark: _Toc278285581][bookmark: _Toc311786318]Conduct Cost Risk and Uncertainty Analysis

Cost risk is based on the possible range of physical input parameters associated with a particular WBS element.  Since the objective always is to create a risk-adjusted cost estimate, the needed data includes not only the project office point estimate value of each quantifiable physical parameter, but also the possible range, from best case to worst case values.  In some cases, this range may be very small or even zero, when there is little or no uncertainty as to the required effort.  Generally, relatively few WBS elements have the most uncertainty in cost.  These typically include WBS elements that relate to such items as software development, system integration (especially integration of COTS products), system performance requirements (e.g., human factors, safety, and security requirements), and test and evaluation.  

Therefore, data collection is focused predominantly on identifying and quantifying the possible range of physical parameters for each WBS element.  The cost analyst’s primary source for this data is project SMEs.  In addition, a comprehensive risk assessment is frequently conducted to identify major risk cost drivers using models such as;  (a) Crystal Ball:  Performs Monte Carlo simulations of Excel spreadsheets; (b) FARAD:  FAA tool that distributes risk by WBS; and (c) @ Risk: Microsoft Project or Excel spreadsheet embedded schedule risk analysis tool that runs Monte Carlo simulations around task durations.

There are several probability distribution techniques available to estimate cost distributions.  A common technique that is typically used to derive the probabilistic cost distributions and estimates is a triangular distribution.  The triangular distribution method relies on three basic parameters (best case, point estimate, worst case) to establish a probability density function, 
which will be used to statistically quantify the cost risk associated with the program with stochastic models (Contact AFI for more information).  In every case, the rationale for the selected values should be documented in the BOE.

With the risk ranges and Cumulative Distribution Functions (CDFs) of physical input parameters known, the next step is to use the methodologies established in the planning phase to develop the statistical distribution of costs for each WBS element and to compute the statistically derived risk-adjusted constant dollars LCCE. 

NOTE:
Risk analysis to be described here is Monte Carl statistical risk adjustment technique, using a triangular distribution - min, mode and max.  Another cost risk adjustment methodology is to include management reserve or some other elements as a risk $ placeholder. 
This is normally accomplished by using an analytical tool such as Monte Carlo simulation to randomize the physical parameters according to the range specified by the analyst.  Available tools for this purpose provide a CDF as an output, from which the analyst selects a high-confidence total LCCE (i.e., 80% confidence that the cost will not be exceeded in actual investment performance).  There is a need to establish high- confidence F&E and high-confidence O&M cost estimates in order to develop the life cycle cost APB for IDA approval.  See FAA Guidelines for Conducting Business Case Analysis Analysis.

Because different WBS elements’ costs may be affected by the same external factors, some degree of correlation exists between them. Correlation identifies the relationship between WBS elements such that when one WBS element’s cost is high within its own probability distribution, the other WBS element will also show a high cost in its own probability distribution.

Many parts of a cost estimate may move together, and when they do, summing their costs results in reinforcement in both negative and positive directions. Therefore, mitigating a risk that affects two or more WBS cost elements can reduce uncertainty on several cost elements.

Correlation should never be ignored. Doing so can significantly affect the cost risk analysis, resulting in a dramatically understated probability distribution that can create a false sense of confidence in the resulting estimate.

[bookmark: _Toc311786319]Technological Maturity and Risk


36

Another “best practice” is for the cost team to engage program office engineers to ascertain the maturity of the technology behind each of the alternatives.  Technology Level of Maturity (LOM) is a measure adopted by the FAA to assess the maturity of evolving technologies (materials, components, devices, etc.) prior to incorporating that technology into the National Airspace System (NAS). Generally speaking, when a new technology is first invented or conceptualized, it is not suitable for immediate application. Instead, new technologies are usually subjected to experimentation, refinement, and increasingly realistic testing. Once the technology is sufficiently proven, it can be incorporated into a system/subsystem.  Table 1 shows the technology LOMs adopted by the FAA.  There is more risk associated with lower LOMs and the cost estimator must factor that into the estimate. 
[bookmark: _Toc279392705]Table 6:  FAA Technology Levels of Maturity (LOM)[footnoteRef:12] [12:  NAS System Engineering Manual,  Appendix C, Version 3.1 06/06/06
] 

	Level of Maturity
	Description

	1. Basic principles observed and reported
	Lowest level of technology readiness. Scientific research begins to be translated into applied research and development. Examples might include paper studies of a technology's basic properties.
· Published research that identifies the principles that underlie this technology.

	2. Technology concept and/or application formulated
	Invention begins. Once basic principles are observed, practical applications can be invented. Applications are speculative, and there may be no proof or detailed analysis to support the assumptions. Examples are limited to analytic studies.
· Publications or other references that outline the application being considered and that provide analysis to support the concept.

	3. Analytical and experimental critical function and/or characteristic proof of concept
	Active research and development is initiated. This includes analytical studies and laboratory studies to physically validate analytical predictions of separate elements of the technology. Examples include components that are not yet integrated or representative.
· Results of laboratory tests performed to measure parameters of interest and comparison to analytical predictions for critical subsystems.

	4. Component and/or breadboard validation in laboratory environment
	Basic technological components are integrated to establish that they will work together. This is relatively "low fidelity" compared to the eventual system. Examples include integration of "ad hoc" hardware in the laboratory.
· System concepts that have been considered and results from laboratory- scale breadboard(s). 

	5. Component and/or breadboard validation in relevant environment
	Fidelity of breadboard technology increases significantly. The basic
technological components are integrated with reasonably realistic supporting elements so it can be tested in a simulated environment. Examples include "high fidelity" laboratory integration of components.
· Results from testing a laboratory breadboard system are integrated with other supporting elements in a simulated operational environment.

	6. System/subsystem model or prototype demonstration in a relevant environment
	A representative model or prototype system, which is well beyond that of LOM 5, is tested in a relevant environment. Represents a major step up in a technology's demonstrated readiness. Examples include testing a prototype in a high fidelity laboratory environment or in a simulated operational environment.
· Results from laboratory testing of a prototype system that is near the desired configuration in terms of performance, weight, and volume.

	7. System prototype demonstration in an operational environment. 
	Prototype near, or at, planned operational system. Represents a major step up from LOM 6, requiring demonstration of an actual system prototype in an operational environment. Examples include testing the prototype in a test bed aircraft.
· Results from testing a prototype system in an operational environment.

	8. Actual system completed and qualified through test and demonstration. 
	Technology has been proven to work in its final form and under expected conditions. In almost all cases, this LOM represents the end of true system development. Examples include developmental test and evaluation of the system in its intended weapon system to determine if it meets design specifications.
· Results of testing the system in its final configuration under the expected range of environmental conditions in which it will be expected to operate.
· Assessment of whether it will meet its operational requirements.

	9. Actual system proven through successful mission operations. 
	Actual application of the technology in its final form and under mission conditions, such as those encountered in operational test and evaluation. Examples include using the system under operational mission conditions.
· Operational Test and Evaluation (OT&E) reports.



[bookmark: _Toc311786320]FAA Technology Readiness Assessment (TRA)

The TRA is a multi-disciplined technical review that assesses the maturity of Critical Technology Elements (CTE) being considered to address user needs and analyzes operational capabilities and environmental constraints within the Enterprise architectural framework. If a specific technology or its application is either new or novel, then that technology is considered a CTE. The TRA is not a risk assessment but is a systematic metrics-based tool for the ATO to identify and allow for early attention to technology maturation events. The TRA will score each identified CTE using Levels of Maturity (LOM) for both hardware and software.

TRAs are vital to the practice of maturing technologies to the point where they can be operationally produced and deployed. They support that practice by: 

· Providing metrics for technology maturity. TRAs help guide evaluation and tracking of technology maturity levels and program milestones. 
· Identifying risk associated with technologies and investment requirements. TRAs help inform decisions associated with allocating resources and funds for a given technology development. 
· Identifying potential problems early in a development process when solutions are less expensive and easier to execute. TRAs provide a systematic method for ensuring the success of a project by tracking completion of various steps as a project develops. 
· Identifying gaps in testing, demonstration, and knowledge of a technology‘s current readiness level and the information and steps necessary to reach the required technology readiness level. 

[bookmark: _Toc311786321]Level of Maturity and Cost Risk

Figure 2 shows the relationship of FAA Acquisition Management System phases and decision points to program technology maturity[footnoteRef:13].  Individual WBS CTEs may be more or less mature at a given point in the program life cycle.  The cost estimator’s challenge is to properly account for the range of technological maturity within a program. [13:  FAA NAS System Engineering Manual, Version 3.1, Section 4.2, 06/06/06 ] 


Level of Maturity is not an explicit input parameter of cost estimating tools such as SEER, ACEIT and PRICE however, they do incorporate input parameters that can be adjusted to account for technological maturity.  In a review of 54 DoD programs, the GAO found an average 41% cost growth in programs that did not have mature technologies as opposed to an average 9% cost growth of programs with mature technologies.[footnoteRef:14]     [14:  Technology Readiness Assessment (TRA), “Introduction to the NAVAIR Process”, Presented to DAU 3 April 2007
] 

 
[image: ]
[bookmark: _Toc279497825]Figure 2: LOM vs. Program Life Cycle


[bookmark: _Toc278285582][bookmark: _Toc311786322]Document the Estimate

The FAA places great emphasis on both the importance of complete and understandable documentation of estimate results, as well as the approach employed to develop the estimate.  The FAA’s documentation philosophy is premised on the recognition that it is absolutely vital to be equipped with documentation that supports total recall of the estimate’s detail in the absence of the team that conducted the estimate.  The FAA further recognizes that the recall ability is of major assistance to future estimating or research teams, since often the original effort and its ingredients serve as a point of departure for the current effort.  This requirement for total recall or estimate replication is driven by the need for the FAA cost community to be responsive to its management and their queries regarding original cost estimate assumptions, ground rules, methodologies, and techniques when program revisions, cost growth, or other perturbations occur.  To do anything less than high quality, complete documentation will cause all the effort, creative thinking, and data that formed the estimate to be lost for future reference.
Good documentation provides credibility to the cost estimate, aids in analysis of changes to program cost, enables reviewers to effectively assess the cost estimate, and populates FAA data bases for estimating costs of future programs. The Cost Basis of Estimate (BOE) provides a record of:
· All steps used to develop the estimate;
· The purpose of the estimate, the cost team, and approving authority;
· Program description, schedule, and technical baseline;
· Time-phased life-cycle costs;
· Ground rules and assumptions;
· Data sources for each cost element and normalization practice;
· Methodologies used for each WBS element cost;
· Results of the risk, uncertainty, and sensitivity analyses; and
· Contingency funds (if any).  

See FAA Guidelines for Documenting Cost Basis of Estimate (BOE).

[bookmark: _Toc311786323]Compare the Estimate to the Funding Profile

The IAT forwards estimates of life cycle cost for each alternative to the appropriate IDA finance office. This office assesses the budget impact and relative contribution to agency goals of each alternative against other ongoing and proposed investment programs in the FAA’s financial baseline. When an alternative solution cannot be funded within the financial baseline, the appropriate IDA finance office may propose offsets from lower priority programs. The budget impact assessment shapes subsequent deliberations of the IAT.

[bookmark: _Toc311786324]Compare to Previous Estimates

The IDA normally approves funding for programs in five year segments.  At the Final Investment Decision, the IDA reviews program life-cycle costs, but approves funding for the first five year segment. Program Managers must request funding for subsequent segments.  Cost estimates for follow-on segments must be compared with previous estimates.  The same is true when there has been a cost overrun that requires the program to re-baseline and request additional funding.   

[bookmark: _Toc278285583][bookmark: _Toc311786325]Present Estimate to Management for Approval

The previous sections concentrated on the preparation and importance of cost estimate documentation.  Equally important is cost estimate presentation, since review of estimate results by various levels of management typically occurs as a presentation rather than as a document.  The estimate presentation is the cost estimating team’s first formal opportunity to convey in a short time what was accomplished over a period of months.

[bookmark: _Toc253747877][bookmark: _Toc278285584][bookmark: _Toc311786326]AFI Review

[bookmark: _Toc253747878]Cost estimate results are driven by input data and assumptions.  The cost analyst should conduct a quality assurance review of the input data and the results with other IAT members, and coordinate with Investment Planning & Analysis personnel to ensure the data gathered was correct.  If the results “don’t look right” there may be a need to re-validate and re-verify the assumptions and input data used to generate the estimate.  If required, the analyst should re-run the model/tool with corrected assumptions and input data so as to assure that the results are correct.  Additional sensitivity and “what if” estimates may be generated to test the robustness of the recommended option in the light of different assumptions.  See Business Case Evaluation and Assessment Guideline.

[bookmark: _Toc278285585][bookmark: _Toc311786327]Conduct External Review and Coordinate

The cost estimate must be reviewed and approved by all major FAA stakeholders prior to finalization and presentation to the FAA IDA.  If necessary, re-estimates may be needed or required using different data and assumptions to accommodate any comments received during the pre-briefs.  The stakeholders begin with the members of the IAT first, and then expand with other stakeholders and impacted parties.  Coordination and review is necessary to ensure quality control, to verify that the correct input data has been used, and to forge consensus on the results of the cost estimation. 

[bookmark: _Toc370454317][bookmark: _Toc371133721][bookmark: _Toc387460613][bookmark: _Toc253747887][bookmark: _Toc278285586][bookmark: _Toc311786328]Presentation Content and Format

The FAA understands that review of study results by various levels of management occurs at the presentation level rather than the documentation level.  It is inefficient to expend valuable resources and time to generate a highly competent product that contains the correct approach and accurate answers, but fails to convey these results due to a less than competent presentation.  For this reason, the estimating team must be equipped with a presentation package that is:

· Crisp and complete,
· Easily comprehended, in a short time period, by audiences unfamiliar with the estimate,
· Addresses the important details of the estimate, and
· Conveys to the presentation recipient the competence that underlines estimate results.

To assist the estimating team in achieving this objective, a briefing package must be developed which:

· Ensures all key aspects of the estimate are addressed in a logical manner,
· Accommodates estimate results regardless of the nature, range, or depth of the study, and 
· Enhances estimate comprehension by allowing review authorities to concentrate on content, not format.

The key to developing an effective briefing is to capture the estimating details in a manner that conveys the estimate’s contents and competency to the presentation’s recipients in an easily understood way.  The most difficult transition for the estimator is moving from the detailed study to an understandable presentation of its results.  An effective briefing format channels the appropriate level of information into distinct compartments that are addressed easily by the presenter and comprehended by the recipient.  In preparation for questioning that penetrates beneath the level of information presented, the briefing can include a series of indexed backup material that supports the key elements of the primary briefing package.  These allow the presenter to be responsive to detailed probes by the review authorities.

As with the documentation guidelines, these presentation guidelines are general in nature and should be tailored to the specific presentation effort.  

[bookmark: _Toc370454318][bookmark: _Toc371133722][bookmark: _Toc387460614][bookmark: _Toc253747888][bookmark: _Toc278285587][bookmark: _Toc311786329]Briefing the Cost Estimate

The template for briefing the cost estimate at IP&A business case reviews is available on the IP&A web site at http://ipa.faa.gov .  The template for the Initial and Final Investment Decision briefing can be found on the ATO JRC Investment Process Management Group web site at:

 http://employees.faa.gov/org/linebusiness/ato/acquisition_business/ipm/index
   
While an effective briefing package enhances the cost estimate review and approval process, it must be employed by a team that is fully prepared to articulate its contents professionally.  Proper briefing preparation requires hours of study to ensure that the presenter and team members are intimately familiar with the briefing content.  

A presenter who can only read the charts is not really prepared for the briefing.  The recipient can also read.  Charts are an outline against which the presenter articulates the estimate's story.  This articulation should occur in a manner that keeps the recipient attentive and makes the experience meaningful, as well as interesting.


[bookmark: _Toc278285588][bookmark: _Toc311786330]Update the Estimate to Reflect Actual Costs and Changes

The cost estimate should be updated periodically to reflect changes in technical or program assumptions as the program passes through new segments or milestones.  This is important because Program Managers must request funding for subsequent segments and when there has been a cost overrun that requires the program to re-baseline.  Cost estimates for follow-on segments and re-baseline must be compared with previous estimates.  Cost variances must be explained.  

[bookmark: _Toc253747883][bookmark: _Toc278285589][bookmark: _Toc311786331]   Acquisition Program Baseline

The Acquisition Program Baseline (APB) is the contract between the providing and user organizations concerning what the acquisition program will provide, how much it will cost, and when it will deliver products and services.  It defines the performance, supportability, and benefit requirements of the program and sets the cost and schedule boundaries within which the program is authorized to proceed.  The APB is established at the Investment Decision and represents the solution chosen by the IDA.  

The APB contains a performance baseline that defines mission-critical performance parameters, a schedule, a benefits baseline, and a cost baseline. The cost baseline includes a time-phased life cycle cost estimate and a funding baseline.  The funding baseline is included in the NAS Architecture.  Both the funding and life cycle cost baselines are presented as a single “ceiling” value.  They include all costs (RE&D, F&E, and OPS) that will be spent on the system over its entire life.  The life cycle costs are broken out by year, WBS element, and life cycle phase.

See FAA Acquisition Baseline Management Standard Operating Procedure for guidance on preparation of the Acquisition Program Baseline (APB), baseline establishment, baseline status reporting, baseline variance analysis, baseline change management, and baseline management closeout.     

[bookmark: _Toc311786332]Earned Value Management

See FAA Earned Value Management Guide for guidance on using the APB to develop an integrated EVM system for the program.

[bookmark: _Toc311786333]Reporting

[bookmark: _Toc370450570][bookmark: _Toc387458251]FAA Post Implementation Review Guidance requires that programs report progress on meeting cost and schedule estimates.  The cost estimate is updated as the program passes through new phases or milestones to reflect changes in technical or program assumptions. 
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APPENDIX


[bookmark: _Toc279392637]APPENDIX A:  COST ESTIMATING PLAN

	

	1. Identify Required Cost Estimates 

	   Define the Legacy Case 

	   Define the CIP-constrained alternative

	   Identify remaining feasible alternatives

	   Outline the cost estimating approach;

	   Determine required level of detail

	   Develop the estimate timeline. 

	2. Define Program Characteristics

	   Identify the program’s purpose and its system and performance characteristics and all system configurations;

	   Identify technology implications;

	   Estimate program acquisition schedule and acquisition strategy;

	   Define relationship to other existing systems, including predecessor or similar legacy systems;

	   Identify support (manpower, training, etc.) and security needs and risk items;

	   Determine system quantities for development, test, and production;

	   Determine deployment and maintenance plans. 

	3. Determine Estimating Structure

	   Define the work breakdown structure (WBS) and describe each element in a WBS dictionary (a major automated information system may have only a cost element structure);

	   Choose the best estimating method for each WBS element;

	   Develop a cost estimating checklist. 

	4. Identify Ground Rules and Assumptions

	   Clearly define what the estimate includes and excludes;

	   Identify global and program-specific assumptions, such as the estimate’s base year, including time-phasing and life cycle;

	   Identify program schedule information by phase and program acquisition strategy;

	   Identify any schedule or budget constraints, inflation assumptions, and travel costs;

	   Specify equipment the government is to furnish as well as the use of existing facilities or new modification or development;

	   Identify candidate prime contractor and major subcontractors;

	   Determine technology refresh cycles, technology assumptions, and new technology to be developed;

	   Define commonality with legacy systems and assumed heritage savings;

	   Describe effects of new ways of doing business.






	

	5. Obtain Data

	   Create a data collection plan with emphasis on collecting current and relevant technical, programmatic, cost, and risk data;

	   Investigate possible data sources;

	   Collect data and normalize them for cost accounting, inflation, learning, and quantity adjustments;

	   Analyze the data for cost drivers, trends, and outliers and compare results against rules of thumb and standard factors derived from historical data;

	   Interview data sources and document all pertinent information, including an assessment of data reliability and accuracy;

	   Store data for future estimates. 

	6. Develop Point Estimate 

	   Develop the cost model, estimating each WBS element using the best methodology from the data collected: Include all estimating assumptions;

	   Express WBS costs in constant year dollars;

	   Time-phase the results by spreading costs in the years they are expected to occur, based on the program schedule;

	   Sum the WBS elements to develop the overall point estimate;

	   Validate the estimate by looking for errors like double counting and omitted costs;

	   Compare estimate against IP&A Independent Evaluation and examine where and why there are differences;

	   Perform cross-checks on cost drivers to see if results are similar;

	   Update the model as more data become available or as changes occur and compare results against previous estimates. 

	7. Conduct Sensitivity Analysis

	   Test the sensitivity of cost elements to changes in estimating input values and key assumptions;

	   Identify effects on the overall estimate of changing the program schedule or quantities;

	   Determine which assumptions are key cost drivers and which cost elements are affected most by changes. 

	8. Conduct Risk and Uncertainty Analysis

	   Determine and discuss with technical experts the level of cost, schedule, and technical risk associated with each WBS element;

	   Analyze each risk for its severity and probability;

	   Develop minimum, most likely, and maximum ranges for each risk element;

	   Determine type of risk distributions and reason for their use;

	   Ensure that risks are correlated;

	   Use the required statistical analysis method (e.g., Monte Carlo simulation) to develop a confidence interval around the point estimate;

	   Identify the confidence level of the point estimate;

	   Identify the amount of contingency funding and add this to the point estimate to determine the risk-adjusted cost estimate;

	   Recommend that the project or program office develop a risk management plan to track and mitigate risks. 

	

	
9. Document the Estimate

	   Document all steps used to develop the estimate so that a cost analyst unfamiliar with the program can recreate it quickly and produce the same result;

	   Document the purpose of the estimate, the team that prepared it, and who approved the estimate and on what date;

	   Describe the program, its schedule, and the technical baseline used to create the estimate;

	   Present the program’s time-phased life-cycle cost;

	10. Conduct IP&A Cost Estimate Review

	   Discuss all ground rules and assumptions;

	   Include auditable and traceable data sources for each cost element and document for all data sources how the data were normalized;

	   Describe in detail the estimating methodology and rationale used to derive each WBS element’s cost (prefer more detail over less);

	   Describe the results of the risk, uncertainty, and sensitivity analyses and whether any contingency funds were identified;

	   Document how the estimate compares to the funding profile;

	   Track how this estimate compares to any previous estimates. 

	11. Present Estimate to Management for Approval

	   Complete the IP&A Cost Briefing that presents the documented life-cycle cost estimate;

	   Include an explanation of the technical and programmatic baseline and any uncertainties;

	   Compare the estimate (life-cycle cost estimate (LCCE)) estimate to the budget with enough detail to easily defend it by showing how it is accurate, complete, and high in quality;

	   Identify and discuss the largest cost elements and cost drivers;

	   Review the content for clarity and completeness so that those who are unfamiliar with it can easily comprehend the competence that underlies the estimate results;

	12. Update the Estimate to Reflect Actual Costs and Changes

	   Update the estimate to reflect changes in technical or program assumptions or keep it current as the program passes through new phases or milestones;

	   Replace estimates with EVM EAC and independent estimate at completion (EAC) from the integrated EVM system;

	   Report progress on meeting cost and schedule estimates;

	   Perform a post mortem and document lessons learned for elements whose actual costs or schedules differ from the estimate;

	   Document all changes. 




Identify roles and responsibilities of each team member/organization; resource requirements for each task; and deliverables/products with their expected completion dates.
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[bookmark: _Toc279392638]APPENDIX B:  COST ESTIMATING CHECKLIST

The cost estimating checklist contains all the cost elements that will be included in the LCCE and the summary methodology that will be used to quantify the costs.  This list will be refined and possibly expanded throughout the cost estimating practice. 

	Task
	Complete

	Initial Investment Analysis

	Cost Estimate’s Purpose, Scope, and Schedule
	

	Purpose of Estimate Determined
	

	Scope of Estimate Determined
	

		ACAT Level Determined
	

		Business Case Cost Requirements Identified
	

	Schedule of Estimate Determined
	

	
	

	Cost Estimate Team
	

	Team Composition and Organization
	

	Training for Cost Estimating and EVM Analysis Conducted
	

	Individual Certifications Identified 
	

	
	

	Technical Baseline Description
	

	Legacy Case Defined
	

	Functional Analysis Complete
	

	Key System Characteristics and Performance Parameters (Section 2.3)
	

	Alternatives Defined
	

	
	

	Work Breakdown Structure
	

	FAA Standard WBS Reviewed
	

	Tailor WBS to Program
	

	
	

	Ground Rules and Assumptions
	

	Ground Rules Identified
	

	Assumptions Identified
	

		Initial Acquisition Strategy Determined 
	

	
	

	Methodologies
	

	Methodologies by WBS Identified
	

	Tailoring Requirements Identified
	

	
	




	Data
	

	Data Requirements by WBS Identified
	

	Sources of Data Identified
	

	Data Collection Plan Developed
	

	
	

	Data Applicability
	

	Data Analyzed and Validated
	

	Data Normalized Where Applicable
	

	Recurring and Nonrecurring Costs Identified
	

	Inflation Adjustments Determined and Applied
	

	
	

	Point Estimate Determined for the Legacy Case and Each Alternative
	

	
	

	Sensitivity Analysis
	

	Sensitivity Factors Determined
	

	Cost Drivers Identified 
	

	
	

	Risk and Uncertainty
	

	Technological Maturity Determined
	

	Program Risk Analysis Conducted
	

	Risk Adjusted Costs Determined
	

	
	

	Estimate Documentation
	

	Elements of Cost Estimate BOE Identified
	

	Cost BOE Complete
	

	
	

	Validate the Estimate
	

	Best Practices for Validating Estimates Determined
	

	Cost Estimate Validated by IP&A
	

	
	

	
	


	


	Task
	Complete

	Final Investment Analysis

	Cost Estimate’s Purpose, Scope, and Schedule
	

	Purpose of Estimate Determined
	

	Scope of Estimate Determined
	

		ACAT Determined
	

		Business Case Cost Requirements Identified
	

	Schedule of Estimate Determined
	

	
	

	Cost Estimate Team
	

	Team Composition and Organization
	

	Training for Cost Estimating and EVM Analysis Conducted
	

	Individual Certifications Identified 
	

	
	

	Technical Baseline Description
	

	Legacy Case Defined
	

	Functional Analysis Complete
	

	Key System Characteristics and Performance Parameters (Section 2.3)
	

	Preferred Alternative Defined
	

	
	

	Work Breakdown Structure
	

	FAA Standard WBS Reviewed
	

	Tailor WBS to Program
	

	
	

	Ground Rules and Assumptions
	

	Ground Rules Identified
	

	Assumptions Identified
	

		Final Acquisition Strategy Determined 
	

	
	

	Methodologies
	

	Methodologies by WBS Identified
	

	Tailoring Requirements Identified
	

	
	

	Data
	

	Data Requirements by WBS Identified
	

	Sources of Data Identified
	

	Data Collection Plan Developed
	

	
	

	Data Applicability
	

	Data Analyzed and Validated
	

	Data Normalized Where Applicable
	

	Recurring and Nonrecurring Costs Identified
	

	Inflation Adjustments Determined and Applied
	

	
	

	Point Estimate Determined for the Legacy Case and Preferred Alternative
	

	
	

	Sensitivity Analysis
	

	Sensitivity Factors Determined
	

	Cost Drivers Identified 
	

	
	

	Risk and Uncertainty
	

	Technological Maturity Determined
	

	Program Risk Analysis Conducted
	

	Risk Adjusted Costs Determined
	

	
	

	Estimate Documentation
	

	Elements of Cost Estimate BOE Identified
	

	Cost BOE Complete
	

	
	

	Independent Government Cost Estimate Complete
	

	
	

	Validate the Estimate
	

	Best Practices for Validating Estimates Determined
	

	Cost Estimate Validated by IP&A
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[bookmark: _Toc279392639]APPENDIX C:  DATA COLLECTION PLAN

A “best practice” is to create a data collection plan with emphasis on collecting current and relevant technical, programmatic, cost, and risk data.  Sources of data that will be required to estimate each WBS item are identified. 

	WBS Item
	Data Required
	Data Source

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



C-1

image2.emf
Initiation and Research

Your audience, what you

are estimating, and why

you are estimating it are

of the utmost importance

Assessment

Documentation and

presentation make or

break a cost estimating

decision outcome

Cost assessment steps are

iterative and can be

accomplished in varying 

order or concurrently

The confidence in the point or 

range of the estimate is 

crucial to the decision maker

Analysis Presentation

Define 

Estimate’s

Purpose

Develop

Estimating 

Plan

Present 

Estimate 

to 

Manage-

mentfor 

Approval

Update the

Estimate to 

Reflect

Actual Costs 

and

Changes

Conduct 

Risk

and 

Uncertainty

Analysis

Conduct 

Sensitivity

Analysis

Document 

the

Estimate

Define 

the 

Program

Obtain 

the Data

Determine

Estimating

Structure

Identify Ground

Rules and

Assumptions

Develop Point Estimate and 

Compare it to an Independent 

Cost Estimate

Analysis, presentation, and updating the estimate steps can 

lead  to repeating previous assessment steps


image3.emf
Research & Systems Analysis

Service Analysis

Concept & Rqmts. 

Determination Initial IA Final IA

Solution Implementation

In Service 

Management

LOM 1

Concept 

Formulation  

LOM 2

Concept 

Feasibility      

LOM 3

Concept Development

LOM 4

Low

-

Fidelity Modeling

LOM 5

High

-

Fidelity 

Modeling

LOM 6

Representative System

LOM 7

Mature 

Product             

LOM 8

Product 

Acceptance     

LOM 

9 

In 

Service                        

Mission Analysis Investment Analysis

Legend:

1  CRDR

2 IARD

3 IID

4 FID

5 In Service 

1 2 3 4 5

Rough Order of 

Magnitude Cost 

Estimates

41% Cost Growth

13 mo. Schedule Slip*

9% Cost Growth

7 mo. Schedule Slip*

* GAO Review of 54 DoDPrograms


image1.jpeg




